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SOLS APPLICATIOIIS OF THE COIIDUGTII;!ETRIG METHOD 

WITH PRELIHIITAHY IVOBE FOB A STUDY OF THE LOGIST

IC SUSCEPTIBILITY OF ADSORBED GASES, 

by

J o a n  P e a k e  P h i l p o t .

A b s t r a c t  o f  T h e s i s .

S e c t i o n  I  o f  t h e  t h e s i s  d e a l s  w i t h  t h e  d e t e r m i n a t i o n  

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

p r e l i m i n a r y  meas^arement s o f  a  p l a t i n u m  a d s o r p t i o n  medium 

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

g a s e s .

S e c t i o n  I I  d ea l s  w i t h  c o n d u c t i m e t r i c  m e a s u r e m e n t s .  A 

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

m e th o d  was u s e d ^ i n  c o n ju n c t io n  w i t h  a n a l y s e s  c a r r i e d  o u t  a t  t h e  

B r i t i s h  L e a t h e r  R e s e a r c h  A s s o c i a t i o n ^ f o r  t h e  i n v e s t i g a t i o n  o f  a 

number  o f  n a t u r a l  t a n  e x t r a c t s  t o  w h ic h  i t  was b e l i e v e d  t h a t  

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

p y r i d i n i u m  i o n  was a l s o  d e t e r m i n e d ,  and an  a t t e m p t  made t o  

d e t e r m i n e  t h e  m o b i l i t y  o f  t h e  ammonium i o n .  F i n a l l y  a  r a p i d  

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

s t u d i e d .  I t  was f o ’ond u n s u i t a b l e  f o r  d i f f i c u l t l y  s o l u b l e  a c i d s ,  

b u t  f o r  e a s i l y  s o l u b l e  a c i d s  good  r e s u l t s  w ere  o b t a i n a b l e .  The 

m e th o d  v/as u s e d  t o  d e t e r m i n e  t h e  m o b i l i t y  o f  t h e  l a c t a t e  i o n .
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SECTION I .

Some P re lim in a r y  Work In  an I n v e s t i g a t i o n  o f  th e  

M agnetic P r o p e r t ie s  o f  Adsorbed G ases.



A b b r e v ia t io n s  used  i n  S e c t io n  I  o f  T h e s i s .

I  I n t e n s i t y  o f  m a g n e t isa t io n  o r  m agnetic  moment per  u n i t  
volum e.

H M agnetic f i e l d  or  f o r c e  on u n i t  charge.

B I n d u c t io n .  B = H + 47TI. (M a g n et isa t io n  and f i e l d  
p a r a l l e l ) .

K S u s c e p t i b i l i t y  1 / 2 .

yK P e r m e a b il i ty  = B/H. /^ = 1 + 4iTK.

V Volume.

P F o rce .

d D e n s i ty .

X  S u s c e p t i b i l i t y  per  u n i t  mass = E /d .

A Area.

oL Balance c o n s ta n t .

M M agnetic  moment.
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SECTION I .

Some P re lim in a r y  Work In  an I n v e s t i g a t i o n  o f  th e  M agnetic

P r o p e r t ie s  o f  Adsorbed G ases .

I n t r o d u c t io n .

I t  was su g g e s te d  th a t  measurements o f  th e  m agnetic  

moment and s u s c e p t i b i l i t y  o f  g a s e s  such as hydrogen adsorbed  

on m a te r ia ls  such as p la tinu m , p a lla d iu m , s i l i c a  g e l ,  would 

a f fo r d  in fo r m a tio n  a s  to  th e  mechanism o f  a d so r p t io n .  Work 

was commenced w ith  t h i s  o b j e c t  i n  v iew .

Measurement o f  M agnetic S u s c e p t i b i l i t y .

The b a lan ce  u sed  was o f  th e  Gouy ty p e .  The b a lan ce

i t s e l f  was s im i la r  to  an ord in a ry  chem ical ba lan ce  cap ab le  o f

w e igh in g  by o s c i l l a t i o n s  to  0 .00 001  gm. Hanging from th e  

l e f t - h a n d  arm o f  the  b a lan ce  was a hook on which was suspended  

a th read  c a r r y in g  a s t i r r u p .  A s u s c e p t i b i l i t y  tu b e ,  as in  

f ig u r e  I ,  was hung on t h i s  s t i r r u p  so  th a t  th e  bottom  o f  the

tube hung between th e  p o l a - p ie c e s  o f  a pow erfu l e le c tr o -m a g n e t .

I t  was c a r e f u l l y  arranged so th a t  the  bottom o f th e  tube was as 

near a s  p o s s i b l e  to  th e  c e n tr e  o f  th e  p o l e - p i e c e s  so  as to  be 

i n  a un iform  f i e l d .  A mark was sc r a tc h e d  on the  s u s c e p t i b i l i t y  

tube about 7 cm. above th e  b a s e .  This was h ig h  enough above  

th e  p o l e - p i e c e s  to  be i n  zero  f i e l d  when th e  magnet was sw itch ed  

on. The tube was always f i l l e d  to  t h i s  mark. The p o l e - p i e c e s  

were surrounded by a wooden box to  p reven t  i n t e r f e r e n c e  w ith  th e

—2—



FIGURE I  (SECTION l ) 

S u s c e p t i b i l i t y  T u b e s .

B

A

S Ground g l a s s  s t o p p e r .

T T a p .



r ea d in g s  by c u r r e n ts  o f  a i r .  The tem perature between the pole-  

p ie c e s  was kept co n sta n t  w ith in  about 5° C. by c o o l in g  th e  

magnet w ith  an e l e c t r i c  fa n  a f t e r  one or a t  most two r e a d in g s .

A measurement was made by w e igh in g  the  tube f i r s t  

w ith  th e  magnet o f f  and then  w ith  i t  on. The d i f f e r e n c e  gave  

the  f o r c e  e x e r te d  by the magnet on th e  tu b e . The form ula used  

i n  c a l c u l a t in g  th e  r e s u l t s  i s  o b ta in ed  as  f o l lo w s .

—iZero f i e l d

dx

Maximum f i e l d  

Force i n  d i r e c t io n  X on sm a ll  magnet (formed by 

ta k in g  a c r o s s  s e c t i o n  o f  l e n g t h  dx through th e  s u s c e p t i b i l i t y  

tube )

= M.dH/dx = EBV.dE/dx (S in ce  M = IV = KHV)
• 2

. . Force = -pV.dK /d x

. . Force on whole = f dx
Jo ^

'em " H = f i e l d  where x  = 0 o

K = — 1
4 7T

( -  1)AH

8 7T

yW, = 1 + 47TIC.
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Let = 1 + 4 7T (Zd) su b s .

Let = 1 + 4 7T{Xd) a i r .

(n, -  UglAH 2 
Then F = A_i  2 — o_

(Zd) s u b s . -  (Zd) a i r  2 
= 2 Alio

(xa )  a i r  = 0 .0 3  x  1 0 “® 

r = xa -  0 .0 3  X lo"®

—6
2F 0 .0 3  X 10 

aAH^

2F1  ̂ 0 .0 5  z  10~
a v H

^  -  b a la n ce  c o n s t .
IT

D eterm in a tio n  o f  B alance C o n sta n t .

F i r s t  the  p u l l  e x e r te d  by the  magnet on th e  empty 

tube was m easured. The b a la n ce  co n sta n t  was th en  o b ta in ed  by 

f i l l i n g  th e  tube w ith  à l i q u i d  o f  known s u s c e p t i b i l i t y  and 

m easuring the  p u l l  as d e sc r ib e d  above. The volume o f  the  

tube to  the  mark was determ ined by f i l l i n g  w ith  w ater  a t  a

known tem perature  and w e ig h in g .
- 4 -



V arious o rg a n ic  l i q u i d s  were d r ie d  and r e d i s t i l l e d  

and used  f o r  the  d e ter m in a t io n  o f  th e  n a lan ce  c o n s ta n t .  The

c o n sta n t  was determ ined f i r s t  u s in g  a tube o f  type  A ( f ig u r e  I ) .

F i n a l l y  tu b es  o f  type B were u sed .

A l l  s u s c e p t i b i l i t i e s  and d e n s i t i e s  quoted are  tak en  

from the  I n t e r n a t io n a l  C r i t i c a l  T a b le s .

i l .B .  a n e g a t iv e  p u l l  i s  tak en  as one which d e c r e a se s  the  

w eight o f  th e  tu b e . i . e .  d iam agnetic  su b s ta n c e s .

Tube A.

P u l l  on empty tube — 4*32 mg. (mean o f  9 v a l u e s ) .

Volume o f  tube t o  mark 2 .8 2 6 0  c . c .  (mean o f  2 ) .

Length o f  tube to  mark 7 . 3 2 ^approx.

N itr o b e n z e n e .

X - 0 .4 9 9  X 10“®. d 1 .2 0 3 2 .

P u l l  on tube and l i q u i d  — 7 .1 7  mg. (mean o f  5 ) .

P u l l  on l i q u i d  — 2 .8 5  mg.

Balance c o n sta n t  0 .6 2 4 7 .

Benzene.
-6

X - 0 . 7 1 2  X 10 . d 0 .8 7 8 8 .

P u l l  on tube and l i q u i d  — 7 .2 8  mg. (mean o f  6 ) .

P u l l  on l i q u i d  — 2 .9 6  mg.

B alance c o n sta n t  0 .6 2 6 4 .

- 5 -



T olu en e .
-6X -0 .7 2 9  z  10 . d 0 .8 6 5 8 .

P u l l  on tube and l i q u i d  -  7 .3 1  mg. (mean o f  4 ) .

P u l l  on l i q u i d  -  2 .9 9  mg.

Balance c o n s ta n t  0 .6 2 4 8 .

Tube B.

P u l l  on empty tube -  3 .5 3  mg. (mean o f  1 4 ) .  

volume o f  tube to  mark - 3 .5 1 5  c . c .  (mean o f  4 ) .

Length o f  tube t o  mark 7 .3 2  c m . approx.

B e n z e n e .

P u l l  on tube and l i q u i d  -  7 .2 1  mg. (mean o f  5 ) .

P u l l  on l i q u i d  -  3 .6 8  mg.

Balance co n sta n t  0 .6 2 6 3 .

Mean c o h sta n t  f o r  a tube o f  le n g th  7 .3 2  cm. i s  0 .6 2 5 5 .

Tube 0 .

T his tube was o f  s im i la r  d e s ig n  to  tube B. I t  was

ann ea led  f o r  f i v e  hours a t  approxim ately  500^0. and th e  p u l l  

e x e r te d  by th e  magnet on i t  was m easured.

P u l l  on empty tube -  2 .9 9  mg. (mean o f  7 ) .

P re p a r a t io n  o f  the  A d sorp tion  Medium.

P latinum  was chosen  f o r  th e  f i r s t  m easurem ents. 

A ttem pts were made to  c o a t  th e  m eta l  on to  g l a s s  which cou ld  

th en  be s l ip p e d  in t o  th e  s u s c e p t i b i l i t y  tu b e .  Hard g l a s s

tu b in g  o f  about 0 .5  cm. d iam eter was s e a le d  o f f  i n  th e  b low -
—6 —



p ip e  and th e  end f l a t t e n e d .

P la tinum  was warmed w ith  aqua r e g ia  t i l l  d i s s o lv e d ;  

th e  r e s u l t i n g  s o l u t i o n  was evaporated  to  dryness in  p resen ce  o f  

h y d r o c h lo r ic  a c id .  The c h l o r o p la t i n i c  a c id  thus o b ta in ed  was 

d i s s o lv e d  in  o i l  o f  bergamot and th e  s o l u t i o n  co a ted  on to  the  

s e a le d  o f f  g l a s s  tu b in g .  I t  was brushed as e v e n ly  as p o s s i b l e  

over  th e  f l a t  end and to  a h e ig h t  o f  about 7 .5  cm. up the  tu b e .  

The whole th in g  was then  h e a ted  c a r e f u l l y  i n  a Bunsen flam e  

u n t i l  a d e p o s i t  o f  p latinum  was l e f t  on th e  g l a s s .  The top  end 

o f  th e  g l a s s  tu b in g  was th en  s e a le d  o f f  about one c e n tim e tr e  

above th e  end o f  the  p la t in u m . A ttem pts to  s e a l  i t  ear lier  met 

w ith  no s u c c e s s  as the  h e a t  o f  th e  Bunsen s o f te n e d  t h e  g l a s s ,  

expanded th e  a i r  w ith in  and b lew  a bulb i n  th e  tu b in g .

A f t e r  s e v e r a l  a ttem p ts  i t  was d ec id ed  th a t  i t  was 

im p o ss ib le  to  c o a t  th e  p latinum  e v e n ly .  As an uneven c o a t in g  

would render t h e  r e s u l t s  v a l u e l e s s  from a t h e o r e t i c a l  p o in t  o f  

v iew , th e  method was abandoned. A uniform  p la tinu m  tu b e ,  

th ic k n e s s  0 .0 1  cm ., l e n g th  7 .4  c m ., d iam eter  0 .7  cm. was 

prepared by Johnson and M a t t ^  and l a t e r  a s im i la r  p a llad iu m  

tube was o b ta in e d .

Apparatus f o r  A n n ea lin g , E vacu ation  and A d so r p t io n .

Apparatus as  shown in  f i g u r e  I I  was s e t  up; a l l  th e  

j o i n t s  were made by s e a l i n g  th e  g l a s s  tu b in g .  P r o v i s io n  was 

made fo r  a t t a c h in g  the  s u s c e p t i b i l i t y  tube by means o f  p ressu re  

tu b in g  which was w ired  on . S p e c ia l  rubber g r e a se  was u sed  on

- 7 -



i^IGUIŒ II (SECTION I)

L a c l e  od 
Gauge A i r  o r  Gas C y l i n d e r

Pump



th e  tap  o f  the  s u s c e p t i b i l i t y  tu b e .  The tem perature o f  the  

e l e c t r i c  furnace  was measured w ith  a therm o-couple  and a d ju s te d  

by means o f  the  r h e o s t a t .  The pump u sed  was a Megavac pump 

capable  o f  producing a vacuum o f  0 .0 0 1  mm. or l e s s .

C on stan ts  f o r  P latinum  Tube.

The le n g th  and d iam eter  o f  th e  tube were measured by 

means o f  c a l i p e r s ;  a number o f  measurements were made and th e  

mean ta k en .

Length 7 .3 3  cm.

D iam eter 0 .7 0  cm.

Weight 3 .1 513 5  gm.

A mark was made a t  one end o f  th e  p latinum  tube so  

th a t  i t  cou ld  always be in s e r t e d  i n  th e  s u s c e p t i b i l i t y  tube th e  

same way. The p u l l  e x e r te d  by the  magnet on i t  was m easured.

P u l l  on tube B and p la tinu m  tube 6 .2 1  mg. (mean o f  7 ) .

P u l l  on p latinum  tube = 6 .2 1  + 3 .5 3  = 9 . 7 4  mg.

" ” ” ” in v e r te d  1 3 .3 2  mg.

D e n s ity  o f  p la tinu m  2 1 .4 5

From th e s e  data  X f o r  p la tinu m  was c a lc u la t e d ;  u s in g  

the  f i r s t  v a lu e  g iv e n  f o r  th e  p u l l .

Hence X = 1 .9 3 5 4  compared w ith  X = 1 .1 0  g iv e n  in  

th e  C r i t i c a l  T a b le s .

The p latinum  tube was th en  h e a ted  i n  a Bunsen burner  

and c o o le d .

P u l l  5 .7 3  mg. (mean o f  3 ) .



Tube in v e r t e d ,  p u l l  6 .0 9  (mean o f  2)

As b e fo r e  X = 1 .1 5 2 .

I t  was th en  d is c o v e r e d  t h a t  th e  tap o f  th e  s u s c e p t 

i b i l i t y  tube was to o  c lo s e  to  th e  fu rn ace  during an n ea lin g  

o p e r a t io n s  and th a t  the  h e a t  ru in ed  the tap g r e a s e .  A tube with 

a lo n g e r  neck was o b ta in e d  (tu b e  C ). The p la tinu m  tube was 

p la c e d  i n  t h i s  tube and annealed  fo r  f i v e  hours a t  about 500^0. 

P u l l  5 .8 7  mg. (mean o f  7 ) .

Tube in v e r te d ,  p u l l  6 .2 7  mg. (mean o f  6 ) .

The d i f f e r e n c e  between th e  measured v a lu e  o f  X f o r  

platinum  and t h a t  recorded in  th e  l i t e r a t u r e  may be due to  a 

d i f f e r e n c e  i n  the  p h y s i c a l  form o f  the  specim ens o f  p latinum  

m easured.

Some p r e lim in a ry  experim en ts were c a r r ie d  out on th e  

s u s c e p t i b i l i t y  o f  th e  p latinum  tube i n  a vacuum but tr o u b le  

was e x p e r ie n c e d  owing to  leak ag e  through th e  ground g l a s s  

sto p p er  o f  th e  s u s c e p t i b i l i t y  tu b e .  I t  was f i n a l l y  d ec id ed  

to  have the  top  o f  the  s u s c e p t i b i l i t y  tube s e a le d  on w ith  th e  

p la tin u m  tube i n s i d e .
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SECTION I I

Some A p p l ic a t io n s  o f  th e  C onductim etric  Method.

—10 —



A b b r e v ia t io n s  used In S e c t io n  I I  o f  T h e s i s .

K S p e c i f i c  c o n d u c t iv i t y .

/ s  E q u iv a len t  c o n d u c t iv i t y .

” a t  i n f i n i t e  d i l u t i o n .

0 C o n cen tra tio n  i n  g ra m -eq u iv a len ts  per  1000 c . c .
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SECTIOIT I I

I n t r o d u c t i o n .

An e x t e n s i v e  s u r v e y  o f  t h e  l i t e r a t u r e  on  c o n d u c t ! -
1

m e t r i c  t i t r a t i o n s  h a s  boon  g i v e n  i n  a  t h e s i s  o f  E .C .  R i g h e l l a t o  , 

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

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

o f  t h e  c a t i o n s  o f  weak b a s e s .

I n  t h e  p r e s e n t  work  a  f u r t h e r  a p p l i c a t i o n  o f  

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

e x t r a c t s  i s  d e s c r i b e d .  Tlie m e th o d  h a s  b e e n  u s e d  t o  o b t a f n  t h e  

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

number  o f  a c i d  a n i o n s .
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P art I .

General E xp er im en ta l.

The primary requirem ent o f  th e  work was f o r  apparatus  

f o r  determ in ing  the  c o n d u c t iv i ty  changes o f  a s o l u t i o n  during  

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

The B r id g e .

The f i r s t  type  o f  b r id g e  used  was as  shown in  f i g u r e  1 .

The r e s i s t a n c e  Eg were nom inally  each e q u a l  to  100 ohms.

They were "tapped o f f"  from a n o n - in d u c t iv e ly  wound decade

r e s i s t a n c e  box. D was a decade r e s i s t a n c e  box by M essrs . Leeds

and Northrup and was o f  th e  low in d u ctan ce  t y p e .  2Y was a

uniform  Pt-C u b r id g e  w ire^ . A s i n g l e  te le p h o n e  e a r p ie c e

serv ed  to  d e t e c t  the n u l l - p o i n t  and as sou rce  o f  cu rren t a
2

v a lv e  o s c i l l a t o r  o f  the Woolcock and Murray-Rust ty p e  was u se d .  

This was sc re en ed  by e n c lo s in g  i t  in  an ir o n  box and i t  was 

p la c ed  remote from th e  b r id g e .  The "supply lea d s"  were o f  

m eta l  s h ie ld e d  copper w ire and were arranged to  run a t  r i g h t  

a n g le s  to  the  d i r e c t io n  o f  th e  b r id ge  w ir e .  Both th e  o s c i l l a t o r  

sc r e e n  and th e  c a s in g  o f  th e  "supply l e a d s ” were e a r th e d , A 

d o u b le -p o le  double-throw  sw itc h  p erm itted  the  o s c i l l a t o r  le a d s  

to  be r e v e r se d  i n  d i r e c t io n  o f  a p p l i c a t io n  t o  the  br id ge  and 

a l s o  served  as an o n - o f f  s w itc h .  Heavy gauge Cu w ire was 

used  f o r  c o n n e c t io n s .
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FIGURE I .

Cr

XY ICO cm. u n i f o r m  b r i d g e  w i r e  o f  I t - C u .

C S l i d i n g  c o n t a c t .

U Decade r e s i s t a n c e  b o x .

B C o n d u c t i v i t y  c e l l .

VO V alve  o s c i l l a t o r .

T S i n g l e  t e l e p h o n e  e a r p i e c e .

R]_,R2 E q u a l  r e s i s t a n c e s  o f  a p p r o x i m a t e l y  100 ohms.



C a l ib r a t io n  o f  R e s is ta n c e  Box.

The r e s i s t a n c e  box used  was c a l ib r a t e d  by comparison  

o f  each in d iv id u a l  r e s i s t a n c e  w ith  th e  corresp ond ing  r e s i s t a n c e  

o f  a low in d u ctan ce  decade box r e c e n t l y  c a l ib r a t e d  a t  the  

N a t io n a l  P h y s ic a l  L aboratory . The u su a l  V heatstone  b r id ge  

c i r c u i t  was used  f o r  the  purpose; the d e t a i l s  o f  th e  a c tu a l
3

apparatus used  are d e sc r ib e d  in  a t h e s i s  o f  W.H. Banks • The 

r e s u l t s  o f  t h i s  c a l i b r a t io n  are g iv e n  in  Table I .

TABLE I .

C a l ib r a t io n  o f  Low In du ctan ce  Decade R e s is ta n c e  Box 

by M essrs .  Leeds and Northrup.

Nominal
R e s is ta n c e

1000

2000

3000

4000

5000

6000

7000

8000

9000

R e s is ta n c e  in  ohms.

True 
R e s is ta n c e

1 0 0 0 .1

2 0 0 0 .8

3 0 0 0 .1

40 00 .0

50 0 0 .0  

6000 .6

7003 .7

80 0 0 .7

9 000 .7

Nominal
R e s is ta n c e

100

200

300

400

500

600

700

800

900

True
R e s is ta n c e

10 0 .0 7

199 .9 6

299 .9 6  

3 9 9 .9 5

50 0 .0 1

5 9 9 .9 8

699 .9 9  

7 99 .92  

8 9 9 .8 8
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The o th e r  two d ecad es  were c a l ib r a t e d  i n  the  same way 

and in  o n ly  one in s ta n c e  was the  agreement poorer  than  th a t  

shown above. The p o o r e s t  agreement was shown in  th e  c a se  o f  

th e  u n i t  where the  tr u e  r e s i s t a n c e  was found to  be 1 .0 3 2  ohms. 

T h is ,  however, was a lw ays used  i n  c o n ju n c t io n  w ith  o th e r  

c o i l s  making up a t o t a l  r e s i s t a n c e  o f  70 ohms or  more. The 

e r r o r  due to  the u n i t  c o i l ,  t h e r e f o r e ,  amounted to  l e s s  than  

1 i n  2000 .

The r e s i s t a n c e s  and Rg were measured in  the same way 

and found t o  be 9 9 .6 3  and 9 9 .8 5  ohms r e s p e c t i v e l y

i . e .  = 1 .0 0 2  •
^1

Tlie t o t a l  r e s i s t a n c e  o f  th e  m etre br idge  w ire was 

1 5 .9 5 4  ohms.

C a lc u la t io n  o f  C o n d u c t iv ity  from Bridge R ea d in g s .

The r e s u l t s  were c a lc u la t e d  as  f o l l o w s : -  a t  th e  n u l l  

p o in t ,  i . e .  w ith  minimum sound i n  th e  te le p h o n e

£ 2  _ R e s is ta n c e  o f  e l e c t r o l y t e  in  c e l l _________________ .
R  ̂ “ R e s is ta n c e  in  Box D + R e s is ta n c e  b r id ge  w ire XG

R e s is ta n c e  o f  e l e c t r o l y t e  i n  c e l l  = 1 .0 0 2  (R e s is ta n c e

i n  Box D + R e s is ta n c e  o f  br id ge  w ire  XC).

S p e c i f i c  c o n d u c t iv i t y  o f  e l e c t r o l y t e  i n  c e l l =

_______  C e l l  c o n sta n t__________________________________
1 .0 0 2  (R e s is ta n c e  in  Box D + R e s is ta n c e  o f  Bridge Wire XG)
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FIGURE I I .

XY ICC cm. uniform bridge wire o f  I t -C u .

C S l i d i n g  c o n t a c t .

D Decade r e s i s t a n c e  box.

E C o n d u c t iv ity  c e l l .

VO Valve o s c i l l a t o r .

T S in g le  te lep h on e  e a r p ie c e .

A,B Equal r e s i s t a n c e s  o f  app rox im ate ly  $ l6  ohms



o f  p u r i f i e d  w a ter . T his made i t  p o s s i b l e  to  measure the  

c o n d u c t iv i t y  o f  the  water t o  be used  i n  a t i t r a t i o n ,  a 

p r e c a u t io n  which p r e v io u s ly  had to  be n e g le c t e d .

On the  f i r s t  arrangement i t  was found th a t  the  n u l l  

p o in t  was p o o r ly  d e f in e d  f o r  la r g e  r e s i s t a n c e s  in  the c e l l  

w h i l s t  w ith  th e  second arrangement i t  was d i f f i c u l t  to  o b ta in  

an en d -p o in t  f o r  sm all r e s i s t a n c e s .  The accu racy  o f  th e  f i n a l  

r e s u l t ,  however, d i f f e r e d  l i t t l e  a cco rd in g  to  th e  method u sed .

At f i r s t  e i t h e r  th e  f i r s t  or second arrangement was used  

acco rd in g  as  th e  r e s i s t a n c e  to  be measured was sm a ll  or l a r g e .  

E v e n tu a l ly  the  second was used  e x c l u s i v e l y  p a r t ly  to  avo id  

changing ov er  from one t o  th e  o th e r ,  but c h i e f l y  i n  order t o  

o b t a in  s t r i c t l y  comparable r e s u l t s .

Temperature C o n tr o l .

The s p e c i f i c  c o n d u c t iv i t y  o f  a s o l u t i o n  changes v ery  

r a p id ly  w ith  change o f  tem p eratu re . For t h i s  r e a so n , a w e l l -  

r e g u la te d  th erm osta t  was e s s e n t i a l .

The th erm osta t  used c o n s i s t e d  o f  a g l a s s  tank o f  w ater ,  

w e l l  s t i r r e d  and f i t t e d  w ith  a c o n sta n t  water l e v e l  d e v ic e  to  

compensate f o r  l o s s e s  by e v a p o r a t io n .  The tem perature was 

c o n t r o l l e d  by a to lu e n e  r e g u la to r  o p e r a t in g  a carbon lamp through  

a r e la y :  i t  was m ain ta in ed  a t  25^0 (+ 0 .02^0) throughout the

work. A Beckmann theim om eter was s ta n d a r d ise d  by means o f  a 

standard  thermometer and kept immersed i n  th e  th erm o sta t  to  a c t

as a check on the  tem p era tu re . The w ater  o f  th e  th erm osta t
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was e a r th e d .  A m eta l s h e l f  was f i t t e d  to th e  s id e  o f  th e  tank  

to  accommodate th e  c o n d u c t iv i t y  c e l l .  Leads from th e  c e l l  

were dipped in t o  two mercury cups r e s t i n g  in  the  w ater  o f  the  

th e rm o sta t;  the  co n n ec tin g  w ir es  frcm the b r id ge  a l s o  dipped  

in t o  t h e s e .  This d e v ic e  served  to  su p p ress  h ea t  in terch a n g e  

through the co n n ec tin g  w ir e s  between th e  e l e c t r o d e s  o f  th e  c e l l  

and the atm osphere.

B efore  commencing a t i t r a t i o n  the  c e l l  was f i l l e d  w ith  

the  l i q u i d  to  be t i t r a t e d  and l e f t  i n  the  th erm osta t w ith  

o c c a s io n a l  shaking  u n t i l  the  tem perature as shown by th e  

c o n d u c t iv i t y  remained c o n s ta n t .  This u s u a l ly  took  about h a l f  

an hour. During a t i t r a t i o n  where o n ly  sm a ll  a d d i t io n s  weie  

b e in g  made i t  was not u s u a l ly  found n e c e s s a r y  to  w a it  f o r  t h e  

tem perature to  become co n sta n t  as two su cceed in g  rea d in g s  

agreed  w ith in  th e  p r e sc r ib e d  l i m i t s  o f  e r r o r .

The C o n d u c t iv ity  C e l l .

The type  o f  c o n d u c t iv i t y  c e l l  used  i s  shown in  

f i g u r e  I I I .  A w e l l - s e a s o n e d  g l a s s  b o t t l e  o f  about 500 c . c .  

c a p a c ity  v/as f i t t e d  w ith  a waxed co rk . Two g l a s s  tu b es  very  

f ir m ly  f i x e d  i n  t h i s  cork were con n ected  w ith  a r i g i d  support;  

in t o  th e  low er ends o f  th e s e  tu b es  were s e a le d  th e  p la tinu m  

w ir e s  con n ected  to  th e  e l e c t r o d e s ,  E ,E*. The tu b es  co n ta in ed  

mercury in to  which were dipped amalgamated copper l e a d s  to  make 

c o n n e c t io n  w ith  the br idge  c i r c u i t .  The e le c t r o d e s  c o n s i s t e d  

o f  h o r iz o n t a l  p la tinu m  d i s c s  o f  about 4 sq .  cm. a rea ;  th e  tube
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EIGUEE I I I .  

C o n d u c t iv ity  C e l l .

I I I
-rrh

11 LLLLI ' l l
4-

I I  1
I  I

y

T '

I I 
1-T l I
11

P
K

P ,P ’ I n l e t  and o u t l e t  tu b es  f o r  p u r i f i e d  a i r .  

E ,E ’ P latinum  e l e c t r o d e s .

P Waxed cork  c l o s i n g  c e l l  mouth.

H Entry through cork  f o r  b u re tte  t i p .



ca rry in g  the low er  d i s c  p a ssed  through, a h o le  in  th e  upper one.  

The cork a l s o  c a r r ie d  two b en t  g l a s s  tu b e s ,  P ,P ’ , which served  

f o r  th e  p a ssa g e  o f  pure a i r  through the  c e l l  when n e c e s s a r y  

and which were c lo s e d  a t  o th e r  tim es by means o f  rubber  

"policem en". A f i f t h  h o l e ,  H, in  th e  cork a llow ed  fo r  the  

in t r o d u c t io n  o f  the b u r e t t e  t i p  which was extended  by means o f  

a g l a s s  j e t  and p ie c e  o f  rubber tu b in g .  T h is  h o le  was c lo s e d  

w ith  a sm all cork when n ot i n  u s e .

The e le c t r o d e s  were p l a t i n i s e d  o r i g i n a l l y  and when 

n e c e s s a r y  a f te r w a r d s ,  i . e .  when the  n u l l  p o in t  became more 

i n d e f i n i t e  than  u su a l  and the  p la tinu m  b la ck  showed s ig n s  o f  

f l a k i n g  o f f ,  by the  f o l lo w in g  p r o c e s s .  The e le c t r o d e s  were 

immersed in  a s o l u t i o n  c o n ta in in g  1 gm. o f  c h l o r o p la t i n i c  a c id  

and 0 .0 0 8  gm. le a d  a c e t a t e  i n  30 c . c .  w ater; a cu rren t  was 

p a ssed  between them j u s t  s u f f i c i e n t  to  b r in g  about a g e n t le  

e v o lu t io n  o f  g a s .  The d i r e c t i o n  o f  the  cu rren t  was rev e rse d  

ev ery  f i v e  m inu tes u n t i l  a deep c o a t in g  o f  p latinum  b la ck  was 

d e p o s i t e d .  The e le c t r o d e s  were th en  washed thorou gh ly  to  

remove adsorbed s a l t s .  The e le c t r o d e s  were always kept  

s ta n d in g  i n  w ater to  preven t d r y in g .

D eterm in ation  o f  C e l l  C o n sta n t .

A knowledge o f  th e  c e l l  c o n s ta n t  i s  e s s e n t i a l  f o r  

th e  c a l c u l a t i o n  o f  th e  s p e c i f i c  c o n d u c t iv i t y  o f  the s o l u t i o n  

i n  the c e l l .  As t h i s  c o n s ta n t  changes s l i g h t l y  from tim e to  

tim e i t  was n e c e ssa r y  to  measure i t  p e r i o d i c a l l y  throughout
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5th e  work. A ccording  to  Parker and Parker the  s p e c i f i c  

c o n d u c t iv i t y  o f  a s o l u t i o n  o f  potassium  c h lo r id e  c o n ta in in g  

0 .7 4 6 3  gm. in  1000 gm. w ater (both  apparent w e ig h ts  in  a i r )  

i s  0 .00140789  a t  25°C. A .E. p o tass iu m  c h lo r id e  was r e c r y s t a l 

l i s e d  tw ice  from c o n d u c t iv i t y  w ater ( s e e  below) and d r ie d  i n  

the  vacuum oven t i l l  the  w eight was c o n s ta n t .  0 .7 4 6 3  gm. was 

weighed in  a sm a ll  tube and s l ip p e d  in t o  a f l a s k  c o n ta in in g  

e x a c t l y  1000 gm. c o n d u c t iv i t y  w ater . The c e l l  was f i l l e d  w ith  

about 200 c . c .  o f  t h i s  s o l u t i o n  and p la c ed  in  th e  therm osta t  

a t  25°C. The r e s i s t a n c e  o f  t h i s  s o l u t i o n  was measured a f t e r  

th e  tem perature had become c o n s ta n t .

C e l l  c o n sta n t  = 0 .00140789  x Measured r e s i s t a n c e  o f
s o l u t i o n

S p e c i f i c  c o n d u c t iv i t y  o f  an e l e c t r o l y t e  = C e l l  
c o n s ta n t  x  Apparent c o n d u c t iv i ty .

C o n d u c t iv ity  Water.

For th e  e a r l i e r  p a rt  o f  the  work " b o ile d  out" w ater  

prepared f r e e  from a i r  a s  d e sc r ib e d  by E ig h e l la t o ^  was 

c o n s id er ed  good enough. As the  e a r l i e r  work was c a r r ie d  out  

w ith  th e  f i r s t  type  o f  b r id ge  arrangement i t  was not p o s s i b l e

to  measure th e  c o n d u c t iv i t y  o f  each batch  o f  w ater u sed . L a ter ,

however, the  c o n d u c t iv i t y  o f  a number o f  r e p r e s e n t a t iv e  b a tc h e s  

was measured a f t e r  p i p e t t i n g  th e  water in t o  th e  c e l l  as in  an 

exp er im en t. The mean c o n d u c t iv i t y  was found t o  be approxim ate

l y  2 gemmhos. T his v a lu e  was n e g l i g i b l e  i n  d e a l in g  w ith

m a te r ia l  such as the  tan  e x t r a c t s  and was n e g le c t e d .  I t
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became a p p r e c ia b le  i n  c o n n e c tio n  w ith  th e  d e ter m in a tio n  o f  a c id  

m o b i l i t i e s  and i t  was during t h i s  work th a t  t h i s  method of  

o b ta in in g  water was d isca r d e d .

For the  l a t e r  work c o n d u c t iv i t y  water prepared i n  a 

s t i l l  o f  the  type d e sc r ib e d  by B ou rd il lo n ^  was u s e d .  The 

c o n d u c t iv i t y  o f  t h i s  a f t e r  p i p e t t i n g  in to  the  c e l l  v a r ie d  from

0 .8  to  1 .0  gemmhos.

C a l ib r a t io n  o f  A pparatus.

A c a l ib r a t e d  s e t  o f  b ra ss  w e ig h ts  was used f o r  

w eigh ing . Graduated f l a s k s  were c a l ib r a t e d  by weighing the  w ater  

r eq u ire d  to  f i l l  them to  the mark and p i p e t t e s  by w eigh ing  th e  

w ater  th ey  d e l iv e r e d .  The w e ig h ts  o f  w ater were con verted  to  

tru e  cu b ic  c e n t im e tr e s  by red uc in g  the  w eight to  vacuum and 

tem perature to  4 °C .;  th e  ta b le  g iv e n  by Findlay*^ was used  f o r  

t h i s  pu rp ose . B u r e t te s  were c a l ib r a t e d  by th e  Ostwald method 

u s in g  a p i p e t t e  o f  2 c . c .  c a p a c i t y .  A c a l i b r a t i o n  curve was 

p l o t t e d  f o r  each b u r e t te  and a l l  b u r e t te  r ea d in g s  were c o r r e c te d  

by t h i s  means.

The r e s u l t s  o f  th e  c a l i b r a t i o n  o f  the  p i p e t t e s  used  

are g iv e n  in  t a b le  I I .
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TABLE I I

o
Temperature 17 G.

Nominal v a lu e  o f  p i p e t t e .  Mean w eight o f  C orrected  v a lu e .
w ater .

2 c . c .  1 .9 8 8  gm. ' 1 .9 9  c . c .

5 c . c .  4 .797  gm. 4 .8 1  c . c .

10 c . c .  9 .8 7 5  gm. 9 .9 0  c . c .

25 c . c .  2 4 .9 11  gm. 24 .9 7  c . c .

50 c . c .  4 9 .7 7 9  gm. 4 9 .8 9  c . c .

Standard S o l u t i o n s .

Standard a l k a l i  s o l u t i o n s  o f  approxim ately  t e n th  

normal c o n c e n tr a t io n  were in  u se  throughout the  work. T heir  

p r e p a r a t io n  i s  b e s t  d e sc r ib e d  h e r e .

A l l  s o lu t io n s  were prepared u s in g  " b o ile d  out" o r ,  

p r e fe r a b ly ,  c o n d u c t iv i t y  w a ter . A l l  the  a l k a l i e s  excep t  

p y r id in e  were s to r e d  in  a r e s e r v o ir  w ith  a t ta c h e d  b u r e t te  and i

soda l im e  tube to  prevent con tam in ation  w ith  carbon d io x id e .  

Sodium and p otass iu m  hydroxide s o l u t i o n s  were s to r e d  i n  n i c k e l  

v e s s e l s .  The s o l u t i o n s  were prepared as f o l lo w s ;  the  ^

r e s e r v o ir  was swept out w ith  p u r i f i e d  a i r  and alm ost f i l l e d  

w ith  pure w ater  (about two l i t r e s ) ,  p u r i f i e d  a i r  was passed  

through f o r  about h a l f  an hour, the r e q u ir e d  q u a n t i ty  of
I

a l k a l i  was in tro d u ced  and w e l l  mixed w ith  a cu rren t o f  

p u r i f i e d  a i r .  ,
I
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Sodium H ydroxide. •

A .B . sodium hydroxide  was u sed  and th e  s t i c k s  w e l l

washed w ith  pure water b e fo r e  d i s s o l v i n g .  An ap p rox im ate ly

te n th  normal s o l u t i o n  o f  h y d r o c h lo r ic  a c id  was prepared and

s ta n d a r d ise d  g r a v im e t r i c a l ly .  S tren g th  = 0 .1 3 1  N. 25 c . c .

o f  t h i s  s o l u t i o n  was t i t r a t e d  w ith  the  sodium hyd rox id e  s o l u t i o n

u s in g  f i r s t  p h e n o lp h th a le in  and th e n  brom -phenol-b lue as
8

i n d i c a t o r s .  A ccording to  K.B. Warder the  p h e n o lp h th a le in  

en d -p o in t  occu rs  when a l l  th e  hydroxide and h a l f  th e  carbonate  

are n e u t r a l i s e d ,  w h i l s t  m ethyl orange g iv e s  the  t o t a l  a l k a l i  

(brom -phenol-b lue  changes a t  the same pH as o e t h y l  o r a n g e ) . 

S tr en g th  u s in g  p h e n o lp h th a le in  0 .1 2 5  N.

" " brom -phenol-b lue  0 .1 2 6  K.

. . S tren g th  o f  carbonate 0 .0 0 2  N.

. . S tren g th  o f  hydroxide 0 .1 2 4  N.

T o ta l  a l k a l i  s t r e n g th  0 .1 2 6  H.

P otassium  H ydroxide.

P otass iu m  hydroxide  s o l u t i o n  was prepared and 

s ta n d a r d ise d  in  th e  same way as sodium h yd rox id e .

S tr en g th  u s in g  p h e n o lp h th a le in  0 .0649  E.

" " brom -phenol-b lue  0 .0 6 5 4  N.

S tr en g th  o f  carbonate  0 .0 0 1 0  IT.

" " hydroxide 0 .0 6 4 4  N.

T o ta l  a l k a l i  s t r e n g th  0 .0 6 6 4  IT.
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Barium H ydroxide .

About 20 gm. commercial barium hydroxide  was 

d i s s o lv e d  i n  d i s t i l l e d  water and shaken u n t i l  th e  c r y s t a l s  

d isap p eared  l e a v in g  the  barium carbonate as a powder. This  

was a llo w ed  to  stand  f o r  two days to  s e t t l e  and th e n  siphoned  

o f f  in t o  the  c o n ta in e r  through which a cu rren t o f  pure a i r  had 

been p a sse d . The s o l u t i o n  was s ta n d a r d ise d  by t i t r a t i n g  

a g a in s t  p o tass iu m  hydrogen t a r t r a t e  u s in g  p h e n o lp h th a le in  as  

i n d ic a t o r .

S tr en g th  0 .0 390 7  N.

Ammonium H ydroxide.

Ammonia was d i s t i l l e d  over  p otass iu m  hydroxide as in  

f i g u r e  IV . The r e c e iv in g  f l a s k  was marked roughly  in  50 c . c s .  

V.lien s u f f i c i e n t  was thought to  have d i s t i l l e d  the apparatus was 

q u ick ly  d is c o n n e c te d  a t  A and c l ip p e d .  Pure a i r  was blown in  

a t  B and some ammonia s o l u t i o n  c o l l e c t e d  from th e  f l a s k  a t  A. 

Tills was t i t r a t e d  rough ly  w ith  standard h y d r o c h lo r ic  a c id  to  

determ ine how much was needed . The req u ire d  amount o f  ammo n ia  

s o l u t i o n  was blown in t o  th e  r e s e r v o i r  o f  w ater by means o f  a 

cu rren t o f  pure a i r .

The ammonium hydroxide s o l u t i o n  was s ta n d a r d ise d  by 

t i t r a t i o n  a g a in s t  the  standard  h y d r o c h lo r ic  a c id  s o l u t i o n  

u s in g  m eth y l orange as i n d ic a t o r .  I t  was n ot p o s s i b l e  to  

determ ine th e  amount o f  carbonate  p r e s e n t ,  as p h e n o lp h th a le in
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ij^iGuiia IV .

D i s t i l l a t i o n  o f  Ammonia.

B Soda lim e tu b e .

C 0*83c ammonia and potass iu m  h y d ro x id e .

D B o i le d  out w ater .



cannot be used  f o r  th e  t i t r a t i o n ,  o f  ammonia. I t  was assumed 

from the care  taken  i n  the  p r e p a r a t io n  th a t  the  amount o f  

carbonate  p r e s e n t  was n e g l i g i b l e .

S tr en g th  o f  ammonium hydroxide s o l u t i o n  = 0 .2 8 1 0  N.

P y r id in e

P y r id in e  was d r ied  over  p otass iu m  hydroxide and
o

d i s t i l l e d ,  B .P . 1 1 4 .5  C. 23 c . c .  was in tro d u ced  i n t o  the  

r e s e r v o i r  o f  pure w ater a s  d e sc r ib e d  above. The s o l u t i o n  

o b ta in ed  was s ta n d a r d ise d  by a c o n d u ct im e tr ic  t i t r a t i o n  ( s e e  

below) w ith  0 .1 3 1  IT h y d r o c h lo r ic  a c id  s o l u t i o n .  The r e s u l t  o f  

the  t i t r a t i o n  i s  shown i n  ta b le  I I I  and in  f ig u r e  T. 9 .9 0  c . c .  

p y r id in e  s o l u t i o n  was taken  and the e n d -p o in t  o b ta in ed  was 

9 .6 3  c . c .  a c id .

. . S tr en g th  o f  p y r id in e  s o l u t i o n  = 0 .1 2 7  IT.
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TABLE I I I

S ta n d a r d isa t io n  o f  p y r id in e  s o l u t i o n .

cn . liC l.

0 .0 0
0 .5 0
0 .8 0
1 .2 0
1 .6 0
2 .0 0
2 .5 0
3 .0 0
4 .0 0
5 .0 0
6 .00
7 .0 0
8.00 
9 .0 0

1 0 .0 0
1 1 .0 0
1 2 . 0 0
1 3 .0 0
1 4 .0 0
1 6 .0 0  
1 8 .0 0

R e s is ta n c e  Bridge  
i n  box, read in g  
in  ohms, in  cms.

730
593
483
408
312
253
213
184
162
143
118

92
75
63
54
42
35

1 2 .0
1 3 .0  

8 . 0
9 .5

1 0 .5
1 3 .5
1 2 .5
1 2 .5

9 .5
7 .5
6 .5
9 .5
7 .5  
8.0

1 0 .3
1 2 . 0

9 .0

T o ta l
r e s i s t a n c e

1970
1336

951
731 .92
595 .08
48 4 .2 8
409 .52
3 1 3 .6 8
255 .1 6
215 .00
1 8 6 .00
163 .52
144 .20
1 2 0 .0 8  

9 3 .52  
76 .20  
6 4 .2 8
5 5 .6 5  
4 3 .9 2  
3 6 .4 4

C o n d u ct iv ity  x 10 
c o r r e c te d  f o r  d i 
l u t i o n  and c e l l  
c o n s ta n t .

0
50 .5 6
74 .66

1 0 5 .1
1 3 6 .1
1 6 8 .7
2 0 7 .8
2 4 6 .3
3 2 3 .0
3 9 9 .2
4 7 6 .1
553 .0
6 3 2 .2
71 9 .9  
868.8
1121
1382
1646
1910
2443
2973
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Method used in  ca rr y in g  out a co n d u ct im etr ic  t i t r a t i o n .

The e le c t r o d e s  were f i r s t  removed from th e  c e l l  and 

drained  but not d r ied ;  th e  c e l l  was drained  and d r ied  as  

c o m p le te ly  as  p o s s ib l e  w ith  f i l t e r  paper. A s u i t a b l e  

q u a n t ity  o f  the  m a te r ia l  to  be t i t r a t e d  was in trod u ced  in t o  

the  c e l l  e i t h e r  by w eight or by p ip e t t in g  from a s to c k  

s o l u t i o n .  The volume of s o l u t i o n  was made up to  200 c . c .  by 

p i p e t t i n g  i n  pure w ater . I t  was known th a t  a volume o f  

200 c . c .  in  th e  c e l l  used  was s u f f i c i e n t l y  la r g e  f o r  th e re  to  

be no change o f  c e l l  co n sta n t w ith  fu r th e r  a d d i t io n s .  The 

e le c t r o d e s  were r e p la c ed  and th e  c e l l  p la ced  i n  th e  th erm o sta t  

u n t i l  the  tem perature of the  s o l u t i o n  was c o n s ta n t .  The 

c o n d u c t iv i t y  o f  th e  s o l u t i o n  in  the  c e l l  was measured. The 

extended t i p  o f  the b u r e t te  c o n ta in in g  the r e a g e n t  to  be added 

was c o m p le te ly  f i l l e d  w ith  the s o l u t i o n  in  th e  b u r e t te  and 

in tro d u ced  in t o  the  c e l l  u n t i l  the t i p  was about h a l f  an inch  

from the  su r fa c e  o f  the l i q u i d .  I t  was then  p o s s i b l e  t o  add 

th e  reagent w ith o u t l o s s  by s p la s h in g .  I f  a drop o f  l i q u i d  

remained on the  t i p  i t  was removed by r a i s in g  the c e l l  u n t i l  

the  l iq u i d  i n  i t  touched the drop and removed i t .  Sm all 

a d d i t io n s  o f  reagent were made, the c e l l  was w e l l  shaken each  

tim e and the c o n d u c t iv i t y  m easured. Two r ea d in g s  were made 

a f t e r  each a d d i t io n ,  th e  c e l l  be ing  w e l l  shaken between the  

two; th e se  u s u a l l y  agreed but i f  not fu r th e r  r ea d in g s  were 

taken  u n t i l  a c o n sta n t  v a lu e  was o b ta in ed .
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The s p e c i f i c  c o n d u c t iv i t y  was c a lc u la t e d  i n  the  

manner d e sc r ib ed  above, w ith  the  a d d i t io n  o f  a d i l u t i o n  

c o r r e c t io n ,  whereby each measured c o n d u c t iv i t y  was m u l t ip l i e d  

by th e  r a t i o

T o ta l  volume o f  s o l u t i o n  in  c e l l  .
I n i t i a l  volume o f  s o l u t i o n  in  c e l l

This c o r r e c t io n  makes use  o f  th e  f a c t  th a t  the  s p e c i f i c

c o n d u c t iv i t y  o f  any e l e c t r o l y t e  a t  co n sta n t tem perature i s

rough ly  p r o p o r t io n a l  to  i t s  c o n c e n tr a t io n .  I t  i s  on ly

app rox im ate ly  c o r r e c t  s in c e  i t  ig n o r e s  the  s l i g h t  m o b i l i t y

changes due to  the  d i f f u s i o n  o f  the  io n  a tn o sp h ere . In

a p p ly in g  the  same c o r r e c t io n  to  m ix tu res  c o n ta in in g  weak

e l e c t r o l y t e s  i t  ig n o r e s  in  a d d i t io n  th e  sm all changes i n  the

degree  o f  d i s s o c i a t i o n ,  but i t  i s  s t i l l  a c lo s e  approxim ation .

For convenien ce  o f  c a l c u l a t i o n  t a b l e s  were prepared showing

(a) the r e s i s t a n c e  o f  a g iv en  le n g th  o f  b r id g e  w ire  and

(b) the  lo g a r ith m  o f  the d i l u t i o n  c o r r e c t io n  f o r  a g iv e n  

volume o f  added r e a g e n t .

The r e s u l t s  h av in g  been c a lc u la t e d  a curve was 

p l o t t e d  f o r  each t i t r a t i o n  showing volumes o f  added reagent  

a g a in s t  th e  corresponding  s p e c i f i c  c o n d u c t i v i t i e s .

Accuracy of the Method.
U sing  e i t h e r  o f  th e  b r id g e  arrangements d e sc r ib e d  

above the c o n d u c t iv i t y  o f  a s o l u t i o n  could  be measured w ith  an 

accuracy  o f  0 .1 ^ .  In  a l l  c a s e s  th e  r e s u l t s  were o b ta in ed
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from curves drawn on a much la r g e r  s c a l e  than th o se  reproduced  

h e r e .  I t  has n o t  been co n sid ered  n e c e s s a r y  to  aiow the  

ta b u la te d  r e s u l t s  o f  every co n d u ctim etr ic  t i t r a t i o n ;  r e p r e s e n ta 

t i v e  cu rves are shown.

Sum m ary.

A d e s c r ip t io n  o f  the  apparatus and tech n iq u e  used  in  

co n d u ct im etr ic  t i t r a t i o n s  has been g iv e n .
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Mobility Values Used throughout Section II of Thesis.

In  w ater a t  25 C.

H = 3 49 .7 2

Na* = 5 0 .1 0

K ‘ = 73 .50

C » = 76 .32

011» = 196

Ml^ = 73 .4

M aclnnes, Shedlovsky  
and Longsworth. Chem. 
R eviews, August 1933.

Ba" = 6 3 .6 6

KCO_» = 4 5 .0  Ô

COg" = 80 approx.

C a lc u la ted  from tra n sp o r t  numbers o f  
ammonium s a l t s  rep orted  by Maclnnes 
as be ing  alm ost i d e n t i c a l  w ith  th o se  o f  
th e  correspond ing  potassium  s a l t s .

Shed lovsky & Brown. 
5 6 , 1066 .

J .A .C .S .  (1 9 3 4 ) ,

K en d a ll ,  J .  Amer. Chem. S o c . ,  1916,
38 , 1480 and 2460.

L a n d o It-B o rn ste in , 5th  Edn.
P . 1104 g iv e s  70 as a very  approximate  
va lu e  a t  18°C; assuming a tem perature  
c o e f f i c i e n t  o f  0 .0 2  per degree would  
make i t  80 a t  25^0.
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P art I I . 

Exam ination o f  Tan L iq u ors .

T his work was undertaken a t  the  s u g g e s t io n  o f  the  

B r i t i s h  Leather M anufacturers» Research A s s o c ia t io n ,  f o r  whom 

some a p p l ic a t io n s  o f  c o n d u c t iv i ty  methods had p r e v io u s ly  been  

worked out in  th e s e  l a b o r a t o r ie s ^ .  The l iq u o r s  su p p lie d  were 

rep u ted  to  be mimosa e x t r a c t s  th a t  had been "doped” , i . e .  t o  

which unknown su b sta n ces  had been added w ith  a r e s u l t a n t  

lo w er in g  o f  the pH from 4 .6 7  t o  v a lu e s  in  the  neighbourhood o f  

pH 3 .  I t  was a n t ic ip a t e d  th a t  co n d u ctim etr ic  t i t r a t i o n s  w ith  

a l k a l i  would r e v e a l  th e  p resen ce  o f  added a c id s  and would, by 

p r o v id in g  i n d ic a t io n s  o f  t h e i r  s tr e n g th ,  f a c i l i t a t e  t h e i r  

id e n t  i f i c a t i o n .

The U n treated  Sample.

An u n tr e a te d  sample o f  mimosa e x tr a c t  (200 c . c .

co n ta in ed  25 c . c .  tan  l iq u o r )  was f i r s t  t i t r a t e d  w ith  0 .1  IT

sodium h yd rox id e . N e u t r a l i s a t io n  was not com plete a f t e r  th e

a d d i t io n  o f  20 c . c .  when the  t i t r a t i o n  was d is c o n t in u e d .  The

curve ( f i g .  VI)  o b ta in ed  was o f  th e  normal type f o r  s a l t

form ation , and a t  f i r s t  s ig h t  resem bled the  curve ob ta in ed  i n

a s im i la r  t i t r a t i o n  o f  an e x tr a c t  o f  a l e a t h e r  th a t  had been
2

tanned w ith  mimosa /  i . e . ,  a f t e r  an i n i t i a l  k ink the  curve

showed a l i n e a r  r e la t io n s h ip  between s p e c i f i c  c o n d u c t iv i ty  

and amount o f  sodium hydroxide  added, corresp on d in g  to  the
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p r o g r e s s iv e  c o n v ers io n  o f  a weak a c id  in t o  i t s  sodium s a l t .  

C lo ser  comparison showed however th a t  whereas i n  the  former | 

work the  s t r a ig h t  l i n e  had a r e l a t i v e  s lo p e  o f  80 (corresponding  

to  the  sum o f  the m o b i l i t i e s  sodium 50, an ion  3 0 ) ,  i n  the  

p r e s e n t  case  the s lop e  was abnormally sm a ll ,  be ing  on ly  53. 

E ith e r  the m o b i l i t y  o f  the  a n io n  i s  ex trem ely  sm a ll ,  o r , more 

prob ab ly , sodium io n s  are b e in g  adsorbed or bound by the  m u l t i -  

v a le n t  ( c o l l o i d a l ? )  an ion s o f  the  ta n ,  r e s u l t in g  in  a con d u ct-  ! 

i v i t y  d e c r e a se .  This abnorm ality  had to  be borne i n  mind in  ; 

c o n s id e r in g  the l a t e r  r e s u l t s .  j

A sample of th e  u n tre a ted  e x tr a c t  (200 c . c .  co n ta in ed

9 .9  c . c .  ta n  l iq u o r )  was next t i t r a t e d  w ith  0 .1  N h y d ro c h lo r ic  

a c id .  The r e s u l t s ,  shown in  f i g .  711 c l e a r l y  show the  

r e a c t io n  o f  th e  h y d ro c h lo r ic  a c id  w ith  th e  s a l t  o f  a we ale a c id  

(b u f fe r  s a l t )  i n  the  e x t r a c t ,  and, drawing th e  l i n e  a on th e  

assum ption  th a t  th e  m o b i l i t y  o f  th e  d is p la c e d  an ion  i s  30 , the  

end p o in t  o f  the  t i t r a t i o n  i s  1 .8 3  c . c . ,  and the b u ffe r  s a l t  | 

con ten t  o f  the ta n  l iq u o r  i s  0 .0 2 4  gram-equ iv a le n t s  per  l i t r e .  , 

This a c i d i f i e d  e x tr a c t  was now t i t r a t e d  w ith  sodium h yd rox id e ,  

i n  t h i s  t i t r a t i o n  the  e x c e s s  o f  h y d ro c h lo r ic  a c id  i s  f i r s t  

n e u t r a l i s e d ,  then  the a c id  l ib e r a t e d  from the  b u f fe r  s a l t ,  and ■ 

f i n a l l y  the ta n .  F ig .  T i l l  shows t h i s  t i t r a t i o n ,  th e  f i r s t  

p o in t s  l i e  on a l i n e  w ith  the  t h e o r e t i c a l  s lo p e  ( / \ H  -  Na ),  

and the f i n a l  p o in t s  have the  same abnorm ally sm a ll  s lo p e  

a lre a d y  found i n  the  t i t r a t i o n  o f  the u n tr e a te d  ta n .  For th e
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i n t e r m e d i a t e  p a r t  o f  t h e  t i t r a t i o n  t h e  l i n e  b h a s  b e e n  d raw n  

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

( a n i o n  m o b i l i t y  3 0 )  and  a t  t h e  same t im e  t o  b e  c o n s i s t e n t  w i t h  

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

s e c t i o n  g i v e s  6 . 2  c . c .  s o d iu m  h y d r o x i d e  r e q u i r e d  t o  n e u t r a l i s e  

t h e  e x c e s s  o f  h y d r o c h l o r i c  a c i d ,  so t h a t

8 . 0 0  — - * -q" = 2 . 1  c . c .  o f  h y d r o c h l o r i c  a c i d
h a v e  d i s a p p e a r e d  i n  t h e  d i s p l a c e m e n t  o f  weak a c i d  f r o m  t h e

b u f f e r  s a l t ;  t h i s  g i v e s  0 . 0 2 7  g r a m - e q u i v a l e n t s  p e r  l i t r e  

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

m e n t  w i t h  t h e  p r e v i o u s  v a l u e .  I t  now becom es  p o s s i b l e  t o  

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

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

a c t u a l  c o n d u c t i v i t y  o f  t h e  m i x t u r e  HaCl + BX, w h e re  HX i s  t h e  

b u f f e r  a c i d ,  f r o m  t h e  v a l u e  i t  w o u ld  h a v e  i f  t h i s  a c i d  w e re

u n d i s s o c i a t e d )  r e p r e s e n t s  t h e  s p e c i f i c  c o n d u c t i v i t y  
-6

(K = 224  X 10 ) o f  t h e  l i b e r a t e d  b u f f e r  a c i d ,  t h e  c o n c e n t r a 

t i o n  o f  w h ic h  i s  0 . 0 2 5 5  x  9 . 9  _ 0 .0 0 1 2 6  g r a m - e a u i v a l e n t s
200

p e r  l i t r e .  The e q u i v a l e n t  c o n d u c t i v i t y  o f  t h e  a c i d  i s  t h e r e f o r e  
- 3

224  X 10
1 . 2 6  X 1 0 “^

= 1 78 .

T a k i n g  = 350 + 30 f o r  t h e  a c i d ,  i t s  a p p r o x i m a t e  d i s s o c i a 

t i o n  c o n s t a n t  i s  — —— ^ = 5 . 2  x  10 T h i s  a p p l i c a t i o n

o f  O s t w a l d » s  d i l u t i o n  l a w  t o  a  s o l u t i o n  c o n t a i n i n g  s o d iu m  

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

j u s t i f i e d  by  t h e  a c c u r a c y  o f  t h e  f i g u r e s ,  and  t h e  v a l u e  may
- 4b e  t a k e n  a s  K = 5 . 0  x  10 • T h i s  v a l u e  i s  i n  f a i r  a g r e e m e n t

3
w i t h  t h e  v a l u e  K = 4 x  10 p r e v i o u s l y  f o u n d  f o r  t h e  s t r e n g t h

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

t a n n e d  w i t h  sum ach ,  a n d  t h e  a c i d s  may p o s s i b l y  be  i d e n t i c a l .

I t  i s  r e m a r k a b l e ,  h o w e v e r ,  t h a t  i n  t h e  p r e v i o u s  w ork  on

l e a t h e r  e x t r a c t s ,  m im osa  t a n n e d  l e a t h e r s  w ere  f o u n d  t o  be  f r e e

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

t h e  b u f f e r  p r e s e n t  i n  sumach i s  f i x e d  by  t h e  h i d e  w h i l s t  t h a t

i n  m im osa  i s  n o t ;  o r ,  a n d  i n  v ie w  o f  t h e  s i m i l a r i t y  i n

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

m ore  p r o b a b l e ,  t h a t  m im osa  t a n  c o n t a i n s  so  much l e s s  b u f f e r

s a l t  t h a n  sumach  t h a t  t h e  amount  f i x e d  by  l e a t h e r  t a n n e d  w i t h

m im osa  i s  n e g l i g i b l y  s m a l l .

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

sa m p le  n e e d s  c o n s i d e r a t i o n .  A t  t h e  b e g i n n i n g  o f  t h e  t i t r a t i o n
—6

t h i s  s p e c i f i c  c o n d u c t i v i t y  was 205 x  10 , a n d  t h e  s o l u t i o n ,

a s  h a s  b e e n  m e n t i o n e d ,  c o n t a i n e d  0 .0 0 1 2 6  g r a m - e q u i v a l e n t s  p e r

l i t r e  o f  b u f f e r  s a l t .  T a k i n g  50 + 30 = 80 a s  t h e  a p p r o x i m a t e

Ag, v a l u e  o f  t h i s  s a l t ,  t h e  c o n t r i b u t i o n  o f  b u f f e r  s a l t  t o
-6  -6

t h e  t o t a l  c o n d u c t i v i t y  was 80 x  1 . 2 6  x  10 = 100 x  10 r . o . ,

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

t h e  t a n s  t h e m s e l v e s  show th e m  t o  be f e e b l e  e l e c t r o l y t e s  w h i c h  

wou ld  c o n t r i b u t e  l i t t l e  t o  t h e  c o n d u c t i v i t y ,  t h e  r e s t  o f  t h e
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c o n d u c t i v i t y  i s  p r o b a b l y  due t o  s m a l l  a m o u n ts  o f  s a l t s ,  p r e s e n t  

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

s a l t .  ' l i i i s  i s  i n  a g r e e m e n t  w i t h  o u r  e a r l i e r  r e s u l t s  o n  

l e a t h e r  e x t r a c t s  i n  w h ic h  t h e  amount  o f  s a l t  f o u n d  was c o m p a r 

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

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

e x a m in e d  was a p p r o x i m a t e l y  0 . 0 0 2  g r a m - e q u i v a l e n t s  p e r  l i t r e ,  

c o r r e s p o n d i n g  t o  0 . 0 0 4  g r a m - e q u i v a l e n t s  p e r  100 c . c .  o f  t h e  t a n  

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

was d e t e r m i n e d  i n  t h e  l a b o r a t o r i e s  o f  t h e  B r i t i s h  L e a t h e r  

R e s e a r c h  A s s o c i a t i o n ,  a n d  t h e  f i g u r e  s u p p l i e d  f o r  t h e  sam ple  

u n d e r  d i s c u s s i o n  v;as 0 . 1 5 6  gm. p e r  100 c . c .  l i q u o r .  T a k in g  

40 a s  a n  a v e r a g e  e q u i v a l e n t  w e i g h t  {CaO = 2 8 ,  LagCOg = 5 3 ) ,  

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

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

S a m n le s  1 and  2 .

S p e c im e n s  o f  t h e s e  two s a m p l e s  (200  c . c .  c o n t a i n e d  

25 c . c .  t a n  l i q u o r )  w ere  t i t r a t e d  w i t h  a p p r o x i m a t e l y  0 . 1  H 

s o l u t i o n  o f  b o t h  p y r i d i n e  and  s o d iu m  h y d r o x i d e .  The r e s u l t s  

w ere  s i m i l a r  a n d  t h e  c u r v e s  f o r  s am p le  1 a r e  shown i n  f i g .  I X .  

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

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

f r o m  t h e  p o i n t  2 . 2 5  c . c .  a t  w n ic h  t h e  two c u r v e s  d i v e r g e  i t  i s  

e v i d e n t  t h a t  o n l y  t h e  f e e b l y  a c i d i c  t a n s  a r e  now p r e s e n t ;  t h e
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s o d i u n  l i n e  f ro m  t h i s  p o i n t  on  h a s  t h e  s l o p e  53 ,  a s  w i t h  t h e  

u n t r e a t e d  s a m p l e ,  w h i l s t  t ; . e  p y r i d i n e  l i n e  h a r d l y  r i s e s  a t  

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

and  t h e  ?/eak b a s e .  From t h e  f i r s t  e n d - p o i n t  i t  i s  c a l c u l a t e d  

t h a t  t h e  c o n c e n t r a t i o n  o f  c a r b o x y l i c  ( ? )  a c i d  i n  t h e  s o l u t i o n  

i s  0 . 0 0 1 4 2  e q u i v a l e n t s  p e r  l i t r e ,  an d  a s  t h e  o r i g i n a l  s a m p le  

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

c a r r i e d  o u t ,  t h i s  c o r r e s p o n d s  t o  0 . 0 1 1 4  e q u i v a l e n t s  p e r  l i t r e  

i n  sam p le  1 i t s e l f .  I t  w i l l  be n o t i c e d  t h a t  t h i s  c o n c e n t r a 

t i o n  o f  f r e e  a c i d  i s  l e s s  t h a n  t h e  b u f f e r  s a l t  c o n t e n t  ( 0 . 0 2 7  

e q u i v a l e n t s  p e r  l i t r e )  o f  t h e  u n t r e a t e d  s a m p l e ,  so  t h a t  a  c u r v e  

o f  t h e  t y p e  d e s c r i b e d  f o r  s a m p le  1 m i g h t  be d u e  t o  t h e  a d d i t i o n  

o f  0 . 0 1 1 4  e q u i v a l e n t s  p e r  l i t r e  o f  a  s t r o n g  a c i d  t o  t h e  

u n t r e a t e d  t a n  l i q u o r .  To t e s t  t h i s  h y p o t h e s i s  m ore  c l o s e l y  

t h e  pH o f  t h e  sam ple  was c a l c u l a t e d  a s  f o l l o w s :  s a m p l e  1 o n

t h i s  b a s i s  w ould  c o n t a i n  0 . 0 1 1 4  e q u i v a l e n t s  p e r  l i t r e  o f  

l i b e r a t e d  a c i d  t o g e t h e r  w i t h  0 . 0 1 5 6  e q u i v a l e n t s  p e r  l i t r e  o f  

t h e  s a l t  o f  t h i s  a c i d ;  h e n c e  we h a v e

M W . .  M l  M  . 0 . 0 1 = 6 1  .  5 . 0  .  1 0 - S = . .  . b o » )
[exJ ( 0 .0 1 1 4  -  [Fx'])

a n d  t i l l s  g i v e s  p*j = 0 .0 0 0 3 5 .  T h i s  c o r r e s p o n d s  t o  pK = 3 .4 6  

w h ic h  i s  i n  f a i r  a g r e e m e n t  w i t h  t h e  v a l u e  o f  pH = 3 . 3 2  d e t e r 

m in e d  by  t h e  B r i t i s h  L e a t h e r  R e s e a r c h  A s s o c i a t i o n .  The c a l 

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

t h e  a c i d i t y  o f  t h e  t r e a t e d  s am p le  1 i s  due t o  & p a r t i a l

- 3 7 -



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

u n t r e a t e d  s a m p l e ,  an d  no c o n c l u s i o n s  c a n  b e  d raw n  a s  t o  t h e  

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

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

s a m p le  1 w i t h  h y d r o c h l o r i c  a c i d  showed a  d e f i c i e n c y  o f  b u f f e r  

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

s u f f i c i e n t  o f  t h e  s a m p le  was n o t  a v a i l a b l e  t o  p u t  t h i s  work  

i n  h a n d .  One o t n e r  p o i n t  r e g a r d i n g  sam p le  1 i s  w o r t h y  o f  n o t e .  

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

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

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

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

t i o n s  s i m i l a r  t o  t h o s e  made o n  s am p le  7 i n d i c a t e  t h a t  a b o u t  

t w i c e  a s  much s a l t  a s  a c i d  h a v e  b e e n  a d d e d ,  a g r e e i n g  w i t h  a  

f i n d i n g  o f  t h e  B r i t i s h  L e a t h e r  R e s e a r c h  A s s o c i a t i o n  t h a t  t h e  a s h  

o f  t h i s  s am p le  i s  0 . 3 3 4  gm. p e r  100 c . c . ,  c o m p ared  w i t h  0 . 1 3 6  gm. 

p e r  100 c . c .  f o r  t h e  u n t r e a t e d  s a m p l e .

Samnle  2 .

The t i t r a t i o n  c u r v e s  w ere  s i m i l a r  t o  t h o s e  o f  s a m p le  1 ,  

b u t  2 .Ü c . c .  o f  a l k a l i  w ere  n e c e s s a r y  t o  l i b e r a t e  t h e  f r e e  a c i d ,  

g i v i n g  0 . 0 0 1 6 4  g r a m - e q u i v a l e n t s  p e r  l i t r e  f o r  i t s  c o n c e n t r a t i o n  

i n  t h e  s o l u t i o n  t i t r a t e d ,  o r  0 . 0 1 3 1  g m . - e q u i v a l e n t s  p e r  l i t r e  

i n  s a m p le  2 .  F u r t h e r ,  t h e r e  i s  a  g r e a t e r  d r o p  i n  c o n d u c t i v i t y  

( c o m p a re d  w i t h  sam ple  1 )  d u r i n g  t h e  n e u t r a l i s a t i o n ,  a n d  i t  c an  

be  c a l c u l a t e d  t h a t  t h e  c o n t r i b u t i o n  o f  t h e  f r e e  a c i d  t o  t h e

- 3 8 -



i n i t i a l  s p e c i f i c  c o n d u c t i v i t y  was 1 5 8  x  l O ” ^ r . o .  T h i s  w ould
- 4

c o r r e s p o n d  t o  an  a p p a r e n t  d i s s o c i a t i o n  c o n s t a n t  o f  1 . 7 5  x  10 ;

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

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

d i s p l a c e d  by  a  s t r o n g  a c i d ,  t h e n  i n  sam p le  2 t h e  c o n c e n t r a t i o n s  

a r e  f r e e  a c i d ,  0 . 0 1 3 1  e q u i v a l e n t s  p e r  l i t r e ,  b u f f e r  s a l t  0 . 0 1 3 9  

e q u i v a l e n t s  p e r  l i t r e .  H ence

MM. .  t h ( [ H - J  .  0 . 0 1 5 9 )  _ ^  ^ ^ - 4
[liXj ( 0 . 0 1 3 1  -  [H*] )

a n d  t i l l s  g i v e s f j l p  0 . 0 0 0 4 4 .  T h i s  c o r r e s p o n d s  t o  pH = 3 . 3 6

w n icn  i s  i n  p o o r  a g r e e m e n t  w i t h  t h e  B r i t i s h  L e a t h e r  R e s e a r c h

A s s o c i a t i o n  v a l u e  3 . 0 0 ,  b u t  n e v e r t h e l e s s  i t  g i v e s
—3 —6

1C = 0 . 0 0 0 4  X 381 X 10 = 152 x  10 r . o .

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

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

i n  s a m p le  2 ,  t h e  c o n d u c t i v i t y  due t o  n e u t r a l  a d d e d  s a l t s  i s  

c o n s i d e r a b l y  l e s s  t h e n  i n  sam ple  1 ,  and  t h e  B .L .H .A .  a l s o  f i n d  

a  much s m a l l e r  a s h  c o n t e n t  ( 0 . 2 3 9  gm. p e r  100 c . c . )  f o r  t h i s  

s a m p l e .

The B . L . R . A .  s u g g e s t  t h e  p r e s e n c e  o f  a n  a c i d  s a l t ,

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

o f  a  l i t t l e  l a c t i c  a c i d  ( 0 . 0 1 7  gm. p e r  100 c . c . ) .

S a m p le s  3 ,  4 ,  5 ,  and  6 .

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

f r o m - s a m p l e s  1 and  2 i n  t h a t  t h e  f r e e  a c i d . p r e s e n t  was

- 3 9 -



o b v i o u s l y  much w e a k e r .  T h e s e  f o u r  s a m p l e s  were  o n l y  t i t r a t e d  

w i t h  p y r i d i n e ,  a n d  n o t  w i t h  a  s t r o n g  b a s e .  I n  e v e r y  c a s e  

25 c . c .  t a n  l i q u o r  i n  200 c . c .  was t i t r a t e d .  The c u r v e  f o r  

s a m p le  3 i s  shown i n  f i g .  X.

Sample  3 g av e  an  e n d - p o i n t  o f  a p p r o x m a t e l y  6 . 5  c . c .  o f  

0 . 1 2 7  h p y r i d i n e  c o r r e s p o n d i n g  t o  an  a c i d  c o n c e n t r a t i o n  o f  

0 .0 C 8 3  e q u i v a l e n t s  p e r  l i t r e  i n  t h e  s o l u t i o n  t i t r a t e d ,  o r  

0 . 0 6 6  e q u i v a l e n t s  p e r  l i t r e  i n  s a m p le  3 i t s e l f .  Sam ple  4 g a v e  

a n  e n d - p o i n t  o f  8 . 8  c . c . ,  c o r r e s p o n d i n g  t o  a c i d  c o n c e n t r a t i o n s  

o f  0 . 0 1 1 2  e q u i v a l e n t s  p e r  l i t r e  i n  t h e  s o l u t i o n  t i t r a t e d ,  o r  

0 . 0 9 0  e q u i v a l e n t s  p e r  l i t r e  i n  t h e  s a m p le  i t s e l f .  As r e g a r d s  

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

show l i t t l e  h y d r o l y s i s  p r o v e s  t h a t  t h e  a d d e d  a c i d  i s  much 

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

n o t  l e s s  t h a n  1 0 ~ ^ .  On t h e  o t h e r  h a n d  t h e  c u r v e s  show t h a t  t h e

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

s a m p l e .  T l i i s  c u r i o u s  an o m a ly  s u g g e s t s  t h a t  t h e  a d d i t i o n  made 

t o  t h e  t a n  i n  b o t h  t h e s e  c a s e s  c o n s i s t e d  o f  an  a c i d  w i t h  a  

d i s s o c i a t i o n  c o n s t a n t  o f  t h e  o r d e r  1 0 “ ^ i n  t h e  p r e s e n c e  o f  a  

l a r g e  e x c e s s  o f  one o f  i t s  s a l t s .  A n o t h e r  u n u s u a l  f e a t u r e  o f  

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

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

l i k e  t h e  t a n ,  and  t h e  e f f e c t  o f  t h e  a d d i t i o n  a g e n t  may h a v e  b e e n

t o  s t r e n g t h e n  t h e  a c i d i t y  o f  t h e  t a n  m i c e l l e s  by  some c h e m i c a l

i n t e r a c t i o n .
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E x t r a c t s  5 a n d  6 a r e  c l o s e l y  s i m i l a r  t o  e x t r a c t  3 ,  

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

e s p e c i a l l y  i n  6 ;  t h i s  s u g g e s t s  a  s m a l l e r  c o n t e n t  o f  b u f f e r  

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

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

t h e  t r e a t e d  s a m p l e s .  I n  a g r e e m e n t  w i t h  t h i s ,  t h e  B . L . R . A .  

r e p o r t e d  a s h  c o n t e n t s  o f  0 . 1 6 8  gm. p e r  100 c . c .  f o r  s a m p le  5 

and  0 .15Ô  f o r  s am p le  6 ,  v a l u e s  n o t  g r e a t l y  l a r g e r  t h a n  t h a t  o f
I

t h e  u n t r e a t e d  s a m p l e .  I

The B . L . R . A .  h a v e  s u b s e q u e n t l y  o b t a i n e d  t h e  f o l l o w i n g

r e s u l t s .

S a m p le  3 .

The p r e s e n c e  o f  c h e s t n u t  e x t r a c t  v/as d e t e c t e d .  The 

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

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

mim osa  an d  i s  o f  t h e  same o r d e r  a s  t h a t  o b t a i n e d  f ro m  c h e s t n u t  

e x t r a c t ;  t h e  e x t r a c t  a l s o  c o n t a i n s  m a n g a n e s e ,  w h ich  i s  p r e s e n t  ' 

i n  c h e s t n u t  e x t r a c t  an d  n o t  i n  m imosa  e x t r a c t .  The a c i d i t y  o f  

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

A c e t i c  a c i d  v/as a l s o  f o u n d  by  a  q u a l i t a t i v e  t e s t  o n  t h e  

d i s t i l l a t e  f ro m  t h e  a c i d i f i e d  s o l u t i o n .  T h i s  may be  d e r i v e d  1 

f r o m  t h e  c h e s t n u t  e x t r a c t  s i n c e  o t h e r  w o r k e r s  h a v e  f o u n d  a c e t i c  

a c i d  i n  c h e s t n u t  e x t r a c t ;  a  t e s t  made i n  t h e  p r e s e n t  e x p e r i 

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

e x t r a c t .
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Sample 4 .
C h e s t n u t  e x t r a c t  and  f o r m i c  a c i d  w ere  f o u n d  b u t  n o t  

a c e t i c  a c i d .

Sam ole  5 .

0 . 0 3 3  gm. p e r  100 c . c .  o f  l a c t i c  a c i d  was f o u n d .

Sample  6 .

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

e x t r a c t  g a v e  n e g a t i v e  r e s u l t s .

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

One o t h e r  r e s u l t  d e s e r v e s  m e n t i o n .  I n  on e  o f  t h e  

m e a s u r e m e n t s  a n  a t t e m p t  was made t o  s i m u l a t e  t h e  s h a p e  o f  t h e  

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

f o r m i c  a c i d  (20 c . c .  0 . 1 3  N a c i d  p e r  100 c . c .  s a m p l e )  t o  t h e  

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

s o d iu m  h y d r o x i d e ;  t h e  c u r v e  ( f i g .  XT) o b t a i n e d  was e n t i r e l y  

u n e x p e c t e d .  T h e r e  was no t r a c e  o f  an  a c i d  o f  t h e  s t r e n g t h  o f  

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

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

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

i s  m ore  l i k e l y  t h a t  t h e  t a n  i t s e l f  c o n s i s t s  p a r t l y  o f  s a l t  and  '

c a n  e x e r t  a  l i m i t e d  amount  o f  b u f f e r  a c t i o n ,  t h e  h y d r o g e n  i o n s  o f  

t h e  a d d e d  a c i d  b e i n g  rem oved  by  m e t a t h e s i s  o r  e x c h a n g e  a d s o r p t i o n .  

I f  t h i s  i s  t r u e ,  t h e  am o u n ts  o f  a c i d  r e p o r t e d  a b o v e  a s  h a v i n g  

b e e n  a d d e d  t o  s a m p l e s  1 - 6  w o u ld  h a v e  t o  be i n c r e a s e d  b y  a  

f u r t h e r  unlinown q u a n t i t y  w h ic h  h a s  u n d e r g o n e  r e a c t i o n  w i t h  t h e  i  

t a n .  _ 4 2 -
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I n  c o n c l u s i o n ,  th e n ,  th e  a c i d i t y  o f  samples 1 and 2

has been in c r e a s e d  by the  a d d i t i o n  o f  a s t r o n g  a c i d ,  which has
- 4d i s p l a c e d  a weak a c id  o f  K = 5 z  10 th a t  was a lr e a d y  p r e s e n t

i n  th e  tan  i n  th e  form o f  a s a l t .  With th e  o t h e r  sam ples ,  on

th e  o t h e r  hand, c o n s id e r a b ly  l a r g e r  a d d i t i o n s  o f  a weaker a c i d
—5 —6

(K probably  eq u a ls  10  -  1 0  ) have been made.
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Part III

Determination of Mobilities.

D e ter m in a t io n  o f  the  M o b i l i t y  o f  th e  P yr id in im n I o n .

P r e p a r a t io n  o f  p y r id in e  h y d r o c h l o r id e .

P y r id in e  was d r i e d  over  potassium, hydroxide  and 

d i s t i l l e d .  50 c . c .  was d i s s o l v e d  i n  200 c . c .  dry r e d i s t i l l e d  

e t h e r  and dry h y d r o c h lo r ic  a c id  p assed  i n  f o r  about one hour;

The p r e c i p i t a t e d  h y d r o c h lo r id e  was f i l t e r e d ,  washed w ith  e t h e r  

and d r ie d  i n  vacuo over  ca lc iu m  c h l o r i d e .

C h lor ine  found 3 0 .6 8 p ,  t h e o r e t i c a l  3 0 .7 0 ^ .

A 0 .0 2 2 0  II s o l u t i o n  o f  th e  h y d r o c h lo r id e  was prepared .  

Owing to  the  d e l i q u e s c e n t  nature  o f  the s a l t  the  w e ig h in g  

b o t t l e  and s a l t  were d r ied  i n  vacuo o v er  ca lc iu m  c h l o r i d e  b e fo re  

each weighing,both f o r  the  p r e p a r a t io n  o f  s o l u t i o n  and f o r  th e  

a n a l y s i s .

Hydrol y s i s  and v i s c o s i t y  e f f e c t s .

200 c . c .  o f  a 0 .0 0 2 7 5  N s o l u t i o n  was c o n d u c t i m e t r i c a l l y  

t i t r a t e d  w ith  0 .1 2 6  h sodium h y d r o x id e .  The r e s u l t i n g  curve  

i s  shown on f i g u r e  ]CLI. The h ig h  i n i t i a l  c o n d u c t i v i t y  and 

curved n e u t r a l i s a t i o n  l i n e  are due to  h y d r o l y s i s  o f  th e  hydro

c h l o r i d e .  The f o l l o w i n g  experiment was c a r r i e d  out  to  determine  

th e  amount o f  p y r id in e  i t  was n e c e s s a r y  to  add i n  order  to  

su pp ress  t h i s  h y d r o l y s i s .  A f r e s h  s o l u t i o n  o f  th e  hydro

c h l o r i d e  a t  the  same c o n c e n t r a t i o n  as  b e f o r e  was prepared and
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i t s  c o n d u c t i v i t y  measured a f t e r  c o n s e c u t i v e  a d d i t i o n s  o f  

p y r i d i n e .  The r e s u l t s  are shown i n  the  f o l l o w i n g  t a b l e .

p y r id in e i n  germhios.

0 . 0 0 3 5 6 .1
0 . 1 0 3 2 1 .7
0 . 2 0 3 2 1 .3
0 .3 0 3 2 0 .7
0 .4 0 3 2 0 .3
0 .6 0 3 1 9 .4
0 .7 0 3 1 8 .6
0 .8 0 317 .6
0 .9 0 3 1 6 .4
1 . 0 0 3 1 6 .6
2 . 0 0 3 13 .9
4 .0 0 3 0 8 .4
8 . 0 0 2 9 7 .5

The c o n d u c t i v i t y  c o n t i n u a l l y  d e c r e a s e s  and never  

r ea c h e s  a s t e a d y  v a l u e .  I t  i s  probable  t h a t  the  f i r s t  sm al l  

a d d i t i o n  o f  p y r i d i n e  s u p p r e s s e s  the  h y d r o l y s i s  and f u r t h e r  

conduct iv ity  changes are  due to  v i s c o s i t y  changes o f  th e  s o l u 

t i o n .  This  i s  conf irm ed by the  work o f  Dunstan, e t c . ^ ,  on 

V i s c o s i t y  and Chemical C o n s t i t u t i o n ,  and by the  f o l l o w i n g  

c a l c u l a t i o n .

S tr e n g th  o f  s o l u t i o n  = 0 .0 0 3  N approz.  

l y r i d i n e  added = 0 . 1  c . c .  t o  2 0 0  c . c .  o f  s o l u t i o n  

[py] = 0 .0 0 6 2 5  K.

[ p y H ' J  = [Cl'] = 0 .0 0 3  II

feyii'J fo iii  ̂ ,  ,0-9 (2)
[Py]
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• • z  2 . 3  X 10 approx.

= 5 X 1 0 “ ®
• r -, —6

• . [h J = 2 X  10

• ""6
. . Degree o f  h y d r o l y s i s  = -- = 0 . 6 7  x 10

3 X  10

or  0 .0 7 ^ .

I n c r e a s e  i n  A  f o r  1̂ 1 h y d r o l y s i s  = 0 .0 1  (350 -  50,  say)

= 3 r . o .  

f o r  0 .0 7 #  = 0 . 2  r . o .

—6 —6
True c o n d u c t i v i t y  = 3 2 1 .7  x 10 -  0 . 2  x 0 .0 00 0 03  = 3 2 1 .1  x 10

r . o .

I t  7/as t h e r e f o r e  c o n s id e r e d  s u f f i c i e n t  to  add 0 . 1  c . c .  

o f  p y r i d i n e  as the  error a r i s i n g  from h y d r o l y s i s  i s  much sm a l le r  

than the e s t im a t e d  f i n a l  e r r o r .  In  the t i t r a t i o n  o f  a s o l u t i o n  

o f  t w ic e  the  c o n c e n t r a t i o n  of  the above s o l u t i o n  0 . 2  c . c .  o f  

p y r id in e  was added.

D e ter m in a t io n  o f  m o b i l i t y .

S o l u t i o n s  o f  p y r id in e  h y d r o c h lo r id e  o f  c o n c e n t r a t i o n s  

0 .0 0 1 6 2 5  II, 0 .0 02 7 5  IT, and 0 .0 0 5 5 0  IT were t i t r a t e d  w i th  0 .1 2 6 1  N 

c a u s t i c  soda a f t e r  a d d i t i o n  o f  p y r id in e  t o  su pp ress  h y d r o l y s i s .

A r e p r e s e n t a t i v e  c u r v e , t h a t  r e f e r r i n g  to  t h e  0 .0 0 2 7 5  IT 

s o l u t i o n  i s  shown i n  f i g .  X I I I .

Owing to  some unknown f a c t o r  the  e n d - p o i n t s  o b ta in e d

from th e  graphs d i f f e r e d  from the t h e o r e t i c a l  e n d - p o i n t s  by
- 4 7 -
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amounts v a r y in g  from 3^ to  8^. In  e v ery  c a se  the  e x p e r im e n ta l  

f i g u r e  was to o  h i g h .  This  i s  r a th e r  d i s q u i e t i n g  but i s  o f f 

s e t  by th e  f a c t  th a t  the v a lu e  o b ta in ed  i n c i d e n t l y  f o r  the  

c o n d u c t i v i t y  o f  sodi'om c h l o r i d e  are  i n  good agreement w ith  the  

a c c e p te d  v a lu e  ( s e e  b e lo w ) .  The t h e o r e t i c a l  en d -p o in t  was 

used  i n  the  c a l c u l a t i o n s .

Two v a l u e s  f o r  th e  m o b i l i t y  o f  th e  pyr id in iu m  ion-w ere  

o b ta in e d  from each curve by malcing use  o f  th e  i n i t i a l  con d u ct 

i v i t y  o f  the  h y d r o c h lo r id e  and o f  the  s lo p e  of  th e  n e u t r a l i s -  

t i o n  l i n e .  The i n i t i a l  c o n d u c t i v i t y  was used  to o b t a in  the  

c o n d u c t i v i t y  a t  i n f i n i t e  d i l u t i o n  by means o f  the  Onsager  

e q u a t io n  i n  the  form:

^  + 5 9 .7 8  
°  '  1 -  0 . 2 2 7 1 /o'

S u b t r a c t i o n  o f  th e  known v a lu e  76 .3 2  f o r  th e  m o b i l i t y  o f

c h l o r i n e  gave the  r e q u ir e d  m o b i l i t y .

The c o n d u c t i v i t y  a t  i n f i n i t e  d i l u t i o n  o f  sodium 

c h l o r i d e  v/as o b ta in e d  i n  a s i m i l a r  way from th e  e n d -p o in t  

c o n d u c t i v i t y .

I n  each c a se  the  s p e c i f i c  c o n d u c t i v i t i e s  were c o r r e c t 

ed by th e  s u b t r a c t i o n  o f  a mean s o l v e n t  c o r r e c t i o n  o f  2 gemmhos; 

" B o i led  out" water  was used  f o r  a l l  t h e s e  t i t r a t i o n s .

The second v a lu e  f o r  the  m o b i l i t y  o f  the  py r id in ium  

i o n  was o b ta in e d  by s u b t r a c t i n g  the  i n i t i a l  and e n d - p o i n t  

v a l u e s  f o r  . This  gave the  d i f f e r e n c e  between th e
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m o b i l i t i e s  o f  pyr id in ium  and sodium; sodium was found to  g iv e  

the  l a r g e r  v a lu e  as the  t i t r a t i o n  l i n e  s lo p e d  upwards b e f o r e  

the  e n d - p o i n t ,  so the  d i f f e r e n c e  was s u b t r a c t e d  from the  

a c c e p t e d  v a lu e  5 0 .1 0  f o r  sodium g i v i n g  a second v a lu e  f o r  

p y r id in iu m .  This method has the advantage o f  e l i m i n a t i n g  the  

s o l v e n t  c o r r e c t i o n .

The r e s u l t s  are  shown below.

i .o r m a l i ty  C orrected  I n i t i a l  m o b i l i t y  End- End- n o b i l i t y
o f  s o l n . i n i t i a l s o f  p y r i 

dinium.
p o in t p o in t from

s l o p e .

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

0.CC275 1 1 7 .5 1 2 2 . 0 45 .7 1 2 2 . 2 1 2 6 .8 4 5 .3

0 .0 0 2 7 5 1 1 7 .0 1 2 1 .5 4 5 .2 1 2 1 .3 1 2 5 .9 4 5 .7

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

Hean v a lu e o f  m o b i l i t y o f  pyr id in ium  io n 4 5 . 5  + 1 .

Hean v a lu e  o f  c o n d u c t i v i t y  a t  i n f i n i t e  d i l u t i o n  of  

sodium c h l o r i d e  126 .7  c f .  1 2 6 .4  t a k in g  th e  sum of  the  

m o b i l i t i e s  o f  Na’ and C l ' .

An i n t e r e s t i n g  f e a t u r e  o f  t h i s  r e s u l t  i s  t h a t  the  

m o b i l i t y  o f  t h i s  p o s i t i v e  io n  i s  much g r e a t e r  than t h a t  o f  

n e g a t i v e  ( c a r b o x y l a t e ) i o n s  o f  s i m i l a r  m o le c u la r  w e i g h t .  The 

same has been found by R i g h e l l a t o  ( T h e s i s ,  l o c .  c i t . )  f o r  

a l i p h a t i c  compounds, and s u g g e s t s  an abnormally  h ig h  r e t a r d a t i o n  

o f  c a r b o x y la t e  i o n s  by s o l v a t i o n  e f f e c t s .
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L lo b l l i t y  o f  th e  .hmioniujn I o n .

An a ttem p t was made to  determ ine the  m o b i l i t y  o f  th e  

amiiionium io n  by t i t r a t i o n  o f  a s o l u t i o n  o f  amionium c h lo r id e  

w ith  stan d ard  p o ta ss iu m  hydroxide  s o l u t i o n .  P otass iu m  

hyd rox id e  was chosen  because  the m o b i l i t i e s  o f  ammonium and 

p o ta ss iu m  were known to  be n e a r ly  e q u a l .  The curve o b ta in ed

i s  o f  the form shown i n  f i g .  }CLV. There i s  f i r s t  a l i n e a r

p o r t io n  and then  a curved p o r t io n  due to  h y d r o ly s i s  around the  

e n d -p o in t ;  the  t i t r a t i o n  was n ev er  tak en  f a r  enough to  o b ta in  

th e  second l i n e a r  p o r t io n  a f t e r  th e  e n d -p o in t .  The r e a c t io n  

o v er  th e  f i r s t  l i n e a r  p art o f  th e  curve i s

1:11̂  + C l '+  OlV EE^OH + E* + C l'

Thus on a d d i t io n  o f  p o tass iu m  hydroxide  s o l u t i o n  the  change i n  

e q u iv a le n t  c o n d u c t iv i t y  i s  brought about o n ly  by th e  r e p la c e 

ment o f  ammonium io n  by p o tass iu m  io n .  T his makes i t  p o s s i b l e

to  c a l c u l a t e  the d i f f e r e n c e  in  m o b i l i t i e s  o f  the  two io n s  from  

the  s lo p e  o f  th e  i n i t i a l  l i n e  as  shown below .

The f i r s t  n e c e s s i t y  was to  c a l c u l a t e  the  minimum 

s t r e n g t h  o f  ammonium c h lo r id e  s o l u t i o n  a t  which th e  l i n e a r  

p a r t  o f  the  curve would be s u f f i c i e n t l y  lo n g  f o r  an a c cu ra te  

e s t im a t io n  o f  i t s  s l o p e .  S u p p re ss io n  o f  th e  h y d r o ly s i s  o f  a 

d i l u t e  s o l u t i o n  w ith  ammonium hyd rox id e  was f i r s t  examined  

t h e o r e t i c a l l y .

Consider a t i t r a t i o n  o f  5 c . c .  0 .1  E aimnonium c h lo r id e

s o l u t i o n  in  200 c . c .  w ater , i . e .  0 .0 0 2 5  E ammonium c h lo r id e
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s o l u t i o n .  T i t r a t e  w ith  0 .1  H p o ta ss iu m  hydroxide  s o l u t i o n  i n  

p r e sen ce  o f  0 . 1  N ammonium hydroxide s o l u t i o n  to  su p p ress  

h y d r o l y s i s .

B efo re  commencing t i t r a t i o n

loii'J = [ 1E 4 ] -  0 .0 0 2 5

[::H4 0 hJ = 0 . 1  -  [oil'] = 0 . 1 0 2 5  -

[1 3 4 ]  j l i m j  -  0 . 0 0 2 5 ]

0 .1 0 2 5  -  [îîhJ

[loh '] + 0 . 0 0 2 5 ] [oh j
0 .1  -  [OE'J

S o lv in g  t h i s  e q u a t io n  and ta k in g  th e  p o s i t i v e  ro o t

[oil'] = 0 .0 0 0 5 8 .

S in ce  2 x  th e  c o n t r ib u t io n  o f  th e
lâî^OH Î.H^Cl

aimionium hydroxide to  th e  t o t a l  c o n d u c t iv i t y  i s  ap p rx im ate ly

50a .

At e n d -p o in t

[in î onj = 0 .1 0 2 5  = [oE 'J

[11114•] [oh 'J L o i i ' f  _  ______ _5

[KH^OH] '  0 .1 0 2 5  -  [OH'J ^

As before Io h A = 0.00130.
- 5 1 -



Tîiis method i s  t h e r e f o r e  ou t o f  the  q u e s t io n .

I t  then  becarae n e c e s s a r y  to  c o n s id e r  th e  t i t r a t i o n  

o f  a more c o n c e n tr a te d  ammonium c h lo r id e  s o l u t i o n  w ith o u t  

the a d d i t io n  o f  ammonium h y d ro x id e . T i t r a t e  a 0 .0 2  IT 

ammonium c h lo r id e  s o l u t i o n  w ith  0 .1  IT p ota ss iu m  h y d ro x id e .

At 1 / lO t a  rep lacem ent

[ 3 1 4 ]  = [OH’J + 0 .0 1 8

[IE4 OI1]  = 0 .0 0 2  -  [OH'J

DE4 ] [okO  _ /[OK'J + 0 . 0 1 8 | [ 0 H ’J _ ___5
# 1 r —  1 .8  X  10
[ 3 4 0 1 ^ 0 . 0 0 2  -  [OK'J

[CH’J = 2 X 10"®.

I t  can  be c a lc u la t e d  as shown above th a t  the  

c o n d u c t iv i t y  o f  the  ammonium hydroxide  here  i s  about 0 . 0 2 ^ o f  

th e  t o t a l  c o n d u c t iv i t y .

ITow c o n s id e r  th e  t i t r a t i o n  o f  a 0 .0 1  IT s o l u t i o n .

At l / 5 t h  rep lacem ent

[ 1E 4'] = [OH'J + 0 .0 0 8

[131403]  = 0 . 0 0 2  -  [ohJ

[lOH'] P r O O s U o j iT ,  .  1 . 8  z  1 0 -5  
0 .0 0 2  -  fOHlJ

[0H»J 4 .5  X  1 0 “ ® .

Some id e a  o f  a s u i t a b l e  c o n c e n tr a t io n  o f  anmonium 

c h lo r id e  h av in g  been o b ta in ed  from th e s e  c a l c u l a t i o n s ,  

t i t r a t i o n s  were c a r r ie d  out a t  th r e e  d i f f e r e n t  c o n c e n t r a t io n s .
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The curve o b ta in ed  f o r  the lo w e s t  c o n c e n tr a t io n  i s  shown i n  

f i g .  XIV. Only two i r r e g u l a r i t i e s  are  t o  be e x p e c te d .  (1 )  Any 

carbon d io x id e  p r e se n t  i n  the  s o l u t i o n  w i l l  be co n verted  t o  

s a l t  a t  th e  b e g in n in g  o f  the t i t r a t i o n ;  t h i s  sh ou ld  j u s t  

d is p la c e  th e  i n i t i a l  p o in t  o f  th e  t i t r a t i o n  from the s t r a ig h t  

l i n e .  (2 )  The l a r g e s t  p o t e n t i a l  source  o f  e r r o r  i s  th e  

a d d i t io n  o f  n o n -r e a c t in g  e l e c t r o l y t e  im p u rity  w ith  th e  

p o ta ss iu m  h y d ro x id e .

Pun 1 .

C o n ce n tr a t io n  o f  ammonium c h lo r id e  0 .00 272  N 

T o ta l  Volume 1 9 9 .3  c . c .

From graph 1 c . c .  0 .0 6 4 5  ÎÎ p o ta ss iu m  hydroxide  r a i s e s  K by 

1 .6 0  gemmlios.

1000 A E= C A A

1 .6 0  X  10 “ 5  = X  0 .0 0 0 064 5  x  A

A  A  = 4 .9 5  u n i t s .

The p o tass iu m  hydroxide  s o l u t i o n  was 0 .0 0 1  N w ith  r e s p e c t  to  

ca rb o n a te .  A  E due to  t h i s  would be g iv e n  by

1000 IC= X  1 X  10“® X  (74  + 80)

1C= 0 .7 7  gemmhos.

. . C o r r e c t e d  A  E = 0*83

and c o r r e c te d  Z \ A  = 2 .6 4  u n i t s  ( 1 ) .
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The u n c e r ta in t y  i n  t h i s  e r r o r  i s  r a th e r  la r g e  and i t

a f f e c t s  a l l  th r e e  r e s u l t s  e q u a l ly .  The o th e r  two e x p e r im en ts ,

c o n c e n tr a t io n s  0 .0 1 4 1  N and 0 .005 60  N, gave s lo p e s  o f  1 .5 4  

and 1 .2 4  r e s p e c t i v e l y  which g iv e  = 2 .4 7  (2 ) and 1 ,5 5  (3 )

u n i t s .  ■ Of th e s e  (2) comes from a very  poor curve and (1)

cou ld  e q u a l ly  w e l l  be drawn to g iv e  a s lo p e  o f  1 ,4 0  corresp ond ing  

to  = 2 .0 1 .  A f o u r t h  t i t r a t i o n ,  c o n c e n tr a t io n  0 .0 0 5 6 0  n

gave a s lo p e  o f  1 ,7 1  u n i t s  and = 2 ,9 8 .

I t  was c o n s id e r e d  n e c e s s a r y  t o  r e p e a t  the  work u s in g  . 

barium h yd rox id e  in s t e a d  o f  p o tass iu m  h y d ro x id e . I t  was hoped  

t h a t  e r r o r s  due t o  th e  p r e sen ce  o f  carbonate  would be l e s s  

im portant i n  t h i s  c a s e .

■T i t r a t i o n s  w ith  Barium H ydrox id e .

Four t i t r a t i o n s  u s in g  barium hydroxide were c a r r ie d  

o u t .  One o f  th e  cu rv es  o b ta in ed  i s  shown i n  f i g .  XV.

Run 1.

C o n ce n tr a t io n  o f  ammonium c h lo r id e  0 .00 272  N

Volume o f  s o l u t i o n  1 9 9 ,3  c . c .

C o n ce n tr a t io n  o f  barium hyd rox id e  0 .0 3 9 1  N

For n u rn oses  o f  c o r r e c t io n  i s  taken  as 7 1 .5 0 ,  and

combining w ith  = 7 6 ,3 2  g i v e s  = 1 4 7 ,8 2  and the
4

Onsager s lo p e  i s  9 3 .4 1 .  ^ « B a C l  1 3 9 ,9 8  and th e  Onsager 

s lo p e  i s  176 ,
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The d isp la cem en t l i n e  sh ou ld  r e a l l y  be curved owing to  

th e  p r o g r e s s iv e  in c r e a s e  in  i n t e r - i o n i c  e f f e c t s ,  but fo r  th e  

f i r s t  4 c . c .  a d d i t io n  t h i s  i s  not apparent ( i . e .  i s  w i th in

e x p e r im e n ta l  e r r o r )  and i n  t h i s  r e g io n  th e  average s lo p e  i s

2 gemmhos per c . c .  added.

From th e s e  f i g u r e s  th e  m o b i l i t y  i s  c a l c u l a t e d  as
3

f o l lo w s  u s in g  th e  p r i n c ip l e  su g g e s te d  by D avies  and H ig h e l la t o  . 

A f t e r  adding 4 c . c .  th e  s o l u t i o n  i s

Ï ë 7 0 ü ~  ^ 0 .0 3 9 1  X = 0 .0 0 0 7 8 5  ^

w itn  r e s p e c t  to  barium c h lo r id e  and 0 .0 01 935  N w ith  r e s p e c t

to  ammonium c h l o r i d e .  I t s  i o n i c  s t r e n g th  i s  J (2  x  001935 +

3 X 0 .0 0 0 7 8 5 )  = 0 .0 0 3 1 1 3 ,  i o n ic  s t r e n g th  b e in g  d e f in e d  as h a l f  

th e  s'om o f  th e  e q u iv a le n t  c o n c e n tr a t io n  o f  each io n  p r e s e n t  

m u l t i p l i e d  by i t s  v a le n c y .  This io n ic  s t r e n g th  i s  e q u iv a le n t  

to  th a t  o f  a pure barium c h lo r id e  s o l u t i o n  o f  c o n c e n tr a t io n

0 .0020 76

The c o n d u c t iv i t y  o f  th e  o r i g i n a l  s o l u t i o n  sh ou ld
-3t h e r e f o r e  be 0 .0 0 2 7 2  x 10 ( + 7 6 .3 2  -  9 3 .4 1  x / o . 00272)

4

= 0 .00 272  X  1 0 “  ̂ + 71 .45)

and the  c o n d u c t iv i t y  a f t e r  add ing  4 c . c .  sh ou ld  be

0 .0 0 1 9 5 5  X 10“  ̂ ( + 7 6 .3 2  -  9 3 .4 1  x / 0 .0 0 3 1 1 3 )

+ 0 .0 0 0 7 8 5  X 10 (1 3 9 .9 8  -  176 x  / o . 002076)
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i . e .  + 7 1 .4 5 )  X 0 .00 272  -  (A. -  7 1 ,1 1 )  x  0 .0 0 1 9 3 5

-3
-  1 3 1 .96  X 0 .0 0 0 7 8 5  = 8 .0  x 10

ii0HC3 f̂ o-j-rTj» = 6 8 . 8  iUx^

Run 2

C o n ce n tr a t io n  o f  ammonium c h lo r id e  0 .005 60  IT

Volume o f  s o l u t i o n  1 9 9 .2  c . c .

For the  f i r s t  6 c . c ,  added th e  d isp la cem en t l i n e  was
- 6s t r a i g h t  and A  K was 1 5 .2  x 10 f o r  6 c . c .  A f te r  6 c . c .  

a d d i t io n  s o l u t i o n  i s

X 0 .0 3 9 1  X m oo .  0 .0 0 1 1 7 8  N w ith  r e s p e c t  t o

barium c h lo r id e  and 0 .0 0 4 4 2 2  IT w ith  r e s p e c t  to  aimionium c h lo r id e . '

I t s  i o n i c  s t r e n g th  i s  0 .006189  (which corresp ond s to  a barium |

c h lo r id e  s o l u t i o n  o f  c o n c e n tr a t io n  0 .004126  IT). !

The c o n d u c t iv i t y  o f  th e  o r i g i n a l  s o l u t i o n  should  be

5 .6 0  X lO"^ ( Ag.TTj- + 7 6 .3 2  -  9 3 .4 1  x 0 .0 7 3 5 )  !

=  5 .6 0  X  1 0 “ ® . +  6 9 . 4 6 ) .
4  !

A f t e r  adding 6 c . c .  c o n d u c t iv i t y  sh o u ld  be

4 .4 2 2  X 10"  ( A ,  221" + -  9 3 .4 1  x  0 .0 7 6 5 )
-6

+ 1 .1 7 8  X 10 (1 3 9 .9 8  -  176 x  0 .0 5 9 5 )

and p r o c e e d in g  as  b e fo re

The rem aining two runs were c a l c u l a t e d  s i m i l a r l y .

The whole o f  the r e s u l t s  o b ta in e d  f o r  th e  m o b i l i t y  o f  the
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amnonium ion are tabulated below.

C o n ce n tr a t io n  
o f  Ihl^Cl.

T i t r a t e d
w ith

M o b i l i ty D e v ia t io n  
from mean

0 .0 0 2 7 2 icon 7 0 .9 + 0 . 2

0 .0 1 4 1 KOH 7 1 .0 + 0 .3

0 .0 0 5 6 0 KOH 7 2 .0 + 1 .3

0 .0 056 0 KOH 7 0 .5 —0 # 2

0 .0 0 2 7 2 3a(0H )2 6 9 .8 —0 .9

0 .0 0 2 7 2 tt 6 8 .4 - 2 .3

0 .0 0 5 6 0 tf 7 1 .8 + 1 . 1

0 .0 0 5 6 0 tf 71 .0 + 0 . 3

He an 7 0 .7  Average d e v ia t io n  0 .8

The u n c e r ta in ty  i n  the  c a l c u l a t io n s  was so much 

g r e a t e r  than had been e x p e c te d  and th e  r e s u l t s  showed such  

poor agreement th a t  th e y  here abandoned c o m p le te ly .

S u b seq u en tly  Shadlovsky has r ep o r ted  the m o b i l i t y  o f  

ammonium to  be 7 3 .4 .

A qu ick  Ihethod fo r  the D e ter m in a t io n  o f  M o b i l i t i e s  o f  Acid
A n io n s .

I n t r o d u c t io n .

Vhien a s o l u t i o n  o f  a weak a c id  in  w ater i s  

c o n d u c t im e t r ic a l ly  t i t r a t e d  w ith  a standard ammonium hydroxide  

s o l u t i o n  a curve i s  ob ta in ed  o f  the  type shown i n  f i g u r e  AVI.

The m o b i l i t y  o f  the  a c id  a n io n  can be c a lc u l a t e d  from th e
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curve i n  th e  f o l lo w in g  manner. Tne f i n a l  s t r a i g h t  l i n e  

o b ta in e d  by the  a d d i t io n  o f  ammonium hyd rox id e  t o  th e  ammonium 

s a l t  o f  th e  a c id  i s  produced baclcward to  the  e n d -p o in t .  This  

e n d -p o in t  i s  c a lc u la t e d  from the  known c o n c e n tr a t io n  o f  the  

a c id ;  the  c o n d u ct im e tr ie  t i t r a t i o n  I t s e l f  forms a u s e f u l  check  

where th e  a c id  i s  not to o  weak. The e n d -p o in t  s p e c i f i c  

c o n d u c t iv i t y  th u s o b ta in ed  i s  t h a t  o f  th e  ammonium s a l t  o f  th e  

a c id  a t  a c o n c e n tr a t io n  e q u a l t o  the  i n i t i a l  c o n c e n tr a t io n  o f  

th e  a c id ;  as a l l  c o n d u c t iv i t y  v a lu e s  are c o r r e c te d  f o r  d i l u t i o n  

b e fo r e  p l o t t i n g .

The e q u iv a le n t  c o n d u c t iv i t y  o b ta in ed  from t h i s

s p e c i f i c  c o n d u c t iv i t y  by me eus o f  th e  form ula A  =IÎ .1000/C  i s

e x tr a p o la te d  to  i n f i n i t e  d i l u t i o n  by means o f  the Onsager

e q u a t io n  A*, = A  + o^-Ao/ZT -h A3 /cT used  in  the

fo im  _ -A ^ ^  /cT_____ wliere oL. = 0 .2 2 7 1 ,
t cL }fcZ

( I  = 5 9 .7 8 .

For c o n c e n tr a t io n s  o f  0 .0 0 4  II and over  the m o d if ie d

e q u a t io n  ^  ^    — :BC i s  u sed . This has

been shown by Shedlovsky^ to  h o ld  f o r  u n i - u n iv a le n t  s a l t s  where 

3 i s  a c o n sta n t  which i s  app rox im ate ly  eq u a l to  th e  Onsager 

s lo p e  or <sL The c o r r e c t io n  i s  a sm a ll  one and i t

was th e r e f o r e  s u f f i c i e n t l y  a c c u r a te  f o r  our purpose to  take B 

as b e in g  e q u a l to  the  Onsager s lo p e .  The m o d if ie d  e q u a t io n
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was used in tlie form

/V _  / \  + 5 9 .7 3  / c ( l  + 0 .2 2 7 1  C -  / c )  .
 ̂ (1 + 0 .2 2 7 1  c ) ( l  -  0 .2 2 7 1  »Tc)

S u b tr a c t io n  o f  th e  m o b i l i t y  o f  ammonium = 7 3 .4  from the  

e q u iv a le n t  c o n d u c t iv i t y  a t  i n f i n i t e  d i l u t i o n  o f  the s a l t  

g i v e s  a v a lu e  f o r  the  m o b i l i t y  o f  th e  a c id  a n io n .

I t  v;as hoped t h a t  i t  would be p o s s i b l e  to  o b ta in  

t h e s e  v a lu e s  w ith  an accu ra cy  o f  one i n  a thousand but owing 

to  d i f f i c u l t y  in  rep ro d u c in g  r e s u l t s  to  t h i s  degree o f  accu racy  

i t  was found im p o ss ib le  to  g e t  r e s u l t s  o f  a g r e a te r  accu racy  

than  ^  0 . 3 .  This would u s u a l l y  be s u f f i c i e n t l y  a c c u r a te  where 

th e  v a lu e  was req u ired  f o r  th e  c a l c u l a t io n  o f  the  degree  o f  

d i s s o c i a t i o n  o f  the  a c i d .  Tlie advantage o f  th e  method l i e s  in  

th e  f a c t  tn a t  a t i t r a t i o n  cein be com pleted i n  l-J- hours; a l s o  

th e r e  i s  no n e c e s s i t y  to  prepare a pure specim en of the  s a l t ,  

th e  pure a c id  being more e a s i l y  o b t a in a b le .

" B oiled  out" w ater  was used  f o r  th e  e a r l i e r  work. A 

mean s o lv e n t  c o r r e c t io n  o f  2 gemaiios was s u b tr a c te d .  The 

u n c e r ta in ty  a t ta c h e d  to  t h i s  s o lv e n t  c o r r e c t io n  was i n c o n s i s 

t e n t  w ith  a ccu ra te  r e s u l t s .  For the l a t e r  work c o n d u c t iv i t y  

w ater  was used; the c o n d u c t iv i t y  o f  t h i s  a f t e r  p i p e t t i n g  in t o

th e  c e l l  v a r ie d  from 0 .8  to  1 .0  gemiuhos. The c o n d u c t iv i t y
5

o f  "equ ilibr iu m " w ater a t  25 C i s  0 . 8  gemifios . I t  was 

t h e r e f o r e  concluded th a t  th e  w a ter  u sed  c o n s i s t e d  o f  a
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sa tu r a te d  s o l u t i o n  o f  carb on ic  a c id ,  w itli no o th e r  im p u r ity

p r e se n t  i n  a p p r e c ia b le  q u a n t i ty .  The c o n c e n tr a t io n  o f
-5

c a rb o n ic  a c id  i n  such a s o l u t i o n  i s  1 .4 0  x 10 m oles per  
5

l i t r e  . The e n d -p o in t  s p e c i f i c  c o n d u c t iv i t y  due to  t h i s  

c o n c e n tr a t io n  o f  ammonium b ica rb o n a te  i s  app rox im ate ly  

2 ceirmdios (1000 K = C / i ) .  T h is was su b tr a c te d  from t h e  end

p o in t  s p e c i f i c  c o n d u c t i v i t i e s .

The method was f i r s t  t r i e d  on a mumber o f  a c id s  v/hos e 

m o b i l i t i e s  were a c c u r a t e ly  known.

D i f f i c u l t l y  s o lu b le  a c i d s .

The f i r s t  a c id s  to  be attem pted  were b e n z o ic ,  o r th o -  

and m e ta -c h lo r b e n z o ic  a c i d s .  A lthough , w ith  th e  e x c e p t io n  o f  

m e ta -c h lo r b e n z o ic  a c id  a t  0 .0 0 5  IT, the  a c id s  were s o lu b le  i n  

w ater  a t  the  c o n c e n tr a t io n s  used  th e y  cou ld  not be d i s s o l v e d  

i n  c o ld  w a te r .  I t  was thou ght a t  f i r s t  t h a t  t h i s  d id  not  

m a tter  as th ey  would be s o lu b le  i n  ammonium hydroxide j u s t  

p a s t  the  e n d -p o in t  and would g iv e  th e  c o r r e c t  s t r a i g h t  l i n e .  

T h is would have made i t  p o s s i b l e  to  app ly  th e  method to  

i n s o lu b l e  a c id s .  I t  was foun d , how ever, th a t  even a f t e r  the  

e n d -p o in t  some o f  the  a c id  remained u n d is s o lv e d .

V arious d e v ic e s  were employed to  overcome t h i s  

d i f f i c u l t y .  The a c id  was l e f t  i n  th e  c e l l  o v e r n ig h t  to  

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

amount o f  a c id  s t i l l  remained u n d is s o lv e d .  Then th e  a c id
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and w ater  were warmed in  the  c e l l  by imm ersion in  warm w ater;  

t h i s  was f a i r l y  s u c c e s s f u l  but slow  and in c o n v e n ie n t .  F in a l l y  

th e  a c id  was d i s s o lv e d  by b o i l i n g  w ith  w ater  in  a b eaker ,  

t r a n s f e r r e d  to  the  c e l l ,  made up to  ap p rox im ate ly  2 0 0  c . c .  and 

weighed to  o b t a in  the  w e ig h t  o f  s o lu t io n ;  i t  was s u f f i c i e n t l y  

a c cu ra te  to  take  the  d e n s i t y  o f  th e  s o l u t i o n  as eq u a l t o  th a t  

o f  the  pure s o l v e n t .  The b o i l i n g  o f  th e  a c id  i n  a beaker was 

open to  o b j e c t i o n  but was u n a v o id a b le .  M e ta -ch lo rb en zo ic  a c id  

a t  0 .0 0 5  IT was t r i e d  i n  t h i s  way i n  th e  hope t h a t  i t  would 

c r y s t a l l i z e  i n  a more e a s i l y  s o lu b le  form; t h i s  was n o t  

r e a l i z e d  and t h i s  a c id  was abandoned.

B en zo ic  a c i d .

Four t i t r a t i o n s  u s in g  " b o i le d  out" w ater  were 

c a r r ie d  o u t .  In  runs 1 and 2 the  a c id  was d i s s o l v e d  by 

s ta n d in g  o v e rn ig h t  and by shaicing r e s p e c t i v e l y ;  i n  runs 3 and 

4 the  a c id  v/as d i s s o l v e d  by b o i l i n g .  In  a l l  c a s e s  the  a c id  

was weighed in  order  to  o b ta in  i t s  c o n c e n tr a t io n .  The curve  

f o r  run 1 i s  shown i n  f i g .  XVI.

t a b le  :

The c a lc u la t e d r e s u l t s  are g iv e n  i n  th e fo llo w in g

Run Gone. E n d -p t. M o b i l i t y

1 0 .0 0 5  IT 49 7 .7 1 0 5 .1 3 1 .7

2 0 .0 0 2 5  IT 2 5 3 .0 1 0 5 .4 3 2 .0

3 0 .0 0 5  IT 4 9 9 .0 1 0 5 .3 3 1 .9

4 0 .00250  IT 2 5 2 ,5  

- 6 1 -

1 0 5 .2
Mean

3 1 .8
3 1 .8 5



Oo

C
0
i
t
i

QH
Ci

%
Q

4.
0

j

i
e

\

sû §
4-

OQ
N
6

E % I
X  0 (



Tnese v a lu e s  are not in  v e ry  good sigreement w ith  th e
6

v a lu e s  o f  3 2 .2 4  and 3 2 .3 3  by Saxton  and Mayer and by
7

Brockman and K i lp a t r i c k  r e s p e c t i v e l y .

O rth o -c h lo r b e n z o ic  a c i d .

Two t i t r a t i o n s  o n ly  were a ttem p ted . I n  both  c a s e s  

a weighed amount o f  a c id  was d i s s o l v e d  by warming i n  the c e l l .  

" B o iled  out" water was u sed . Tlie curve f o r  run 1 i s  shown 

i n  f i g .  X^/II. The f i n a l  r e s u l t s  are g iv e n  below

Run ConC E n d -p t . M o b i l i ty

1 0 .0 0 5  IT 4 8 6 .5  1 0 2 .8  2 9 .4

2 0 .00175  IT 1 7 5 .5  1 0 3 .7  3 0 .3

Mean 2 9 .8 5

These a g a in  are i n  poor agreement w ith  th e  v a lu e  o f
8

3 0 .2 4  o b ta in e d  by S axton  and Meyer .

At t h i s  s ta g e  i t  was d ec id ed  th a t  the  method i s  o n ly  

s u i t a b l e  f o r  e a s i l y  s o lu b le  a c id s .

C o n d u c t iv i ty  w ater  was used  fo r  a l l  the f o l lo w in g

work.

A c e t i c  a c i d .

A nalar a c e t i c  a c id  was p u r i f i e d  by p a r t i a l  f r e e z i n g  

and s e p a r a t io n  o f  c r y s t a l s .  An app rox im ate ly  0 .0 5  IT s o l u t i o n  

was prepared  and s ta n d a r d ise d  by t i t r a t i o n  w ith  b a r y ta .  

S o lu t io n s  o f  th e  req u ired  c o n c e n tr a t io n  were made up i n  the  

c e l l  by p i p e t t i n g  i n  the r eq u ire d  amount o f  t h i s  s to c k  s o l u t i o n
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t o g e th e r  w ith  s u f f i c i e n t  w ater to  make up 200 c . c .  Four 

c o n d u c t in e t r ie  t i t r a t i o n s  w ith  amnonia were c a r r ie d  out a t  two 

d i f f e r e n t  c o n c e n t r a t io n s .  The curve f o r  th e  run 1 i s  shown 

i n  f i g .  XVIII.

The r e s u l t s  are g iv e n  below:

Bun Cone End-pt M o b i l i ty

1 0 .0 0 2 4 1 7  IT 2 6 6 .0 1 1 4 .3 4 0 .9

2 0 .0 0 6 0 8 4  IT 6 5 6 .0 1 1 4 .0 4 0 .6

3 0 .0 02 417  IT 2 6 7 .0 1 1 4 .8 4 1 .4

4 0 .0 0 6 0 8 4  i: 65 7 .0 1 1 4 .2 4 0 .8

Mean 4 0 .9

T his i s  in  good agreement w ith  the v a lu e  o f  4 0 .8 7
9

g iv e n  by Llaclnnes and Sh ed lovsky  , and 4 0 .6 1  g iv e n  by Saxton  
10

and Langer

H o n o c h lo r a c e t ic  a c i d .

Analar I lo n o c h lo r a c e t ic  a c id  gave no immediate  

p r e c i p i t a t e  w ith  s i l v e r  n i t r a t e  and was used  w ith o u t  f u r t h e r  

p u r i f i c a t i o n .  The d e te r m in a t io n s  were c a r r ie d  out i n  th e  same 

T/yy as  f o r  a c e t i c  a c id .  The curve f o r  run 1 i s  shown in  

f i g .  XIX.

The r e s u l t s  are  g iv e n  below:

Run Cone E nd-pt. / \  0 M o b i l i t y

1 0 .005995 IT 64 2 .0 11 3 .2 3 9 .8

2 0 .005995 IT 64 2 .0 1 1 3 .2 3 9 .8

3 0 .002382 IT 2 6 0 .0 1 1 3 .3 3 9 .9
Mean 39.8
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T his i s  in  good agreement w ith  th e  v a lu e  o f  3 9 .9 2
11

g iv e n  by Saxton  and Langer .

L a c t ic  a c i d .

A sample o f  l a c t i c  a c id  was p u r i f i e d  by Dr. Kenyon by
o

vacuum d i s t i l l a t i o n .  B .P . 119 -  120 a t  13 mm.

An ap p rox im ate ly  0 .0 5  II s o l u t i o n  was made up and 

s ta n d a r d ise d  by t i t r a t i n g  h o t  w ith  b a ryta ;  the h o t  t i t r a t i o n  

was n e c e s s a r y  because  o f  th e  p resen ce  o f  l a c t i d e  i n  e q u i l ib r iu m  

w ith  the  l a c t i c  a c id  in  s o l u t i o n .

The m o b i l i t y  was o b ta in ed  a s  b e fo r e  from th e  r e s u l t s  

o f  a conduc time t r i e  t i t r a t i o n  w ith  aicmonium h y d ro x id e . The 

p resen ce  o f  l a c t i d e  had no e f f e c t  on th e  r e s u l t s  as the  end-point  

c o n d u c t iv i t y  co u ld  be o b ta in e d  by e x t r a p o la t io n .  I n  any ca se  

the  l a c t i d e  d id  not a l t e r  th e  shape o f  th e  cu rves  owing to  the  

s lo w n ess  o f  the c o n d u ct im e tr ic  t i t r a t i o n .

The r e s u l t s  are shovm below:

Run Cone. End-pt .K ' / S c M o b i l i ty

1 0 .0 05 306 524 .0 1 0 4 .4 3 1 .0

2 0 .002 412 2 4 3 .0 1 0 4 .7 3 1 .3

Mean 31 .1 5

C o n c lu s io n s

For d i f f i c u l t l y s o lu b le  a c id s the  method i s  t e d io u s

and i t  w i l l  probab ly  be p r e fe r a b le  to  pr epare a s a l t  end

determ ine the m o b i l i t y  i n th e  u su a l  way. But the l a t e r
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r e s u l t s  r e p o r te d  show th a t  u s in g  proper p r e c a u t io n s ,  and w ater  

o f  good q u a l i t y ,  the  m o b i l i t y  o f  an a n io n  can be determ ined  

to  w i t h in  0 . 2  u n i t s  i n  a sm a ll  f r a c t i o n  o f  th e  tim e needed to  

p r ep a re , p u r i f y  and stu d y  th e  c o n d u c t iv i t y  o f  a s a l t  o f  the  

a c id .  Moreover, an e rr o r  o f  even 0 .2  u n i t s  compares 

fa v o u r a b ly  w ith  th e  r e s u l t s  o b ta in ed  by the  o ld e r  method, e x ce p t  

where v e ry  pure w ater  has been u sed , and g r e a t  p r e c a u t io n s  

have been talcen; i t  corresponds to  an e rr o r  o f  0 .0 5 ^  i n  the  

d e r iv e d  v a lu e  ibr o f  th e  parent a c id .
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