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THE ADSORPTION ISOTHERM.

P art 1 . —  AT LOW AND INTERMEDIATE 

CONCENTRATIONS.
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Part 1.
Adsorption at Low and Intermediate  

Concentrations.

Introduction .

The study of adsorption on a s o l id  surface at 

a so l id  -  l iq u id  in ter fa ce  has been developed g rea tly  

in  recent y ea rs ,  and much l i t e r a tu r e  oh the subject has 

been published.

The normal course in  presenting the r e s u lt s  

i s  to make use of Freundlich’ s Empirical Formula for  

adsorption, ,

where x i s  the amount adsorbed,

m i s  the amount of adsorbing substance,

0  i s  the end concentration in  so lu t io n ,  

a i s  an arb itrary con stant, the value of 

which depends on the nature of the substances 

in  question and the u n its  used.

according to Freundlich, i s  always l e s s  

than 1, gen era lly  between -1 and «5, but 

has a constant value for  a given substance
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us ing  the same adsorbent  and s o lv e n t .

The graph log .  ^  ( o r d i n a t e s ) ,  lo g .  C ( a b c i s s a è )  

would then be a s t r a i g h t  l i n e ,  and,  provided the  same 

sca l e  i s  chosen f o r  o r d in a te s  and a b c i s s a è , the g r ad i en t  

w i l l  equal  rT .

This equat ion has no t h e o r e t i c a l  fo un d a t i o n ,b u t  i t  i s  

claimed t h a t  i t  i s  j u s t i f i e d , a s  i t  f i t s  the m ajor i ty  

of exper imenta l  f a c t s .  An examinat ion of some 

publ ished da t a^ to  see how c l o s e l y  the formula i n t e r p r e t s  

the exper imental  o b s e r v a t i o n s , i s  i n t e r e s t i n g .

B l i t z  (Her . ,  1904, 37,  3138) and,  more r e c e n t l y ,  Boswell 

and Dickson ( J .  Amer. Chem. Soc . ,  1918, 40,  1793) 

i n v e s t i g a t e d  the adsorp t io n  of arseneous ac id  by f e r r i c  

hydroxide.  The l a t t e r  in  t h e i r  summary, s t a t e :  ^ The

logar i thmic  curves p l o t t e d  from our measurements,  a l though 

approximating to s t r a i g h t  l i n e s ,  ye t  show unmistakably a 

concavi ty to  the  x a x i s ,  thus i n d i c a t i n g  a de v i a t i o n  of 

the adsorp t ion  phenomenon from the adsorp t io n  equat ion *. 

That i s ,  over the r e l a t i v e l y  small  range of con cen t r a t io n  

examined by them, they observed the  value of yT to  i n c r e a s e  

with decreas ing  c o n c e n t r a t i o n ,  i t s  average value being 

about T
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Davis ( J .  1907, 91, 1666 ) i n v e s t i g a t e d  the adsorp t ion  

of iod ine by d i f f e r e n t  kinds of ch a rc o a l .  The range 

of c on c en t r a t io n  examined i s  not  very g r e a t ,  and an 

examination of the  logar i thmic  curves f o r  h i s  r e s u l t s  

p . 1681, i n d i c a t e s  p r a c t i c a l l y  no d e v i a t i o n  from the 

adsorp t ion formula.  I t  i s  s i g n i f i c a n t ,  however,  t h a t  the 

charcoal  wi th the h i ghe s t  ad s o rp t i v e  power has a l so  the 

lowest  value fo r

Experimenting on the adsorp t ion  of dyes in very d i l u t e  

s o l u t i o n  by co t ton  f i b r e s ,  Georgievics observed th a t

a cons tan t  { Zsigmondy "Chemistry of 

Col loids"  1917, p . 2 0 5 ) , t h a t  i s ,  the value of yf i s  1. 

Again, the same author  (Monatah 1913, 34,  733) s t a t e s  

t h a t  the i n t e r p r e t a t i o n  of the meaning of x in  the 

o rd inary  d i s t r i b u t i o n  formula,

V c ,/c ;^  =  K ,
has h i t h e r t o  been a mat ter  of d i f f i c u l t y ^  when the range 

of concen t ra t ion  va r i e s  g r e a t l y , i t  i s  o f ten  necessary  

to have d i f f e r e n t  values of x f o r  d i f f e r e n t  ranges of 

co nc en t r a t io n^ in  order  to obta in  a cons tant  value fo r  k # 

That i s ,  us ing the empi r i c a l  formula to i n t e r p r e t  the 

r e s u l t s ,  the value of n  changes wi th a l t e r a t i o n  in
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c o n c e n t r a t i o n .  Will iams (Medd. K.Vet.  N o b e l i n s t i t u t  

1913, 2.  No.27,  1 - 2 3 ) , working on the adsorp t ion  of a c e t i c  

ac id  by blood charcoa l  f i n d s  t h a t  h i s  r e s u l t s  seem to  

show t h a t , f o r  very g r e a t  d i l u t i o n s ^  a becomes a whole 

number or a simple f r a c t i o n .

Carrying out some abso lu te  measurements of c o e f f i c i e n t s  

of adso rp t i on ,B an ce l i n  {Compt.rend. 1914, 158, 791) 

observed t h a t  the ads orp t ion  of dyes and a l s o  of sodium 

c h l o r ide  by g la ss  p l a t e s  in c re ase d  wi th  the c o n c e n t r a t i o n ,  

but was not ex ac t ly  p r o p o r t i o n a l  to  i t .  That i s ,  the 

value of n was a l i t t l e  l e s s  than 1.

Summarising the fo rego ing  d a t a ,  the value of n appears 

to  equal 1 f o r  very d i l u t e  s o l u t i o n s ,  but t h e r e  i s  d i f f i c u l t y  

in proving t h i s  q u a n t i t a t i v e l y  fo r  such low co ncen t ra t i ons  

by the methods employed. For s o l u t i o n s  of in te rm ed ia te  

c o n c e n t r a t i o n , the value of ^  i s  l e s s  than 1 , and tends 

to decrease  with in c r e a s i n g  c o n c en t r a t io n .

The s tudy of the adsorp t ion  of r a d i o - a c t i v e  subs tances  i s  

a valuable a id  to  the i n v e s t i g a t i o n  of the phenomenon at  

very lov/ c o n c e n t r a t i o n s ,  as the amount of r a d i o - a c t i v e  

substance p resen t  can be a c c u r a t e l y  measured,when p resen t  

in very much smal ler  amount t h a t  the l i m i t s  of chemical or
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other  phys i ca l  means. One i s  thus enabled to s tudy

adsorp t ion  a t  th a t  most i n t e r e s t i n g  s t age  when the f i r s t

l a y e r  of atoms or molecules i s  being l a i d  down. Berry

(J .1910,  97, 196) i n v e s t i g a t e d  the adsorp t ion  of

uranium X by p r e c i p i t a t i o n  of barium su lpha te  in  a

so l u t i o n  of uranium n i t r a t e .  The claim i s  made t h a t  
/

the value of W ( 71 in Be r ry ’ s paper)  i s  s c a r ce l y  

a f f e c t e d  by dimini shing  c on c en t r a t io n  of uranium X.

In h i s  c a l c u l a t i o n s ,  however,  the cons tant  "a" of the  

adsorp t ion  equat ion i s  omit ted ,and the c a l c u l a t i o n  of m"
X

i s  thus v i t i a t e d .  On graphing log ,  ^  , log .  c f o r

the f i g u r e s  g iven,  no d e f i n i t e  value can be a s c r ib ed  to 

the exponent ,  i t s  va lue ,  however, appears to be g r e a t e r  

than u n i t y  which i s  con t ra ry  to the accepted views on 

a ds orp t io n .  More r e c e n t l y , E b l e r  and Rhyan (Ber . ,  1921,

54, 2896) c a r r i e d  out s i m i l a r  experiments by p r e c i p i t a t i n g  

barium s u l p h a t e , i n  i n c r e a s i n g  q u a n t i ty^by su lphur ic  acid^ 

in a so lu t io n  of barium and radium c h l o r i d e s .  They obta ined 

f o r  log .  ^  , log .  c a curve,convex to the x ax i s , a nd  

the value of ÿf appears to  i n c r e a s e , w i t h  in c r e a s i n g  

concent ra t ion^from a small  f r a c t i o n  up to approximately 1. 

They omit,  however, to  take in to  co ns id e r a t io n  t h a t ,  as 

shown by Berry ’s work on uranium X, the value of "a" i s



probably a l t e r e d  by a l t e r a t i o n  of the  hydrogem Ion. 

c o n c e n t r a t i o n ,  so t h a t  the graph doesnot r e p r e s e n t  

the path of adsorp t ion  under cons tan t  co n d i t i o n s .

R i t z e l  { .Z. p h y s i k a l . Chem. 1909, 67, 724) i n v e s t i g a t e d  

the adsorp t ion  of uranium X by cha rcoa l , a nd  found the 

value of the exponent k t o  be 1. He a l s o  observed 

t h a t  the a d d i t i o n  of a t r a c e  of thorium prevent s  the  

adso rp t ion  of uranium X.

Soddy (J.  1911, 99, 72) be l i eves  t h a t  the p reven t ion  

of the adsorp t ion  of uranium X by thorium i s  connected 

with the i so top ism of the two elements .

F re und l ich ,  Newmann and Kaempfer (Physikal  Ze i t s ch  

1914,15,537) in a paper  on the  " I n f lu ence  of the presence 

of o ther  substances on the adsorp t ion  of Uranium X" 

d i s agree  wi th Soddy’s ex p l a n a t io n .  Their  argument i s ,  

t h a t  while thorium n i t r a t e  p revent s  the adsorp t ion  of 

Uranium X , o the r  su bs tances ,  z i rconium s a l t s  and even 

benzoic ac id  have an appr ec iab le  e f f e c t .  In another  

paper on the same s u b j e c t , F r e u n d l i c h  and Kaempfer 

( Z. physika l  Chem.1915, 90, 681) reaffirm t h e i r  views. 

They a l so found the adsorp t ion c o e f f i c i e n t  f o r  both 

uranium X and thorium n i t r a t e  both n ea r l y  u n i t y .
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Now,if i t  i s  accepted t h a t  uranium X and i t s  i so tope  

thorium are not  separab le  by an adsorp t io n  p ro c e s s ,  an 

assumption j u s t i f i e d  by the work of Fleck ( J . 1913,103, 

381), and al so,  i f  i s  accepted t h a t  the adsorpt ion  

c o e f f i c i e n t  of uranium X i s  1 ^ th e n  the value fo r  

must decrease wi th i n c r e a s i n g  concen t ra t ion  of the 

he t ra to pe  "atomic number 90"^ because i f  i t  remained 

equal to  1, i n c r e a s i n g  co nc en t r a t io n ,b ro u g h t  about by 

the a dd i t i on  of thorium,would not  a l t e r  the r a t i o  of 

the ampunt of he t ra to p e  adsorbed to  t h a t  in s o l u t i o n  in 

equilibrium, and the /â a c t i v i t y  of the adsorbent  (a 

measure of the amount of uranium X p re se n t )  would remain 

u n a l t e r e d .

I t  occurred to the author  tha t^by making use of the 

isotxKpy of uranium X and thor ium,one could fol low the 

course of adsorp t ion  uniformly from very low concen: 

z t r a t i o n s  up to the po in t  of s a t u r a t i o n ,  and,wi th the 

view of observing the a l t e r a t i o n  in the value of  ̂

the fo l lowing s e r i e s  of experiments were c a r r i e d  o u t : -

1. I n v e s t i g a t i o n  of the ads orp t i on  of uranium X from 

s o lu t io n s  con t a in ing  no thorium,

2.  I n v e s t i g a t i o n  of the adsorpt ion  of uranium X from
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so l u t i o n s  con t a in ing  known small  c onc en t r a t io ns  of 

thorium.

Uranium a c e t a t e  was used as the  source of uranium X, 

and bas ic  f e r r i c  a c e t a t e  as the  ads orben t .
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Exper imenta l .

Af ter  many prelindnacy e x p e r i m e n t s , i i  was found bes t  

to  use bas ic  f e r r i c  a c e t a t e  as adsorben t .  A few drops 

of a f e r r i c  su lpha te  s o l u t i o n  were added to  a b o i l i n g  

so lu t io n  of uranium a c e t a t e , t h e  a c i d i t y  of which had 

been p r ev iou s l y  ad j u s te d ,a nd  boi l ed  under a r e f l u x  

condenser f o r  30 minutes .  On b o i l i n g  fo r  a l a r g e r  

pe r iod ,n o  a l t e r a t i o n  in the  amount adsorbed was observed.  

I t  was n o t i c ed  t h a t  i f  the i r o n  so lu t io n  was added in 

the co ld ,  l e s s  uranium X was adsorbed.  This was probably,  

due to the c o l l o i d a l  p a r t i c l e s  in  the l a t t e r  case being 

l a r g e r .

The advantages of t h i s  procedure were th a t  the con d i t ions  

were q u i t e  s tandard  an d ,m ore ove r , a f t e r  f i l t r a t i o n ^ t h e  

so lu t io n  was p r a c t i c a l l y  unchanged.

Prepara t io n  of I ron Sulphate  So l u t i o n .

12*5 grams anhydrous f e r r i c  su lp ha te  were d i s so lved  

in  250 c . c .  water  wi th the a d d i t i o n  of a l i t t l e  su l phu r i c  

ac id  to  prevent  h y d r o l y s i s .  1 c . c .  of t h i s  s o lu t io n  

was taken as un i ty  in the de te rmina t ion  of m. %

Pre pa ra t io n  of Uranium Acetate  So lu t i on .

28 grams uranium a c e t a t e ,  u Og^(cn^coo) .̂ zhjj ,i fere  

d i s so lved  in  600 c . c .  water  and 35 c . c .  of su lphur ic



acid  (10 gms. pe r  100 c . c . ) ,  17*5 c . c .  of sodium a c e t a t e  

so ln .  (30 gms. per  100 c . c . )  were then added,and the 

s o lu t io n  bo i l ed  under a r e f l u x  condenser  f o r  30 minutes .

The f l o c c u l e n t  mat te r  which appeared was f i l t e r e d  o f f  

and the volume made up to 700 c . c .

Es t imat ion  of To ta l  (B A c t i v i t y .

20 c . c .  of t h i s  s o l u t i o n  were d i l u t e d  with 

50 c . c .  water ,and 5 drops of a thorium n i t r a t e  so l u t i o n  

(1 c . c .  = 0*08 gram of thorium) added.  Af te r  mixing,

0 ' 5 gram of ammonium benzoate was added,and the  so lu t io n  

boi l ed  under r e f l u x  f o r  f i v e  minutes .  The p r e c i p i t a t e  of 

thorium benzoate was immediately f i l t e r e d  o f f  by suc t ion  

on a double l ayer  of a s h - f re e  f i l t e r  paper,  about l i "  

diameter ,  suppor ted on a p o r c e l a i n  p l a t e .  This"was the 

method adopted f o r  a l l  subsequent  f i l t r a t i o n s .

This t r ea tment  removed about 98;b of the uranium X.

A f u r t h e r  t r ea tment  with 5 drops of thorium so l u t i o n  

removed the remainder .

The /3 a c t i v i t i e s  of these  p r e c i p i t a t e s ,  and a l so  of the 

f l o c c u l e n t  mat te r  were observed,  c o r r e c t i o n s  were made fo r  

decay between time of p r e c i p i t a t i o n  and obse rva t ion ,and  the 

readings  s t a nd ar d i s e d  by comparison with a s t andard of 

Uranium Oxide.



/3 a c t i v i t y  of f l o c c u l e n t  mat ter  = 67*48 d i v . p e r  min

" " f i r s t  p p t .  = 10*80

" " second p p t .  = 0*22

" of 700 c . c . s o l n .  11*02 x 35 = 385*70

453*18 " " "

This i s  the (3 a c t i v i t y  due to uranium X when p r es e n t  in  

equ i l ib r ium q u a n t i t y .

Removal of Thorium i f  p r e s e n t .

The c l e a r  so lu t io n  (680 c . c . )  was r a i s e d  to 

b o i l i n g  under a r e f l u x  condenser ,  and 1 c . c .  of the i ron 

s o l u t i o n  was added. Af ter  b o i l i n g  f o r  30 min u te s , t he  

so lu t io n  was f i l t e r e d  ho t .  Scarce ly  any i ron was 

p r e c i p i t a t e d  owing to i t s  s l i g h t  s o l u b i l i t y .  K f u r t h e r  

1 c . c .  of i r on  so lu t io n  was now added to the b o i l i n g  

s o l u t i o n ,  which was again b o i l e d  fo r  30 minutes and 

f i l t e r e d ,  and a p r e c i p i t a t e  was now ob ta ined .

The t rea tment  with i ron was repea ted 16 t imes.

This removes any thorium which might be p r ese n t  to ge th er  

with a l l  the uranium X. The s o l u t i o n  was made up to the 

o r i g i n a l  volume (680 c . c . )  and l e f t  f o r  se v e ra l  weeks to 

genera te  uranium X.
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Ser ie s  1.________Thorium Absent.

560 c . c .  of the  so l u t i o n  were p laced in  a round 

bottomed l i t r e  f l a s k  and brought  to  b o i l i n g  under 

a r e f l u x  condenser .  5 drops of the i ron  so lu t io n  

were added, the s o l u t i o n  b o i l e d  f o r  30 minutes ,  and 

the p r e c i p i t a t e  of bas ic  f e r r i c  a c e t a t e  f i l t e r e d  o f f .

This t r ea tment  wi th 5 drops i ron  s o l u t i o n  was repea ted 

s ix  t imes .  The /3 a c t i v i t i e s  of these  p r e c i p i t a t e s  

were observed.

The t o t a l  /3 a c t i v i t y  due to  uranium X was obta ined by 

c a l c u l a t i o n  from the decay curve and checked by a 

de termina t ion  on a f r e s h  q u an t i t y  of the  o r i g i n a l  s o l u t i o n .  

The equ i l ibr ium a c t i v i t y  a f t e r  each p r e c i p i t a t i o n  was 

obtained by d i f f e r e n c e ,  the amount of uranium X 

regen era ted  between experiments being taken i n t o  account ;  

t h i s  was most impor tant  towards the end of the s e r i e s .

The amount of adsorbent  was determined with Fôo t i t a n o u s  

c h l o r i d e .

The r e s u l t s  are given in Table 1 and the graph log .  nrT , 

log .  C in  F ig .  1.

m = amount of adsorbent  ( l  c . c .  i ron  s o ln .=  1)

X = /3  a c t i v i t y  of adsorbent  in d i v . p e r  min.
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c, = equ i l ib r ium a c t i v i t y  in  s o l u t i o n  (560 c . c . )

c = " " " per ICO. c . c .

The t o t a l  /3 a c t i v i t y  of 560 c . c .  s o l u t i o n  a t  the s t a r t  

was 289*87 d iv .p e r  min.

h e r i e s .

TABLE 1. 

1, Thorium Absent.

EXP. NO. hi. X. C Loa Loa c.
I. *2 4-4 I90‘ lO 1 0 9 - 9 19-40 l - S ( , y I - Z 9 1

2. ■15'5- 7 l » h 3S--OZ 4-77 1- U50 ■ n t

3. '23 1 12 A3 Z Z Z I  ■ o h f

4 S l O 4 It y ■19It 1 y u 9 7 • 9oo

5 . • / 4 4- / -91 •i43 1 AAO 7 • 5 36'
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The r e s u l t s  obta ined were f u l l y  confirmed by r e p e t i t i o n .

S e r i e s .  11. Thorium Added.

The so lu t io n  which had been used f o r  S e r i e s .  1. was, a f t e r  

keeping f o r  some weeks,  used f o r  t h i s  s e r i e s  a l s o .

The amount of uranium X cor responding to 1 d i v . p e r  min.

/3 a c t i v i t y  was c a l c u l a t e d  and found to be0*4O7 x 10 *

gram.



1 c . c .  of thorium n i t r a t e  s o l u t i o n  was found to  con ta in  

0*07575 gram of thor ium.  The same number of atoms of 

uranium X would weigh 0*07513 gram , and would give a 

/d a c t i v i t y  of 1*846 x 10** d i v . p e r  min.

By success ive  d i l u t i o n ,  s o l u t i o n s  of thorium were prepared 

ranging down to c on c en t r a t io ns  comparable wi th  t h a t  of 

the uranium X s o l u t i o n .  The procedure was to add the 

de s i red  amount of thorium (contained in 1 c . c .  wa te r )  to  

50 c . c .  of the uranium X s o lu t io n  of known s t r e n g t h  and 

to heat  the mixture to the b o i l i n g  p o i n t .  10 drops of 

an i ron  so lu t io n  of one f i f t h  the o r i g i n a l  s t r e n g t h  were then 

added, and a f t e r  b o i l i n g  30 m in u t e s , t h e  p r e c i p i t a t e  was 

f i l t e r e d  off and the ^  a c t i v i t y  and i ron  determined.

The f i r s t  ad d i t io n  of thorium was equ iva len t  to  0*2 c . c .  

of the o r i g i n a l  thorium n i t r a t e  so l u t ion ,w hich  corresponds 

with the number of atoms of uranium X g iv ing  a /3 a c t i v i t y  

rep re se n ted  by 3*69 x 10 d iv .  per  min.

50 c . c .  of the uranium X s o l u t i o n  had a /3 a c t i v i t y  

repr ese n ted  by 24*78 d iv .  per  min. so t h a t  the  co nc en t ra t ion  

of the he t ra to p e  "atomic number 90" was r a i s e d  by the 

f a c t o r  1*49 x 10 *

The r e s u l t s  are recorded in  Table 11, and depic ted  in 

the graph log.  W , log.  c shown in F i g . 11.
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The p a r t  of the l a t t e r  enclosed by the r e c t a n g l e  

A.B.C.D. i s  F ig .  1, on the reduced s c a l e .

T = c . c .  of the o r i g i n a l  thorium n i t r a t e  so ln .added .

X ,  = ^  a c t i v i t y  of adsorbent  in d i v . p e r  min.

X = he t ra to p e  "atomic number 90" adsorbent  in 

d iv .  pe r  min.

m = amount of adsorbent  ( 1 c . c .  o r i g i n a l  i ron  s o ln .=  1) 

c, = /3 a c t i v i t y  in  d i v .  per  min. in  f i l t r a t e

( 5 6 0 ; c . c . ) ,  in eq u i l ib r i um ,  

c = he t ra to p e  "atomic number 90" per  100 c . c .  of  

f i l t r a t e  in  d iv .  per  min. in eq u i l ib r i um .

The s o l u b i l i t y  l im i t  was exceeded when T = 2,  and a

p r e c i p i t a t e  appeared on b o i l i n g .  By observing the  a c t i v i t y  

of t h i s  p r e c i p i t a t e ,  the s o l u b i l i t y  l i m i t  shown in E i g . l l  , 

was obtained by c a l c u l a t i o n .  I t  corresponded with  0*17 

per  cent  of thorium.



TABLE. 11. (Ser ies  11. Thorium Added.)
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The r e s u l t s  were confirmed by r e p e t i t i o n .
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Resu l t s  and Discuss ion .

For the ad sc tp t i on  of uranium X in absence of thorium, 

the exponent 7T was found to be 1. ( F i g . l . ) .  With 

the add i t ion  of i t s  i s o t o p e ,  t h i s  value was at  f i r s t  

not a f f e c t e d ,  then,  with i n c r e a s i n g  con cen t ra t ion^ th e  

value of TÎ decreased ( F i g . 1 1 . ) ,  the c a l c u l a t i o n  of 

course being based on the  assumption t h a t  the thorium 

is  divided between adsorbent  and so lu t io n  in the  same 

r a t i o  as the uranium X. The values of n fo r  the 

r e s p e c t i v e  logar i thms of the concen t r a t ion  on the 

adsorbent  ( m ) are shown in Table 111.

At the l i m i t  of chemical  means of i n v e s t i g a t i o n , i n d i c a t e d  

roughly by the arrow in Table 111, the value of TT 

i s  a l ready wel l  below 1.

This seems to i n d i c a t e  t h a t  at  f i r s t  the p o t e n t i a l  

capac i ty  of the adsorbing sur face  does not  a l t e r ,  bu t ,  

with i n c r e a s in g  su r face  c o n c e n t r a t io n ,  a f t e r  a c e r t a i n  

po in t  i t  becomes weaker and weaker.  Thus, f o r  very 

small su r face c o n c en t r a t io n s ,  the value of the exponent 

wi l l  be independent of the na ture  of the adsorbent ,  so lv e n t ,  

or adsorbed substance and w i l l  equal 1, but with i n c r e a s in g  

sur face  con cen t ra t ion  the value of the exponent w i l l  f a l l .
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a n d t R e  g r e a t e r  the sur face  concen t r a t ion  the smal ler  wi l l  

be the value of 7ï , other  f a c t o r s  being cons tan t .

The i n a b i l i t y  to measure the sur face  of the adsorbent  

used prevent s  any conclusions  being drawn as to the 

th ickness  of the su r face  l a y e r ,  but the genera l  in fe ren ces  

are in agreement with Langmuir’ s exper imental  r e s u l t s  

and t h e o r e t i c a l  deduct ions on the adsorp t ion  of gases at  

su r fa ce s  of known area (J .  Amer.Chem.Soc. ,1918,40 ,1361) .  

Since the value of the exponent co n t in u a l ly  dec reases ,  

once i t  has become l e s s  than 1, Freundlich's adsorpt ion  

law i s  s t r i c t l y  t r ue  only when n = 1 (Hendry’s law).

When h i s  l e s s  than 1 , the law i s  an approximation holding  

only over r e l a t i v e l y  small  ranges of c o nc en t r a t io n .

This explains  the s l i g h t  de v ia t i ons  observed by Boswell 

and Dickson and o t he rs , a nd  shown by the concavi ty of t h e i r  

graphs to  the x a x i s .

On the other  hand, the slew r a t e  of change of value of 

with i n c r e a s in g  con cen t ra t ion  accounts f o r  the c o n s t a n t ,  

f r a c t i o n a l  values sometimes obta ined in the i n v e s t i g a t i o n  

of adsorp t ion  phenomena; F reundl ich  and Masius (a«o£̂ toek aan<}cbod<i

quote some values of i  to 4

decimal p l a c e s .

Returning to  a c ons id e r a t i on  of the d i f f e r e n t  exp lanat ions
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of the prevent ion  of the adsorp t ion  of uranium X by thorium 

of fe red  by Soddy,and by Freund l ich  and h i s  co l l eague s ,  

i t  w i l l  be evident  t h a t  Soddy's exp lanat ion r e q u i r e s  

a l s o , t h a t  the amount of thorium presen t  w i l l  be 

s u f f i c i e n t  to cause the adsorp t ion  c o e f f i c i e n t  of the 

he t ra tope  to be l e s s  than 1. In the case of F reund l ich  

and h i s  col leagues* argument,  i t  i s  hard to r ec o n c i l e  

the two s ta tements  t h a t , w h i l e  they found thorium to 

prevent  the adsorp t ion  of uranium X, they a l so  found 

the c o e f f i c i e n t s  of adsorpt ion  fo r  both uranium X and 

thorium n i t r a t e  to  be n e a r l y  u n i t y .
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Nummary.

1. The adsorpt ion  of uranium X by bas ic  f e r r i c  a c e t a t e  

i s  p r o p o r t i o n a l  to the -concent ra t ion ,  and t h u s , t h e  

exponent 7  ̂ = 1.

 ̂ 2.  By " a r t i f i c a l l y "  i n c r e a s i n g  the con cen t r a t ion  of 

uranium X by the a d d i t io n  of i t s  i s o t o p e , thorium, 

the value of "k i s  a t  f i r s t  unchanged, but with 

i nc re as in g  co ncen t r a t ion  i t s  value decrea se s .

3 . The f a l l  in the value of the exponent with i n c re a s in g  

concen t ra t ion  is  in genera l  agreement with Langmuir*s t h e o r e t i c a l  

deduct ions on the adsorp t ion of gases a t  s o l i d  su r fa ce s .

4. The decreas ing value of the exponent o f f e r s  an exp lanat ion  

of the dev ia t i ons  observed by Boswell and Dickson.

5. The decreas ing  value of the exponent o f f e r s  an exp lanat ion  

of the exper imental  obse rvat ion t h a t  a t r a c e  of thorium 

prevent s  the adsorp t ion  of uranium X.

6. Freund l ichs  adsorp t ion  law i s  s t r i c t l y  t r u e  only when the 

exponent equals  1 (Hendry's law).  For values l e ss  than 1, 

the law i s  only approximate,  and the comparative constancy 

of the exponent observed by other  i n v e s t i g a t o r s  can be
m

explained by the r e l a t i v e l y  small  ranges of concen t ra t ion  

over which t h e i r  observat ions  were made.



THE ADSORPTION ISOTHERM.

P a rt 11 ,—  AT THE SOLUBILITY LIMIT
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Par t  11. The Adsorption I s o t h e m a t  the

S o l u b i l i t y  Limit .

The course of adsorp t ion , f rom very d i l u t e  so l u t i o n  up 

to moderate c o n c e n t r a t i o n , i s  descr ibed  in d e t a i l  in Par t  1, 

and i t  seemed of i n t e r e s t  to  fol low i t s  course t i l l  the 

point  of s a t u r a t i o n  was reached.

The method adopted was s i m i l a r  to  t h a t  p r ev io us ly  employed, 

the  i so topy  of uranium x and thorium being again used as a 

means to t h i s  end.

S l i g h t  modif i ca t ions  in  the procedure were int roduced where 

n e c e s s i t y  a ro s e ,  these  are desc r ibed in the  exper imental  

s e c t i o n .

All  r a d i o a c t i v e  measurements were,as  b e f o r e , c o r r e c t e d  fo r  

the n a t u r a l  leak of the e l e c t ro s c o p e ,  and the decay between 

time of p r e c i p i t a t i o n  and measurement. The readings were 

f i n a l l y  s t andar d i s ed  by comparison;with a s t andard  of black 

uranium oxide.

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

Prepara t io n  of Iron Sulphate So lu t i on .

12.5 grams of anhydrous f e r r i c  su lpha te  

were d i s so lved  in 250 c . c .  of water  with the  ad d i t io n  of a 

l i t t l e  su lphur ic  ac id  to prevent  h y d r o l y s i s .  One c . c .  of 

t h i s  so lu t i on  was taken as un i t y  in the  de terminat ion  of m.

This s o l u t i o n  i s  of the same s t r e n g t h  as t h a t  used in Par t  1.

P repa ra t io n  of Uranium Acetate So lu t i on .

32 grams of uranium a c e t a t e  ,

'  ̂ were d i s so lved  in 600 c . c .  d i s t i l l e d  water  and 40 c . c .

of d i l u t e  su lphur ic  ac id  (10 grams per 100 c . c . ) .  20 c . c .  of 

sodium a c e ta te  s o l u t i o n  (30 grams per  100c ,c . )  were then added, 

and the so lu t io n  bo i l ed  under r e f l u x  f o r  30 minutes .  A 

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

off and the volume made up to t)40 c . c .

40 c . c .  of t h i s  s o l u t i o n ,  equ iva len t  to 50 c . c .  of the so lu t io n  

employed in Par t  1, were taken f o r  each experiment ,  and 

the volume made up to 50 c . c .  a f t e r  the ad d i t io n  of the 

r e q u i s i t e  amount of thorium n i t r a t e  s o l u t i o n !  The und i lu ted  

s o l u t i o n  w i l l  subsequent ly  be r e f e r r e d  to as the " o r i g i n a l  

uranium a c e t a t e  so lut ion"
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Thorium N i t r a t e  So lu t ion .

A s o l u t i o n ,  found by a n a ly s i s  to  conta in  

0.07575 gram of thorium per  c . c . ,w a s  employed. This i s  

the same as t h a t  used in p a r t  1.

Est imat ion of Total  yg A c t i v i t y .

The fo l lowing  method, simpler  than the 

thorium benzoate method employed in the previous  experiments,  

was used.  40 c . c .  of the o r i g i n a l  uranium a c e t a t e  so lu t ion  

were brought to bo i l i ng , under  r e f l u x , a n d  one c . c .  of i ron 

s o l u t i on  added. The mixture 7/as boi l ed  f o r  h a l f  an hour ,  

and the  p r e c i p i t a t e d  bas ic  f e r r i c  a c e t a t e  f i l t e r e d  o f f .

This p r e c i p i t a t e  contained more than 90% of the uranium X.

A f u r t h e r  t r ea tment  with one c . c .  of i ron  so l u t i o n  was 

c a r r i e d  out ,and the p r e c i p i t a t e  f i l t e r e d  off  on the same 

f i l t e r  paper .  The un i t ed  p r e c i p i t a t e s  contained more than 

99% of the uranium I  o r i g i n a l l y  p r e s e n t .

40 c . c .  o r i g i n a l  uranium a c e t a t e  so lu t io n  -

9.13 d iv .  per  rain. fi a c t i v i t y .
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De te r m in a t i o n  of t he  S o l u b i l i t y  L i m i t .

This point  i s  roughly i n d i c a t e d  in P a r t  1, 

b u t , f o r  the purposes of these  e x p e r i m e n t s , i t  r eq u i r ed  to be 

ac cu ra t e ly  known.

As time was necessary  f o r  complete p r e c i p i t a t i o n ,  the 

fol lowing experiment was f i r s t  performed.  Four c . c .  of 

thorium n i t r a t e  so lu t io n  were added to  40 c . c .  of o r i g i n a l  

uranium a c e t a t e  s o l u t i o n ,  and the volume made up to  50 c . c .

The mixture was r e f lu xe d  f o r  h a l f  an hour ,  and the white 

p r ec i p i t a t e , w h ic h  appeared,was f i l t e r e d  o f f .  On again b o i l i n g  

the f i l t r a t e ,  a f u r t h e r  p r e c i p i t a t e  appeared.  I t  was found 

tha t  p r e c i p i t a t i o n  was complete a f t e r  b o i l i n g  two hour s , bu t  

to ensure t h i s ,  a minimum of four  hours b o i l i n g  was given in 

a l l  subsequent ex pe r iments .

A mixture , con t a in in g  the same q u a n t i t i e s  of thorium n i t r a t e  

and uranium ace ta te ,wa s  again p r epared ,  and bo i l e d  under r e f l u x  

for  four hours .  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 the

/3 a c t i v i t y  determined.

/3 a c t i v i t y  of p r e c i p i t a t e  = 5.49 d iv .  per  min.

/3 a c t i v i t y  of 40 c . c .  o r i g i n a l  uranium a c e t a t e  s o l u t i o n - -

9.13 d iv .  per  min.
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yg a c t i v i t y  of s o l u t i o n  in equ i l ib r ium (by d i f f e r e n c e . ;  

3.64 div.  per min.

Thus the s o l u b i l i t y  l i m i t  i s  reached when 

3.64 4
9.13 "  1

1.6 c . c .  of thorium n i t r a t e

solu t ion i s  added to 40 c . c .  of o r i g i n a l  uranium a c e t a t e  

so lu t ion ,  and the  volume made up to 50 c . c .

Examination of P r e c i p i t a t e .

Though t h e  chemical composit ion of the 

thorium compound p r e c i p i t a t e d  i s  of l i t t l e  importance,  i t  

seemed of i n t e r e s t  to examine i t .  A q u a n t i t y  was prepared 

by the method descr ibed  above, f i l t e r e d  o f f , a nd  washed wi th 

a l i t t l e  b o i l i n g  water  to remove any adher ing mother l i q u o r .  

I t  was then a i r  d r i e d .

0.2660 gram on i g n i t i o n  gave 0.1816 gram Tho^ « 66.27 % TAo%.

0.3474 gram gave 0*1478 gram BqSOj^- 14.60 % So^.

Water (by d i f f e r e n c e )  = 17.13 % k&o

t e s t i n g  fo r  the p resence of a c e t a t e  gave nega t ive  r e s u l t s .

The ana ly s i s  corresponds to  7 ^60^ y 30  ̂ , a

hydrated bas ic  su lpha te  of thorium, f u r t h e r  i n v e s t i g a t i o n  

of t h i s ,  however, was not made.
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A d s o r p t i o n  Experiments.

Su i tab ly  d i l u t e d  so l u t i ons  of the o r i g i n a l  

thorium n i t r a t e  s o l u t i o n  were p repare d , s o  th a t  0 .2 c . c . ,

0.4 C . C . ,  0.6 C . C . ,  and 1.6 c . c .  r e s p e c t i v e ly ,w e re  contained 

in two c . c .  of wa te r .  Two c . c .  of the f i r s t  of these  s o lu t io n s  

were added to f o r t y  c . c .  of o r i g i n a l  uranium a c e t a t e ,  the 

volume made up to 60 c . c . ,  and the so lu t ion  r a i s e d  to  b o i l i n g .  

One c . c .  of i ron so lu t io n  was added and the mixture boi led 

under r e f l u x  fo r  four  hours .  The p r e c i p i t a t e  of bas ic  f e r r i c  

ace ta te  was then f i l t e r e d  o f f ,  and the /3 a c t i v i t y  measured. 

I d e n t i c a l  experiments were c a r r i e d  out employing two c . c .  of 

the other  th r e e  p repared  thorium n i t r a t e  s o l u t i o n s .

The l a s t  of these  experiments r e p r e s e n t s  the case f o r  a 

sa tura ted  s o l u t i o n ,  but i t  was thought  adv i sab le  to make some 

observat ions  beyond t h i s  p o i n t .

4 c . c .  of the o r i g i n a l  thorium n i t r a t e  so l u t i o n  were added to  

40 c . c .  of o r i g i n a l  uranium a c e t a t e  s o l u t i o n ,  the volume made 

up to 50 c . c . , a n d  the  s o lu t io n  heated to  b o i l i n g .  A white 

p r e c i p i t a t e  of bas ic  thorium sulphate  began to appear ,  but ,  

neg l e c t in g  t h i s ,  one c . c .  of i ron  so lu t io n  was added,  the 

so lu t ion  boi led under r e f l u x  f o r  four  hours ,  the p r e c i p i t a t e

f i l t e r e d  o f f ,  and the /3 a c t i v i t y  measured.
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This was repea ted  us ing 7 c . c .  of the o r i g i n a l  thorium 

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

In each case the i r on  was es t imated by means of t i t a n o u s

ch lor ide  s o l u t i o n ,  one c . c .  of the i ron su lpha te  so lu t io n  

being taken as u n i t y  in the  c a l c u l a t i o n  of m.

The r e s u l t s ,  in t a b u l a r  form,a re  shown in Table A, and the 

graph Loa m , Loa C , i s  depic ted  in Fig.A.

m -  amount of adsorbent  (1 c . c .  of i r on  so lu t io n  = 1) .

T = c . c .  of the o r i g i n a l  thorium n i t r a t e  so lu t io n  added. 

Xf= /3 a c t i v i t y  of adsorbent  in  div.  per  min.

X = amount of thorium on the adsorbent  c a l c u l a t e d  as 

/3 a c t i v i t y ,  in  d ip ,  per  min, 

c  ̂= /3 a c t i v i t y ,  in  d iv .  per  min. in  the f i l t r a t e

(50 c . c . )  in  equ i l ib r ium,  

c = amount of thorium per  100 c . c ,  of f i l t r a t e  in

equ i l ib r ium c a l c u l a t e d  as /3 a c t i v i t y  in d i v . p e r  min 

In place of the f a c t o r i a l  method employed in Par t  1, of 

conver t ing the he t ra to p e  "atomic .number 00" to /3 a c t i v i t y  

in d iv .  per  min.,  the r a t i o s  of the ft a c t i v i t i e s  of the 

p r e c i p i t a t e s , to the f t  a c t i v i t i e s  in so l u t i o n  in 

equ i l ibr ium,were taken as the r a t i o s  of thorium adsorbed.
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to  t a a t  i n  s o l u t i o n  i n  oq u i 11 t r i nm. This  method of 

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

e x p e r i m e n t s , the amount of uranium X i s  n e g l i g i b l e  compared 

wi t h  t he  amounts of thorium p r e s e n t .

In Par t  1, one c . c .  of thorium n i t r a t e  s o l u t i o n ,  co n t a in i ng  

0*07575 .gram of thorium i s  shown to correspond to a /3 

a c t i v i t y  of 1*846 x 10 d i v .  per  min. A simple c a l c u l a t i o n  

thus s u f f i c e s  to t ransform the  amounts of thorium adsorbed,  

and in equi l ib r ium,  in to  ft a c t i v i t y  in d iv .  p e r  min.
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D i s c u s s io n  of k o s u i t  s n

As the co nc en t ra t ion  in c re as e s^ th e  value 

of n passes  through a minimum, then r a p i d l y  i nc re as e s  to  

i n f i n i t y .  This tendency to  in c re ase  i s  no t i c e a b le  long before 

the i n i t i a l  so lu t io n  i s  s a t u r a t e d  (Exp. 5) ,  being q u i t e  marked 

when the quan t i ty  of thorium n i t r a t e  p re se n t  i s  only h a l f  t h a t  

necessary to produce a s a t u r a t e d  so lu t ion  (Exp. 4 ) .

In the f i n a l  experiment ,  the equ i l ib r ium concen t ra t ion  i s  s t i l l  

i  s l i g h t l y  below the normal s a t u r a t i o n  value^al though the  i n i t i a l  

concen t ra t ion  was much above t h a t  value.

I  From the shape of the graph,we may i n f e r  t h a t  some f o r c e ,
yI n e g l i g i b l e  at  low c o n c e n t r a t io n s ,  r a p i d l y  comes i n t o  prominence 

as the s o l u b i l i t y  l i m i t  i s  approached,  t ending to augment the 

adsorp t ion  e f f e c t .  This is  undoubtedly the  a t t r a c t i o n  between 

the adsorbed subs tance ,and t h a t  in s o l u t i o n  -  the mutual 

a t t r a c t i o n , w h i c h  normally b r ings  about c r y s t a l l i s a t i o n .

I C r y s t a l l i s a t i o n  can be regarded as a s p e c ia l  case of ad so rp t io n ;
%0 when a c r y s t a l  sur face  i s  in con tac t  with a so lu t ion  of the

1 same substance in  s u p e r - s a t u r a t e d  s o l u t i o n ,  adsorp t ion  a t  the 

c r y s t a l  face proceeds t i l l  equ i l ib r ium i s  a t t a i n e d  -  the po in t  

of s a t u r a t i o n .  C r y s t a l l i s a t i o n  i s ,  however, a s p e c i a l  case of 

adsorpt ion^in  tha t  the new sur face  c o n t i n u a l l y  forming,  r e t a i n s
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the o r i g i n a l  adsorp t ive  power unimpared^and the  equi l ib r ium 

c o n c e n t r a t i o n ,  as a r e s u l t ,  i s  a cons tan t ,  no mat te r  what 

degree of s u p e r s a t u r a t i o n  was o r i g i n a l l y  p r e s e n t .

If  we apply the adsorp t ion  equa t ion
±_

= q c "
X

to t h i s  r easoning,  t h e n  m can assume any value ,whi le  

c w i l l  remain c o n s t a n t .  As a r e s u l t  the graph 

LOG. , Loa c , w i l l  be a s t r a i g h t  l i n e  pe rpend icu la r  to  the 

X ax i s , an d  w i l l , i n  f a c t , coincide  with the s o l u b i l i t y  l i m i t .
i

The value of 7T fo r  such a graph i s  i n f i n i t y .

Returning to a cons ide ra t i on  of the exper imenta l  evidence,  

bas ic  f e r r i c  a c e t a t e , i n  con tac t  wi th a s a t u r a t e d  so lu t io n  of 

bas ic thorium sulpha te  ( s a y ) , adsorbs many l a y e r s .  These 

l a y e r s , i n  contac t  with the near ly  s a t u r a t e d  s o l u t i o n ,w i l l  

exer t  a " c r y s t a l l i s i n g  ac t ion"  on the substance s t i l l  in  s o l u t i o n .  

The n e t t  r e s u l t  i s , t h a t  the amount of adsorp t ion  which takes 

place i s  found to be in excess of what one would expect from 

the course of the graph f o r  more d i l u t e  s o l u t i o n s .  Consider ing 

the case (Exp.6), where the o r i g i n a l  concen t ra t ion  was a l i t t l e  

more than twice the s o l u b i l i t y  l i m i t ,  the e f f e c t  due to 

c r y s t a l l i s a t i o n  predominates ,  masking the geniune adsorpt ion 

e f f e c t .  The f i n a l  r e s u l t  of the two f o rc e s  a t  work is. shown
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the equi l ibr ium con cen t ra t i on  being s l i g h t l y  lower than 

the s o l u b i l i t y  l i m i t .

When a l a rge  excess of thorium n i t r a t e  i s  o r i g i n a l l y  p resen t ,  

(Exp.Y)ythe adsorp t ive  fo rce  i s  completely overshadowed,and 

the phenomenon may be regarded as a c r y s t a l l i s a t i o n ,  the 

equ i l ib r ium concen t ra t ion  being almost i d e n t i c a l  with the 

s o l u b i l i t y  l i m i t .  At t h i s  po in t  on the graph i t  w i l l  be 

observed t h a t  the value of n r a p id ly  approaches i n f i n i t y ,  

which i s  the  t h e o r e t i c a l  value f o r  c r y s t a l l i s a t i o n , r e g a r d e d  

as an adsorpt ion phenomenon.'

In F ig .B , th e  complete course of the isotherm fo r  the adsorp t ion
I of uranium X and i t s  i sotope  thorium by bas ic  f e r r i c  a c e t a t e ,  

i s  dep ic ted .  A,B,C,D, encloses  the p a r t  of the isotherm 

obtained with uranium X a lone ,  and E,F,G,H, i s  F ig .  A on the 

reduced s c a l e .  The two curves i l l u s t r a t i n g  Par t  1 and Par t  11 

while not in exact  a l ignment ,  are  so w i th in  the exper imenta l  

e r r o r  cons ide r ing  t h a t  the re  was a lapse of one year  between 

the experiments ,and cons ide r ing  s l i g h t  a l t e r a t i o n s  were made 

to the e lec t roscope in  the i n t e r v a l .
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Cummary.

1. The isotherm for  the  adsorp t ion  of thorium by bas ic  f e r r i c  

a c e t a t e  a t  the po in t  of s a t u r a t i o n  has been i n v e s t i g a t e d .

2.  The value of was observed to  pass through a po in t

of i n f l e c t i o n , t h e n  r a p i d l y  in c re a s e  in  value to i n f i n i t y .

3.  C r y s t a l l i s a t i o n , a s  a s p e c i a l  case of a d s o r p t i o n , i s  

d i scussed,and  an i n t e r p r e t a t i o n  of the exper imenta l  

obse rvat ions  i s  o f fe red  along these  l i n e s .

4. A graph i s  given,which i l l u s t r a t e s  the  course of the 

adsorp t ion  isotherm of he t ra to p e   ̂ atomic number 90’̂ by 

bas ic  f e r r i c  aceta te^from i n f i n i t e  d i l u t i o n , u p  to the 

s o l u b i l i t y  l i m i t .



THE ACTION OP MONOCHLORMETHYLETHER

on

PRIMARY, SECONDARY and TERTIARY AROMATIC AMINES



5 8 .

The A c t io n  o f  M o n och lorm eth y leth er  

on A rom atic A m ines.

The o b j e c t  o f  t h i s  r e s e a r c h  was t o  exam ine th e  

r e a c t io n s  b etw een  m o n o ch lo rm eth y le th er  and th e  p rim a ry , 

seco n d a ry  and t e r t i a r y  a ro m a tic  a m in es. In  s tu d y in g  th e  

r e a c t io n  w ith  prim ary a ro m a tic  a m in es , th e  a c t io n  on 

a n i l i n e ,  p - t o lu id in e  and o - n i t r a n i l i n e  was exam in ed . The 

a c t io n  on seco n d a ry  a ro m a tic  am ines was exam ined f o r  

m o n o e th y la m ilin e , w h ile  in  th e  c a s e  o f o t e r t i a r y  a ro m a tic  

a m in es , th e  a c t io n  on d im e t h y la n i l in e  and d i e t h y l a n i l i n e  

was i n v e s t i g a t e d .

R e fe r e n c e  t o  p r e v io u s  work on th e  a c t io n  o f  

m o n o ch lo rm eth y le th er  on prim ary and seco n d a ry  am in es i s  

s c a n ty .  A p a te n t  by E . Merk (D .R .P . 275525 C .1914  1 . 1718) 

d e s c r ib e s  a p r o c e s s  fo r  th e  p r e p a r a t io n  o f  a l k y l  and aralkyl*  

a m in o -m e th y la lk y l e t h e r s ,o f  th e  g e n e r a l  form u la  - alkyl - 
o -  CH^.N. R* R” (R* * a lk y l  or  Aralkyl, R” -  hydrefeen or  

a l k y l ) ,b y  th e  a c t io n  o f  one m ol. o f  a h a lo g e n  m e th y la lk y l  e th e r  

(h a lo g en .C H g O .A lk y l) on two m o is , o f  a prim ary or seco n d a ry  

amine o f  th e  a l i p h a t i c , o r  f a t t y  a ro m a tic  s e r i e s ^ in  an 

i n d i f f e r e n t  s o lv e n t .
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For ex a m p le , N -M ethylm ethoxym ethylhom oplperonylam ine  

(XIV) i s  formed by th e  a c t io n  o f  m o n o ch lo rm eth y le th er  on N- 

M ethylhom opiperonylam in e ( X l l l ) .

CĤ.- CMj.. CI-’V

( X I V )
(Xlli)

The a u th o r  c o u ld  f in d  no r e f e r e n c e  to  th e  a c t io n  

o f  m o n o ch lo m eth y le th er  on th e  p rim ary  o r  seco n d a ry  

a ro m a tic  a m in es .

P r e p a r a tio n  o f  M o n o ch lo rm eth y le th er  (B er . 1 9 0 7 , 4 0 , 4 5 0 7 ) .

M o n o ch lo rm eth y leth er  i s  r e a d i l y  form ed when dry  

h yd rogen  c h lo r id e  i s  p a ssed  in t o  a c o o le d  m ix tu re  

o f  m eth y l a lc o h o l  and p a ra fo rm a ld eh y d e .
C M 3 O H  +  +  H C È  — -  C H j  O  C i L g  -i- Hj^O.

0 ). in t o
The e q u il ib r iu m  m ix tu re  o b ta in e d  s e p a r a te s /tw o

l a y e r s ,  th e  u p p er o f  w hich c o n t a in s  th e  m o n o ch lo rm eth y le th er

( 1 ) .  D e t a i l s  o f  th e  p r e p a r a t io n  are  g iv e n  on p a g e ......................5$

M o n o c h lo m e th y le th e r ,B .P . 59 -60® C ., i s  a c o lo u r le s s ^

m o b ile  l i q u i d ,  i t  fum es s t r o n g ly  in  a i r  and i t  i s  v e ry

r a p id ly  h y d r o l i s e d  b y  w a te r ,r e fo r m in g  fo rm a ld eh y d e ,

m eth y l a lc o h o l  and aqueous h y d r o c h lo r ic  a c id .
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Action of Monocb1ormetbylether on Primary Aromatic Amineb ,

A c tio n  on a n i l i n e  ( in  th e  c o l d ) •

One e q u iv a le n t  

o f  m o n o ch lo rm eth y le th er  was added to  two e q u iv a le n t s  o f  

a n i l i n e ,  in  p r e se n c e  o f  e x c e s s  o f  d r ie d  b o r a x . The 

r e a c t io n  was c a r r ie d  ou t in  c h lo r o fo r m , and th e  tem pérature  

was k e p t b elow  - 5  ^C. A s e r a i - s o l id  p ro d u ct w as o b ta in e d  

w h ich  c o u ld  n o t  be p u r i f i e d  f o r  a n a l y s i s .  From i t s  

r e a c t io n s  i t  was b e l i e v e d  to  c o n t a in  d i-(p h e n y la m ln o )  

m ethane ( 1 1 ) .

A c t io n  on a n i l i n e  ( in  th e  h e a t ) .

On ad d in g

m o n o ch lo rm eth y le th er  to  a la r g e  e x c e s s  o f  a n i l i n e  in  th e  c o ld ,  

and h e a t in g  th e  m ix tu re  to  1 5 0 °G .fo r  on e h o u r , 4 :4 *  -  

d i  amino -  d ip h en y  Im et hane ( 1 1 1 ) was form ed in  good  y i e l d .

The co m p le te  c o u r se  o f  th e  a c t io n  o f  m o n o ch lo rm eth y le th er  

on a n i l i n e  i s  p ro b a b ly  r e p r e s e n te d  by th e  f o l lo w in g  e q u a t io n s .

cn

.  0» c o l o t .

X /
0>)

N H   CMî ------  MH/\
( m ).

on K«<thnj «n presence  

Qj anij«ne an<#

««I NH,

V... VChj5,-
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A c t i o n  on o - n i t r a l l i n e  ( i n  t h e  c o l d ) .

A s o lu t io n  o f

m o n o ch lo rm eth y le th er  in  dry e t h y l  e th e r  was added t o  a 

s o lu t io n  o f  o - n i t r a n i l i n e  in  th e  same s o l v e n t , i n  th e  r a t io  

o f  1 m ol. o f  th e  form er to  2 m o is , o f  th e  l a t t e r ,  b a s ic  

le a d  c a r b o n a te  b e in g  p r e s e n t  to  rem ove th e  h y d r o c h lo r ic  

a c id  a s  i t  was form ed . D i(2 -n itr o -p h e n y la m in o )  m ethane (IV) 

was form ed in  good y i e l d .

A c t io n  on o - n i t r a n i l i n e  ( in  th e  h e a t ) .

Mono ch lo rm eth y l e th e r  

was added to  e x c e s s  o f  s o l i d  o - n i t r a n i l in e ^  and th e  

m ix tu re  h e a te d  t o  150^0- f o r  1 h o u r . 2 : S ’ - d i n i t r o - 4 : 4 * -  

d ia m in o -d ip h en y lm eth a n e  (V)- was form ed . The c o u r se  

o f  th e  r e a c t io n  i s  a s  f o l l o w s : -

NO,
%

C H .NH

CM,

Cold.

«VH-

/ \

Ov).

NH
NO “■ -fuee *

N H

l-N O O h  in fyr*sentf

o - m l- ta h iV ih e  Q r» d

o -  h i h i l l  h (  h |rd * o  ch/orid̂

/VH,

" (W.

1̂1 v). o-nirya hKihf h|rd*<och/orr'd«, -̂------ C

A c t io n  on p - t o lu id in e  ( i n  th e c o ld )

One e q u iv a le n t  

o f  m o n o c h lo r m e th y le th e r ^ d isso lv e d  in  dry e t h y l  ether^  

was added t o  two e q u iv a le n t s  o f  p - t o l u i d i n e  a l s o  d i s s o lv e d  

i n /
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i n  e t h e r , i n  p r e s e n c e  o f  e x c e s s  o f  b a s i c  l e a d  c a r b o n a t e .

The tem p era tu re  was k ep t b elow  5 b y  m eans o f  i c e  and s a l t .  

D i(4 -m e th y l-p h e n y la m in o )  m ethane (VI) was form ed a lm o st  

e x c l u s i v e l y .

A c t io n  on p - t o l u i d i n e  ( in  th e  h e a t ) .

M o n o ch lo rm eth y leth er  

w as added to  a la r g e  e x c e s s  o f  dry p - t o l u i d i n e  and th e  

m ix tu re  th e n  h e a te d  t o  150®c, f o r  1 h o u r . 6 : 6 *-d ia ra in o -  

3 : Z' -d lm e th y l-d lp h e n y lm e th a n e  ( V l l )  was p ro d u ced .

The co m p le te  r e a c t io n  may be r e p r e s e n te d  by t h e s e  

two e q u a t io n s .
' NHN H , HH

in
= oict.

(yi). V
N H  CM, ---------- « H NH NHi

Oh hfahm) Ik )>r<sertce
-----------------------------^

( V l ) .
\ /

o jr  1»-hoikiWiftf o h o l 

f*-hJutc(lhe hydy.cA f.M cff
V

' “ J

CH,
(vii)

A c t io n  o f  M o n o ch lo rm eth y leth er  on Secondary A rom atic A m ines.

A c t io n  on r a o n o e th y la n ilin e  ( in  th e  c o l d . )

M o n o ch lo rm eth y le th er , 

d i s s o lv e d  in  d ry  p e tr o le u m  e th e r ,w a s  added to  two 

e q u iv a le n t s  o f  r a o n o e th y la n ilin e  a l s o  d i s s o lv e d  in  dry  

p e tr o le u m  e t h e r ,  in  p r e s e n c e  o f  d r ie d  b o r a x . The tem p era tu re  

w a s/
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was k ep t b elow  5^C. D i(e th y lp h e n y la m in o ) m ethane ( V l l l )  

was form ed a lm o st q u a n t i t a t iv e ly #

A c t io n  on m o n o e th y la n ilin e  ( in  th e  h e a t ) .

M o n o ch lo rm eth y le th er , 

d is s o lv e d  in  a n e u t r a l  s o lv e n t  ( in  t h i s  c a s e  carb on  

t e tr a c h lo r id e ) ,w a s  added to  e x c e s s  o f  m o n o e th y la n il in e  a l s o  

d i s s o lv e d  in  carb on  t e t r a c h l o r i d e ,  and th e  m ix tu re  th e n  

h e a te d  u n d er r e f lu x  f o r  30 m in u te s . Sym. d i e t h y l - 4 : 4 ' -  

d ia m in o -d ip h en y Im eth a n e  (IX) was form ed in  good y i e l d .

The p ure p rod u ct was a w h ite  c r y s t a l l i n e  s o l i d ,  

and m e lte d  a t  17°C . J .  v.  Braun ( l o c .  c i t . ) ,  who p rep a red  

t h i s  compound by a n o th e r  m ethod, r e c o r d s  i t  a s  an o i l .

The co m p le te  r e a c t io n  b etw een  m o n o ch lo rm eth y le th er  and 

m o n o e th y la n il in e  may be r e p r e s e n te d  t h u s ; —

Oh h « o h h ^  ih p r < s « h f c  of- A
( V i f i )
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D i s c u s s i o n  o f  t h e  R e a c t i o n s  b e t w e e n  M o n o c h l o r m e t h y l e t h e r  

and  P r im a ry  and S e c o n d a ry  A r o m a t ic  A mines .

E a r ly  in  th e  i n v e s t i g a t i o n  th e  s im i l a r i t y  o f  

t h e s e  p r o d u c ts ,a n d  th o s e  p roduced  by th e  a a t lo n  o f  form ald eh yd e  

and o f  m eth y len e  d l lo d ld e  on prim ary a ro m a tic  a m in es ,a n d  o f  

form ald eh yd e on secon d ary  a ro m a tic  a m in es ,w a s  e v id e n t .

L. F rat e s i  (G a z z e tta  1 4 , 2 5 1 -2 5 6 ) showed th a t ,w h e n  aqueous  

s o lu t io n s  o f  a n i l i n e  and form ald eh yd e a r e  m ixed and 

a llo w e d  t o  s ta n d , d i  (p h en y lam in o) m ethane ( 1 1 ) i s  form ed .

F o llo w in g  up t h i s  w ork^Eberhardt and W e lte r  (B e r .  

1 8 9 4 , 2 7 , 1804) showed t h a t  s im i la r  d e r i v a t iv e s  o f  th e  prim ary  

arom atic  am ines w ere o b ta in e d  when two m o is , o f  th e  b a se  w ere  

m ixed w ith  one m ol. o f  aqueous fo r m a ld e h y d e ,In  p r e s e n c e  o f  

a lc o h o l  and p o ta ss iu m  h y d r o x id e ,a n d  th e  m ix tu re  b o i l e d  

f o r  some t im e .

Meyer and Rohmer (B e r . 19 0 0 , 2 2 , 252) p rep a red  d l ( 2 - n i t r o -  

ph en ylam ln o) m ethane ( 1?) In  a s im i la r  manner by d i s s o l v i n g  

o - n i t r a n i l i n e  in  a lc o h o l  and w a te r ,a n d  ad d in g  aqu eou s  

form ald eh yd e t o  th e  b o i l i n g  m ix tu r e .

S e n io r  and Goodwin ( J .  1 9 0 2 , 8 1 , 284) found  t h a t ,  in  

g e n e r a l /
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g e n e r a l ,  when a m i x t u r e  o f  one m ol .  o f  m e t h y l e n e  d i i o d i d e  

and two m ois, o f  a p r i m a r y  a r o m a t i c  amine and e x c e s s  o f  d ry  

p o ta ss iu m  ca rb o n a te  I s  h e a te d  t o  150°G., a v i o l e n t  r e a c t io n  

ta k e s  p la c e ,  and th e  c o r r e sp o n d in g  d l(p h en y la m ln o ) m ethane 

d e r iv a t iv e  I s  p rod u ced .

J . V .  Braun (B e r . 19 0 8 , 4 1 , 2 ,  2145) exam ined th e  r e a c t io n  

b etw een  form ald eh yd e and secon d ary  a ro m a tic  am in es In  

n e u t r a l  o r  a lk a l in e  s o lu t io n .  He o b ta in e d  th e  d l ( alkgr^- 

p h en ylam in o) m ethane d e r i v a t i v e s , I n  a manner e n t i r e l y  

a n a lo g o u s  t o  th e  p r o d u c t io n  o f  d l (p h en y la m ln o ) m ethane ( 1 1 ) 

from  a n i l i n e  and fo rm a ld eh y d e .

Sum m arising th e  p r e c e e d ln g  r e f e r e n c e s ,  fo rm a ld eh y d e . 

In  a b se n c e  o f  a c id s ,c a n  co n d en se  w ith  prim ary  and seco n d a ry  

a ro m a tic  am ines to  form  d l  (p h en y la m ln o ) m ethane and d l  

(a Ik y Ip h en y la m ln o ) m ethane d e r i v a t i v e s .

T h ese  d i  ( p h enylam ino) m ethane and d i  ( a lk y Ip h ­

eny lam ln o) m ethane -comphunds^whlle s t a b le  when p u r e , are  v e r y  

r e a c t i v e  and y i e l d  a v a r i e t y  o f  p r o d u c ts .  F or exam ple  ̂

d l (  4 -M eth y l-p h en y la m ln o ) m ethane ( V I ) ,t h e  p - t o l u l d i n e  d e r iv ­

a t i v e ,  on h e a t in g ,fo r m s  f r e e  p - t o lu ld ln e  and an I n s o lu b le  

am drphous/



amorphous p rod u ct o f  u n c e r ta in  s t r u c t u r e .  A g a in , on  

b o i l i n g  w ith  a lc o h o l  or w a te r , th e  m ajor p o r t io n  i s  r e s o lv e d  

in to  p - t o l u l d l n e  and fo rm a ld eh y d e , w h ile  sm a ll q u a n t i t i e s  

o f  o th e r  more s t a b le  compounds o f  p - t o lu ld ln e  and form ald eh yd e  

are  form ed . One o f  t h e s e ,  a n h y d r o fo r m a ld e h y d e -p -to lu ld ln e  

( x ) ,  M .P. 1 2 7 -1 2 8 °G •, h a s  b een  a s c r ib e d  t h i s  fo rm u la  ( B ls c h o f f  

B e r . 1 8 9 8 , 2 1 , 5 2 5 5 ) .-

Cnhn -  N ----  ----  N-dyHy
'  I I ( %)

C H ,    N — ---------
^  ICjHj

B ls c h o f f  d ed u ces  t h i s  from  m o le c u la r  w e ig h t  

d e te r m in a t io n s  In  b o i l i n g  b e n z e n e ,a n d  a l s o  from  th e  f a c t  

t h a t  I t  I t  a t e r t i a r y  am ine.

On tr e a tm e n t w ith  h y d r o c h lo r ic  a c id ,p r o fo u n d  

a l t e r a t i o n  In  th e  s tr u c tu r e  o f  t h e s e  d l (  pheny lam ln o) m ethane 

and d i  ( a lk y  Ipheny lam in o) m ethane compounds may r e s u l t ;  

p o ly m ers o f  .ai^ydroam inobenayL  a lc o h o l  may be form ed , 

t o g e th e r  w ith  l i b e r a t i o n  o f  th e  o r i g i n a l  b a s e .

On more v ig o r o u s  tre a tm e n t w ith  h yd roch lorte  a c i d ,  

d lp h en y lm eth an e d e r i v a t iv e s  a re  form ed . Meyer and Rohmer 

( l o o .  c l t . )  t r e a t e d  d l  ( 2 -n ltr o -p h e n y la m ln o )  m ethane (IV) 

w ith  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  in  th e  c o ld ,  and 

o b t a in e d /
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o b ta in e d  an amorphous body ( üy Eq Ng (XI) and o -

n i t r a h i l i n e .  On h e a t in g ,  th e y  o b ta in e d  f i n a l l y , 5 : 2 * - d ln l t r o -  

4 ;4 * -d la m in o -d lp h e n y lm e th a n e  (V ). They p o s t u la t e  th e  

r e a c t io n  t h u s .

HOZ
Cold:,.

i t  V)

* NHf «0  ̂ + ( f ,
(XU

« 0,.  ̂ (C, -2» ‘■Hi (Cfc Hj NHj.NOj) J, (v).
They exam ined th e  In te r m e d ia te  amorphous su b s ta n c e .

On v ig o r o u s  r e d u c t io n  w ith  z in c  and h y d r o c h lo r ic  a c id  I t  

y ie ld e d  3 :4  -d la m ln o -to lu e n e  ( X l l) ,w h ic h  I s  s tr o n g  e v id e n c e  

t h a t  th e  h ig h ly  p o ly m e r ise d  su b sta n c e  c o n ta in e d  th e  p .-a n h y d r o -  

am ln ob en zy l a lc o h o l  l in k a g e .

H - N -

V- -C.Hj -CH,

X
(M) ( '" )

By c o n d e n sin g  prim ary  a ro m a tic  am ines and fo rm a l­

dehyde In  d i l u t e  m in e r a l a c id ,  P.M. K roneburg ( J .  R u ss , P h ys, 

Ghem. 80c . , 1 9 1 6 , 4 8 , 3 0 5 -3 0 9 ) o b ta in e d  s im i la r  amorphous 

s u b s ta n c e s .  The m e lt in g  p o in t  o f  th e  p ro d u ct v a r ie d  w ith  th e  

tem p era tu re  a t  w hich th e  r e a c t io n  was c a r r ie d  o u t .  M o lecu la r  

w e ig h t /
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w e i g h t  d e t e r m i n a t i o n s , I n  f r e e z i n g  n i t r o b e n z e n e ^ g a v e  v a l u e s  

o f  o v e r  1 , 0 0 0 .  The compounds were  b e l i e v e d  t o  c o n t a i n  

th e  o r th o -o r  p a ra -an h yd roam in ob en zy l a lc o h o l  l in k a g e .

By b o i l i n g  th e  d l(a lk y Ip h e n y la m ln o )  m ethane 

d e r i v a t iv e s  o f  th e  seco n d a ry  a ro m a tic  am ines w ith  c o n c e n tr a te d  

h y d r o c h lo r ic  a c id  f o r  10 h o u r s , J . v .  Braun (L oc. c l t .)  

o b ta in e d  th e  c o r r e sp o n d in g  d lp h en y lm eth a n e  d e r i v a t iv e s ;  v .  

Braun r e m a r k s ,th a t  when th e  o r th o  or  p ara p o s i t i o n  I s  

o c c u p ie d ,t h e  q u a n t i t y  o f  h ig h e r  c o n d e n sa t io n  p r o d u c ts  form ed  

I s  c o n s id e r a b ly  r e d u c e d .

E b erh ard t and W elter  ( l o c .  c l t .)  b r in g  about th e  

In tr a m o le c u la r  change o f  th e  d l  (p heny lam ln o) m ethane d e r iv ­

a t i v e s  o b ta in e d  from  th e  p rim ary  a ro m a tic  am in es. In to  th e  

Iso m e r ic  d lp h en y lm eth an e d e r i v a t iv e s ,b y  h e a t in g  f o r  10 h o u rs  

w ith  th e  h y d r o c h lo r id e  o f  th e  o r i g i n a l  b a se  and some f r e e  

b a s e .  The c o u r se  o f  th e  tr a n s fo r m a t io n  i s  n ot c l e a r .  I t  

may be t h a t  th e  an h yd roam ln ob en zyl a lc o h o l  l in k a g e  I s  

m o m en ta rily  form ed .

T u rn in g  now to  a c o n s id e r a t io n  o f  th e  r e a c t io n  o f  

m o n o ch lo rm eth y le th er  on p rim ary  and seco n d a ry  a ro m a tic  

a m in es , th e  I s o l a t i o n  o f  th e  d l  (p h en ylam in o) m ethane and 

d i  ( a lk y l  p h en ylam in o) m ethane d e r iv a t iv e s  I s  c o n d i t io n a l  

o n /
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on t h e  r a p i d  r e m o v a l  o f  t h e  l i b e r a t e d  h y d r o c h l o r i c  a c i d .  T h a t  

t h i s  rem oval I s  n o t  s u f f i c i e n t l y  ra p id ,m a y  a cco u n t f o r  th e  

I n a b i l i t y  to  I s o l a t e  d l (p henylam ln o) m ethane ( l l ) ,  w h ich  I s  

th e  m ost r e a c t i v e  o f  th e  s e r i e s .

V/hen m o n o ch lo rm eth y le th er  I s  added to  e x c e s s  o f  

th e  b a s e .  I t  I s  o b v io u s  t h a t  we have p r e s e n t  th e  I d e n t i c a l  

m ix tu re  which E b erh ard t and W elter  ( l o c .  c l t .)  h e a t e d ,I n  

o rd er  to  b r in g  about th e  fo r m a tio n  o f  th e  d lp h en y lm eth a n e  

d e r i v a t i v e s .  On h e a t in g  th e  m ix tu re  th e  same p r o d u c ts  

are  o b ta in e d .

I t  I s  o f  I n t e r e s t  to  o b se r v e  t h a t , w h ile  th e  

a p iip h e tlc  prim ary and seco n d a ry  am in es form  N -raethoxy- 

m eth y l compounds w ith  m o n o ch lo rm eth y le th er  (E . Merk l o c .  c i t . ) ,  

no such d e r i v a t iv e s  o f  th e  a ro m a tic  am in es w ere o b se r v e d .

I t  I s  p o s s i b l e  t h a t  such  compounds a re  m om en tarily

form ed ,an d  Im m ed ia te ly  r e a c t  w ith  a fu r th e r  m o le c u le  o f  th e

b a s e .

I f  such  I s  th e  c a s e ,  th e  fo r m a tio n  o f  th e  d i  (pheny lam ln o)  

m ethane and d l(a lk y Ip h e n y la m ln o )  m ethane d e r i v a t iv e s  o f  th e  

prim ary and seco n d a ry  am ines w ould be r e p r e s e n te d  by t h e s e  

two e q u a t lo n s ; -

^ R'W". N J +■ H ce

a ' + H- > R* R.*'.

( r ‘ ~ a ryZ  , R'" a l Ky l  o r  h y  d  r o c ^ e n ) .
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A c t i o n  o f  M o n o c h l o r m e t h y l e t h e r  on T e r t i a r y  A r o m a t i c  A mines .

A c t io n  on D lm e t h y la n l l ln e .

D unlop ( J .  1 9 1 4 , 1 0 5 , 1156) a ttem p ted  t o  form  

th e  quatern«try ammonium compound (XV) b etw een  m on och lor­

m e th y le th e r  and d lm e t h y la n l l ln e 9

(Xvj,

w ith  th e  v ie w  o f  o b ta in in g  a compound t o  c h a r a c t e r i s e  

m o n o ch lo rm e th y le th e r . He, how ever, o b ta in e d  th e  h y d r o c h lo r id e  

o f  t e tr a m e th y l  -  4 :4*  -  d ia m in o -d ip h en y lm eth a n e  (X V I).

\ 0  (xvO.
 CHJJ -X

No d e t a i l s  o f  th e  e x p e r im e n ta l work a re  g iv e n .

I t  was fou n d  t h a t ,o n  ad d in g  one m o l.o f  

m o n o ch lo rm eth y le th er  to  two m o is , o f  d lm e t h y la n l l ln e  

d i s s o lv e d  In carb on  t e t r a c h lo r id e  and r e f lu m in g  th e  

m ix tu re  f o r  s e v e r a l  h o u r s , an a lm o st q u a n t i t a t iv e  

y i e l d  o f  t e tr a m e th y l  -  4 : 4 * -d ia m in o -d ip h e n y lm eth a n e  (X V ll)  

w as/
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was form ed . The r e a c t io n  may be r e p r e s e n te d  t h u s : -

y \
+ '*■ H <%

m   Mi

In  o rd er  i f  p o s s ib l e  t o  t r a c e  th e  c o u r se  o f  th e  

r e a c t i o n ,a  s e r i e s  o f  e x p e r im e n ts  were co n d u cted  a t  O^C. 

E q u im o le cu la r  q u a n t i t i e s  o f  d lm e t h y la n l l ln e  and monochlorm­

e t h y le t h e r , I n  p e tro le u m  e t h e r  s o lu t io n  a t-1 0 °C .,w ere  m ixed .

No ap p aren t r e a c t io n  to o k  p la c e .  On s ta n d in g  s e v e r a l  

h o u rs  In  th e  I c e - c h e s t ,  a w h ite  p r e c i p i t a t e  a p p ea red .

On e x a m in a tio n , t h i s  su b s ta n c e  p roved  to  b e  a m ix tu re  o f  

d lm e t h y la n l l ln e  h y d r o c h lo r id e  and th e  q u a tern a ry  ammonium 

compound o f  d l  m e th y la n ll ln e  and m o n o ch lo rm eth y le th er  (XV)-•

The f i l t r a t e  c o n ta in e d  f r e e  d lm e t h y la h l l ln e ,  t e t r a m e t h y l-  

- 4 : 4 *-d la m ln o -d lp h e n y lw e th a n e  (X V ll) , and unchanged  

m o n o ch lo r m eth y le th e r . The sm e ll o f  m e th y la l  was o b se r v e d .

As th e  r e a c t io n  In th e  above ex p erim en t was o b v io u s ly  

n o t  c o m p le te d , a s im ila r  ex p er im en t was c a r r ie d  o u t  and t h i s  

t im e  two w eeks were a llo w e d  fo r  th e  r e a c t io n  t o  p r o c e e d .

The s o l i d  o b ta in e d  from  t h i s  ex p er im en t was fou n d  to  be a 

m ix tu re  o f  t e t r a  m e th y l-4 :4 * -d la m ln o -d lp h en y lm eth a n e  h y d ro -  

B h lo r id e  (XVI) in  ad m ixtu re w ith  th e  d i-q u a te r n a r y  

ammonium compound o f  t h a t  su b sta n ce  ( X V l l l ) .  T ra c es  

o f  d lm e t h y la n l l ln e  h y d r o c h lo r id e  and th e  q u a te r n a r y  /
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q u a t e r n a r y  ammonium compound o f  d i m e t h y l a n i l i n e  were  a l s o  

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

- 4 : 4 * - d ia m in o -d ip h en y lm eth a n e  (X V ll) .  As th e  s o l i d  m ix tu r e s  

o b ta in e d  In  t h e s e  two e x p e r im e n ts  were v ery  h y g r o s c o p ic ,  no 

a ttem p t was made to  se p a r a te  them In to  t h e i r  com p on en ts.

Some o f  th e  d l-q u a te r n a r y  ammonium compound o f  t e tr a m e t h y l-  

-4 :4 *  -  d la m in o -d lp h en y lm eth a n e  (X V lll)  w as,h ow ever, 

p rep ared  by m ix in g  e q u iv a le n t  q u a n t i t i e s  o f  m o n o ch lo rm eth y le th er  

and te tr a m e th y 1 -4 :4  * -d1am inodIphenyIm ethane (X V ll) In  p e tro leu m  

e t h e r ,  and a l lo w in g  th e  m ix tu re  to  rem ain  a t  room tem p era tu re  

f o r  a f o r t n i g h t .

The e v id e n c e  I I n d ic a t in g  th e  p r e s e n c e  o f  th e  

q u a te rn a ry  ammonium compounds I s  g iv e n  In  th e  e x p e r im e n ta l  

s e c t i o n .

The g e n e r a l c o u r se  o f  th e  r e a c t io n  b etw een  

e q u i& o le c u la r  q u a n t i t i e s  o f  d lm e t h y la n l l ln e  and m on och lor­

m e th y le th e r  In  th e  co ld ,m a y  be r e p r e s e n te d  by the f o l lo w in g  

th r e e  e q u a t io n s ,  each  r e a c t io n  ta k in g  p la c e  w ith  com p a ra tiv e  

s lo w n e ss .

/y(a»5},.CHjOcf4j,ce
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n (c « 3 ) .

+ CHjO(

- C H j . -

( A V I l )

+ CHjOH.

^CH^oe.Hj ,C£ ■* CHj  OH

N(chi}j .̂hC£

on c o n t in u e d  s t a n d in g ,we g e t  f i n a l l y ^ a s  th e  m ain p r o d u c ts  

o f  th e  r e a c t i o n ,a  m ix tu re  o f  t e tr a m e th y l  -  4 : 4 * -d ia m in o -  

d ip h en y lm eth a n e  h y d r o c h lo r id e  (XVI) and th e  d i-q u a te r n a r y  

ammonium compound o f  t h a t  b a se  w ith  m o n o ch lo rm eth y le th er  (X V lll) ,

V I

and

ocĤ ĉe.

CH:g,—
( x v m ) .

t o g e t h e r  w ith  sm a ll q u a n t i t i e s  o f  d im e th y la n i l in e  

h y d r o c h lo r id e ,  m e th y la l  and me th y  l a  Ic  oho 1 .

A c t io n  on D i e t h y l a n i l i n e .

D i e t h y la n i l i n e  r e a c t s  s im i la r ly  t o  d im e t h y la n i l in e  

on tr e a tm e n t w ith  m o n o ch lo rm eth y le th er  in  a n e u t r a l  

s o lv e n t /



sol iren:., A no heAtiiyr the mixture « Tetraethyl *- 4 1 4 * -ci iamla.: 

d lp h en y lm eth a n e i s  form ed. The r e a c t  io n  ̂ however, p r o c e e d s  

more s lo w ly .
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E x p e r im e n ta l.

Preparation of Konocblormethylether (Ber, 1907, 40, 4E07

210 gram s o f  p ara form ald eh yd e and 224 grams o f  B fe th y la lc o h o l  

are p la c e d  in  a t w o - l i t r e  f l a s k , imm ersed in  a f r e e z in g  

m ix tu r e , and a ra p id  stream  o f  d ry  h yd rogen  c h lo r id e  

p a sse d  i n .  The p a raform ald eh yd e g r a d u a lly  d is a p p e a r s ,e n d  th e  

m ix tu re  s e p a r a te s  in t o  two la y e r s .  The u p p er la y e r ,  

w hich  c o n t a in s  th e  m o n o ch lo rm eth y le th er  , i s  se p a r a te d  from  

th e  lo w er  la y e r  and d r ie d  o v e r  anhydrous c a lc iu m  c h lo r id e ,  

i t  i s  th en  d i s t i l l e d  th rou gh  a f r a c t i o n a t i n g  colum n. The 

f r a c t i o n  w hich  d i s t i l s  b etw een  58"5 -  GOOCls c o l l e c t e d .

Y ie ld  = 220 gram s.

The pure p ro d u ct was p r e se r v e d  in  a s to p p er ed  b o t t le , s o m e  

d r ie d  powdered b o ra x  b e in g  added to  ab sorb  any d is s o lv e d  

h yd rogen  c h lo r id e .

A ttem p ts  t o  d i s t i l  th e  cru d e  p ro d u ct w ith o u t  p r e v io u s  

d r y in g  o v er  c a lc iu m  c h lo r id e  w ere u n s u c c e s s f u l ,  la r g e  

vo lu m es o f  hyd rogen  c h lo r id e  were g iv e n  o f f ,a n d  a low  

b o i l i n g  l i q u i d , i d e n t i f i e d  a s  M e t h y la l^ d i s t i l l e d  o v e r .

T h is  d e c o m p o s it io n  was due t o  th e  p r e s e n c e  o f  f r e e

m eth y l a lc o h o l  w hich  r e a c t s  w ith  m o n o ch lo rm eth y le th er  t h u s : -

+ CH3OH  y + H C£.
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By t r e a t i n g  th e  crude p ro d u ct w ith  c a lc iu m  c h lo r id e  , 

th e  f r e e  m eth y l a lc o h o l  i s  rem oved .

A n a ly s is  o f  M o n o ch lo rm eth y le th er .

A w eig h ed  q u a n t i ty  was 

m ixed  w ith  a la r g e  volum e o f  c o ld  d i s t i l l e d  w a te r .

H y d r o ly s is  w as co m p le te  in  a few  se c o n d s .

C*M5 0 C H ^ C {  + O ---------------- »  C f 4 j O H  ^  H CC.

The h y d r o c h lo r ic  a c id  form ed was th e n  t i t r a t e d  

w ith  N /10 sodium  h y d r o x id e ,u s in g  pheno#iphthaM n a s  

in d ic a t o r .

0*0095 gram on h y d r o ly s i s  form ed *1298 gram H61.

t h e o r e t i c a l l y  th e r e  sh o u ld  be form ed  *1402 ” ”

The m o n o ch lo rm eth y le th er  was t h e r e f o r e  assum ed to  b e

p u r e .

The A c t io n  o f  M on o ch lo rm eth y le th er  on Prim ary A rom atic A m ines.

A c t io n  on A n i l in e  ( in  th e  c o l d ) .

28 gram s o f  p ure a n i l i n e  (2 mo la .) , d i s s o lv e d  in  

100 c . c .  o f  c h lo r o fo r m ,w er e  p la c e d  in  a b o t t l e  f i t t e d  w ith  a 

s t i r r e r .  20  grams o f  b o r a x ,p r e v io u s ly  d r ie d  a t  160^ 0. f o r  

s e v e r a l /
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s e v e r a l  h o u r s  .were t h e n  ad d ed  a n d  th e  m i x t u r e  c o o l e d  to  

-lO ^C . 12*7 grams o f  m o n o ch lo rm eth y le th er  ( 1 mol.), in  

50 c . c .  o f  ch lo r o fo r m  iwere now s lo w ly  run i n .  The tem p era tu re  

was k ep t b e lo w  -5 °G . by e x t e r n a l  c o o l in g .  When h a l f  o f  

th e  m o n o ch lo rm eth y le th er  s o lu t io n  had b een  added , th e  a d d it io n  

was d is c o n t in u e d  f o r  about tv/o h o u r s  to  p e rm it  any 

a n i l i n e  h y d r o c h lo r id e  p r e s e n t  to  be c o n v e r te d  in to  th e  f r e e  

b a se  by  th e  b o r a x . The a d d it io n  was th e n  c o n t in u e d  t i l l  

t h r e e  q u a r te r s  had b een  ad d ed ,a n d  a g a in  s to p p ed . F in a l ly ^  

th e  l a s t  q u a r te r  o f  th e  m o n o ch lo rm eth y le th er  s o lu t io n  

was s lo w ly  added . S t ir r in g  was c o n t in u e d  f o r  a f u r th e r  

h o u r .

The o h lo r o fo r #  s o lu t io n  was f i l t e r e d ,  th e  r e s id u e  

w ashed w ith  a l i t t l e  c h lo r o fo r m ,a n d  th e  com bined ch lo rfo rra  

s o lu t i o n s  e v a p o ra te d  under red u ced  p r e s su r e  a t  room 

te m p e r a tu r e . The p ro d u c t was a p a le  y e l lo w  v i s c o u s  o i l ,  

w eig h in g  22 gram s. On ad d in g  a few  o . c .  o f  e t h e r ,  th e  m ass  

becam e opaque a n d ,o n  s ta n d in g , s e m i - s o l id .

T h is  s e m i - s o l id  m ass was to o  U n s ta b le  to  p u r i f y ,  

b û t I t  re sem b led  d i  (p h en y lam in o) m ethane (11) in  i t s  

p r o p e r t i e s .  I t  w as e a s i l y  s o lu b le  in  a lc o h o l^ a n d  on b o i l i n g  

th e  s o lu t io n ,a n h y d r o fo r m a ld e h y d e  a n i l in e (M .P . 140®C) û a s  

d e p o s i t e d ,  a lo n g  w ith  a h ig h  m eItin gram orp h ou s b o d y . In  t h i s  

r e s p e c t /
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r e s p e c t  I t  r e se m b le s  th e  p ro d u ct o b ta in e d  by P r a t e s !

( l o c .  c i t . ) ,  and b y  E b erh ard t and W elter  ( l o c .  c it ,)  • That d i-  

(p h en ylam in o) m ethane i s  d i f f i c u l t  t o  i s o la t e , i s e m p h a s i s e d  

by S e n ie r  and G oodwin.

The r e s id u e  o f  so d iim  c h lo r id e  and e x c e s s  b orax  

was d i s s o lv e d  in  w atery  about two gram s o f  a su b s ta n c e ,M .P .  

2 0 5 -2 2 0 ^ 0 , in s o lu b le  in  a l c o h o l ,  e t h e r  and ch loroform ^ w as  

o b ta in e d . T h is  was n o t  exam ined f u r t h e r .

A c t io n  on A n il in e  ( in  th e  h e a t )

S e v e r a l  p r e lim in a r y  ex p e r im e n ts  were c a r r ie d  ou t  

u s in g  carb on  t e t r a c h lo r id e  a s  s o lv e n t .  The r e a c t io n  b etw een  

a n i l i n e  and th e  m o n o c h lo rm e th y le th e r ,h o w e v er ,w a s  v e r y  

r a p id ,a n d  th e  s o l i d  h y d r o c h lo r id e , w hich  sep a ra ted ,m a d e  

m ix in g  d i f f i c u l t .

By u s in g  e x c e s s  6 f  a n i l i n e  a s  th e  s o lv e n t ,  th e  

r e a c t io n  p ro ceed ed  sm ooth ly  and, by r e g u la t in g  th e  te m p e r a tu r e ,  

s e p a r a t io n  o f  s o l i d s  c o u ld  b e  a v o id e d . 17*? gram s o f  

M o n o ch lo rm eth y le th er  ^1 Mol.) w ere run s lo w ly  in t o  80 grams 

o f  p u re dry a n i l i n e  (2  mois.) a t  2 0 ^ 0 ,w ith  r a p id  s t i r r i n g .

The tem p era tu re  r o s e  r a p id ly ,a n d  w as k ep t j u s t  below  30°C .

When th e  a d d it io n  was c o m p le te , th e  tem p era tu re  was r a i s e d  

to  100°G? th e  f l a s k  b e in g  f i t t e d  w ith  a r e f lu x  c o n d e n se r .

A s:a  l i q u i d  ap p eared  to  be s lo w ly  r e f l u x in g ,  th e  c o n d en ser  

w a s/
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was a r r a n g e d  as f o r  d i s t i l l a t i o n , w h e n  a b o u t  5 c . c .  o f  a 

l i q u i d  p a s s e d  o v e r .  T h i s  was s u b s e q u e n t l y  i d e n t i f i e d  a s  

met h y la 1co h o 1 .

The tem p era tu re  ofl th e  m ix tu re  was now r a is e d  to  

150^0. f o r  one h o u r . When c o l d ,e x c e s s  o f  ammonium ca rb o n a te  

s o lu t io n  was a d d ed ,an d  th e  m ix tu re  s t e a m - d i s t i l l e d  t i l l  a l l  

t r a c e  o f  a n i l i n e  was rem oved . An o i l  was l e f t  in  th e  

f l a s k  w h ic h ,o n  sta n d in g  o v e r n ig h t,b e c a m e  sera i- s o l i d ,  

w h ile  f la k y  c r y s t a l s  had appeared  in  th e  su p er n a ta n t  

aq u eou s l a y e r .

W eight o f  p ro d u ct 40*1 graras.

The f la k y  c r y s t a l s ,o n  r e c r y s t a l l i s a t i o n  from  

carb on  t e t r a c h lo r id e ,m e l t e d  a t  9 1 ^ 0 .,  c o r r e sp o n d in g  to  4 : 4 * -  

d ia m in o -d ip h en y lm eth a n e  (1 1 1 ) A ttem p ts  to  r e c r y s t a l i i se

th e  m ain b u lk  o f  p rod u ct were u n s a t i s f a c t o r y ,  i t  was 

p u r i f i e d  by d i s t i l l a t i o n  in  v a c u o . The f r a c t i o n  w hich  

came o v e r  b etw een  248-251°C  a t  16 m.m. was c o l l e c t e d ,  

i t  s o l i d i f i e d  t o  a p a le  y e l lo w  s o l i d  on c o o l i n g .25*2 graras 

d i s t i l l e d  o v e r .

T h is  s u b s ta n c e ,o n  r e c r y s t a l l i s a t i o n  from  barbon

t e t r a c h lo r id e ,m e l t e d  a t  9 1 ® C .,c o r re sp o n d in g  to  4 : 4 * -

d ia m in o -d ip h e n y lm e th a n e .

N fou n d  = 14*21^
T heory r e q u ir e s  14*14^

A l i t t l e  o f  th e  p ro d u ct on é t h y la t io n  w ith

e x c e s s  o f  e t h y l  io d id e ,a n d  a s t i l l  @ w ater e x c e s s  o f  

aqueous sodium  c a r b o n a t e ,y ie ld e d  a p rod u ct w h ich ,o n  r e -  /
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r e c r y s t a l 1 1 s a t io n  from  m eth y l a lc o h o l ,m e lt e d  a t  42°G ,, 

c o r r e sp o n d in g  to  s y m - te t r a e t h y l  -  4 : 4 '-d ia m in o -d ip h e n y lm e th a n e .  

A m ixed m e lt in g  p o in t  w ith  th e  l a t t e r  su b s ta n c e  prod u ced  no 

d e p r e s s io n .

A c t io n  on 0 - N i t r a n i l i n e  ( in  th e  c o l d ) .

A m ix tu re  o f  25*4  gram s o f  o - n i t r a n i l i n e  (2  mois.) 

in  1 5 0 c .c .  e th y lfe th e r ,a n d  16 gram s o f  b a s ic  le a d  ca rb o n a te , 

was a g i t a t e d  in  a b o t t l e  a t  room te m p e r a tu r e . 7 * 5  g r a in s  

o f  m o n o ch lo rm eth y le th er  (1  m ol) in  40 c . c .  o f  e t h y le t h e r  w ere  

th e n  s lo w ly  added • The tim e o f  a d d it io n  was 45 m in u tes  and 

th e  tem p era tu re  r o s e  from  14*5°C. t o  21°G . S t i r r in g  was 

c o n t in u e d  f o r  a f u r th e r  h o u r . The e t h e r e a l  la y e r  c o n ta in e d  

c h i e f l y  f r e e  o - n i t r a n i l i n e ,  th e  m ain y i e l d  b e in g  m ixed  w ith  

th e  le a d  s a l t s .  The e th e r  was e v a p o r a te d  u n d er red u ced  

p r e s s u r e  and th e  com bined s o l i d s  were th e n  e x t r a c t e d  

s e v e r a l  t im e s  w ith  b o i l i n g  a l c o h o l .  Y e llo w  c r y s t a l s  were 

o b ta in e d  on c o o l in g  th e  h o t a l c o h o l i c  s o lu t io n s  w h ich ,o n  

r e c r y s t a l l i s a t i o n  from  a lc o h o l ,m e lt e d  a t  193®G. The y i e l d  

o f  th e  p ure p ro d u ct was 7 g r a m s .

T h is  c o r r e sp o n d s  t o  d i  (2 -n itr o -p h e n y la m in o )  m ethane 

( lV ) , t t .P .  1 95°G .,ob ta in ed  by Meyer and Rohmer. A l i t t l e  

o f  t h i s  su b sta n c e  was p rep a red  by t h e ir  m ethod, p r e v io u s ly  

d e s c r ib e d .  A m ixed m e lt in g  p o in t  w ith  th e  above su b sta n ce  

show ed/
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showed no depression.

A c tio n  on 0 - N i t r a n l l ln e  ( I n  th e  h e a t ) •

10 gram s o f  m o n o ch lo rm eth y le th er  w ere added to  

51 gram s o f  o - n i t r a n i l i n e , and  th e  s o l i d  m ix tu re  h e a te d  

d i r e c t l y  t o  1 5 0 ^ 0 .in  an o i l  b a th  f o r  1 h o u r . A low b o i l i n g  

l i q u i d  r e f lu x e d  w hich  sm e lt  o f  m e th y la l;  fum es o f  

h y d r o c h lo r ic  a c id  were a l s o  g iv e n  o f f .  The m ass in  ,th e  

f l a s k  f i n a l l y  becam e s e m i - l iq u id .  Vi/hen c o ld ,  th e  c o n te n ts  

o f  th e  f l a s k  w ere b o i l e d  w ith  e x c e s s  o f  sodium  ca r b o n a te  

s o lu t io n  and th e  r e s id u e  f i l t e r e d  o f f .  When d r y , i t  was 

e x t r a c t e d  w ith  h o t  a lc o h o l,w h e n  25 gram s o f  a p r o d u c t ,  

i n s o lu b le  in  a lc o h o l ,w e r e  o b ta in e d . T h is  s u b s ta n c e ,o n  

r e c r y s t a l l i s a t i o n  from  a c e t o n e ,y ie ld e d  b r ic k  red  c r y s t a l s ,  

M.P. 2 2 2 - 2 2 4 ^ 0 w hich c o r r e sp o n d s  to  2 : 2 * - d in i t r o - 4 : 4 *  

-d ia m in o -d ip h e n y lm e th a n e ,o f  M.P. 224^ 0.,o b ta in e d  by Meyer 

and Rohmer.

N found  K 19*40^
T h eory  r e q u ir e s  19*44^

A c t io n  on p - t o l u i d i n e  ( i n  th e  c o l d )

18*1 gram s o f  pure

p - t o l u i d i n e  (2  m ois.), d i s s o lv e d  in  80  c . c .  o f  e t h y le t h e r ,  

w e r e /
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w ere p la c e d  i n  a b o t t l e  f i t t e d  w i t h  a s t i r r e r ,  20 grams o f  

b a s ic  le a d  ca rb o n a te  ( e x c e s s )  were ad d ed ,a n d  th e  m ix tu re  c o o le d  

t o  0°C . 6*9 grams o f  m on och lorm eth yl e th e r  (Im ol.),

c o n ta in e d  in  40 c . b .  o f  e t h y le th e r ,w e r e  now a lo w ly  added d u r in g  

h a lf - a n - h o u r .  The maximum tem p era tu re  r e c o r d e d  d u r in g  

th e  a d d it io n  was 5°G . A f te r  s t i r r i n g  a f u r th e r  hou r th e  

e t h e r e a l  s o lu t io n  was f i l t e r e d ,a n d  e v a p o r a te d  un d er red u ced  

p r e s s u r e  a t  room te m p e r a tu r e . A s o l i d  r e s id u e  was l e f t ,  

w eig h in g  16 gram s. T h is  r e s id u e  was washed w ith  20 c . c .  o f  

c o ld  a l c o h o l ,  when 7 * 8  grams o f  a v e r y  p a le  y e l lo w  

c r y s t a l l i n e  s o l i d  w ere o b ta in e d ,m e lt in g  ;at 8 5 -8 6 °G . 

R e c r y s t a l l i s a t i o n  from  h o t  a lc o h o l  p rod u ced  s l i g h t  decom - 

p o s i t io n j f r o m  c o ld  a lc o h o l  by sp o n ta n eo u s  e v a p o r a t io n ,  

h o w ev er , th e  pure p rod u ct so o b ta in e d  m e lte d  a t  8 7 -8 8 °G .

T h is  c o r r e sp o n d s  t o  d i  (4  m eth y l-p h en y la m in o ) m ethane (V I),  

p r e v io u s ly  o b se r v ed  t o  m e lt  a t  86®G. — E b erh ard t and W elter  

( l o c .  c i t )  and a t  89®G. — EiTbner (A nnalen  1 8 9 8 , 3 0 2 , 350)

N. fou n d  -  12*32^
Theory r e q u ir e s  12*40%

3 grams o f  t h i s  su b s ta n c e  were b o i l e d  w ith  w a ter  in  an 

open f l a s k .  The su b sta n c e  m e lte d ,a n d  a s m e ll o f  p -  

t o l u i d in e  and form ald eh yd e was o b se r v e d . On c o n t in u e d  

b o i l i n g , f i n e  n e e d le -sh a p e d  c r y s t a l s  ap p eared  in  p la c e  

o f  th e  o i l ,  w e ig h in g  0*9 gram . On r e c r y s t a l l i s a t i o n  

fro m /
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from  a c e to n e  two p r o d u c ts  were o b ta in e d , a w h ite  amorphous 

in s o lu b le  su b sta n c e  o f  h ig h  m e lt in g  p o in t ,  and v e r y  lo n g  

n e e d le - s h a p e d  w h ite  c r y s t a l s  M.P. 1 2 7 -1 2 8 ^ 0 . E b erh ard t and 

W elter , in  t h e i r  p a p e r , r e c o r d  a s im i la r  r e a c t io n  when d i(  

4 -m eth y l? p h en y la m in o ) m ethane i s  b o i l e d  f o r  a lo n g  tim e  w ith  

a lc o h o l ,  s im i la r  p r o d u c ts  b e in g  o b ta in e d . The compound M.P. 

127-128®C. i s  anhyd roform ald eh yd e -  p -  t o lu i d i n e .

A c t io n  on p - t o lu id in e  ( in  th e  h e a t ) .

8*"1 g r a m s  o f  m o n o ch lo rm eth y le th er  (1  moL) 

w ere added d i r e c t l y  to  42 g r a m s  o f  pure dry p - t o l u i d i n e  

(4  m o ls ,),a n d  th e  m ix tu re  h e a te d  t o  150°C. f o r  1 h o u r . The 

odour o f  m e th y la l was d e t e c t e d .

The p ro d u ct was now ren d e re d  a lk a l in e  w ith  

ammonium ca rb o n a te  s o lu t io n ,a n d  s t e a m - d i s t i l l e d  t i l l  

a l l  t r a c e  o f  p - t o lu id in e  was rem oved. The p r o d u c t , a 

n o n - v o l a t i l e  r e d d ish  o i l ,  w as p u r i f i e d  by d i s t i l l a t i o n  in  

v a c u o . The f r a c t i o n  w hich  d i s t i l l e d  b etw een  240-250*^0. a t  

25m.m. p r e s s u r e  was c o l l e c t e d .  10 g r a m s  p a ss e d  o v e r ,  

and^on s ta n d in g ^ it  becam e s o l i d .  I t  was, r e c r y s t a l l i s e d  from  

p e tr o le u m  when sh o r t  n e e d le s  w ere o b t a in e d ,m e lt in g  a t  9 4 -9 5 ^ 0 .  

T h is  a g r e e s  w ith  6 :6 '-d ia m in o -3 :3 * -d im e th y l-d ip h e n y lm e th a n e  

( V l l ) ,  p r e v io u s ly  o b se r v e d  t o  m e lt  a t  92^0 b y  E b erh ard t and 

W elter  ( l o c .  c i t . ) .

N fo iu id  = 12*29%
T heory R eq u ires . 12*40%
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A c t io n  o f  M on och lorm eth y leth er  on S econ d ary  A rom atic A m ines.

A c t io n  on M o n o e th y la n illn e  ( in  th e  c o l d ) .

The r e a c t io n  was c a r r ie d  ou t in a s im i la r  manner to  

th a t  em ployed w ith  prim ary arom atic  a m in es . By th e  u se  o f  b a s ic  

le a d  c a r b o n a te  t o  rem ove th e  l ib e r a t e d  h y d r o c h lo r ic  a c id  

th e  p ro d u ct o b ta in e d  was an o i l  w hich  c o u ld  n o t be p u r i f i e d .  

S u b s t i t u t in g  b o r a x , p r e v io u s ly  d eh y d ra ted  a t 160^0. f o r  s e v e r a l  

h o u r s , h o w ever , in  p la c e  o f  b a s ic  le a d  c a r b o n a te , a c r y s t a l l i n e  

compound was o b ta in e d . A f te r  s e v e r a l  e x p e r im e n ts , i t  was 

found  b e s t  to  u s e  a s l i g h t  e x c e s s  o f  m o n o c h lo r m eth y le th e r .

41 gram s o f  m o n o e th y la n i l ln e , c o n ta in e d  in  80 c . c .  o f  p e tro leu m  

e th e r  ( p r e v io u s ly  d r ie d  o v er  so d iu m ),w ere  p la c e d  in  a 

b o t t l e  f i t t e d  w ith  an a g i t a t o r ,  2 4  grams o f  d r ie d  b orax  were 

th e n  added and th e  m ix tu re  c o o le d  to  -10®C. 16*2 graras

o f  m o n o ch lo rm eth y le th er  in  30 c . c .  o f  p e tro leu m  e th e r  w ere  

th e n  s lo w ly  run i n .  T h is  o p e r a t io n  tô o k  30 m in u te s  and th e  

maximum tem p era tu re  a t t a in e d  was 5®G. S t ir r in g  was 

c o n t in u e d  f o r  a f u r th e r  h o u r . 50 c . c .  o f  c o ld  w a ter  w ere  

now added , th e  m ix tu re  s t i r r e d ,  and th e n  t r a n s f e r r e d  t o  a 

l a r g e /
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la r g e  b o t t l e  and s h a k e n  up  w i t h  one l i t r e  o f  w a t e r .  The 

p etro leu m  e t h e r  l a y e r  was now s e p a r a t e d  and e v a p o r a t e d  in  a 

b a s in  in  th e  open a i r .  The r a p id  f a l l  o f  tem p era tu re  ca u sed  

f u f t e d  n e e d le - s h a p e d  c r y s t a l s  t o  s e p a r a te ,w e ig h in g  5 gram s, 

and m e lt in g  a t  70-74® G . The m other l iq u o r  became s o l i d  on

f u r t h e r  e v a p o r a t io n .  W eight o f  s o l i d  30 gram s. On

f u r t h e r  r e c r y s t a l l i s a t i o n  from  p e tr o le u m  e th e r  th e  p rod u ct  

was o b ta in e d  pure, and m e lte d  a t  77°G .

N fo u n d  -  11.00%

T h eory  R e q u ir e s  11* 02%

T h is  c o r r e sp o n d s  to  d i ( e th y Ip h e n y la m in o ) m ethane ( V l l l ) ,

M.P. 76-77®G-^ o b ta in e d  by J . v .  Braun ( l o c .  c i t . ) .

A c t io n  on M onU ethylani 1 in e  ( i n  th e  h e a t ) .

9*1 gram s o f  m o n o ch lo rm eth y le th er  (1  mol.), 

d i s s o lv e d  in  20 c . c .  o f  carb on  t e t r a c h lo r id e ,w e r e  s lo w ly  

added t o  57 gram s o f  m o n o e th y la n illn e  (4 m ola) in  50 c . c .  o f  

ca rb o n  t e t r a c h l o r i d e  c o o le d  t o  -5 ^ 0 . The tem p era tu re  r o s e  

to  37®G. and th e  s o lu t io n  rem ained  c l e a r .  The m ix tu re  was 

now b o i l e d  u nder r e f l u x  f o r  30 m in u te s . The r e a c t io n  b e in g  

now assum ed to  be c o m p le te , th e  f l u i d  was s t e a m r d i s t i l l e d ,  

th e n  r e n d ered  a lk a l in e  w ith  sodium  carb on ate^ an d  a g a in  

s t e a m - d i s t i l l e d  t i l l  a l l  t r a c e  o f  m o n o e th y la n il ln e  was 

v o l a t i l i s e d .  A n o n - v o l a t i l e  r e d d ish  o i l  was l e f t  in  th e  

f l a s k /
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flask,weighing 25*8 grams. The oil did not c r y s t a l l i s e  

and, as it formed a nitroso-derivlative, i t  was 
d e c id e d  to  p u r ify  i t  hy t h i s  meand.

F orm ation  o f  n l t r o s o  d e r i v a t iv e .

The o i l  was d i s s o lv e d  in  40 c . c .  o f  c o n c e n tr a te d  

h y d r o c h lo r ic  a c id  in  200 c . c .  o f  w a te r -c o o le d  in  i c e ,  and 

12 gram s o f  sodium  n i t r i t e  in  20 c . c .  o f  w a ter  s lo w ly  added  

w ith  s t i r r i n g .  The n i t r o s o  d e r iv a t iv e  ap p eared  a s  an o i l ,  

w hich  becam e s e m i- a o l id  on s ta n d in g . 200 c . c .  o f  e th e r  w ere  

now added and th e  m ix tu re  Shaken u p . Only p a r t  o f  th e  

n i t r o s o  d e r iv a t iv e  d i s s o l v e d ,  th e  u n d is s o lv e d  p o r t io n ,h o w e v e r ,  

had becom e s o l i d .  T h is  was f i l t e r e d  o f f  and d r ie d ,  h e ig h t  

16 gram s. M.P. 79-80*^0. The e t h e r e a l  la y e r  y i e ld e d  4*5 grams 

o f  th e  pure n i t r o s o  d e r i v a t i v e ,a s  t u f t e d  n e e d le s ^ m e lt in g  

a t 81®G. T h is  c o r r e sp o n d s  t o  th e  d in i t r o s o  d e r iv a t iv e  o f  sym. 

d ie th y l-4 :4 '-d ia m in o -d ip h e n y lm e th a n e ,  M.P. 83°C., o b ta in e d  by  

J . v .  Braun ( l o c .  c i t . ) .

R e d u c tio n  o f  th e  n i t r o s o  d e r i v i a t l v e .

15*5 gram s o f  th e  n i t r o s o  d e r i v a t iv e ,  80  gram s 

o f  s ta n n o u s  c h lo r id e  and 200 c . c .  o f  c o n c e n tr a te d  

h y d r o c h lo r ic  a c id ,c o n t a in e d  in  a la r g e  b eaker^ w ere h e a te d  

t o  40®G. R e d u c tio n  p ro ceed ed  sm o o th ly ,a n d  on c o o l in g ,  th e  

t i n  d o u b le /
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d o u b l e  s a l t  c r y s t a l l i s e d  o u t .  T h i s  v/as f i l t e r e d  o f f ,

decom posed  w i t h  e x c e s s  o f  sod ium  h y d r o x i d e ^ a n d  t h e  b a s e

e x t r a c te d  w ith  e t h e r .  11*3 gram s o f  a p a le  y e l lo w  o i l  w ere

o b ta in e d . As th e  p ro d u ct d id  n o t c r y s t a l l i s e ,  i t  was fu r th e r

p u r i f i e d  by vacuum d i s t i l l a t i o n .

B .P . 2 6 0 ^ 0 . a t  20  m.m. p r e s s u r e .
2420c " 10 m.m. ”

The p r o d u c t , a p a le  y e l lo w  v i s c o u s  o i ly w a s  c o o le d

in  a m ix tu re  o f  h y d ra ted  ca lcu m  c h lo r id e  and i c e  f o r  s e v e r a l

h o u r s , w ith  o c c a s io n a l  s c r a t c h in g .  The m ess g r a d u a lly  s o l i d i f i e d .

I t  m e lte d  a t 17®C.

As s y m .d ie t h y l - 4 ; 4 '-d ia m in o -d ip h e n y lm e th a n e  (IX) i s  

g iv e n  a s  a l i q u i d  ( J .  v. B r a u n ), th e  c o n s t i t u t i o n  o f  t h i s  

s o l i d  was exam in ed .

E x a m in a tio n  o f  p ro d u ct M.P. 17^ 0.

M o lecu la r  w e ig h t d e te r m in a t io n  in  f r e e z in g  b en zen e

gave an a v era g e  v a lu e  o f  2 4 6 . E th y la t io n ^ by b o i l i n g  w ith

etrhyl io d id e  and sodium  ca rb o n a te  s o lu t io n  ̂ y ie ld e d  a p rod u ct

w h ic h ,o n  r e c r y s t a l l i s a t i o n  from  m eth y l a lc o h o l^ m e lte d  a t  42®c,

A m ixed m e lt in g  p o in t  Of t h i s  su b s ta n c e  w ith  t e t r a e t h y l  -  4 :4 *

d ia m in o -d ip h en y lm eth a n e  (M .P. 41®cJ g a v e  a m e lt in g  p o in t  o f  
o4 1 -4 2  G .,proving th e  s u b s ta n c e s  t o  be i d e n t i c a l .

I t  was co n c lu d e d  t h a t  th e  s u b s ta n c e , M.P. 17®G, was sym. 

d i e t h y l - 4 : 4 ' -d ia m in o -d ip h e n y lm eth a n e  ( IX ) .
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A c t io n  o f  M o n o ch lo rm eth y leth er  on T e r t ia r y  A rom atic A m ines.

A c t io n  on D im e th y la n i l in e .

E xp erim en t 1 .

10*7 grams o f  m o n o ch lo rm eth y le th er  (1  mol.); 

d i s s o lv e d  in  40 c . c .  o f  dry carbon  t e t r a c h l o r i d e ,were run  

s lo w ly  in to  a s o lu t io n  o f  32*6 gram s o f  pure dry d im e th y l­

a n i l i n e  (2 mois.) in  60 c . c .  o f  th e  same s o lv e n t ,c o o le d  to  

-10®C. No ap p aren t r e a c t io n  to o k  p la ce^ a n d  th e  tem p era tu re  

r o s e  o n ly  a few  d e g r e e s .  The s o lu t io n  was s lo w ly  warmed 

u p lan d  b o i l e d  u n d er r e f lu x  f o r  3 h o u r s;  an o i l y  la y e r  

ap p eared  on to p  o f  th e  l i q u i d  w hich  became s o l i d  a s  th e  

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

The c o n t e n t s  o f  th e  f l a s k  w ere s t e a m r d i s t i l l e d  

t o  r e c o v e r  th e  carb on  t e t r a c h l o r i d e ,  th e n  re n d ered  

a lk a l in e  w ith  sodium  c a r b o n a te ,a n d  a g a in  s t e a m - d i s t i l l e d  

t i l l  a l l  t r a c e  o f  dim eth ÿ  1 a n i 1 in e  was rem oved. The r e d d is h  non* 

^ v o la t i le  o ü  became s o l i d  on c o o l i n g .

W eight 35*5 gram s.

On r e c r y s t a l l i s a t i o n  fro îa  m e th y l4 lc o h o l^  

t e tr a m e th y l  -  4 : 4 '-d ia m in o -d ip h e n y lm e th a n e  (X V ll) was 

o b ta in e d /
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o b ta in e d  p ure in  th e  form  o f  g l i s t e n i n g  p l a t e s ,  w hich

m e lte d  a t  8 9 ^ 0 .

N found  -  10*95^^
T h eory  R e q u ir e s  11*05^

M o lecu la r  w e ig h t in  b o i l i n g  b en zen e  * 246  ( c o n s ta n t  u se d  " 50)

M o lecu la r  w e ig h t  c a lc u la t e d  -  2 5 4 .

The y i e l d  was p r a c t i c a l l y  t h e o r e t i c a l  and no b y -p r o d u c ts

were o b se r v e d .

In  o r d er  , i f  p o s s i b l e , t o  t r a c e  th e  c o u r se  o f  th e  

r e a c t io n ,e x p e r im e n t s  w ere c a r r ie d  o u t in  th e  c o ld .

E xp erim en t 1 1 .

10*65 grams o f  m o n o ch lo rm eth y le th er  (1  moL) 

in  20 c . c .  o f  dry p e tr o le u m  e th e r ,w e r e  added t o  16*0 gram s 

o f  d im e t h y la n i l in e  d i s s o lv e d  in  50 c . c .  o f  th e  same s o lv e n t  

c o o le d  t o  -  10°G . Only a s l i g h t  r i s e  in  tem p era tu re  to o k  

p la c e ,  and on s ta n d in g  some t im e , a v e r y  s l i g h t  o n ly  

p r e c i p i t a t e  b egan  to  a p p ea r . At f i r s t  t h i s  o i l y n e s s  was 

th o u g h t to  be due to  m o is t u r e ,b û t i t  was f i n a l l y  a t t r ib u t e d  t o  

th e  fo r m a tio n  o f  m eth y l a l c o h o l .  On s ta n d in g  o v e r n ig h t  in  

th e  i c e - c h e s t , a  w h ite  b u lk y  p r e c é & ita te  had a p p ea red . T h is  

was f i l t e r e d  o f f ,  w ashed w ith  p e tr o leu m  e th e r ,a n d  d r ie d  overt 

s u lp h u r ic  a c id  in  a d e s ic c a t o r .  T h is  su b s ta n c e  was v e r y  

h y g r o s c o p ic ,a n d  su b lim ed  on to  th e  s id e s  o f  th e  d e s ic c a t o r .

I t /
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I t  sm elt s t r o n g ly  o f  fo rm a ld eh y d e .

W eight 16"4 gram s. M.p. 6 0 -6 4 ^ 0 .

The f i l t r a t e , !  on e v a p o r a t io n ,w a s  fo u n d  to  c o n ta in  unchanged  

dime th y  l a n i l i n e ,  some m o n o c h lo r m e th y le th e r , t o g e t h e r  w ith  

some t e tr a m e th y l  -  4 :4 *  -  d ia m in o -d ip h en y lm eth a n e  (X V ll) .

The p r e s e n c e  o f  m e th y la l was o b se r v e d .

E xp erim en t 1 1 1 .

O b v io u s ly  th e  r e a c t io n  in  Exp. 1 1 , was in c o m p le te ,  

i t  was r e p e a te d ,a n d  t h i s  tim e l e f t  f o r  a f o r t n ig h t  

in  th e  i c e - c h e s t .  The s o l i d  was a s  b e fo r e  f i l t e r e d  o f f ,  

w ash ed ,an d  p r e s e r v e d  in  a d e s ic c a t o r .  The f i l t r a t e  c o n ta in e d  

o n ly  a t r a c e  o f  t e tr a m e th y l  -  4 : 4 ’ -d ia m in o -d ip h e n y lm e th a n e .

E x a m in a tio n  o f  th e  p r o d u c ts  from  e x p e r im e n ts  1 1 . and 1 1 1 .

5 gram s o f  th e  p ro d u ct from  e x p . 1 1 , were d i s s o lv e d  

in  c o ld  w ater  and e x c e s s  o f  sodium  h y d ro x id e  s o lu t io n  

r a p id ly  add ed . The m ix tu re  was now tu r b id  and was e x t r a c t e d  

w ith  e t h e r ,  le a v in g  a c l e a r  a lk a l in e  s o lu t i o n .  The< e th e r  

e x t r a c t io n  e x a m in a tio n  ^ con ta in ed  2*4  grams o f  d im e t h y la n i l in e  

and a t r a c e  o f  t e tr a m e th y l  -  4 :4*  -  d ia m in o -d ip h e n y lm eth a n e .

The c l e a r  a lk a l in e  s o lu t io n  g r a d u a lly  became tu r b id ,  

and a f t e r  s ta n d in g  o v e r n ig h t , i t  w as a g a in  e x t r a c t e d  w ith  e th e r ,  

T h is  e th e r  e x t r a c t io n  e x a m in â tion^w as a l s o  found to  c o n ta in  

d im e t h y la n i l in e  and a t r a c e  o f  t e tr a m e th y l  -  4 Î 4 * -d ia m in o -  

d ip h en y Im eth a n e .
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From th e  above o b s e r v a t io n s  i t  was th o u g h t t h a t  th e  

p ro d u ct from  e x p . 1 1 , was a m ix tu re  o f  d iira® ith ylan iline  

h y d r o c h lo r id e  and th e  q u a te rn a ry  ammonium compound o f  

d im e t h y la n i l in e  and m o n o ch lo rm eth y le th er  (XV), and t h a t  

on ad d in g  e x c e s s  o f  sodium  h y d r o x id e  t o  th e  s o lu t io n  o f  t h i s  

p ro d u c t, f r e e  d im e t h y la n i l in e  was l ib e r a t e d  from  th e  one 

c o n s t i t u e n t ,w h i le  th e  o th e r  form ed an u n s t a b le  q u a tern a ry  

ammonium h y d ro x id e  compound w hich  rem ain ed  in  s o lu t i o n .

On s ta n d in g , h ow ever , t h i s  compound becam e h y d r o ly se d  

w ith  fo r m a tio n  o f  f r e e  d im e t h y la n i l in e ,  form ald eh yd e and 

ÿ ie th y l a lc o h o l ;  th e  g r a d u a lly  d e v e lo p in g  tu r b id ity ^  a f t e r  

th e  f i r s t  e x t r a c t io n  w ith  e th e r ^ b e in g  due t o  th e  d im e t h y la n i l in e  

th u s  s lo w ly  form ed .

I f  t h i s  h y p o th e s is  i s  c o r r e c t ,we w ould e x p e c t  

a l a g  in  th e  e n d -p o in t  when some o f  th e  p ro d u ct from  e x p . 1 1 , 

i s  t i t r a t e d  w ith  sodium  h y d ro x id e  s o lu t io n ,u s in g  an in d ic a t o r .

0*225 gram o f  th e  p ro d u ct from  e x p . 11 was d is s o lv e d  

in  c o ld  w a ter  and t i t r a t e d  w ith  N /10 sodium  h y d r o x id e ,u s in g  

p h en oIp h th  a l e  in  a s  in d ic a t o r .  11*3 c . c .  were r e q u ir e d .

The s o lu t io n  was now warmed, when i t  a g a in  assum ed an a c id
th e

r e a c t i o n .  The e n d -p o in t  was f o l lo w e d  up t i l l  f i n a l l y / b o i l i n g  

s o lu t i o n  r e q u ir e d  a l t o g e t h e r  14*6 c . c .  o f  N /lO  sodium  

h y d r o x id e .

T h is  co n firm ed  th e  v iew  t h a t  th e  p ro d u ct from  ex p . 1 1 ,

w a s /



WAP A m ixture of d im etn y l& n llin t h y d ro ch lo r id e  and uoh 

quaternary amnonium compound ox d iinecn ylan i 1 in c  ^lid jaunvci^- 

lo r m e th y le th e r ^ to g e th e r  w ith  t r a c e s  o f  t e tr a m e th y l  -  4 : 4 ' -  

d ia m in o -d ip h e n y lm eth a n e  h y d r o c h lo r id e  and th e  d iq u â te r n a r y  

ammonium compound o f  th a t  su b s ta n c e  and m o n o c h lo r m e th y le th e r .

E x a m in a tio n  o f  th e  p rod u ct from  Exp. I l l ,  on th e  same l i n e s ,  

gave s l i g h t l y  d i f f e r e n t  r e s u l t s .

5 gram s in  w ater^ on  b e in g  made a lk a lin e ^ g a v e  

a s o l i d  p r e c i p i t a t e  o f  t e tr a m e th y l  - 4 : 4 '-d ia m in o -d ip h e n y lm e th a n e  

w h ile  th e  f i l t r a t e , o n  s ta n d in g ,s lo w ly  d e p o s it e d  a fu r th e r  crop  

o f  c r y s t a l s  o f  th e  same s u b s ta n c e .

A t i t r a t i o n  ex p er im en t on th e  same l i n e s  a s  b e fo r e  

a g a in  showed a la g g in g  e n d p o in t .

From th e se  t e s t s , i t  was co n c lu d ed  t h a t  th e  p rod u ct  

from  E xp. I l l  was a m ix tu re  o f  t e t r a m e t h y l '4 : 4 '-d ia m in o -  

d ip h en y lm eth an e h y d r o c h lo r id e  (X V I), and th e  d i-q u a te r n a r y  

ammonium compound o f  th a t  b a se  end m o n o ch lo rm eth y le th er  (X V ll l ) ,  

T r a c e s  o f  d im e t h y la n i l in e  h y d r o c h lo r id e  and th e  q u a te rn a ry  

ammonium compound o f  d im e t h y la n i l in e  and mono chlom e th y  l e  th e  r  

w ere a l s o  p r e s e n t .

P r e p a r a tio n  o f  th e  d i-q u a te r n e r y  amnonlum compound 

o f  t e t r a - m e t h y l - 4 : 4 ' -d ia m in o -d ip h en y lm eth a n e  and m on och lor­

m e th y le th e r .
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1*6 g ram s  o f  m o n o c h l o r m e t h y l e t h e r  w ere  ad d ed  t o  2 

gram s o f  t e tr a m e th y l  -  4 : 4 '-d ia m in o -d ip h e n y lm e th a n e  d i s s o lv e d  

in  30 c . c .  o f  warm p e tro leu m  e t h e r ,  and th e  f l a s k  t i g h t l y  

s to p p e r e d . No ap p aren t r e a c t io n  to o k  p la c e ,  b u t on s ta n d in g  

o v e r n ig h t ,a  p r e c i p i t a t e  had begun t o  a p p ea r . The r e a c t io n  was 

a llo w e d  t o  p r o c e e d  fo r  a f o r t n i g h t ,  when th e  d i-q u a te r n e r y  

ammonium s a l t  was f i l t e r e d  o f f .  I t  was n o t ic e d  t h a t  th e  

p r e c i p i t a t e  was b lu i s h  g r e e n  where i t  had b een  ex p o sed  t o  

l i g h t .  The s o l i d  was h y g r o s c o p ic ,a n d  was p r e s e r v e d  in  

a d e s ic c a t e #  o v er  su lp h u r ic  a c id .

A n a ly s is  o f  P r o d u c t.

0*712 gram was d i s s o lv e d  in  c o ld  w a ter  and 

t i t r a t e d  w ith  N /lO  sodium  h y d ro x id e  u s in g  pheno Ip h t h a le  in  . 

a s  i n d ic a t o r ,  th e  e n d -p o in t  was r a th e r  i n d e f i n i t e ;  17*9 c . c .  

o f  N /lO  sodium  h y d ro x id e  were r e q u ir e d .  On warming, an a c id  

r e a c t io n  d e v e lo p e d ,a n d  th e  e n d -p o in t  was fo l lo w e d  u p .

F i n a l l y  34*55 c . c .  n/ 10 sodium  h y d ro x id e  w ere r e q u ir e d ,  

c o r r e sp o n d in g  t o  an e q u iv a le n t  o f  2 0 6 . The d i-q u a te r n a r y  

ammonium compound r e q u ir e s  an e q u iv a le n t  o f  2 0 8 * 5 .

T e tr a m e th y l -  4 : 4 '-d ia m in o -d ip h e n y lm e th a n e  was 

l i b e r a t e d  u n ch an ged .
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15*6 grams o f  m on och lp ra eth y le th er , in  40 c . c .  o f  

carbon  t e t r a c h l o r i d e ,  were added to  72*3 grams o f  pure  

r e d i s t i l l e d  d i e t h y l a n i l i n e  c o n ta in e d  in  60 c . c .  o f  th e  same 

s o lv e n t ,  c o o le d  to  -1 0 °C . No ap p aren t r e a c t io n  to o k  p la c e .

The m ix tu r e  was b o i l e d  un d er r e f lu x  f o r  tw o h o u r s , when a 

dark o i l y  la y e r  appeared  on t o p .  E x c e ss  o f  d i l u t e  h y d r o c h lo r ic  

a c id  was now added , and th e  m ix tu re  s t e a m - d i s t i l l e d  to  

rem ove th e  carbon  t e t r a c h l o r i d e .  Some form ald eh yd e a l s o
that

d i s t i l l e d  o v er  in d ie a t in g / t h e  r e a c t io n  was n o t co m p le ted .

The m ix tu re  was now ren d ered  a & a lin e ,a n d  s t e a m - d i s t i l l e d .

The n o n - v o l a t i l e  o i l  l e f t  in  th e  f l a s k  d id  n o t c r y s t a l l i s e ,  

i t  was ta k en  up in  e th e r  and d r ie d  o v er  sodium  s u lp h a te .

On c o n c e n t r a t io n ,  c r y s t a l s  a p p ea red . T h ese  w ere r e c r y s t a l l i s e d  

from  m eth y l a lc o h o l,w h e n  10*5 grams o f  th e  pure p rod u ct  

m e lt in g  a t  41®C.,were o b ta in e d . T h is  c o r r e sp o n d s  to  

t e t r a e t h y l  -  4 ; 4 '-d ia m in o -d ip h e n y lm e th a n e .

N found  •  9*10jJ
T h eory  R e q u ir e s  9*03^



•  ï* -

o f  m o n o o b l o r i n e u b y l e t h o r  o r  p r f u ^ r y ,  

seco n d a ry  and t e r t i a r y  a ro m a tic  am ines h a s  b een  

I n v e s t ig a te d #

2 .  The r e a c t io n  w ith  prim ary and secon d ary  a rom atic

am in es p r o c e e d s  in  two s t a g e s ,
th«

1 . When th e  r e a c t io n  i s  c a r r ie d  ou t I n / c o ld ,  th e  

prim ary a rom atic  am in es form  d i(p h en y la m in o )  

m ethane d e r i v a t iv e s  w h ile  th e  seco n d a ry  arom atic  

am in es form  d i(a lk y Ip h e n y la m in o )  methane 

d é r iv â t  iv e  s •

2 .  When th e  tem p era tu re  o f  th e  m ass i s  r a i s e d ,  

in tr a m o le c u la r  change o c c u r s ,a n d  th e  c o r re sp o n d in g  

dIphenyIm ethane d e r i v a t iv e s  are p rod u ced ; th e  

l in k a g e  ta k e s  p la c e  in  the p ara p o s i t i o n  to  th e  

anlmo g ro u p , or  in  th e  o r th o  p o s i t i o n  when th e  

form er i s  o c c u p ie d ,

3 . The t e r t i a r y  a ro m a tic  am ines r e a c t  s lo w ly  in  th e  g o Id

and more r a p id ly  when th e  tem p era tu re  i s  r a i s e d .  I n  

each  c a s e  th e  d iphen yIm eth an e d e r iv a t iv e  i s  form ed .

When th e  r e a c t io n  i s  c a r r ie d  ou t in  the c o ld ,  th e  

p r e s e n c e  o f  q u a tern a ry  ammonium compounds o f  

m o n o ch lo rm eth y le th er  and th e  o r i g i n a l  b a se ,a n d  a l s o  

o f  the r e s u l t a n t  d ip h en yIm eth an e d é r i v â t iv e^ h a s  

b een  p ro v ed .
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