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She  O o l l o i d a l  S t a t e  o f  t h e  B lo o d  Serum and  i t s  E l e c t r i c a l  R e a c t io n s

The i n v e s t i g a t i o n  o f  t h e  b lo o d  serum  from  any p a r t i c u l a r  p o i n t  

o f  v iew  i s  a lw a y s  a  d i f f i c u l t  m a t t e r .  T h e re  i s  a p t  t o  be t h e  p e r s o n a l  

e q u a t i o n  an d  one i s  v e r y  e a s i l y  b i a s s e d  by t h e o r i e s  on s u c h  a  s u b j e c t  

At t h e  s t a r t  o f  t h i s  p a p e r  i t  i s  d e s i r e d  t o  make c l e a r  t h a t  one  w ould  

l a y  down a  d i s t i n c t  l i n e  b e tw een  t h e o r y  and  f a c t .  When one h a s  g iv e n  

t h e  r e s u l t  o f  i n v e s t i g a t i o n s , o n e  h o p es  t h a t , e v e n  th o u g h  f e w , t h e y  

may be a c o n t r i b u t i o n  t o  t h e  o b s e r v a t i o n s  a l r e a d y  m ade. I n  o r d e r  t o  

f u l f i l  t h e  p u r p o s e  o f  t h e  p a p e r  a s  a w h o le ,w h ic h  i s  t o  a t t e m p t  t o  

d i r e c t  i n t e r e s t  to w a rd s  t h e  c o l l o i d a l  s t a t e  o f  t h e  b lo o d  se ru m  i n  

r e l a t i o n  t o  ab n o rm al body c o n d i t i o n s , i t  h a s  b een  n e c e s s a r y  t o  go 

f a i r l y  t h o r o u g h l y  i n t o  o t h e r  t h e o r i e s  and  t e a c h i n g s  on t h e  s u b j e c t .

To do so h a s  o f  n e c e s s i t y  b r o u g h t  one t o  form  o n e ' s  own t h e o r i e s  a s  

w e l l , a n d  t o  c r i t i c i s e  t h e  v ie w s  o f  o t h e r s .  To t h e o r i s e  i s  a lw a y s  a  

d a n g e r , b u t  i t  so m e tim es  a s s i s t s  to w a rd s  t h e  f i n d i n g  o f  t h e  u l t i m a t e  

t r u e  c a u s e  o f  a  r e a c t i o n .  One c a n n o t  hope t h a t  o n e ' s  t h e o r i e s  w i l l  

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

w i th  su c h  a  new s u b j e c t  on w h ich  o p in io n  i s  a l t e r i n g  so  f r e q u e n t l y ,  

one q u i t e  a ck n o w led g es  t h a t  even  o n e s e l f  i n  t h e  c o u r s e  o f  f u r t h e r  

i n v e s t i g a t i o n s  w i l l  a l t e r  o n e ’ s  own t h e o r i e s  o r  a t  l e a s t  m o d ify  th em . 

To do t h a t  i s  t h e  o n ly  s c i e n t i f i c a l l y  h o n e s t  way t o  a t t a i n  r e a l  

s o l u t i o n s .  T h i s  p a p e r , t h e r e f o r e , p u t s  fo rw a rd  c e r t a i n  f a c t s  w hich  a r e  

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

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

t h e o r y  w h ich  w i l l  f i t  i n  w i th  t h e  f a c t s , a n d  by u s in g  w h ich  one may 

p ro c e e d  b o th  t o  p r a c t i c a l  m e d ic in e  and t o  f u r t h e r  d i s c o v e r y .

O r i g i n a l l y  i t  was i n t e n d e d  t o  i n v e s t i g a t e  m e re ly  t h e  b e h a v io u r  

o f  b lo o d  serum  u n d e r  e l e c t r i c a l  a c t i o n , b u t  i t  was r e a l i s e d  a f t e r  

w ork ing  f o r  a p e r i o d  a t  t h i s  t h a t  t o  p r e s e n t  even  a p a r t i a l l y  a d e q u a te  

v iew  o f  t h e  s e r u m , th e  i n v e s t i g a t i o n  m ust be c a r r i e d  f u r t h e r  and  t h e  

o t h e r  p r o p e r t i e s  s t u d i e d . b o t h  t h r o u g h  o n e ' s  own work and  t h a t  o f
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o t h e r s .  Even i n  t h i s  somewhat l e n g t h y , a s  i t  seem s t o  m e , d i s c u s s i o n , 

one  f e e l s  one h a s  m e re ly  p r e s e n t e d  a few t h o u g h t s  t h a t  open  o u t  a 

f i e l d  o f  g r e a t  i n t e r e s t  and  p o s s i b i l i t i e s .  I  f i r s t  became i n t e r e s t e d  

i n  t h e  m a t t e r  i n  t h e  e x a m in a t io n  o f  s y p h i l i t i c  se rum  from  p r im a r y  

s o r e s  and i n  r e a d i n g  a b o u t  c o l l o i d a l  d r u g s , a n d  have e n t e r e d  upon 

i n v e s t i g a t i o n s  in  an  e n d e a v o u r - to  s a t i s f y  m y s e l f  a s  t o  t h e  r e a l i t y  

o f  an y  f o u n d a t i o n  on w h ich  o t h e r s  b u i l d  t h e  c l a im  f o r  t h e  u s e  o f  t h e s e  

d r u g s  .

The more one h a s  i n v e s t i g a t e d  t h e  serum  b o th  a s  a c o l l o i d a l  

sy s te m  and i n  d i s e a s e  c o n d i t i o n s  t h e  more one i s  im p re s s e d  w i th  i t s  

v a r i a t i o n s  an d  t h e  g r e a t e r  i s  o n e ' s  e a g e r n e s s  t o  f i n d  t h e  c a u s e .

The a c t i o n  o f  d r u g s , a p a r t  f rom  l o c a l  a c t i o n , m u s t  be due t o  t h e i r  

c i r c u l a t i o n  i n  some form  o r  o t h e r , o r  t o  t h e  c i r c u l a t i o n  o f  p a r t  o r  

t h e  w hole  o f  t h e i r  d i s s o c i a t i o n  p r o d u c t s  i n  t h e  b lo o d .e g .S o d iu m  

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

a c t i o n  on t h e  h e a t  c e n t r e s  o f  Q u in in e .  Even t h a t  w e l l  acknow ledged  

f a c t  makes one s u s p e c t  t h a t  t h e r e  m ust be some a c t u a l  e f f e c t  i n  t h e  

b lo o d  w h ich  e n a b l e s  t h e  ch an g ed  s t a t e  o f  t h e  b lo o d  t o  a f f e c t  t h e  

d i s e a s e d  r e g i o n  and t h e  sy s te m  a s  a  w h o le .  T h a t  t h e r e  i s  t h i s  change  

w i t h  c e r t a i n  d r u g s  we know ,and  l a t e r  I  hope t o  p ro d u c e  e v id e n c e  i n  

s u p p o r t  w h ich  I  am a c c u m u la t in g  a t  p r e s e n t , b u t  to  do t h i s  h e r e  i s  

o u t s i d e  t h e  s c o p e  o f  t h i s  p a p e r ,w h ic h  i s  m ere ly , a s  i t  w e r e , t h e  

i n t r o d u c t i o n  t o  t h e  s u b je c t , . a n d  w h ich  may s t i m u l a t e  i n t e r e s t  i n  t h e  

q u e s t i o n .

I n  t h e  f i r s t  p l a c e , i t  i s  im p o s s ib l e  t o  s p l i t  t h e  b lo o d  i n t o  

d i f f e r e n t  c o n s t i t u e n t s .  The b lo o d  sy s te m  m ust be t r e a t e d  u l t i m a t e l y  

a-s a  w h o le ,a n d ,  a s  M atthew s e m p h a s is e s ,  n o t  o n ly  d o es  t h i s  i n c l u d e  t h e  

b lo o d  c o r p u s c l e s , p l a s m a , l e u c o c y t e s  and  p l a t e l e t s , b u t  a l s o  t h e  

e n d o t h e l i a l  l i n i n g , a n d  i n  my o p in io n  th e  o rg a n s  o f  t h e  body g e n e r a l l y .  

The e f f e c t , f o r  exam ple  o f  t h e  n e rv o u s  sy s te m  i n  p r o f o u n d ly  a l t e r i n g  

t h e  g e n e r a l  body sy s te m  i n c l u d i n g  t h e  b lo o d  i s  known. The e f f e c t  a g a in



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

c o n d i t i o n  o f  t h e  s k in  a n d  c a u s in g  t h e  e f f u s i o n  o f  serum  i s  known.

Y e t , s o  g r e a t  i s  t h e  s c o p e  o f  t h e s e  r e a c t i o n s  t h a t  o n ly  a s m a l l  

s e c t i o n  ca n  be i n v e s t i g a t e d  a t  t h e  one t i m e ,a n d  i t  i s  u n d o u b te d ly  i n  

t h e  g r e a t  s y s te m s  t h a t  we m ust l o o k  f o r  t h e  c a u s e s  and  e f f e c t s  w h ich  

r e s u l t  i n  w hat we c a l l  symptoms a s  a w h o l e , e s p e c i a l l y  i n  w hat a r e  

d e f i n e d  a s  s y s t e m ic  d i s e a s e s  e . g . s y p h i l i s .  T h e r e f o r e , t h i s  p a p e r  i s  

no a t t e m p t  t o  l a y  t o  t h e  a c c o u n t  o f  t h e  s e r u m ,a s  some w r i t e r s  do e . g .  

McDonagh*,the r e s p o n s i b i l i t y  f o r  a l l  c o n d i t i o n s  w h a t s o e v e r  p r e s e n t  a s  

s y m p to m s , f o l lo w in g  o f  c o u r s e  on c a u s a l  o rg a n is m s  i n  many c a s e s .

R a th e r  i t  i s  w r i t t e n  t o  s u g g e s t  t h a t  t h e  serum  i s  a g r e a t  f a c t o r  i n  

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

a l t e r a t i o n  i s  l i k e l y  i n  m o st c o n d i t i o n s  an d  t h a t  i t  may be a  v a l u a b l e  

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

ad v an ce  i n  serum  t r e a t m e n t  o f  a l l  d e s c r i p t i o n s , a n d  su c h  phenomena a s
11

A n a p h y l a x i s , i n d i c a t e  t h e  e x tre m e  im p o r ta n c e  o f  t h e  b l o o d .  F u r t h e r ,  

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

t e s t i n g  o f  t h e  b lo o d s  o f  t h e  i n d i v i d u a l s  c o n c e rn e d  have  o c c a s i o n a l l y  

showed t h a t  t h e  b lo o d  i n  d i f f e r e n t  i n d i v i d u a l s  may v a r y  so  g r e a t l y  

a s  t o  c a u s e  a  m arked  r e a c t i o n .  O n e , t h e r e f o r e , d e a l s  w i th  o n ly  a  p a r t  

o f  t h i s  e x t r e m e ly  im p o r t a n t  sy s te m  w i th  r e l u c t a n c e , y e t  t h e r e  i s  

s u f f i c i e n t  d a t a  t o  show t h a t  even  t h e  serum  i t s e l f  i s  o f  g r e a t  moment 

t o  t h e  body a s  a w ho le  and  t h e  c i r c u l a t i n g  sy s te m  a s  a p a r t .

A n a lo g ie s  a r e  a lw a y s  d a n g e r o u s ,b u t  t h e  c o n s i d e r a t i o n  o f  a l t e r a t i o n s  

i n  t h e  serum  and  t h e  c a u s e  may g iv e  one g ro u n d s  f o r  c o n s i d e r i n g  

w h e th e r  o t h e r  body r e a c t i o n s  a r e  n o t  d e p e n d e n t  on a  s i m i l a r  c a u s e  o r  

e v en  on t h e  ch an g e  i n  t h e  c i r c u l a t i n g  sy s te m  i t s e l f .

Two g r e a t  a d v a n c e s  i n  s c i e n c e  have sh ed  g r e a t  l i g h t  on body 

r e a c t i o n s .  The one i s  t h e  d i s c o v e r y  and  s tu d y  o f  t h e  c o l l o i d a l  s t a t e  

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

The o t h e r  i s  t h e  d e v e l ^ o m o n t  o f  t h e  E l e c t r o n  T h e o ry .
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B oth  r e q u i r e  t o  be c o n s i d e r e d  f o r  t h e  p u r p o s e s  o f  t h i s  p a p e r .

I t  seem s t o  me t h a t  o f t e n  by t h e  c o n s i d e r a t i o n  o f  t h e  i n v e s t i g a t i o n s  

c a r r i e d  b u t  i n  o t h e r  s p h e r e s  o f  s c i e n c e  t h a n  m e d ic in e ,o n e  may o f t e n  

f i n d  much i n f o r m a t i o n  w h ich  may be l o g i c a l l y  and  p r o f i t a b l y  a p p l i e d  

t o  m e d i c i n e .  I n  t h i s  i n v e s t i g a t i o n ,t h e r e f o r e , I  have  t u r n e d  f o r  my 

o r i g i n a l  i n f o r m a t i o n  t o  men who a r e  n o t  p h y s i o l o g i s t s , b u t  who a r e  

p h y s i c o - c h e m i s t s .  A c e r t a i n  am ount o f  i n f o r m a t i o n  c an  be fo u n d  i n  

p h y s i o l o g i c a l  w o r k s ,b u t  f a r  more can  be g o t  from  t h e s e  o t h e r  w o rk s .

The o n ly  p o i n t  a t  i s s u e  i s  a s  t o  how f a r  p h y s i c o - c h e m i c a l  

i n v e s t i g a t i o n s  can  be a p p l i e d  t o  l i v i n g  t i s s u e s .  I n  r e l a t i o n  t o  

t h e  c o l l o i d  s t a t e  t h i s  i s  p o s s i b l e , f o r  i t  i s  a  s t a t e  common b o th  

t o  serum  and  t o  many o t h e r  fo rm s  o f  s o l u t i o n .  I t  i s  a s t a t e  common 

t o  P r o t o p l a s m ,a s  Mathews p o i n t s  o u t , a n d  t o  many o t h e r  s e m i - s o l i d s  

o u t s i d e  t h e  b o d y .  W hile  i n o r g a n i c  b o d i e s  may show t h i s  s t a t e  when 

I n  s o l u t i o n , t h e y  a r e  f a r t h e r  rem oved in  c o n d u c t  from  l i v i n g  t i s s u e s .

As one a s c e n d s  i n  t h e  s c a l e  one r e a c h e s  a s e r i e s  o f  o r g a n i c  

compounds o f  a  com plex  n a t u r e  and  f i n d s  how c l o s e l y  t h e y  c o r r e s p o n d  

t n  t h e  s t a t e  t h e y  a r e  i n  t o  t h e s e  body t i s s u e s , a n d  one ca n  th e n  

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

As I  w i l l  s h o w ,th e  f i n d i n g s  o f  O s tw a ld  and o t h e r s  from  

i n v e s t i g a t i o n s  on com plex  d y e s  and o t h e r  b o d i e s , c a n  be r e p e a t e d  i n  

b lo o d  s e ru m ,a n d  t h u s  a  g r e a t  s o u rc e  o f  i n f o r m a t i o n  i s  opened  t o  u s .

The E l e c t r o n  T h eo ry  i s  a lm o s t  u n i v e r s a l l y  a c c e p te d  i n  i t s  

m ain  p o i n t s .  I t  i s  coming l a r g e l y  i n t o  a c c e p ta n c e  a s  a p r a c t i c a l  

e x p l a n a t i o n  o f  many o b s c u re  f a c t s .  I n  some p a r t s  o f  i t , i t  r e a l l y  

c e a s e s  t o  be a  t h e o r y , a n d  p r o v e s  f a c t s .  I t  i s  an  a c c u m u la t io n  o f  

e x p e r i e n c e s  an d  t h e  summed up i n t e r p r e t a t i o n  o f  t h e s e  o v e r  a l o n g  

p e r i o d  o f  t i m e .  Phenomena l i k e  XRays and t h e  m o d i f i c a t i o n  o f  t h e  

s p e c t ru m  o f  t h e  l i g h t  from  a  Sodium f la m e  by an e l e c t r o - m a g n e t  

w ere  o n ly  e x p l i c a b l e  on t h e  b a s i s  o f  su c h  a  t h e o r y .  Radium and  

o t h e r  su c h  s u b s t a n c e s  f u r t h e r  ad v an ced  i t s  c l a i m s .  We i n  t h i s

J



p a p e r  assum e i t  and  m e re ly  g iv e  t h e  b a r e  o u t l i n e  o f  t h e  f a c t s  fo u n d  

th r o u g h  i t  i n  a s  f a r  a s  t h e y  c o n c e r n  u s .

The e l e c t r o n  i s  a p a r t i c l e  o f  n e g a t i v e  e l e c t r i c i t y .  T h e re  i s  

no p r o o f  a t  p r e s e n t  o f  a p a r t i c l e  o f  p o s i t i v e  e l e c t r i c i t y .  E very  

atom c o n s i s t s  o f  a c e n t r e  o f " p o s i t i v e " e l e c t r i c i t y  w i t h  a c e r t a i n  

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

t re m e n d o u s  s p e e d .  I n  a d d i t i o n , t h e s e  a to m s may have a t t a c h e d  t o  

them  one  o r  two a d d i t i o n a l  e l e c t r o n s  o r  t h e y  may l o o s e  one o r  two

on o c c a s i o n .  The number o f  e l e c t r o n s  d e p e n d s  on t h e  v a l e n c y  o f  t h e

e le m e n t  i n  q u e s t i o n .  When t h e r e  i s  a b a l a n c e  b e tw een  t h e  n e g a t i v e  

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

e l e c t r i c i t y , t h e  atom  i s  n e u t r a l .  When t h e  e l e c t r o n s  a r e  m o r e , t h e  

atom i s  n e g a t i v e l y  c h a r g e d ,a n d  when l e s s  t h e  atom i s  p o s i t i v e l y  

c h a r g e d .  I n  o t h e r . w o r d s , p o s i t i v e  and  n e g a t i v e  m e re ly  i n d i c a t e s  t h e  

rem oval from  o r  a d d i t i o n  t o  t h e  atom o f  o n e , tw o  o r  more e l e c t r o n s  

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

t h e  atom  i s  n e u t r a l , b u t  when s u b j e c t e d  t o  e l e c t r i c a l  f o r c e  e v e ry  

atom h a s  a n  a d d i t i o n a l  one o r  more e l e c t r o n s  a t t a c h e d  t o  i t , o r  l o s e s

one o r  m ore e l e c t r o n s  from  i t  .

T a k in g  t h e  atom  o f  H , th e r e f o r e ,w h e n  p o s i t i v e  i t  i s  an atom  

l a c k i n g  one e l e c t r o n  w h i l e  t h e  OH atom h a s  a t t a c h e d  t o  i t  an  

e l e c t r o n  a n d  i s  t h e r e f o r e  n e g a t i v e .  An i o n  t h e r e f o r e  becomes a 

p a r t i c l e  c a r r y i n g  an  e l e c t r i c  c h a rg e  p o s i t i v e  o r  n e g a t i v e .

I f  p o s i t i v e  i t  i s  a p o s i t i v e  atom  i . e . a n  atom  d e p r iv e d  o f  one o r  

more e l e c t r o n s .  I f  n e g a t i v e  i t  may be an e l e c t r o n  o r  an  atom  w i th  

one o r  two a d d i t i o n a l  e l e c t r o n s , a n d  w h e t h e r . p o s i t i v e  o r  n e g a t i v e  may 

be a s s o c i a t e d  w i th  more o r  l e s s  n e u t r a l  m a t t e r . ( F o u r n i e r )  B ro a d ly  

s p e a k i n g , i o n s  a r e  u s u a l l y  t h e r e f o r e  c h a rg e d  a to m s .  An e l e c t r i c  

C u r r e n t  becom es a  t r a n s f e r e n c e  o f  e l e c t r o n s  and  t h e r e f o r e  t h e  r e a l  

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

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

j



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

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

T hese  two m ovem ents,how ever^  come i n t o  r e c k o n in g  in  a f l u i d  and 

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

sum o f  t h e s e  m ovem ents g i v e s  t h e  t o t a l  c u r r e n t , u s i n g  t h e  te rm  

w i d e l y , i n  a f l u i d .

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

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

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

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

t h e  b lo o d  serum  e x i s t s .  No a t t e m p t  h a s  been  made t o  g iv e  a  r e su m t  o f  

t e x t  b o o k s .  T h a t  i s  n o t  n e c e s s a r y  f o r  t h i s  i n v e s t i g a t i o n , b u t  i t  h a s  

b e e n  n e c e s s a r y  t o  p i c k  o u t  t h o s e  t e a c h i n g s  and  v ie w s  w h ich  w i l l  

e n a b l e  one t o  p r e s e n t  t h i s  p a p e r  a s  a l o g i c a l  w h o le ,a n d  t o  make c l e a r  

t h e  p u rp o s e  and  aim  o f  t h e  i n v e s t i g a t i o n s .  T h e s e , i f  one w i l l  be 

p a rd o n e d  a  p e r s o n a l  n o t e ,h a d  t o  be done a n d  t h i s  p a p e r  w r i t t e n  u n d e r  

t h e  d i f f i c u l t i e s  o f  l i f e  on a c r u i s e r , a n d  i n  o f f  d u ty  t i m e .  They w ere  

c o m p l i c a t e d  by t h e  n e e d  t o  i n v e n t  o n e ' s  own a p p a r a t u s  and by 

d é p en d an ce  on good w e a th e r  and o t h e r  c i r c u m s t a n c e s  t o  p r e v e n t  f a i l u r e  

from  v i b r a t i o n  e t c .  The f i n a l  t e s t s  came a f t e r  much e x p e r im e n t  and 

t h o s e  g iv e n  f o l lo w e d  on many a d a p t a t i o n s  and  c o n t in u e d  t r i a l s  o f  

a p p a r a t u s .  The i n v e s t i g a t i o n  t h e r e f o r e  was n o t  so f a r - r e a c h i n g  a s  i t  

m ig h t  have b een  a s h o re ^ w h e re  a d d i t i o n a l  e x p e r im e n t s  an d  t e s t i n g  o f  

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

m ig h t  have  b een  p o s s i b l e .

Vie t u r n  now t o  a  c o n s i d e r a t i o n  o f  t h e  c o l l o i d a l  s t a t e  i n  w hich  

m a t t e r  o f  m ost d e s c r i p t i o n s  may be f o u n d .

The C o l l o i d  s t a t e  may be s a i d  t o  be u n i v e r s a l .  The p r o to p la s m  

i n  t h e  c e l l  i s  fo u n d  t o  be i n  t h i s  c o n d i t i o n , a n d  i n  t h a t  s p e c i a l  

v a r i e t y  o f  i t  known a s  G e l a t i o n , a  s e m i - s o l i d  s u b s t r a tu m  h o ld in g  in  

i t s  i n t e r s t i c e s  t h e  s u b s t a n c e s  w h ich  a r e  i n  t r u e  s o l u t i o n , s u c h  a s



T

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

The s u b s t r a tu m  i s  com posed o f  P r o t e i n s , C a r b o h y d r a t e s  and L i p i n s  

l i n k e d  i n  some m anner w i t h  o t h e r  s u b s t a n c e s , s u c h  a s  s a l t s , w h i c h  

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

The p r o p e r t i e s , t o  be d i s c u s s e d , o f  t h e  C o l l o i d a l  s t a t e  show 

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

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

a n e s t h e t i c s , d r u g s , e n z y m e s  e t c .

The two g r e a t  d i v i s i o n s  o f  s o l u t i o n s , d e s c r i b e d  by s o m e ,a r e  

c r y s t a l l o i d s  an d  c o l l o i d s , t h e  c o l l o i d s  b e in g  t h a t  v a r i e t y  w h ich
k

a r e  u s u a l l y  am orphous n o n - c r y s t a l l i n e  v i s c o u s  

s o l u t i o n s  w h ich ,w h en  c o n c e n t r a t e d , s e t  o r  g e l  and  w h ich  do n o t  

d i a l y s e  t h r o u g h  c e r t a i n  m em branes. A l th o u g h  t h i s  was t h e  o r i g i n a l  

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

s u b s t a n c e s  fo u n d  u s u a l l y  i n  c o l l o i d a l  s t a t e  may c r y s t a l l i s e  e . g .  

h aem o g lo b in  p h y c o e r y t h r i n , e d e s t i n , s e r u m  a l b u m i n , i n  w hich  c a s e  t h e  

c r y s t a l s  a r e  s m a l l  and  m ic ro s c o p ic ( M a th e w s ) . I t  t h u s  becomes c l e a r  

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

s o l u t i o n .  I n  o t h e r  w ords  t h e  c h e m ic a l  c o n s t i t u t i o n  h as  n o t h i n g  t o  

do w i th  t h e  c o n d i t i o n .  The o n ly  r e l a t i o n  b e tw een  t h e  c h e m ic a l  f o rm u la  

o f  t h e  s u b s t a n c e  when i n  a c o l l o i d a l  s t a t e  and t h a t  s t a t e  i s  t h a t  

t h e  more com plex  t h e  c h e m ic a l  c o n s t i t u t i o n  t h e  more l i k e l y  i s  t h e  

s u b s t a n c e  t o  b e , u s u a l l y , i n  a  c o l l o i d a l  s t a t e /

The fu n d a m e n ta l  f a c t  a b o u t  t h e  c o l l o i d a l  s t a t e  i s  ^ t h e r e f o r e ,  

n o t  t h e  c h e m ic a l  c o n s t i t u t i o n  b u t  t h e  p h y s i c a l  c o n d i t i o n . 'T h e  p e c u l ia r  

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

l a r g e r  s i z e  o f  t h e  p a r t i c l e s  w hich  a r e  d i s p e r s e d .  Owing t o  t h i s  

l a r g e  s i z e  s u r f a c e  t e n s i o n  phenomena b e tw een  s o l u t e  and  s o l v e n t  

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

vfhich a r e  l a c k i n g  in  o r d in a r y  s o l u t i o n s  g iv e  t o  t h e  c o l l o i d a l  

s o l u t i o n s  p r o p e r t i e s  w hich  o r d i n a r y  s o l u t i o n s  l a c k  (M ath ew s) .



3.

These  p a r t i c u l a r  phenom ena r e f e r r e d  t o  w i l l  be t h e r e f o r e  c o n s id e r e d  

i n  some d e t a i l  f o r  t h i s  r e a s o n * — The f i r s t  p o i n t  w h ich  i t  i s  d e s i r e d  

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

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

a n d  w h i l e  a l o n e  th e y  w ould be u s e l e s s  and t h e  t r u e  s o l u t i o n  i s  

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

a t  t h e  r o o t  o f  many o f  t h e  r e a c t i o n s  o f  t h e  b lo o d  serum  a s  a w hole* 

C o l l o i d s  a r e  u s u a l l y  p h y s i c a l l y  h e te r o g e n e o u s  l i q u i d s , i . e .  

t h e y  do n o t  c o n f o r m ,a s  p u r e  s o l u t i o n s  d o , t o  t h e  f o l l o w i n g  t e s t s : -

( 1 )  S u s c e p t i b i l i t y  t o  h y l o t r o p i c  c h a n g e .

( 2 )  The h y l o t r o p i c  t r a n s f o r m a t i o n  t a k i n g  p l a c e  w i t h i n  n a rro w  l i m i t s  

o f  T e m p e ra tu re  and P r e s s u r e , a n d  t h e r e  b e in g  o n ly  one b o i l i n g  and  

one c o a g u l a t i o n  t e m p e r a t u r e .

Such h e t e r o g e n e o u s  l i q u i d s  can  by c h a n g e s  i n  T e m p e ra tu re  and  

P r e s s u r e  be s e p a r a t e d  i n t o  a t  l e a s t  two c h e m i c a l l y  d i f f e r e n t  compone%^ 

The b lo o d  serum  i s  a t  once s e e n  t o  c o r r e s p o n d ,  i n  t h e s e  r e s p e c t s  

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

f u r t h e r  t o  c o n s i d e r  t h e  g e n e r a l  p r o p e r t i e s  o f  su ch  c o l l o i d a l  l i q u i d s ,  

and i t  w i l l  be fo u n d ,  a s  i s  nov/ n o t e d  i n  a l l  p h y s i o l o g i c a l  w o rk s ,  t h a t  

b lo o d  serum  i s  i n  a l l  r e s p e c t s  a c o l l o i d a l  l i q u i d , p o s s e s s i n g  t h e s e  

g e n e r a l  p r o p e r t i e s .

The o p t i c a l  p r o p e r t i e s  o f  c o l l o i d s  a r e  w e l l  known. They can 

be summed up a s  p o s s e s s i n g  T u r b i d i t y , a  T ynda l cone on t r a n s - i l l u m i n -

- a t i o n , a n d  a " p a r t i c u l a r '  a p p e a ra n c e  u n d e r  t h e  U l t r a m i c r o s c o p e , t h e
1,1.

p a r t i c l e s  show ing  v i b r a t o r y  movem ent. These p r o p e r t i e s  can  be e a s i l y  

v e r i f i e d  p e r s o n a l l y .

They p o s s e s s  a l s o  m e c h a n ic a l  p r o p e r t i e s  i n  t h a t  th e y  do n o t  

d i f f u s e  r a p i d l y  o r  t o  any  g r e a t  d e g r e e ,n o r  do th e y  d i a l y s e  th ro u g h  

p a rch m en t m em branes. One m ust q u a l i f y  t h i s  by s t a t i n g  t h a t  t h e y ,  have 

been  n o t i c e d  t o  d i a l y s e  f o r  a  s h o r t  p e r i o d  when in  c o n j u n c t i o n  w i th



t h e  m o l e c u l a r l y  d i s s o l v e d  p h a s e ,a n d  f u r t h e r  t h a t  t h e  membrane m ust 

be  s u i t e d  t o  t h e  s i z e  o f  t h e  p a r t i c l e s .  I f  t h e  p a r t i c l e s  a r e  f i n e l y  

d i v i d e d  t h e n  a l e s s  p o r o u s  membrane i s  r e q u i r e d ( O s t w a l d ) .

Some s u b s t a n c e s  s h o w ,a s  i s  t o  be e x p e c t e d , i n t e r m e d i a t e  f o rm s ,  

e . g .  Congo r e d  h a s  a f a i n t  T ynda l c o n e ,a n d  d i a l y s e s  v e r y  s l i g h t l y  

t h r o u g h  p a r c h m e n t ( O s t w a l d ) .

C o l l o i d  s o l u t i o n s  f a l l  i n t o  two main d i v i s i o n s  a n d  i n  t h i s  

p a p e r  t h e  t e r m in o lo g y  o f  O s tw a ld  i s  u s e d  i n  t h e  d i s c u s s i o n  o f  t h e s e  

d i v i s i o n s  an d  t h e i r  d i f f e r e n t i a l  p r o p e r t i e s .  The two t y p e s  a r e  

S u s p e n s o id s  an d  E m u l s o i d s ,o t h e r w i s e  known a s  l y o p h o b i c ( o r  h y d ro p h o b ic )  

and  l y o p h i l i c ( o r  h y d r o p h i l i c )  s o l u t i o n s .  The p a r t i c u l a r  o r  s o - c a l l e d  

s o l i d  p h a s e  o f  t h e  b lo o d  serum  w i l l  be r e f e r r e d  t o  a s  t h e  D i s p e r s e  

P h a s e ,w h i l e  t h e  medium i n  w h ich  t h e  D is p e r s e  P h a se  e x i s t s  w i l l  be 

c a l l e d  t h e  D i s p e r s i o n  M eans.

One ca n  now g iv e  a s im p le  d i f f e r e n t a t i o n  b e tw een  t h e  two t y p e s  

o f  c o l l o i d s .

S p e c i a l  C o l l o i d  A n a l y s i s . ( O s tw a ld ) .

Su sp enso  i  d s  * E m u ls o id s .
( a )  V i s c o s i t y  n o t  p e r c e p t i b l y  (A) V i s c o s i t y  s u b s t a n t i a l l y  

g r e a t e r  t h a n  t h a t  o f  d i s p e r s i o n  g r e a t e r  t h a n  t h a t  o f  d i s p e r s i o n

m ean s . m e a n s ,e v e n  i n  low c o n c e n t r a t i o n s .

( b )  E a s i l y  c o a g u l a b l e  by V i s c o s i t y  i n c r e a s e s  w i th  lo w e r in g

e l e c t r o l y t e s  e s p e c i a l l y  by o f  t e m p e r a t u r e .

s a l t s  w i th  p o l y v a l e n t  i o n s .  (B ) D i f f i c u l t l y  c o a g u la b le  by

s a l t s , w h i c h  a t  t i m e s  n eed  t o  be 

added  t o  s a t u r a t i o n  p o i n t  t o  

a c c o m p l is h  f l o c c u l a t i o n .

A ro u g h  exam ple  o f  ( a )  may be Seen i n  t e s t i n g  t h e  v i s c o s i t y  o f  

C o l l o s o l  s i l v e r  in  r e l a t i o n  t o  w a te r ,w h e n  I  fo u n d  th e y  w ere  p r a c t i c a l -  

- l y  t h e  sam e.



I t  i s  t o  be n o te d  t h a t  s a l t s  o f  t h e  heavy m e t a l s  f r e q u e n t l y  p ro d u c e  

a b n o rm a l e f f e c t s  w i th  r e g a r d  t o  (B ) ( O s t w a l d ) .  L a t e r  i t  w i l l  be s e e n  

t h a t  b lo o d  serum  c o r r e s p o n d s  t o  t h e  ty p e  E m u l s o id ,a s  do m ost o r g a n i c  

s u b s t a n c e s  i n  t h i s  s t a t e , s u c h  a s  g e l a t i n e  and  many a n i l i n e  d y e s .

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

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

a p o s i t i v e  o r  n e g a t i v e  c o n d i t i o n  i n  an  e l e c t r i c  f i e l d .  T h i s  w i l l  be 

d i s c u s s e d  l a t e r  w i th  a few e x p e r i m e n t a l  r e s u l t s .

The g e n e r a l  e l e c t r i c a l  s t a t e , e l e c t r o - p o s i t i v e  o r  e l e c t r o -  

—n e g a t i v e ,w h i c h  i s  ju d g e d  by t h e  p o l a r i t y  o f  t h e  p a r t i c l e s , c a n  be 

d e m o n s t r a t e d  by  e l e c t r o l y t i c  m e th o d s ,o f  w hich  more l a t e r , b y  c a p i l l a r y

a n a l y s i s ' , a n d  by t h e  f a c t  t h a t  i n  some c a s e s  c o l l o i d s  p r e c i p i t a t e
I

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

We w i l l  now p r o c e e d  t o  exam ine  some o f  t h e  g e n e r a l  p r o p e r t i e s  

o f  c o l l o i d s  i n  d e t a i l .  T h ese  t o  be d e a l t  w i th  f i r s t  a r e  s u r f a c e  

phenomena be tw een  t h e  s u r f a c e s  o f  t h e  D i s p e r s e  P h a s e , h e r e a f t e r  

r e f e r r e d  t o  a s  D .P .  and t h e  D i s p e r s i o n  M e a n s , to  be r e f e r r e d  t o  a s  D.M.

The D .P .m ade u p , a s  i t  i s , o f  s o - c a l l e d  p a r t i c l e s  r e s u l t s  i n  

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

l a r g e  s u r f a c e  b e lo n g in g  t o  t h e  m a t e r i a l  p r e s e n t  a s  D .P .

F o r  e x a m p l e , i f  one to o k  a cube and s u b d iv id e d  i t , i t  i s  o b v io u s  t h a t  

t h e r e  w ould  be an enorm ous i n c r e a s e  i n  t h e  s u r f a c e  o f  t h e  m a t e r i a l  

o f  w hich  t h e  cube was m ade. A t a b l e  w i l l  be q u o te d  p r e s e n t l y  

d e m o n s t r a t i n g  t h i s . Some w r i t e r s  go so f a r  a s  to  t r a c e  t h e  w hole 

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

i n  t h e  s u r f a c e .  M ost o f  t h e  c o n s i d e r a t i o n s  p u t  f o rw a rd  a r e  d e r i v e d  

from  O stw a ld  whose r e s e a r c h e s  i n t o  t h e  p h y s ic o - c h e m ic a l  p r o p e r t i e s  

o f  t h e  c o l l o i d  s t a t e  a r e  t h e  m ost e x t e n s i v e  a s  f a r  a s  I  am a w a re .  

O th e r  w r i t e r s ,w h e n  r e f e r r e d  t o , w i l l  be m e n t io n e d .

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

p h a s e s  o f  c o l l o i d s .  The sy s tem  w i l l  v a ry  a c c o r d i n g l y .  The D.P.may
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be l i q u i d  s o l i d  o r  g a s e o u s .  The D .M .m ight a l s o  be i n  any o f  t h e s e  

c o n d i t i o n s .  The g e n e r a l  d e f i n i t i o n  o f  D .M .th en  becomes t h a t  i t  i s  

t h e  p h a s e  i n  e x c e s s .  T h i s  i s  a p o i n t  t o  be rem em bered  when g e l a t i o n  

comes t o  be c o n s i d e r e d .  As f a r  a s  t h e  b lo o d  serum  i s  c o n c e r n e d  i n  

i t s  f l u i d  s t a t e , t h e  D .M .is  t h e  p h a s e  w h ich  i s  l i q u i d , a n d  t h e  D . P . i s  

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

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

sy s te m  e n a b l e s  t h i s  g r e a t  d e v e lc p e m e n t  o f  s u r f a c e  b e tw een  t h e  two 

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

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

a l s o .  T h is  s p e c i f i c  s u r f a c e  i s  c a l l e d  t h e  D egree  o f  D i s p e r s i o n  and  

i t s  g r e a t n e s s  i s  due t o  t h e  p a r t i c l e s  b e in g  n o t  o n ly  num erous b u t  

a l s o  p r e s e n t  i n  a r e l a t i v e l y  s m a l l  vo lum e. T h e re  i s  t h e  im p o r t a n t  

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

s y s te m  i s  a p p a r e n t l y  hom ogeneous. S h o u ld  c o a g u l a t i o n  s e t  i n ,h o w e v e r ,  

t h i s  even  d i s t r i b u t i o n  c e a s e s  t o  e x i s ^ a n d  t h e  p a r t i c l e s  a g g r e g a t e .

The g e l  s t a t e  becom es t h u s  t h e  s t a t e  o f  t h e  s u b s t a n c e  when i t  i s
I

p a s s i n g  t o  o r  from  a  s t a t e  o f  h o m o g e n e i ty .

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

The i n t e n s i t y  o f  t h e  l i g h t  u n d o u b ta b ly  a f f e c t s  t h e  number o f  p a r t i c l e s ,  

s e e n .

The P o i n t o l i t e  l a m p , f o r  e x a m p le ,w h ic h  i s  a t u n g s t e n  a r c ,

I  b e l i e v e , w a s  fo u n d  by me t o  show a much g r e a t e r  number o f  p a r t i c l e s  

com pared  w i th  a h ig h  pow ered  C s ra m (6 0 W a t ts ) . The s i z e  o f  t h e  

p a r t i c l e s  c a n n o t  be m easu red  m i c r o s c o p i c a l l y , a c c o r d i n g  t o  M athews, 

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

d i f f r a c t i o n  h a lo  ro u n d  them and  i t  i s  n o t  r e a l l y  t h e  p a r t i c l e  w hich  

i s  s e e n .  Mathews f u r t h e r  s t a t e s  t h a t  t h e  p a r t i c l e s  can  be c e n t r i f u g -  

- a l i s e d  o u t , b u t  O s tw a ld  s t a t e s  t h a t  t o  a l l  i n t e n t s  and p u r p o s e s  t h i s  

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

serum  ta k e n  from  a tu b e  a f t e r  s t a n d i n g  and a f t e r  c e n t r i f u g a l i s a t i o n .
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The i n d i v i d u a l  p a r t i c l e s  v a ry  i n  si%e in  t h e  same s l i d e .

T h is  h a s  b een  n o te d  in  c a s e  o f  M e th y l  V i o l e t ( M i c h a e l i s ) , a n d  i s  q u i t e

e v i d e n t  i n  b lo o d  s e ru m . The m o l e c u l a r l y  d i s p e r s e  p h a s e  i . e . t h e  t r u e

s o l u t i o n  o r ,  i n  t h e  c a s e  o f  f l u i d  b lo o d  se rum , t h e  D.M^^iay a l s o  v a ry

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

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

s o l u t i o n s  show u l t r a f i l t r a t i o n  phenomena s u g g e s t i n g  t h e y  a r e  o f

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

c o n f i rm  t h i s , a s  my e x p e r im e n t s  w i l l  show.

A lth o u g h  one c a n n o t  s e e  t h e  p a r t i c l e s  b u t  o n ly  t h e i r  h a l o s ,

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

u l t r a m i c r o s c o p i c a l l y  c o u ld  b e lo n g  t o  p a r t i c l e s  o f  t h e  same s i z e .

A l t e r a t i o n  o f  t h e  m i r r o r  c e r t a i n l y  a l t e r s  t h e  a p p a r e n t  s i z e  o f  t h e

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

o f  t h e  m ic ro s c o p e  i n  t h e  same f o c u s .

The ch an g e  i n  t h e  s p e c i f i c  s u r f a c e  d e p e n d in g  on t h e  s i z e  o f

th e .  p a r t i c l e s  an d  t h e  number o f  p a r t i c l e s  now f a l l s  t o  be c o n s i d e r e d .

The d e g r e e  o f  d i s p e r s i o n  v a r i e s  w i th  c h a n g e s  i n  c o n c e n t r a t i o n ,

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

w i t h  l o w e r in g  o f  t e m p e r a t u r e .  When t h e  c o n c e n t r a t i o n  r e a c h e s  a
D.M. D .P .

c r i t i c a l  p o i n t  i n  a  l i q u i d f  l i q u i d  s y s t e m , t h e  d r o p l e t s  s p l i t  i n t o
/

m o l e c u l a r  d r o p l e t s  an d  t h e  sy s te m  becomes m o l e c u l a r l y  d i s p e r s e .

The c o n c e n t r a t i o n s — b u t  above t h e  c r i t i c a l  p o i n t  t h e r e
•  M •

i s  o f  c o u r s e  a  r e v e r s a l  and  t h e  D .P .b e in g  i n  e x c e s s  becomes by t h e  

p r e v i o u s  d e f i n i t i o n  t h e  D.M. The g r e a t e r  t h e  d e g r e e  o f  s u b d i v i s i o n  

o f  a  l i q u i d  D .P . t h e  n e a r e r  d o e s  i t , t h a t  i s , t h e  p a r t i c l e s  o r  d r o p l e t s ,  

a p p ro x im a te  t o  a s o l i d  i n  i t s  m e c h a n ic a l  b e h a v io u r  e . g . i t  t a k e s  4*5 

a tm o sp h e re  t o  s q u e e z e  Ey*- o i l  g l o b u l e  th ro u g h  a tu b e  o f  h a l f  i t s
I

d i a m e t e r .  W ith t h e  s u b d i v i s i o n  comes a t re m e n d o u s  i n c r e a s e  i n  t h e  

s u r f a c e  e n e rg y  o f  a  g iv e n  vo lum e. Weimann on t h e  o t h e r  hand came to
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t h e  c o n c l u s i o n  t h a t  s o l i d  p a r t i c l e s  become s i m i l a r  t o  l i q u i d  

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

S p e c i f i c  S u r f a c e  i s  made u p , s o  t o  s p e a k ,o f  t h r e e  fo rm s  t h u s : —

( 1 )  A b s o lu te  s u r f a c e  o f  e n t i r e  D .P .
T o t a l  v o l . o f  DuP.

( 1 1 )  A b s o lu te  s u r f a c e  o f  D.M.
T o t a l  v o l . o f  D.M. ^

(1 1 1 )  A b s o lu te  s u r f a c e  o f  i n d i v i d u a l  p a r t i c l e  o f  t h e  D .P .
The v o l . o f  t h e  i n d i v i d u a l  p a r t i c l e  o f  t h e  D .P .

T hese  t h r e e  fo rm s  a r e  p r e s e n t  i n  a  t y p i c a l  d i p h a s i c  d i s p e r s o i d  

W henever c h a n g e s  o c c u r  i n  t h e  s u r f a c e  o f  t h a t  d i s p e r s o i d , t w o  o f  

t h e  above  m ust c h a n g e ,w h i l e  t h e  t h r e e  m ay. I n  c o l l o i d s  t h e  t h i r d  

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

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

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

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

a t t a i n s  enorm ous v a l u e .

T u rn in g  now t o  t h e  e f f e c t . . o f  s u b d i v i s i o n  b o th  i n  t e r m s  o f  

m easu rem en t and  s p e c i f i c  s u r f a c e , t h e  f o l l o w i n g  t a b l e  e x e m p l i f i e s  

t h e  f a c t s  g iv e n  a b o v e .

C hanges in  s u r f a c e  of&cube when s u b d iv i d e d ( O s tw a l d ) .

L e n g th  o f  e d g e  
1 cm

No o f  c u b e s  
1

T o t a l  s u r f a c e  
6 s q  cm

S p e c i f i c  s u r f a c e -  
6

1 m m (lx lO c#) l o s 60 s q  cm 6x10

ly*' (1 x 1 0 cm) 1 0 ^ 6 0 ,0 0 0  sq  cm 4
6x10

l^ ( lx ic 3 c m ^

OOlyy^(lxldcm)

l o ' "
30

10

6 ,0 0 0  sq  m(*X) 

6 sq  Km

7
6x10

6x10^°

Ox) O stw a ld  h a s  6 ,0 0 0 s q  e g  w hich  I  t a k e  t o  be a p r i n t e f â  e r r o r )  

C o l l o i d a l  p a r t i c l e s  a r e  d e f i n e d  a s  v a r y in g  f ro m '^K  t o  lyy^ 

a c c o r d in g  t o  Zsigmondy i . e . t h e  s p e c i f i c  s u r f a c e  v a r i e s  from  6*10^ 

t o  6 . 1 0 ? , w h i l e  t h e  u l t r a m i c r o s c o p e  o n ly  shows them  up o r  down t o  6yy- 

Mathews g i v e s  t h e  c o l l o i d a l  s i z e  a s  1 t o

The n e x t  c o n s i d e r a t i o n  i s  r e g a r d i n g  t h e  c o m p o s i t io n  o f  

t h e  p a r t i c l e s  o f  t h e  D .P .o f  t h e  b lo o d  se ru m . The g e n e r a l  o p in io n
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i s  t h a t  t h e  D . P . i s  l i q u i d .  " The s t a t e  i n  w h ich  t h e  D . P . i s  l i q u i d  

i s  known a s  t h e  e m u ls o id  s t a t e ( H a t s o h e k ) . The r e a s o n  f o r  t h i s  b e in g  

so  i s  t h a t  t h e  o n ly  e x p l a n a t i o n  f o r  t h e  o b s e rv e d  phenom ena o f  t h e s e  

e m u l s o id s  l i e s  i n  an  a s s u m p t io n  t h a t  t h e  D . P . i s  l i q u i d .  The h ig h  

v i s c o s i t y  s u g g e s t s  t h i s .  S m all s o l i d  p a r t i c l e s  can  o n ly  r a i s e  t h e  

v i s c o s i t y  by s m a l l  am oun ts  p r o p o r t i o n a l  t o  t h e  volume o f  s o l i d  

m a t t e r  p r e s e n t  e . g . O o l l o s o l  s i l v e r ( s e e  P(^)vfhile a g a r ,w h ic h  i s  an  

e m u ls o id ,a n d  i s  a p p a r e n t l y  a s o l i d , r a i s e s  t h e  v i s c o s i t y  some 

h u n d re d  t i m e s . ( H a t s c h e k )  A g a i n , t h e  v i s c o s i t y  a l t e r s  w i t h  t h e

v e l o c i t y  o f  s h e a r ,w h i c h  s u p p o r t s  t h i s  v ie w .  The im p o r ta n c e  o f  

t h i s  i s  v e r y  g r e a t , f o r  we have a sy s te m  made up a s  i t  w ere  o f  a 

D.M. and  D .P .o f  s i m i l a r  c h e m ic a l  c o n s t i t u t i o n , b u t  t h e  D . P . c o n t a i n s  

t h e  s u b s t a n c e s  i n  a more h i g h l y  c o n c e n t r a t e d  f o r m . ( H a t s c h e k )

The r e s u l t  i s  t h a t  i t  i s  p o s s i b l e  t o  have a  v e ry  h ig h  c o n c e n t r a t i o n  

p o s s e s s i n g  l i q u i d  form  and  t h e  ra n g e  o f  v a r i a t i o n  i s  a c c o r d i n g l y  

much g r e a t e r .  T h is  can  be s e e n  when one rem em bers  t h a t  d r o p l e t s  can  

be more e a s i l y  de fo rm ed  and  can  f i t  i n  be tw een  o t h e r  d r o p l e t s  i n  

a  way s o l i d s  c a n n o t  d o .  At a v e r y  h ig h  c o n c e n t r a t i o n  a  s o l i d  D .P . 

w ou ld  g iv e  a p a s t e .  O th e r  p r o p e r t i e s  o f  t h i s  e m u ls o id  s t a t e  w hich  

m ust depend  on t h e  D .P .b e in g  l i q u i d  w i l l  be d i s c u s s e d  l a t e r .

A gain  t h e  b lo o d  serum  c o r r e s p o n d s  t o  t h i s  f i n d i n g  i n  so f a r  a s  

i t  h a s  b een  i n v e s t i g a t e d .  My e x p e r im e n t s  w hich  have t a k e n  t h e  form  

o f  an  i n v e s t i g a t i o n  o f  t h e  v i s c o s i t y  o f  t h e  b lo o d  serum  s u p p o r t  t h i s  

v i e w ,a s  w i l l  be s e e n  l a t e r .

We w i l l  t h e r e f o r e  assum e t h a t  t h e  b lo o d  s e ru m ,a s  i t  i s  m o s t ly  

p r o t e i n  c o m p o s i t i o n , a c t s  l i k e  o t h e r  p r o t e i n s  t h a t  have been  more 

f u l l y  i n v e s t i g a t e d , a n d  we can  t h e r e f o r e  t a k e  i t  t o  be an e m u lso id  

o f  t h e  c o m p o s i t io n  L i q u i d *  L i q u i d .  The p r o p e r t i e s  w hich  a r e  d e p e n d e n t  

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

t h e  a c t i o n  o f  e m u ls o id s  and  t h e  f o r c e s  i n v o l v e d .
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" E m u ls o id s  a r e  v i s c o u s  g e l a t i n i z i n g  c o l l o i d a l  m i x t u r e s  n o t
t

e a s i l y  c o a g u l a b l e  by s a l t s . ( N o y e s )  They have a lo w e r  s u r f a c e  

t e n s i o n  t h a n  t h e  p u r e  D.M. H aving a l i q u i d - *  l i q u i d  c o m p o s i t i o n ,o n e  

may f i n d  v a r i a t i o n  i n  one o r  o t h e r  o f  t h e  p h a s e s , w h i l e  t h e  r e m a in in g  

p h a s e  r e m a in s  i n  i t s  p r e v i o u s  s t a t e .  F o r  e x a m p l e , th e  D . P . a t  c e r t a i n  

t e m p e r a t u r e s  an d  c o n c e n t r a t i o n s  may s e t  w h i l e  t h e  D .M .re m a in s  l i q u i d .  

I n  v e r y  h ig h  e x t r e m e s  o f  c o n c e n t r a t i o n  t h e  w hole  may assum e 

c o n s ta n c y  o f  fo rm  and e l a s t i c i t y .  The p a r t i c l e s  a r e  v e ry  s w o l le n  

i n  e m u ls o id s  and a r e  u n i t e d  t o  a  g r e a t  number o f  l i q u i d  m o l e c u l e s .

The t o t a l  c o n c e n t r a t i o n  a f f e c t s  t h e  s y s te m  a s  a w hole  an d  i n f l u e n c e s  

i t s  s t a t e .  The D.P.may a t  one t im e  be s e m i - s o l i d  and  t h e n  p a s s  t o  

more l i q u i d  s t a t e  and  b ack  a g a i n .  I n  o t h e r  w o r d s , t h e  sy s te m  i s  a 

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

i n  s t a t e  a r e  much s m o o th e r  w i t h  c h a n g e s  i n  T e m p e ra tu re  o r  

C o n c e n t r a t i o n  th a n  i n  t h e  c a s e  o f  s im p le  s y s t e m s .  T h e re  i s  a l s o  a 

v e r y  t h i n  l i n e  o f  d e m a r c a t io n  b e tw een  t h e  s u s p e n s o id  and  e m u ls o id  

s t a t e  on o c c a s i o n  e . g .  V i t e l l i n  w h ich  i s  an e m u ls o id  i s  p r e c i p i t a t e d
I

by -1 t o  '5 ^  N aC l. The p r o c e s s  o f  f o r m a t io n  o f  t h e  sy s te m  l i q u i d  

4 - l i q u i d  i n  v iew  of  t h e s e  f a c t s  o f  v a r i a t i o n s  o f  D .P .a n d  D .M .sim p ly  

becom es, a c c o r d i n g  t o  H a t s c h e k ,a n  e x t e n s i o n  o f  t h e  p r o c e s s  o f  

s w e l l i n g  by i n h i b i t i o n  w i th  d i s i n t e g r a t i o n .  T h a t  t h i s  i s  p r o b a b ly  

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

c o n n e c te d  w i t h  t h e i r  p r e s e n c e  i n  su ch  a s y s te m .

As we have s e e n , t h e  fu n d a m e n ta l  p r o p e r t y  o f  a  d i s p e r s o i d  

sy s te m  i s  t h e  d ev e lo p e m e n t  o f  much s u r f a c e , a n d  t h e  s u r f a c e  e n e r g i e s  

w hich  come i n t o  p l a y  a r e  t h e r e f o r e  o f  g r e a t  im p o r t a n c e . I n  c o n s i d e r i n g  

t h e s e  e n e r g i e s  I  am l a r g e l y  q u o t in g  t h e  v ie w s  o f  O s tw a ld ,w i th  e s p e c ia l  

r e f e r e n c e  t o  w hat he t e r m s  s u r f a c e  e n e rg y  o f  t h e  seco n d  o r d e r , b u t  |

many o f  t h e  f a c t s  q u o te d  a r e  common t o  a l l  t e x t  books o f  N a t u r a l  i

P h i lo s o p h y ,a n d  t h u s  i n  a s e n s e  a x i o m a t i c .  What i s  known a s  s u r f a c e  

e n e rg y  i s  made up o f  two f a c t o r s , a  c a p a c i t y  f a c t o r  m easu red  by
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a b s o l u t e  s u r f a c e  an d  an  i n t e n s i t y  f a c t o r  a s  m e a su re d  by t h e  s u r f a c e

t e n s i o n .  I f  t h i s  s u r f a c e  e n e r g y  i s  f r e e d  i t  i s  c h an g ed  i n t o  a n o t h e r

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

I f  h e a t  i s  i n t r o d u c e d  i n t o  a s y s te m  w hich  can  d e v e lo p e  f r e e  s u r f a c e

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

t h e  i n c r e a s e  in  t e m p e r a t u r e .  S u p p o s in g  t h a t  two p h a s e s  a r e  b r o u g h t

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

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

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

ch e m ic a l  c h a r a c t e r  o f  t h e  p h a s e s  i n  c o n t a c t !

I f  we t u r n  t o  g a s e s  we s e e  a n o t h e r  fo rm  o f  s u r f a c e  e n e rg y  

which i s  t r a n s f o r m e d  i n t o  o t h e r  fo rm s  o f  e n e rg y  when t h e  volume 

i n c r e a s e s , i n  a d d i t i o n  t o  t h e  fo rm e r  k i n d .  The i n t e n s i t y  f a c t o r  o f  

t h i s  i s  c a l l e d  i n t e r n a l  p r e s s u r e .  O s tw a ld  h o ld s  v e ry  s t r o n g l y  t h a t  

t h i s  s u r f a c e  e n e rg y  o f  t h e  seco n d  o r d e r  i s  p r e s e n t  i n  d i s p e r s o i d  s y s te m s  

w i th  an  i n t e n s i t y  f a c t o r  o f  e x p a n s iv e  s u r f a c e  t e n s i o n  o r  n e g a t i v e  

s u r f a c e  t e n s i o n .  He p o i n t s  t o  t h e  e l e c t r i c  h e a r t  o f  Lehmann w here 

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

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

even b r e a k s  i n t o  d r o p s .  T h i s  e x p a n s iv e  e n e rg y  w i l l  a g a in  be r e f e r r e d  

t o  when we c o n s i d e r  t h e  e l e c t r i c a l  c o n d u c t  o f  t h e  p a r t i c l e s .  An 

I n c r e a s e  i n  s u r f a c e  o f  t h e  same c o n d i t i o n  h a s  been  fo u n d  when s o l i d  

p h a s e s  ( e . g . I o d i n e )  a r e  b ro u g h t  i n t o  c o n t a c t  w i th  l i q u i d  w i th o u t  any 

e l e c t r i c  en e rg y (A m an n ) .  Kossonagow fo u n d  e l e c t r i f i c a t i o n  i n c r e a s e d  t h e  

e f f e c t .  T h is  can  be o b s e rv e d  u l t r a m i c r o s c o p i c a l l y .  I n  com plex d i s p e r s e  ids! 

auch  c h a n g e s  a r e  c o m p l ic a te d  by c h a n g e s  i n  c o n c e n t r a t i o n  and s e c o n d a ry  

ch e m ic a l  e f f e c t s .  |

Now t h e s e  s u r f a c e  e n e r g i e s  a r e  d e p e n d e n t  on t h e  s p e c i f i c  ,

s u r f a c e .  Th in  o r  m a rk e d ly  c u rv e d  l a y e r s  p o s s e s s  r e l a t i v e l y  g r e a t e r  

a b s o lu t e  s u r f a c e  t h a n  t h i c k e r  o r  l e s s  c u rv e d  o n e s  o f  e q u i v a l e n t  volum e, 

T h e re fo re  when more a b s o l u t e  s u r f a c e  i s  d e v e l o p e d ,o r  t h e  s p e c i f i c
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s u r f a c e  i s  i n c r e a s e d , t h e r e  i s  a n  i n c r e a s e  i n  S u r f a c e  E n e rg y .  Thus a 

g iv e n  volum e o f  D . P .c o n s i d e r e d  a b s o l u t e l y , c o n t a i n s  more s u r f a c e  

e n e rg y  t h a n  t h e  same volume i n  a n o n - d i s p e r s e  s t a t e .  T h e re  i s  a l s o
I

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

Thus t h e  a l t e r a t i o n  o f  t h e  r e l a t i o n s  o f  t h e  d i f f e r e n t  k i n d s  o f  e n e r g y

i n  a  s y s te m  i n t o  s u r f a c e  e n e r g i e s  m ust have a p r o fo u n d  e f f e c t  upon

t h e  c h a r a c t e r  o f  t h e  s y s t e m .  A v e r y  good exam ple  o f  w hat h a p p e n s  i s

shown by O s tw a ld .

G iven  I c . T o t a l  e n e rg y  o f  a s y s te m  m inus  s u r f a c e  e n e r g y ,  
i . e .  i n t e r n a l  e n e r g y .

S =. S u r f a c e  e n e rg y

Then T o t a l  e n e r g y ( T ) = I  *  S

The I n t e r n a l  e n e rg y  i s  p r o p o r t i o n a l  t o  t h e  volum e(V )

The S u r f a c e  e n e rg y  i s  p r o p o r t i o n a l  t o  t h e  s u r f a c e ( S )

I=L i v  and  S - t s  ( i -  i n t e r n a l  e n e rg y  o f  u n i t  o f  volume an d  t  i t s  
s u r f a c e  t e n s i o n )

T = i v *  t s .  How t a k i n g  t h e  T o t a l  e n e rg y  o f  u n i t  o f  v o l  T _ t h e n  

i-V-(-2Î) i f  we d i v i d e  by v .  I f  ^  i s  s m a l l , t h e n  t h e  se c o n d  number 

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

v a l u e .  I f  we have g r e a t  s u b d i v i s i o n , i , w h i c h  i s  p r o p o r t i o n a l  t o  volume^ 

may p r a c t i c a l l y  be n e g l e c t e d  i n  r e l a t i o n  t o  T h u s , s t a t e s  C s ta w ld ,  

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

T h i s  c o n d i t i o n  i s  more and more t h e  c a s e  a s  we a p p ro a c h  t h e  m o le c u l a r  

d i s p e r s o i d  s t a t e .  We can  t h e r e f o r e  se e  t h a t  b e f o r e  f o r m u l a t i n g  any 

i d e a s  on t h e  a c t i v i t i e s  o f  e m u ls o id s  we m ust c o n s i d e r  t h e  s u r f a c e  o f  

t h e  p a r t i c l e s , a n d  t h e i r  r e l a t i o n s h i p s  i n  t h e  D.M.

When s u r f a c e s  a r e  m a rk e d ly  c u r v e d , t h e y  a r e  s u r r o u n d e d  by
i

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

known t h a t  t h e r e  i s  a g r e a t e r  c o n c e n t r a t i o n  o f  a s u b s t a n c e  com posing  

a d r o p ^ a t  t h e  s u r f a c e  o f  t h a t  d r o p .  The e f f e c t s  o f  t h e  s u r f a c e  

e n e r g i e s  e x te n d  t o  a  c e r t a i n  d e p th  on b o th  s i d e s  o f  t h e  m a th e m a t ic a l  

s u r f a c e s  o f  c o n t a c t .  I n  a s u r f a c e  w hich  i s  c o n v e x ly  c u rv e d  w i th
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r e g a r d  t o  one o f  t h e  p h a s e s , a n d  w h ich  h a s  a p o s i t i v e  s u r f a c e  t e n s i o n ,  

t h e  s u b s u r f a c e  e f f e c t s  may s t r e n g t h e n  e a c h  o t h e r  i n  th e  convex  p h a s e ,  

w h i l e  th e y  w eaken e a c h  o t h e r  i n  t h e  co n cav e  p h a s e .  T hese  w e a k e n in g s  

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

t e n s i o n s  e s p e c i a l l y . I f  t h e y  do n o t  n e u t r a l i s e  e a c h  o t h e r , t h e  same 

s u r f a c e  may assum e d i f f e r e n t  v a l u e s  d e p e n d in g  on t h e  c u r v a t u r e .

When t h e  c u r v a t u r e  i s  so g r e a t  o r  t h e  p a r t i c l e s  a r e  so s m a l l  o r  t h e  

l a y e r s  so t h i n , t h a t  t h e  p h a s e s  come v e r y  c l o s e  to  e ach  o t h e r  o r  a r e  

t n  a c t u a l  c o n t a c t , t h e n  t h e r e  i s  a  m arked  ch an g e  i n  t h e  s u r f a c e  

t e n s i o n .  R eyno ld  and  R ucke r  have d e m o n s t r a t e d  t h i s  i n  so ap  f i l m s t

As so o n  a s  t h e  p r o g r e s s i v e  d e f o r m a t io n  a s s o c i a t e d  w i t h  an 

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

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

t h e  i n f l u e n c e  o f  e l e c t r i c a l  a c t i o n .  T h is  d i s p e r s i o n  i s  more e a s y ,  

t h e  g r e a t e r  t h e  s u r f a c e  t e n s i o n ( p o s i t i v e )  o f  t h e  D .P .a s  com pared

w i th  t h e  medium.

When t h e  phenomenon o f  d i s p e r s i o n  t a k e s  p l a c e , t h e r e  i s  a

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

from t h e i r  m ovem ent. O s tw a ld  s u g g e s t s  t h a t  when t h e . s u r f a c e  e n e rg y  

o f  t h e  e x p a n s iv e  ty p e  i s  i n  e x c e s s , a n d  t h e  u s u a l  s u r f a c e  energy , o f  

t h e  f i r s t  o r d e r  p r e v e n t s  an i n c r e a s e  i n  s u r f a c e , th e n  t h e  e n e rg y  

r e a c t s  upon t h e  D.M. and  t r a n s f o r m s  i t s  t e n s i o n  i n t o  p r e s s u r e  a c t i n g  

on i t s  s u r f a c e  l a y e r .  T h e re  a r e  c e r t a i n l y  s p e c i a l  p r o p e r t i e s  a t  t h e  

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

When c e r t a i n  i n c r e a s e s  i n  s u r f a c e  a r e  b ro u g h t  a b o u t  i n  

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

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

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

i s  in  d i s p e r s i o n  a l i b e r a t i o n  o f  s u r f a c e  e n e rg y  p ro d u c e d  by an 

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

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

A d i m i n u t i o n  in  t h e  t o t a l  s u r f a c e  may be g o t  by t h e  

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

p a r t i c l e s  become s p h e r i c a l .  T h i s  i s  s e e n  when t h e  sy s te m  i s  c o o l e d ,  

b e c a u s e  t h e  p o s i t i v e  s u r f a c e  t e n s i o n  be tw een  two p h a s e s  a lw a y s  

i n c r e a s e s  w i th  d e c r e a s e  i n  T e m p e ra tu r e .  C o n d e n s a t io n s  a r e  p ro d u c e d  

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

have t o  be u s e d  e . g .  e l e c t r i c  e n e rg y  h a s  a  d i s p e r s o i d  e f f e c t , w h i l e  

rem oval o f  t h e  c h a r g e  l e a d s  t o  c o n d e n s a t i o n .  W ith  c e r t a i n  c h a n g e s ,  

on t h e  o t h e r  hand  t h e y  may be c a u s e d  e l e c t r i c a l l y  a s  i n  t h e  c o a l e s c e n c e  

o f  e l e c t r i f i e d  d r o p l e t s . ( R a y l e i g h  P ro c .R o y .S o c .L o n d o n  1 8 7 9 - 1 8 8 2 ) .

T h is  f a c t  w i l l  be r e f e r r e d  t o  l a t e r  on i n  t h e  d i s c u s s i o n  o f  my 

e l e c t r i c a l  e x p e r im e n t s  v iew ed  p l t r a m i c r o s c o p i c a l l y .

Sudden m e c h a n ic a l  p r e s s u r e  one s id e d ,m a y  a l s o  c a u s e  

c o n d e n s a t i o n .  T h e re  i s  an  i n t i m a t e  c o n t a c t  o f  t h e  p a r t i c l e s  r e q u i r e d ,  

ï h e  p a r t i c l e s  may n o t  a p p e a r  t o  be s o , b u t  t h e i r  l i q u i d  m embranes a r e .  

A g a in s t  su c h  c o n t a c t  i s  t h e  f a c t  t h a t  t h e r e  i s  s u r r o u n d in g  t h e  D .P . o r  

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

s u r r o u n d in g  d r o p s  when w a te r  i s  p o u re d  on a  h o t  s u r f a c e /  F u r t h e r , f o r  

c o n t a c t  t h e r e  m u s t  be a movement o f  t h e  p a r t i c l e s  to w a rd s  e ach  o t h e r .  

Once t h e r e  i s  a n  a g g r e g a t i o n  t h e r e  comes t o  be a  common s u r f a c e  f i l m .  

T h is  becomes s m a l l e r  and t h e  s u r f a c e  e n e rg y  ( c o n t r a c t i l e ) t e n d s  t o  

a p p ro x im a te  t h e  p a r t i c l e s  more n e a r l y .  The p r o c e s s  c e a s e s  when t h e  

c o n t r a c t i l e  e n e rg y  i s  e q u a l  t o  t h e  e x p a n s i l e  e n e r g y .  The s u r f a c e  

e n e r g i e s  a r e  g r e a t l y  i n f l u e n c e d  by t h e  T e m p e ra tu re  and p r e s s u r e  e . g .

Given t h e  T e m p e r a tu r e , t h e  v a p o u r  p r e s s u r e  o f  d r o p l e t s  i s  g r e a t e r  t h a n  

t h e  v a p o u r  p r e s s u r e  o f  w a te r  i n  l a r g e  m a s s e s .  I n  a c l o s e d  sy s te m  t h e  

s m a l l e r  d r o p l e t s  co n d e n se  on t h e  l a r g e r  o n e s .  Pawlow fo u n d  t h a t  s a l o l  

l u s t  m e l t s  a t  a t e m p e r a tu r e  7 d e g r e e s  l e s s  th a n  t h a t  r e q u i r e d  t o  m e l t  

l a r g e r  p a r t i c l e s , a n d  he c a l c u l a t e d  t h a t  a  d i f f e r e n c e  i n  r e s p e c t  o f  2 - 8 °  

was e q u a l  t o  a  h u n d red  t im e s  i n c r e a s e  i n  S p e c i f i c  s u r f a c e .
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T here  i s  a l s o  a r e l a t i o n  b e tw een  s u r f a c e  e n e r g i e s  and  e l e c t r i c a l  

e n e rg y  w h ich  w i l l  be d i s c u s s e d  l a t e r .
/

As c h e m ic a l  c h a n g e s , a c c o r d i n g  t o  M e n z e l , a r e  p r o p o r t i o n a l  i n

u n i t  t im e  t o  t h e  a b s o l u t e  s u r f a c e , c o l l o i d a l  systems show m a rk e d ly

r a p i d  c h e m ic a l  c h a n g e , e . g .  c o l l o i d a l  s u lp h u r  i s  an  e n e r g e t i c  r e d u c i n g

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

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

t h e  s y s te m s  have  m arked  c a t a l y t i c  e f f e c t s .  O rg a n ic  f e r m e n t s  can  be
%

c l o s e l y  i m i t a t e d  by c o l l o i d  m e t a l s . ( B r e d i g )

When we r e a l i s e  t h e  m ean ing  o f  t h e  f o r e g o i n g  summary o f  

e m u ls o id s  i n  g e n e r a l ,w e  s e e  t h a t  t h e  b lo o d  serum  a s  an e m u ls o id  

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

and o f  sm ooth  a c t i o n  d e p e n d in g  on t h e  a c t i o n  and  r e a c t i o n  o f  t h e s e  

two s u r f a c e  e n e r g i e s , c o n t r a c t i l e  and e x p a n s i le .W e  a r e  a g a i n  d r iv e n  

to  th e  c o n c l u s i o n  t h a t  t h e  phenomena w hich  may t a k e  p l a c e  a r e  due to  

t h e  p r e s e n c e  o f  t h e s e  m in u te  p a r t i c l e s  i n  t h e  se ru m . I t  h a s  o f  c o u r s e  

been  im p o s s ib l e  t o  t e s t  a l l  t h e s e  v ie w s  w h ich  come from  v a r i o u s  

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

o c c u r  and c a n - b e  o b s ê rv e d  u n d e r  v a r i o u s  c o n d i t i o n s  w i l l  be shown 

l a t e r .  One d e f e r s  t h e  d e s c r i p t i o n  o f  o n e ' s  o b s e r v a t i o n s  u n t i l  one
I

b a s  g iv e n  a  f u r t h e r  d e s c r i p t i o n  o f  o t h e r  phenomena c o n n e c te d  w i th  

t h e s e  p a r t i c l e s .

I f  a  c h e m ic a l  r e a c t i o n  o c c u r s  i n  t h e  zone o f  c o n t a c t

be tw een  two p h a s e s  i n  w h ich  p o s i t i v e  S u r f a c e  T e n s io n  i s  p r e s e n t , t h e

S u r fa c e  T e n s io n  may be r a i s e d  o r  lo w e r e d .  I f  i t  i s  r a i s e d  t h e  c h e m ic a l

r e s i s t a n c e  w i l l  be d e c r e a s e d  th ro u g h  t h e  co n su m p tio n  o f  e n e rg y

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

w i l l  o c c u r , f o r  t h e  l o w e r in g  o f  i t  w i l l  f r e e  e n e rg y  w hich  w i l l  be 

t r a n s f o r m e d  i n t o  c h e m ic a l  e n e r g y .  Thus a g r e a t  s p e c i f i c  s u r f a c e  w i l l  

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

r e a c t i o n .



Thus we s e e  t h a t  t h e  p a r t i c l e s  have  a g r e a t  i n f l u e n c e  on c h e m ic a l  

r e a c t i o n s *  Of c o u r s e  t h e  c h e m ic a l  r e a c t i o n  i s  even  more g r e a t l y  

i n f l u e n c e d  by t h e  m o l e c u l a r  s t a t e  w here  t h e  p r a c t i c a l l y  t h e  w h o le  

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

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

A g a in ,w e  s e e  t h a t  t h e  d i s p e r s i o n  o f  s u b s t a n c e  m akes i t  

more s e n s i t i v e  t o  r a d i a n t  e n e r g y .  T h i s  i s  s e e n  i n  t h e  m ak ing  o f
I

p h o t o g r a p h ic  p l a t e s .  S t a s  h a s  shown t h a t  t h e  d e g r e e  o f  d i s p e r s i o n  

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

p r e c i p i t a t e .  A lso  when r a d i o - a c t i v e  s u b s t a n c e s  a r e  d i s p e r s e d  t h e  

e m a n a t io n s  a r e  much i n c r e a s e d  e . g .  i n  Thorium  s o l  t h e  r a d i o - a c t i v i t y  

o f  t h e  s o l  was 48 t i m e s  a s  g r e a t  a s  t h a t  o f  t h e  c o a r s e l y  d i s p e r s e d
I

e le m e n t . (W e d e k in d  an d  Baum hauer) T h i s  r a i s e s  i n t e r e s t i n g  s p e c u l a t i o n s  

i n  o n e ' s  mind a s  t o  h o w ,fo r  e x a m p l e , s u n l i g h t  and  o t h e r  r a y s  have 

su c h  a pecuniar v a l u e  i n  t h e  h e a l i n g  o f  w o u n d s , t r e a tm e n t  o f  s k i n  

c o n d i t i o n s  e t c .  I  fo u n d  t h e  P o i n t o l i t e  t o  have  an e x c e l l e n t  

s t i m u l a t i n g  e f f e c t  on s lo w  u n h e a l t h y  g r a n u l a t i o n s .

F u r t h e r , t h e  d e n s i t y  o f  t h e  D .P . and  t h e  D.M. i n  a 

l i q u i d - t  l i q u i d  s y s te m  d i f f e r  e . g .  d r o p s  o f  w a te r  ^  i n  d i a m e t e r  a r e  

•00005 d e n s e r  t h a n  w a te r  en  m a s s e .  T h is  i s  s m a l l , b u t  i f  t h e  d ro p s  a r e  

c o l l o i d a l  s i z e , s a y  - 0 ^  t h e n  D i s  e q u a l  t o  - b i  g r e a t e r  t h a n  w a t e r .

I n  e m u ls o id s  t h i s  ch an g e  h a s  b een  n o t e d ,  e . g .  D r ie d  egg a lb u m in -w a te r  

(100 gms a lb u m in  163^9cc w a t e r )  showed q u i t e  an  a p p r e c i a b l e  d e c r e a s e  

i n  volum e v i z .  4*175cc i n  36 h o u r s . ( O s tw a ld )  T h is  b e a r s  o u t  H a tsch ek  

i n  h i s  d e s c r i p t i o n  o f  t h e  l i q u i d * - l i q u i d  sy s te m  a s  b e in g  a  sy s tem  

w i th  t h e  D .P . h i g h l y  c o n c e n t r a t e d  in  a  D.M. o f  p r a c t i c a l l y  t h e  same 

C o n s t i t u t i o n ,  ( s e e  a b o v e )

I n  a d d i t i o n ,w e  f i n d  t h e  f r e e z i n g  p o i n t , t h e  b o i l i n g  p o i n t  

and t h e  V apour P r e e a u r e  depend  on t h e  d e g re e  o f  d i a p e r a i o n .  The 

a l t e r a t i o n  i n  t h e  d e g r e e  o f  d i a p e r a i o n  w i l l  c r e a t e  a  g r e a t
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G e l a t i n e S o l u t i o n s  (P von
/

S c h r o e d e r )

Time V i s c o s i t y

A f t e r 21° , 2 4 -8 ^ 31°

5 m in . 1 83 1 -6 5 1 '4 1

10 " 2 10 1 '6 9 1 -4 1

15 ’• 2 '  45 1 -7 4 1 /4 2

30 " 4 '1 3 1- 80 1 -4 2

60 •• 13  76 1 90 1 -4 2

T a b le  1 .

W ith  b lo o d  s e ram I  fo u n d  t h e  f o l l o w i n g : -

V i s c o s i t y  o f  B lo o d  Serum ( A l k a l i n e  t o  L i tm u s )

T e m p e ra tu re  15^ 0*
V i s c o s i t y

A t s t a r t  

A f t e r  

SO m in ,

25 '

30 "

60 ■'

180 

185 •

T a b le  2

1 -7

1 -8 5

1 -7

1 -7 8

1*78

1 -7 8

1*85 (A p p en d ix  A . )

As t h e  f i r s t  t a b l e  shows (P. von S c h r o e d e r )  t h e r e  i s  a  g r a d u a l

i n c r e a s e  o f  v i s c o s i t y  w i th  t i m e .  T h is  i n c r e a s e  o f  v i s c o s i t y  i s

so m e tim es  h a s te n e d  by t h e  a d d i t i o n  o f  a t r a c e  o f  e l e c t r o l y t e s ,

a s  h a s  b e e n  shown by Gokun w i t h  Ammonium N i t r a t e  on G e l a t i n e  
/ I

S o l u t i o n s *  B i l t a  an d  A von V egesack  show c l e a r  r e s u l t s  o f  t h e

i n c r e a s e  w i th  t im e  o f  B e n a o -p u r p u r in  s o l u t i o n s , a s  w i l l  be s e e n

in  P i g ( i ) .  My r e s u l t s  fo u n d  w i th  b lo o d  serum  c l o s e l y  fo l lo w *
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t h e i r  c u r v e ( s e e  f i g s 2 a  &b ) T h e re  i s  an i n i t i a l  s l i g h t  d e c r e a s e  i n  

some i n s t a n c e s  a t  f i r s t  i n  t h e  c a s e  o f  b lo o d  s e r u m ( f i g  2b  ) and  

t h e r e a f t e r  t h e  g ra p h  shows t h e  r i s e  f o l l o w e d  l a t e r  by a  f a l l .  A lc o h o l  

has  a l s o  an  e f f e c t  i n  c a u s i n g  a m ore r a p i d  i n c r e a s e  i n  v i s c o s i t y  o f

serum a lb u m in  w h ich  r e s u l t  i n c r e a s e d  w i th  t h e  i n c r e a s e  o f
(

c o n c e n t r a t i o n  o f  a l c o h o l ,  ( s e e  f i g  3 ) (S im o n )  The o r d i n a r y  i n c r e a s e

due t o  m ix in g  a l c o h o l  w i t h  w a t e r  m ust be rem em bered h e re *  My

e x p e r im e n t  f o r  t e s t i n g  t h i s  w i t h  b lo o d  serum  i s  shown l a t e r ( P . 2 7 .P ig 9

A g a in ,m e c h a n ic a l  t r e a t m e n t  may d e c r e a s e  t h e  v i s c o s i t y . ( B i l t z )

I n f l u e n c e  o f  s h a k in g  on t h e  v i s c o s i t y  o f  a 2 -7 #  s o l u t i o n  
o f  n i g h t  b l u e .  ( B i l t z  a n d  S t e i n e r ) '

W ith o u t  s h a k i n g .  A f t e r  s h a k in g .

1 5 1 '5  1 1 8 '2

1 4 3 '4  118*0

139*9 118*4
T a b le  3 .

O stw ald  s t a t e s  t h a t  m e r e ly  p r e s s i n g  t h e  s u b s t a n c e  th r o u g h  a 

v is c o m e te r  s e v e r a l  t i m e s  w i l l  d e c r e a s e  t h e  v i s c o s i t y ,  w i t h  b lo o d

serum I  fo u n d  a s l i g h t  d i f f e r e n c e .  My r e s u l t s  showed p r a c t i c a l l y

ho g r e a t e r  v a r i a t i o n  t h a n  was fo u n d  on t e s t i n g  a n o t h e r  sp ec im e n  o f  

serum f o r  v a r i a t i o n s  o v e r  s h o r t  p e r i o d s  o f  t i m e .

T h e re  was a v e r y  s l i g h t  r e d u c t i o n ,h o w e v e r , t a k i n g  t h e  r e s u l t s  

ih  t h i s  c a s e ,c o m p a r e d  w i th  a g r a d u a l  i n c r e a s e  i n  t h e  o t h e r . ( P a g e  2 3 )  

r e s u l t s  w e r e : -

B e f o r e  s h a k in g  A f t e r  s h a k in g  and p a s s i n g  th ro u g h
v i s c o m e te r  c o n t i n u o u s l y , t a k i n g  

1 5 2  r e a d i n g s  f r e q u e n t l y .
V
1 -6 2
1 -5 2
1 '4 3
1 -4 8
1 -4 8
1 -4 3
1 -4 3

T a b le  4 .
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S l i d e s  t a k e n  a t  1 -5 2  and 1 ’4S d id  n o t  show any n o t i c a b l e  d i f f e r e n c e  

i n  s i z e  o f  p a r t i c l e s  o r  i n  number*

Œhis l a s t  f a c t  i s  o f  g r e a t  im p o r ta n c e  i n  t e s t i n g  f o r  v i s c o s i t y  

and  m ust be rem em bered i n  r e l a t i o n  t o  su ch  an  e x p e r im e n t*

(S ee  a p p e n d ix  A) I h e  n e x t  i n t e r e s t i n g  r e s u l t  i s  g o t  from  t h e

i n o c u l a t i o n  o f  a  s y s te m  by an  o l d e r  s y s te m .  T h i s  h a s  b een  done
/

w i th  t e c h n i c a l  n i g h t  b lu e  by B i l t z  an d  S t e i n e r .

Time o f  o u t f l o w .

W ith o u t  i n o c u l a t i o n  W ith  i n o c u l a t i o n

P e r  c e n t*  At once* 1 d a y .  6 days*  A t o n c e .  1 hour* B h o u rs*  1 d a y .
‘90 7 7 ' 2 ” 78*5" 78*5" 7 9 '2 "  -  78*8
1 '3 5  79*3 82 81*6 82*2 -  -  82
1*80 77*6 85*6 -  -  83*2 86*1 85*6 85*9
2 ‘25 85*2 91*3 102*6 88*9 91*6 103*3 -  -

T a b le  5 .

T h a t  t h i s  was t h e  c a s e  t o  a  l i m i t e d  e x t e n t  w i t h  b lo o d  

serum X a l s o  f o u n d .  The r e s u l t  o f  i n o c u l a t i o n  w i th  t h e  same p e r s o n ' s  

serum more ag ed  i s  s e e n  i n  f i g s  2 a  and  2 b  com pared w i t h  t h e  no rm al 

r i s e  w i t h  t i m e .  The e f f e c t  i n  t h e  one c a s e  seem s t o  be more a  

s t e a d i e r  r i s e  t h a n  a  m ore r a p i d  r i s e , w i t h  a l s o  a g r e a t e r  p o i n t  o f  

v i s c o s i t y  r e a c h e d .  I n o c u l a t i o n  w i t h  a s t i l l  o l d e r  serum  gave  a

much more t y p i c a l  e f f e c t ,  ( f i g  2 a )  The b e h a v io u r  o f  t h e  p a r t i c l e s

in  t h i s  i n o c u l a t e d  s o l u t i o n  was v e r y  i n s t r u c t i v e , a n d  w i l l  be 

r e f e r r e d  t o  l a t e r *  On t h e  o t h e r  h a n d ,a  d e c r e a s e  i n  v i s c o s i t y ^ w h i c h  

ï^ay,as we l iave  s e e n ,b e  g o t  by m e c h a n ic a l  t r e a t m e n t , c a n  a l s o  be  g o t  by 

in c r e a s e  o f  t e m p e r a tu r e *  T h i s  h a s  been  shown i n  t h e  c a s e  o f  g e l a t i n e  

^nd a g a r  by P .v o n  S c h r o e d e r . ( s e e  f i g  4 )  F ig  5 w i l l  show my r e s u l t s  

* i t h  se ru m .

î h e  l a s t  r e s p e c t  i n  w hich  v i s c o s i t y  can  be a l t e r e d  a s  f a r  

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

a l k a l i s .  I n  t h i s  q u e s t i o n  t h e r e  i s  some d i f f e r e n c e  i n  t h e  

f in d in g s  i n  r e g a r d  t o  e m u ls o id s ,o w in g  t o  t h e  d i f f i c u l t y  o f
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g e t t i n g  p u r e  p r e p a r a t i o n s .  W o .P a u l i , a c c o r d i n g  t o  O s tw a ld ,h a s  brought 

o u t  t h e  f a c t  t h a t  m in u te  t r a c e s  o f  e l e c t r o l y t e s  m a rk e d ly  a f f e c t  t h e  

v i s c o s i t y .  H ere  t h e r e  i s  a d i f f i c u l t y  i n  t h a t  t h e  e m u ls o id  t o  be 

t e s t e d  i t s e l f  shows v a r y i n g  v i s c o s i t y .  The r e s u l t s  f o r  exam ple  w i t h  

g e l a t i n e  v a r y  g r e a t l y , b u t  t h e r e  have b een  e x t e n s i v e  i n v e s t i g a t i o n s  

by v a r i o u s  a u t h o r s  on p r o t e i n s , w h i c h  a r e  f a i r l y  c l e a r  and  a r e  

t h e r e f o r e  o f  v a l u e  t o  t h i s  p a p e r .

Enorm ous c h a n g e s  t a k e  p l a c e  w i t h  t r a c e s  o f  e l e c t r o l y t e s *

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

These c h a n g e s  a r e  b e s t  shown by r e p r o d u c in g  t h e  e x p e r im e n t s  o f  ^

P a u l i  and  Handowsky. ( s e e  f i g s  6 and  7 )

I  h av e  o n ly  b een  a b l e  up t o  d a t e  t o  t e s t  t h e  e f f e c t  o f  a  

Normal s o l u t i o n  o f  an d  ko 2 he r e s u l t s  ( P ig  8 )  c o n f i r m  t h e s e  

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

my d e s c r i p t i o n  o f  o t h e r  s l i d e s  t a k e n  on i n c r e a s e  o f  v i s c o s i t y  w i th  

tim e and  i n o c u l a t i o n .  The s l i d e s  t a k e n  d u r in g  t h e s e  r e a c t i o n s  gave 

th e  f o l l o w i n g  n o t e s ; -

At s t a r t  b e f o r e  a d d in g  A c id  o r  A l k a l i : -  P a r t i c l e s  medium t o  l a r g e
m e d iu m ,y i th  s o m e 's m a l l - a  f a i r  

1*43 R e a c t io n  A l k a l i n e ,  number c o n g l o m e r a t e s - s m a l l .
F a i r l y  n u m e ro u s .  
E l e c t r o - n e g a t i v e .

At 12 m in .  w i t h  A c id  P a r t i c l e s  g e n e r a l l y  medium-
1 6 2  R e a c t io n  A c id .  some more l a r g e -  more

c o n g l o m e r a t e s , g e n e r a l  number 
a b o u t  t h e  sam e.
S t i l l  E l e c t r o - n e g a t i v e .

At 2 m in .  w i t h  A l k a l i .  Sm all,m edium  and  l a r g e
p a r t i c l e s , a b o u t  t h e  same 
num ber. T rem endous i n c r e a s e  i n  
c o n g lo m e r a t e s .
Some p r e c i p i t a t e d  m a s s e s .
V ery s lo w  B row nian  Movement.

At 4 min W ith  A l k a l i .  S l i d e  s a m e ,b u t  Brow nian
Movement c e a s e d .
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Where s a l t s  a r e  c o n c e rn e d  t h e  e f f e c t  v a r i e s  a c c o r d i n g  t o  t h e

r e a c t i o n  o f  t h e  s y s te m  e . g .  w h e th e r  a c i d , a l k a l i n e , o r  n e u t r a l  a lb u m in

i s  u s e d .  N e u t r a l  p r o t e i n  h a s  i t s  v i s c o s i t y  lo w e re d  by n e u t r a l  s a l t s .

( P a u l i )  I n  a c i d  a lb u m in  t h e  a n i o n s  o f  n e u t r a l  s a l t s  h ave  m ore

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

a lb u m in  w here  t h e  c a t i o n s  p l a y  t h e  g r e a t e r  p a r t .  The r e s u l t  i s  a 

d e c r e a s e  i n  v i s c o s i t y *

W ith  r e g a r d  t o  n o n - e l e c t r o l y t e s  we have  a l r e a d y  m e n t io n e d  

th e  e f f e c t  o f  a l c o h o l , b u t  w i l l  p r e s e n t l y  g iv e  my r e s u l t s .

Handowsky fo u n d  t h a t  c a f f e i n e  i n c r e a s e d  t h e  v i s c o s i t y  o f  

a c i d  a lb u m in .  On t h e  o t h e r  hand P a u l i  and  o t h e r s  d e c l a r e  t h a t  t h e  

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

i n c r e a s e  i n  v i s c o s i t y  o f  t h e  p u r e  D.M. My e x p e r im e n t s  w i t h  a l c o h o l  

and se ru m  w i l l  show t h a t  a c o n t r o l  w i l l  c l e a r  up t h i s  p o i n t , a s  

O stw ald  s u g g e s t e d . ( s e e  f i g  9 )  i h e  r e s u l t  c o n f i r m s  P a u l i .

I h e  c a u s e  o f  v i s c o s i t y  now f a l l s  t o  be c o n s i d e r e d .  V i s c o s i t y  

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

Of movement o f  t h e  i n d i v i d u a l  m o l e c u l e s , i o n s , o r  l a r g e r  b o d ie s  i n  a 

f l u i d .  How i f  t h e r e  i s  any  a t t r a c t i o n  be tw een  t h e s e  b o d ie s  i n  t h e  

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

in a l i m i t e d  s p a c e  i t  i s  o b v io u s  t h a t  t h e  v i s c o s i t y  w i l l  be i n c r e a s e d .  

Hot o n ly  d o e s  t h e  q u e s t i o n  o f  s i z e  o f  t h e  i n d i v i d u a l  b o d ie s  e n t e r  

in to  th e  q u e s t i o n , b u t  t h e  am ount o f  s e p a r a t i o n  be tw een  them a l s o  

oo»es i n t o  a c c o u n t .  F o r  e x a m p l e . i f , i n  a  p i e c e  o f  c o p p e r .o n  a c u r r e n t  

P a s s in g . th e  a tom s o r  m o le c u le s  w ere  t h e  o n ly  b o d ie s  t h a t  moved, 

th e y  moved to w a r d s  t h e  p o l e  o p p o s i t e  i n  s i g n  t o  t h e i r  c h a r g e ,  

i t  i s  q u i t e  C l e a r  t h a t  t h e  i n t e r n a l  f r i c t i o n  w ould be enorm ous owing 

the  c l o s e n e s s  o f  t h e  a to m s  t o  e a c h  o t h e r .  T h is  i s  an e x tre m e  

“ s ta n c e » f o r  i n  c o p p e r  t h i s  movement i s  a lm o s t  n i l , a n d  t h e  a c t u a l  

®»ent i s  t h a t  o f  t h e  e l e c t r o n s  w hich a r e  so  m in u te  t h a t  t h e y  have



r e l a t i v e l y  g r e a t e r  e a s e  o f  movement and  s p a c e  i n  w h ich  t o  m ove.

2he v i s c o s i t y  t h e r e f o r e  i s  i n f i n i t e l y  g r e a t  w h i l e  t h e  c o p p e r  i s  

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

so  much a s  w i t h  t h e  l a r g e r  i o n s .  I n  a  f l u i d  on a c u r r e n t  p a s s i n g ,  

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

o f  t h e  c o m p a r i t i v e l y  g r e a t e r  i o n s  o r ' c h a r g e d  a tom s to w a r d s  t h e  

r e s p e c t i v e  p o l e s .  One w ould  t h e r e f o r e  ju d g e  t h a t  t h e  s m a l l e r  t h e  

c h a rg e d  b o d i e s  i . e .  t h e  g r e a t e r  t h e  d i s s o c i a t i o n , t h e  l e s s  w ou ld  be 

th e  v i s c o s i t y .  O th e r  f a c t o r s , h o w e v e r  due t o  t h e  c h a r g e d  c o n d i t i o n  

o f  t h e  a to m s  come i n t o  p l a y . ' ’ T h e re  i s  an e l e c t r o - m a g n e t i c  f i e l d  

a b o u t  e a c h  " c h a r g e d  a to m "w h ich  h i n d e r s  i t s  m o v e m e n t . (O s tw a ld ) .

At t h i s  p o i n t  one m u st a g a in  c o n s i d e r  t h e  v ie w s  o f  o t h e r s  e s p e c i a l l y  

a s  t h e y  do n o t  a t  f i r s t  seem t o  c o r r e s p o n d  w i th  my own e x p e r i e n c e .

vra s e e  t h a t  t h i s  f i e l d  a b o u t  a c h a rg e d  a toç i  o r  i o n  h i n d e r s  

i t s  m ovem ent. The d e d u c t i o n  made by many i s  t h e r e f o r e  t h a t  a s  o n ly  

t h e  i o n s  a r e  t h e  c h a r g e d  b o d i e s , i t  m ust f o l lo w  t h a t  t h e  g r e a t e r  t h e  

d i s s o c i a t i o n  t h e  m ore o f  t h e s e  i o n s  e x i s t , a n d  t h e r e f o r e  t h e  g r e a t e r

; t h e  d i s s o c i a t i o n , t h e  g r e a t e r  t h e  v i s c o s i t y , b e c a u se  t h e  more a to m s  

have t h u s  a h i n d e r i n g  e l e c t r o —m a g n e t ic  f i e l d *  O s tw a ld  s t a t e s  t h a t  

th e  v i s c o s i t y  i s  due t o  an  i n c r e a s e  i n  t h e  number o f  p a r t i c l e s  i n  

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

o f  t h e  D .P .  t h e  g r e a t e r  t h e  v i s c o s i t y .  I f  t h i s  i s  t h e  c a s e , t h e n  

t a k i n g  h i s  v ie w  o f  t h e  D .P .  a s  a  s e p a r a t e  s u b s t a n c e  i . e .  c o n s t a n t  

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

s i z e  o f  t h e  p a r t i c l e s  t o  a l lo w  an  i n c r e a s e  i n  t h e i r  num ber. ;
I

That t h e r e  may be  a  d i s s o c i a t i o n , o r  r a t h e r , a n  i n c r e a s e  i n  number o f  

p a r t i c l e s , t h e r e  i s  no d o u b t , b u t  I  have fo u n d  i n  a d d i t i o n  t h a t  t h e r e  

i s  an  i n c r e a s e  i n  t h e  s i z e  o f  many o f  t h e  p a r t i c l e s  w i t h  an 

i n c r e a s e  i n  v i s c o s i t y .  Not o n ly  do t h e  i n d i v i d u a l  p a r t i c l e s  

i n c r e a s e  i n  s i z e  b u t  t h e y  a p p e a r  t o  o c c u r  i n  c o n g lo m e ra te  m a s s e s .  

T h is  c o i n c i d e s  w i th  an  i n c r e a s e  i n  v i s c o s i t y .





I

I n  f i g  10 I  have  a t t e m p t e d  t o  show g r a p h i c a l l y  t h e  g e n e r a l  

i n c r e a s e  i n  t h e  s i z e  o f  t h e  p a r t i c l e s  on t h e  p a s s a g e  o f  a n  e l e c t r i c  

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

s t a g e  o f  no movement a t  a l l  was r e a c h e d *  The g ra p h  i s  r e a l l y  n o t  

a  v e r y  a c c u r a t e  one i n  i t s  ( X ) a b s c i s s a ,b u t  i s  m e re ly  a  r e p r e s e n t a t i o n  

o f  a num ber o f  c o u n t s  o f  p a r t i c l e s  a s  s e e n  i n  an a r e a  o f  an  e l e c t r i c  

f i e l d  w i t h  t h e  u l t r a m i c r o s c o p e .  D e t a i l s  a r e  g i v e n ^ i n  A ppend ix  B, o f  

t h e  e x p e r im e n t  . The aim  was t o  show how s i z e  a f f e c t e d  s p e e d  and  

t h i s  i s  a l s o  d e m o n s t r a t e d  i n  f i g  1 0 .  The c o u n t s  c o u ld  n o t  be t a k e n  

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

g e t t i n g  t h e  p a r t i c l e s  on t o  t h e  a r e a  c o v e r e d  by t h e  m ic ro m e te r  s c a l e  

The v e r t i c a l  ( Ï )  l i n e  i s  m arked  i n  s e c s  and  t h e  t im e  i s  g r a p h e d  f o r  

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

e l e c t r i c  f i e l d  t o w a r d s , i n '^ h i s  c a s e , t h e  p o s i t i v e  p o l e .  The X a b s c i s s a  

t h e  l o n g i t u d i n a l  o n e ,m e r e ly  g i v e s  t h e  number o f  c o u n t s .  Each c o u n t  

was i f  p o s s i b l e , o n e  i n  w h ich  t h e  s p e e d  o f  a sm a ll ,m e d iu m  and  l a r g e  

p a r t i c l e  was t a k e n  a t  t h e  same f o c u s .  Where t h i s  i s  n o t  shown t h e  

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

g iv e n  a r e a .  The t h r e e  c u r v e s  i n d i c a t e  t h e  sp e e d  o f  la rg e ,m e d iu m  and 

s m a l l  p a r t i c l e s  r e s p e c t i v e l y .  I t  w i l l  be n o t i c e d  t h a t  a s  t h e  c o u n t  

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

o n es  w ere  n o t  t o  be s e e n .  A c t u a l l y  a t  t h e  s t a r t  o f  t h e  e x p e r im e n t  

t h e  p a r t i c l e s  w ere  a lm o s t  e n t i r e l y  medium s i z e , b u t  a b o u t  15 s e c s  

a f t e r  s w i t c h i n g  on t h e  c u r r e n t  t h e  s m a l l  p a r t i c l e s  w ere  s e e n .

A p o s s i b l e  e x p l a n a t i o n  o f  t h i s  w i l l  be g iv e n  l a t e r .  A t t h e  end  o f  

th e  e x p e r im e n t (3 5  m in s )  a l l  movement had  c e a s e d  and  a p p a r e n t l y  

g e l a t i o n  had  s e t  i n .
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The s t o p p i n g  o f  t h e  movement was q u i t e  g r a d u a l  and n o t  sudden? 

The o n ly  p o s s i b l e  c a u s e s  o f  t h i s  w e r e ( l )  t o o  g r e a t  h e a t  r e f l e c t e d  

from  t h e  l a m p , ( 2 )  h e a t  c a u s e d  by t h e  c u r r e n t , ( 3 )  a c t i o n  o f  t h e  

c u r r e n t .  T h is  was c h e c k e d  by a  c o n t r o l , a n d  ( 3 )  was shown t o  be  t h e  

o n ly  p o s s i b l e  c a u s e .  The h e a t  o f  t h e  lamp was much g r e a t e r  t h a n  any 

c r e a t e d  by t h e  c u r r e n t , a n d  ev en  r e f l e c t e d  lamp h e a t  h ad  no e f f e c t  

on a c o n t r o l  a f t e r  60 m in s .  The h e a t  r a d i a t i o n s  from  t h e  lamp a p a r t  

from r e f l e c t e d  h e a t  had  no e f f e c t  on t h e  c o n t r o l  s l i d e  e i t h e r .

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

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

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

As s e e n  f u i t h e r  from  f i g  10 t h e  s p e e d  o f  t h e  l a r g e r  p a r t i c l e s  was 

on t h e  w hole  s lo w e r  t h a n  t h e  medium and s m a l l e r  o n e s , e x c e p t  n e a r  t h e  

s t a r t  o f  t h e  e x p e r im e n t  when t h e r e  was a t e m p o ra ry  m arked  s lo w in g  

o f  t h e  medium p a r t i c l e s  a t  a t im e  when few l a r g e  o n e s  w erè s e e n .

T h is  t e m p o ra ry  s lo w in g  was due I  t h i n k  t o  a  f lo w  i n  t h e  o p p o s i t e  

d i r e c t i o n  from  s t r e a m i n g  movements w hich  a l s o  r e v e r s e d  and  g av e  a 

sudden s p e e d i n g  up o f  t h e  l a r g e  and  medium p a r t i c l e s .

AS| h o w e v e r , i t  was f e l t  t h a t  o t h e r  c a u s e s  m ig h t  be p r e s e n t  

which w ould  l e a d  t o  g e l a t i o n , t h e  e x p e r im e n t  was r e p e a t e d  

m a c ro sG o p ic a l ly  w i t h  s l i d e s  t a k e n  a t  i n t e r v a l s  w hich  w ere  exam ined  

u l t r a m i c r o s c o p i c a l l y .  D e t a i l s  a r e  g iv e n  i n  A ppend ix  C. I t  was th e n  

found t h a t  c o m p le te  g e l a t i o n  was p ro d u c e d  i n  a s m a l l  q u a n t i t y  o f  

serum by t h e  e l e c t r o l y t i c  a c t i o n  o f  1 V o l t  E .M .P .

u l t r a m i c r o s c o p i c  a p p e a r a n c e  was n o te d  a t  i n t e r v a l s .

To a v o id  t h e  p e r s o n a l  e q u a t i o n , I  r e q u e s t e d  t h e  o p in io n  o f  a f e l l o w  

O f f i c e r  who was n e i t h e r  i n  t h e  m e d ic a l  b ra n c h  n o r  e x p e r i e n c e d  i n  

S’- ic ro s c o p y .  He was a s k e d  t o  d e s c r i b e  t h e  s l i d e s  w i th o u t  knowing w hat 

r e s u l t s  w ere  e x p e c t e d .  H is  o p in io n  c o r re s p o n d e d  e x a c t l y  w i th  my 

no tes  w i t h o u t  any l e a d i n g  q u e s t i o n s  b e in g  p u t  t o  h im . T hese  a r e  now 

2iven a s  t h e y  w ere  w r i t t e n  down by me p r e v i o u s  t o  h i s  l e s s  t e c h n i c a l
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d e s c r i p t i o n  w h ich  c o n f i rm e d  th e m .

A p p e a ra n c e  o f  s l i d e s  f rom  e l e c t r o - l y s e d  serum  
Taken w h i l e  c u r r e n t  i n  a c t i o n .

P a r t i c l e s  s E a l l - f a i r l y  d i s p e r s e d  n o t  v e r y  num erous  
11 pm a  few  s m a l l  c o n g lo m e r a t e s .  B row nian  movement a c t i v e .

At 1 1 -2 0  P a r t i c l e s  s m a l l  and  m ed iu m -ab o u t  same a s  t o  n u m b e rs .
B row nian  m ovem ent.

At 12 pm P a r t i c l e s  (m edium ) m ore n u m e r o u s - t o t a l  num ber sam e .
C o n g lo m e ra te s  s t i l l  s m a l l .  B row nian  m ovem ent.

At 1 am P a r t i c l e s  medium a b o u t  same s i z e - i f  a n y t h i n g  some
l a r g e r  and  t h e s e  more n u m e ro u s .  G e n e ra l  num bers  
a b o u t  t h e  sam e . B row nian  m ovem ent.

"  ”  -

S i ° )  - — a t

Ib is  experiment e n tire ly  confirmed my previous find ings.

I t  18 t o  be n o te d  t h a t  t h i s  c o a l e s c e n c e  u n d e r  e l e c t r i c a l  a c t i o n  

d i f f e r s  f ro m  O s tw a ld s  p r e v i o u s  s t a t e m e n t s , r e f e r r e d  t o  on k . , k )  b u t  

c o i n c i d e s  w i t h  t h e  f i n d i n g s  o f  R a l e i g h . ( s e e  ^  )

O s tw a ld  p o i n t s  o u t , a s  i s  w e l l  k n o w n , th a t  i o n s  a r e  a l s o  

h y d ra te d  i . e . h a v e  w a t e r  e n v e l o p e s ,a n d  he t h e r e f o r e  d e d u c e s  t h a t  i n  

th e  i n c r e a s e d  d i s s o c i a t i o n  t h e r e  w i l l  be more w a te r  e n v e lo p e s  t o  ‘ 

be d ra g g e d  a l o n g  by m ore p a r t i c l e s . a n d  t h u s  w i th  more num erous 

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

I f  however my experiments are correct and there is  an 

increase in  the size of the p artic les .and  yet an increase in  

dissociation,there must be an additional fa c to r . I  venture to 

sngeest th a t the increase in  smaller p a rtic le s  which I  only saw 

an e le c tr ic  current and not la te r,an d  which I  have 

not^been able to confirm in  s lides of sera of which the v iscosity  

das increased from other causes,is due to  dissociation of the D.M.

»ith an increase in  size of the hydrated ions to micronic size i . e .
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p a rtic le s  below 10«%,.to  w ith in  ultram icroscopic range.

This view is  possible i f  the system is  liq u id *- l iq u id ,th e  d iffe rence

being one mainly of concentration,as Hatschek suggested. The

question of the surface forces coming into  play here w i l l  be

discussed la t e r .  The greater concentration is  accompanied by a

lesser degree of dispersion as fa r  as the o rig in a l v is ib le  D.P. is

concerned(see ).. a  ) but the increased number of sm aller p a rtic le s

also appears to be present here fo r the reasons mentioned. The

Change i n  c o n c e n t r a t i o n  i s  t h e  im p o r t a n t  f a c t o r . a s  w il l  be d i s c u s s e d  

l a t e r .
I  cannot fin d  in  the l ite ra tu re  any record of comparisons 

at the same moment between v iscosity  and actual ultram icroscopic  

appearance,and therefore venture to adhere to the view th a t an 

increase in  size goes w ith viscosity  increase,and the above seems 

to be the only explanation to f i t  in  with Ostwalds statements and 

ay find in g s . I t  might be th at the apparently la rg er p a rtic le s  are 

conglomerates of a minute s ize ,bu t th e ir  appearance does not suggest 

th is . I.fu rth e r ,a m  of opinion th at the presence of hydration in  

re lation  to  ions can hold here too,as w i l l  be seen la te r  when I  

discuss the manner of the increase or decrease in  size of the 

p a rtic le s . We a t le a s t see that v iscosity  is  in tim ate ly  connected 

»ith the p a rtic le s  present in  the D.M. and th at varying forces come 

into play due to the presence of great specific  surface,and that 

under various outside agencies th is  viscosity is  changed.

The re la tio n  of the change of p a rtic le s  to the v iscosity  

through other forces than the e le c tr ic  force w i l l  be mentioned la te r^  

electron theory has unquestionably shown,these other forces,

®uch as heat and co ld,are merely manifestations of e le c tr ic  force  

ih another form.bmt they are referred  to as i f  d iffe re n t fo r the 

® of avoiding a d eta iled  description of the electron ic  

explanation o f heat e tc .
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H eat,® » isM S ^has  been  found, t o  d e c r e a s e  v i s c o s i t y .

T h is  w i l l  be shown by P ig  5 .  The b e h a v io u r  o f  t h e  p a r t i c l e s  i n

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

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

p o r t i o n s  «% t h i s  p a p e r .

W ith  r e g a r d  t o  my u l t r a m i c r o s c o p i c  f i n d i n g s  a lo n g  w i t h  

v i s c o s i t y  t e s t s , a n d  t h e  o p i n i o n  o f  o t h e r s  i n  r e l a t i o n  t o  D eg ree  o f  

D i s p e r s i o n ,o p p o s in g  v ie w s  a r e  h e l d .  F o r  e x a m p le ,B e c k  and  E bb ingha& s' 

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

c a s t o r  o i l  i n  w a te r  I n c r e a s e d  t h e  v i s c o s i t y .  On t h e  o t h e r  h a n d ,  

i n c r e a s e  o f  m o l e c u l a r  w e ig h t  i s  known t o  i n c r e a s e  v i s c o s i t y ( O s t w a l d )  

The f i n a l  r e s u l t  may be t h a t  i t  w i l l  be shown t h a t  t h e  medium 

d e g re e  o f  d i s p e r s i o n  g i v e s  h i g h e s t  v i s c o s i t y , a s  O s tw a ld  s u g g e s t s .

My f i n d i n g s  u n d e r  v a r i o u s  c o n d i t i o n s  a r e  now g i v e n .

I f  we t a k e  P i g s  2 & a n d ^ ^ a n d  exam ine  t h e  r e s u l t s  o f  n o t e s  

on a few s l i d e s  c o i n c i d e n t l y  we s h a l l  s e e  how f a r  my o b s e r v a t i o n s  

a re  c o n f i r m e d .  As i n  t h e  fo rm e r  c a s e  when e x a m in in g  s l i d e s  from  

serum u n d e r g o in g  e l e c t r o l y s i s , I  a s k e d  t h e  o p in io n  o f  a n o t h e r  O f f i c e r  

and h is . o b s e r v a t i o n s  c o n f i rm e d  my n o t e s .  S l i d e s  w ere t a k e n  a t  t h e  

v i s c o s i t i e s  n o t e d .  They w ere n o t  t a k e n  more f r e q u e n t l y  a s  t h e  

amount o f  serum  was l i m i t e d .  The f o l l o w i n g  a r e  t h e  n o t e s » -

V F r e s h  Serum V Serum w i t h  alcohol5& d
P ig  2<vCurve A P ig

5 Medium P a r t i c l e s - v e r y  num erous 2 Medium s i z e , a  few
a v e r y  few c o n g lo m e ra te s*  c o n g lo m e r a te s  l i k e

n o r m a l .
1*86 P a r t i c l e s  s l i g h t l y  l a r g e r - s t i l l

v e r y  num erous-m ore c o n g lo m e r a te s .2 * 1 3  P a r t i c l e s  s l i g h t l y
l a r g e r - v e r y  num erous 

2 P a r t i c l e s  n o t  q u i t e  so num erous m ore c o n g lo m e r a te s
more c o n g lo m e r a te s  s l i g h t l y  b i g g e r .  A lso  a  few m a ss e s  o f

t p r e c i p i t a t e  su c h  a s  
1 '4 3  P a r t i c l e s  v e r y  num erous and v e ry  s m a Q  i n  s l i d e  o f  serum  

v e r y  few c o n g lo m e r a t e s ,  ^ p r e c i p i t a t e d  by
a l c o h o l  ( 9 0 # ) .
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Fresh. Serum (9 5  h r s )  Same I n o c u la te d .  (87 h r s )
V ( f i g  2^C urve  D) V. ( F i g  2 k 3 u rv e  E)

1*7 P a r t i c l e s  much s m a l l e r  2"2 1  P a r t i c l e s  much l a r g e r  
th a n  i n o c u l a t e d  s l i d e ,  t h a n  o r i g i n a l ,
more medium s i z e ,  s e v e r a l  c o n g l o m e r a t e s ,
few c o n g l o m e r a t e s .

As n o t e d  on f i g  4 t h e  e f f e c t  o f  a l c o h o l  on t h e  v i s c o s i t y  seem ed 

to  be due t o  t h e  i n c r e a s e  o f  t h e  v i s c o s i t y  o f  t h e  w a t e r  o n l y , a n d  

t h e s e  n o t e s  on t h e  s l i d e s  s u g g e s t  t h i s  a l s o .  The q u e s t i o n  o f  t h e  

D egree o f  D i s p e r s i o n  m ust re m a in  u n s o lv e d  e x p e r i m e n t a l l y  a s  f a r  

a s  t h i s  p a p e r  g o e s , a s  t h e  c a l c u l a t i o n  o f  i t  com pardL tive ly  f o r  

v a r i o u s  s e r a  i n v o l v e s  g r e a t  d i f f i c u l t i e s  -at ^ r o o o t t t  i m p o s s i b l e  o f  

s o l u t i o n  u n d e r  my p r e s e n t  c i r c u m s t a n c e s . ( s e e  A p p en d ix  B)

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

s i z e  o f  t h e  p a r t i c l e s  one m ust b r i e f l y  c o n s i d e r  t h e  f i n d i n g s  o f  

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

o f  t h e  s e ru m .  W hile  t h e  e x p e r im e n t s  r e l a t e d  a r e  t h e  m ain  r e s u l t s  

o f  my p e r s o n a l  i n v e s t i g a t i o n s  one m ust c o m p le te  t h e  e v id e n c e  f o r  

o n e ' s  v ie w  on t h e  im p o r ta n c e  o f  t h e  p a r t i c l e s  i n  t h e  body r e a c t i o n s  

b e f o re  d i s c u s s i n g  t h e  r e l a t i o n  o f  o n e ' s  c o n c l u s io n s  t o  p r a c t i c a l  

m e d ic in e  a n d  o n e ' s  t h e o r i e s  on t h e  b a s i s  o f  a b n o r m a l i t i e s  i n  t h e  

body w h ic h  l e a d  t o  sym ptom s.

We s h a l l  t h e r e f o r e  c o n s i d e r  Brow nian  Movement w i th  t h e  

p a r t i c u l a r  aim  o f  s e e i n g  w hat a p p e a r s  t o  be t h e  p h y s i c a l  v a l u e  o f  

th e  p a r t i c l e s  w h ich  p l a y  su c h  a  g r e a t  p a r t  i n  a l t e r a t i o n s  o f  t h e  

b lood  s e ru m .  The a p p e a r a n c e  e t c .  o f  t h i s  movement we a r e  n o t  

co n cern ed  w i t h , e x c e p t  i n  t h a t  i t  o b v io u s ly  i s  d e p e n d e n t  on t h e  

s t a t e  o f  t h e  D.M. As n o te d  i n  my d e s c r i p t i o n  o f  t h e  u l t r a m i c r o s c o p i c  

appearan ce  o f  t h e  se rum  u n d e r  t h e  e f f e c t  o f  an  e l e c t r i c  c u r r e n t ,  

th e  B row nian  movement d e c r e a s e s  when t h e  serum  r e a c h e s  more n e a r l y  

to  t h e  s t a t e  o f  g e l a t i o n .
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I n  a d d i t i o n  one n o t e d  t h a t  t h e  i n c r e a s e  i n  s i z e  c o i n c i d e s  

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

in  f r e s h  se ru m  t h e  v e r y  few l a r g e r  p a r t i c l e s  move more s lo w ly  

t h a n  t h e  s m a l l e r  o n e s .  A n o th e r  p o i n t  n o te d  was t h a t  t h e  a r c  l i g h t  

seem ed t o  i n c r e a s e  m o v e m e n t ,fo r  when t h e  l i g h t  v/as p a r t i a l l y  

s h a d e d  t h e  movement was l e s s  t h a n  when t h e  l i g h t  was n o t  i n t e r f e r e d  

w i t h .  A g a i n , a s  n o t e d  by M a th e w s ,I  fo u n d  t h a t  h e a t  i n c r e a s e d  t h e  

m ovem ent. P o s s i b l y  t h e  e f f e c t  o f  l i g h t  was due t o  t h a t , a s  I  had  

no m eans o f  k e e p in g  o f f  t h e  h e a t  o f  t h e  l i g h t  r a y s .  The h e a t  from  

t h e  lam p box  was k e p t  from  t h e  m ic ro s c o p e  by a s b e s t o s  b u t  n o t  t h e  

h e a t  o f  t h e  a c t u a l  la m p .  I n  o t h e r  w o rd s ,w h en  t h e  v i s c o s i t y  was

l e s s , t h e  movement was g r e a t e r .

As t o  t h e  c a u s e  o f  t h e  movement t h e r e  a r e  v a r y i n g  

o p i n i o n s .  M athews a s c r i b e s  i t  t o  t h e  bombardment o f  t h e  p a r t i c l e s  

by t h e  m o l e c u l e s  o f  t h e  D.M. T h a t  t h i s  i s  more o r  l e s s  g e n e r a l l y  

a c c e p te d  i s  t h e  c a s e .

A c c o rd in g  t o  O s t w a ld ,e v e r y  p o s s i b l e  f a c t o r  due t o  e x t e r n a l

a g e n c i e s  h a s  b een  e l i m i n a t e d  a n d  t h e  p r o p e r t y  o f  B row nian  movement

i s  i n h e r e n t  t o  a  d i s p e r s e  s y s te m .  T h e re  i s  no o c c a s i o n  t o  go i n t o

t h e  e x p e r i m e n t s  w h ich  e l i m i n a t e d  t h e s e  e x t e r n a l  f a c t o r s .
*

S v e d b e rg  c a r r i e d  o u t  e x t e n s i v e  e x p e r im e n t s  i n  r e g a r d  t o  t h e  

m a t t e r , a n d  t h e  m ain  f i n d i n g s  t h a t  c o n c e rn  t h i s  p a p e r  a r e  t h a t  he 

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

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

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

th e  v i s c o s i t y .  I t  i s  t o  be n o te d  t h a t  t h i s  f i n d i n g  m ig h t  i n d i r e c t l y  

c o n f i rm  w h a t  I  have  p r e v i o u s l y  m a i n t a i n e d , t h a t  t h e r e  i s  a  r e l a t i o n  

be tw een  t h e  s i z e  o f  t h e  p a r t i c l e s  and  v i s c o s i t y , b e c a u s e  t h e  

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

a l s o  move more s l o w l y .  The i n t e r e s t  o f  t h e  e x p e r i m e n t a l  f i n d i n g s
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/

o f  Svedberg, l i e s  i n  t h e  f a c t  t h a t  E i n s t e i n  and  Sm oluchow ski 

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

s y s te m s  and  fo u n d  t h a t  t h e  r e s u l t s , r e a c h e d  m a t h e m a t i c a l l y ,

c o n f i rm e d  t h e  e x p e r i m e n t a l  r e s u l t s  o f  S v ed b e rg *  As t h i s  e q u a t i o n ,

f o r  t h e y  b o th  r e a c h e d  p r a c t i c a l l y  t h e  same e q u a t i o n  e x c e p t  f o r

a c o n s t a n t , w i l l  be r e f e r r e d  t o  a g a in  i t  i s  now g i v e n .

P a r t i c u l a r s  a s  t o  i t s  d e r i v a t i o n  can  be g o t  e l s e w h e r e . ( E i n s t e i n
/

A n n ,d .P h y s ik ) ( 1 9 0 5 ) - S m o lu c h o w s k i  A n n .d .P h y s ik  ( 1 9 0 6 ) .

T h i s  fo rm u la  i s

Where A - a v e r a g e  p a t h  l e n g t h  K c o n s t a n t  R ^ G a s  c o n s t a n t

T = a b s o l u t e  t e m p e r a t u r e  N = no o f  p a r t i c l e s  i n  a  g ram -

m o le c u le  o f  t h e  D .P .  t  ^ p e r i o d  o f  v i b r a t i o n

vj > v i s c o s i t y  o f  D.M. r  -  r a d .  o f  p a r t i c l e .

As O s tw a ld  p o i n t s  o u t , i f  we have  g iv e n  a l l  t h e  f a c t o r s  c o n s t a n t

e x c e p t  A  t h e n  A  -  Thus t h e  v i s c o s i t y  f a c t o r  i s  s e e n

t o  be o f  g r e a t  i m p o r t a n c e .  S v e d b e rg  s h o w e d ,a s  we s a w , t h a t  t h e

v i s c o s i t y  i s  e x p e r i m e n t a l l y  one  o f  t h e  two g r e a t  f a c t o r s  i n

Brow nian  m ovem ent. I n  o t h e r  w ords  we s e e  t h a t  t h e s e  f i n d i n g s  a r e

s t r o n g l y  i n  f a v o u r  o f  t h e  M o le c u lo - K in e t i c  t h e o r y .

A g a i n , p a r t i c l e s  o f  r a d i u s  " l ^ t o  - 4 ^ have been  fo u n d  by 
1  '

P e r r i n  t o  co n fo rm  t o  w hat i s  known a s  S to k e s  la w ,w h ic h  i n v o l v e s  

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

a s  g r a v i t y  v i z : -  ■ D-d X  * r ^ ,  w here V = v e l o c i t y  D - d e n s i t y  o f

p a r t i c l e   ̂ d = d e n s i t y  o f  l i q u i d , ^ - v i s c o s i t y ^  K -  c o n s t a n t  o f  g r a v i t y  

an d  r  = r a d i u s  o f  p a r t i c l e .  How f a r  t h i s  a p p l i e s  t o  c o l l o i d a l
I

d i s p e r s e  s y s te m s  i s  n o t  y e t  k n o w n ,b u t  J .T hom son h as  a p p l i e d  i t  

w i th  g r e a t  s u c c e s s  t o  g a s e o u s  i o n s  i n  t h e i r  m i g r a t o r y  phenom ena.

W hile  t h e s e  m o l e c u l o - k i n e t i c  f i n d i n g s  w i th  o t h e r  

e x p e r im e n ts  have  gone t o  p ro v e  v e r y  l a r g e l y  t h a t  t h e  B row nian



Movement i s  due t o  t h e s e  f a c t o r s  o n ly ,O s tw a ld  p o i n t s  o u t  t h a t

t h e  s tu d y  o f  g a s e o u s  i o n s  h a s  s h o w n ,a s  we have a l r e a d y  m e n t io n e d ,

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

an  e l e c t r o - m a g n e t i c  f i e l d  w h ich  r e t a r d s  i t s  m ovem ent. F u r t h e r , h e

sta teS fth a t traces of e le c tr o ly te s  absorbed by the p a r t ic le s

r e t a r d  t h e i r  movement t h r o u g h  c h a n g in g  t h e i r  c h a r g e s  i n  a  p o s i t i v e

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

a f f e c t i n g  B ro w n ian  m o v e m e n t ,h o w e v e r ,d o e s  n o t  t a k e  away g r e a t l y

from  t h e  m o l e c u l o - k i n e t i c  t h e o r y , f o r  a f t e r  a l l  t h e  i o n i c  m o t io n

w hich  w ould  c a u s e  t h e  bom bardment i s  f u n d a m e n ta l ly  d u e  t o

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

A n o th e r  f a c t o r  h a s  been  d e s c r i b e d  a s  r e t a r d i n g  B row nian

movement V i z : - t h e  a d d i t i o n  o f  e l e c t r o l y t e s .  S v e d g e rg  n o t e s  t h a t

t h i s , h o w e v e r , i s  due t o  t h e  e l e c t r o l y t e s  c a u s in g  an i n c r e a s e  i n

s i z e  o f  t h e  p a r t i c l e s .  On t h e  o t h e r  hand o t h e r s  have fo u n d  t h a t

t h e  movement m ig h t  be a c c e l e r a t e d  by e l e c t r o l y t e s .  I n  a  n e u t r a l

medium t h e  p a t h  l e n g t h  a v e ra g e d  * 6 ^ p e r  s e c , b u t  was r e d u c e d  i n
/

an a l k a l i n e  t o  -3»;*-and  i n  an  a c i d  t o  . Q '^ ( H e n r i ) .

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

e l e c t r i c a l  c o n d i t i o n  o f  t h e  sy s te m  w i th  c o n s e q u e n t  ch an g e  

i n  s i z e  o f  t h e  p a r t i c l e s .  I t  w ould  be  n e c e s s a r y  to  know t h e  

s u b s t a n c e s  u s e d  t o  f o r m u l a t e  a p r o p e r  o p i n i o n .  T hese  r e s u l t s ,  

h o w e v e r , t a k e  u s  one  s t e p  f u r t h e r  i n  o u r  c o n s i d e r a t i o n .

We h ave  s e e n  t h e  im p o r ta n c e  o f  t h e  p a r t i c l e s , t h e  r e s u l t  o f  t h e i r  

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

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

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

w i th  r i s e  o f  v i s c o s i t y , a n d  d e c r e a s e  i n  c e r t a i n  c a s e s  w i th  f a l l  i n  

v i s c o s i t y  g iv e n  o t h e r  t h i n g s  c o n s t a n t .  We have s e e n  t h a t  B row nian  

movement e x p e r im e n t s  have  c o n f i rm e d  my e x p e r im e n t s  show ing  t h a t  

a l t e r a t i o n s  i n  v i s c o s i t y  a f f e c t  m ovem ent,and  t h a t  t h e  s i z e  o f  t h e



j

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

a c c o r d i n g  t o  S to k e s '  l a w .  F u r t h e r , t h e s e  f i n d i n g s  l e a d  u s  t o  t h e  

c o n c l u s i o n  t h a t  i n  t h e i r  b e h a v i o u r  t h e  p a r t i c l e s  f o l l o w  m o le c u lo -  

- k i n e t i c  l a w s  a n d , a s  H a ts c h e k  p o i n t s  o u t , t h e y  can  be t r e a t e d  a s  

m o le c u l e s  o f  a  s u b s t a n c e  o f  v e r y  h ig h  m o l e c u l a r  w e i g h t .

These  c o n c l u s i o n s  w i l l  be r e f e r r e d  t o  a g a i n , b u t  b e f o r e  p r o c e e d i n g  

t o  a p p ly  th e m ,o n e  m ust t u r n  t o  t h e  r e m a in in g ,p h e n o m e n a ,w i th o u t  a 

c o n s i d e r a t i o n  o f  w h ich  t h e  o b j e c t  o f  t h i s  p a p e r  w o u ld  n o t  be

a t t a i n e d .  /
S v e d b e rg  f o r  g o ld  s o l s  fo u n d  t h a t  t h e  d i f f u s i o n  v e l o c i t y

was a p p r o x i m a te ly  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s i z e  o f  t h e

p a r t i c l e s .  H ere a g a i n  t h e  m o l e c u l o - k i n e t i c  e q u a t i o n  o f  E i n s t e i n
/

and Sm oluchow sk i p r o v id e d  m a th e m a t ic a l  p r o o f .  From t h e  e q u a t i o n  

p r e v i o u s l y  m e n t io n e d  t h e y  d e v e lo p e d  t h e  d i f f u s i o n  c o e f f i c i e n t s  f o r

RT T
t h e  D .P .  and  fo u n d  i t  t o  be D - ^  • A

“  6-nqr.

I f  t h e  f a c t o r s  D and r  a r e  c o n s t a n t , t h e n  r ,  i . e .  t h e

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

a s  t h e  r e s p e c t i v e  r a d i i  o f  t h e  p a r t i c l e s .  A gain  we s e e  t h e  

im p o r ta n c e  o f  t h e  s i z e  o f  t h e  p a r t i c l e s .  I f  we t u r n  t o  t h e  

r e m a in in g  p r o p e r t i e s  o f  t h e  l i q u i d  d i s p e r s e  sy s te m  we f i n d  t h e  

d i a l y t i c  and  o s m o t ic  phenomena a g a in  s u p p o r t  o u r  c o n t e n t i o n .

When one g e t s  d i a l y s i s  t h e r e  i s  u s u a l l y  p r e s e n t  a  c e r t a i n  amount 

o f  o s m o s i s .  The o s m o s i s , a s  d o e s  f r e e  d i f f u s i o n ^ t e n d s  to w a r d s  t h e  

e s t a b l i s h m e n t  o f  a  u n i fo r m  s p a t i a l  d i s t r i b u t i o n  o f  t h e  D .P .  and  

D.M. ( O s tw a ld )  F o r  o s m o s is  one r e q u i r e s  a m em brane ,and  t h e  

phenomenon i s  r e a l l y , a s  i t  w e r e , a n o t h e r  s i d e  t o  d i a l y s i s .  The 

o sm o tic  p r e s s u r e  an d  o t h e r  phenomena a r e  m ark ed ly  d e p e n d e n t  on t h e  

specific s u r f a c e  o f  t h e  D .P .  and c o l l o i d a l  s o l u t i o n s  i f  p u r e  show 

v e ry  s m a l l  p r e s s u r e s .  E l e c t r o l y t e s  even  i n  m in u te  q u a n t i t i e s  

a f f e c t  t h e  sy s te m  g r e a t l y , b u t  t h e  p r e s s u r e  even  w i th  t h e s e  p r e s e n t

i s  v e ry  lo w .
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F u r t h e r , t h e  s l i g h t e s t  a l t e r a t i o n  i n  t h e  c i r c u m s t a n c e s  p r o d u c e s  

c h a n g e s  i n  t h e  O sm otic  p r e s s u r e , a s  shown by Reid*

In fluence of previous t reatment on Osmotic Pressure
o f  a lb u m in * ( E .W .R e i d * ) '

P r e v i o u s  T r e a t m e n t .  O sm otic  p r e s s u r e  o f  a
s o l u t i o n  i n  mm Hg.

O valbum in  t w i c e  c r y s t a l l i s e d  3 • 38
a n d  o n ce  washed*

O valbum in w ashed  r e p e a t e d l y *  0 * 00

O valbum in  p r e c i p i t a t e d  and  4 - 82
o n c e  washed*

P r e c i p i t a t e d  b o v in e  serum  4 * 29
a lb u m in  once  washed*

T a b le  7 *

The age  o f  a sy s te m  v a r i e s  o s m o t ic  p r e s s u r e , a n d  t h e  a l t e r a t i o n s  a r e

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

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

p r e s s u r e  t o  c o n c e n t r a t i o n  f o l l o w  t h e  V a n ' t  H off la w s  f o r  m o l e c u l a r

d i s p e r s o i d s  v i z : -  t h a t  t h e  0*P* i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e

c o n c e n t r a t i o n !  O s tw a ld  r e f e r s  t o  c a s e s  w here  t h e  O .P.m ay i n c r e a s e

f a s t e r  o r  s lo w e r  t h a n  t h e  c o n c e n t r a t i o n *

R e l a t i o n  o f  O sm otic  P r e s s u r e  o f  H aem o -g lo b in  s o l u t i o n s
t o  t h e i r  c o n s e n t r a t i o n s *  '

C o n c e n t r a t i o n  * T e m p e ra tu re * O sm otic  p r e s s u r e

2 92^ 15° 12

4 58 16° 17

4 95 15^ 19

5 7
0

15
■1

17

6 05 15^ 22

Table 8 .

Nor a g a i n , d o e s  t h e  O sm otic  p r e s s u r e  v a r y  p r o p o r t i o n a l l y
/

w ith  t h e  a b s o l u t e  t e m p e r a t u r e  i n  a l l  c a s e s *  A l s o , a c i d s  and



LtO

a l k a l i e s  may e i t h e r  i n c r e a s e  o r  d e c r e a s e  t h e  O .P .  i n  d i f f e r e n t
( ' 

c o l l o i d s  o r  i n  e v e n  t h e  same o n e .  F o r  e x a m p l e , B a y l i s s  fo u n d  t h e

O .P .  o f  p u r e  h i g h l y  d i s p e r s e d  Congo t o  f a l l  87mm when

t h e  o u t e r  w a t e r  was s a t u r a t e d  w i t h  0 0 ^ .  A l k a l i e s  i n c r e a s e  t h e  O .P .

t o  a maximum beyond w h ic h  i t  f a l l s  a g a i n .  The a c i d s  l e d  t o  a 

d r o p  a t  f i r s t  and  t h e n  t o  an  i n c r e a s e .  T h i s  was i n  t h e  c a s e  o f  

g e l a t i n  I b u t  on t h e  o t h e r  hand e g g  a lb u m in  0|.P« i s  a lw a y s  l e s s e n e d  

by b o th  a c i d s  o r  a l k a l i e s .  The a d d i t i o n  o f  s a l t s  a lw a y s  c a u s e s  a  

d e c r e a s e , t h e  d e g r e e  o f  w h ich  v a r i e s  w i t h  t h e  c o n c e n t r a t i o n  and 

w i t h  t ^ e  n a t u r e  o f  t h e  a n io n  and c a t i o n .  As O s tw a ld  p o i n t s  o u t  

t h e  r e s u l t s  w h ic h  o f t e n  seem c o n t r a d i c t o r y  depend  on t h e  o r i g i n a l

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

X h a v e  p u r p o s e l y  a v o id e d  much d e t a i l  i n  t h e  c o n s i d e r a t i o n  

o f  O .P .  b e c a u s e  I  have  n o t  b een  i n  a p o s i t i o n  t o  t e s t  any o f  t h e  

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

t h e  0 . Pi. o f  a  c o l l o i d  shows e x t r e m e ly  v a r i a b l e  r e s u l t s .

T h i s  O s tw a ld  s u g g e s t s  i s  due t o  t h e  fu n d a m e n ta l  d i f f e r e n c e  b e tw een  

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

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

i m p o r t a n t  o f  t h e s e  f a c t o r s  i s  t h e  s i z e  o f  t h e s e  p a r t i c l e s  and 

t h e i r  d e g r e e  o f  d i s p e r s i o n , .  B a y l i s s  h a s  shown w i t h  Congo r e d  t h a t  

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

O .P .  ^
As c o u ld  be f u r t h e r  shown E i n s t e i n  and Sm oluchow ski h a v e

a l3 0  Shown m ath em atica lly  the i n f l u e n c e  o f  th e  r a d i i  o f  t h e

p a r t i c l e s  on O.Pi. T h e r e f o r e  a g a in  we f i n d  t h e  g r e a t  im p o r ta n c e

o f  t h e  p a r t i c l e s  i n  phenomena w h i c h , a s  we know ,fo rm  two o f  t h e

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

and d i f f u s i o n .

The l o g i c a l  c o n se q u e n c e  o f  a s tu d y  o f  t h e  o s m o t i c ,

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

W h i l e , i n  t h e  b o d y ^ th e  b lo o d  se rum  d o e s  n o t  g e l  e x c e p t  a b n o r m a l ly ,  

y e t  an  i n c r e a s e  i n  v i s c o s i t y  i s , a s  we saw i n  my e l e c t r i c a l  

e x p e r i m e n t s ^ a  s t e p  to w a r d s  g e l a t i o n .  As we d i s c u s s  i t  we a r e  

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

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

an d  from  i t  we c a n  d ed u ce  t h e  c h a n g e s  w h ich  accom pany i n c r e a s e  

o r  d e c r e a s e  o f  v i s c o s i t y  w h i l e  t h e  s y s te m  s t i l l  r e m a in s  l i q u i d .

A s o l  becom es a g e l  when i t s  d e g r e e  o f  d i s p e r s i o n  i s  

d e c r e a s e d  so  t h a t  t h e  s y s te m  becom es m i c r o s c o p i c a l l y  

h e t e r o g e n e o u s . ^ O s t w a l d )  The s o l^ g n  o t h e r  w o r d s , c o a g u l a t e s , o r  

a-3 some s a y , g e l a t i n i z e s .  T h i s  p r e c i p i t a t i o n  may be r e v e r s i b l e  

o r  i r r e v e r s i b l e  i . e .  i f  t h e  c a u s e  i s  rem oved i t  r e t u r n s  t o  i t s  

f o r m e r  s t a t e , .  When one t u r n s  t o  t h e  i n v e s t i g a t i o n  o f  b lo o d  serum  

o n e  i s  s t r u c k  w i t h  t h e  o c c u r r e n c e  o f  a p e c u l i a r  phenom enon.

As we h av e  s e e n , a n  e l e c t r i c  c u r r e n t  c a u s e s  g r a d u a l  i n c r e a s e  i n  

v i s c o s i t y  t o  t h e  p o i n t  o f  g e l a t i o n .  On t h e  o t h e r  hand  h e a t  

c a u s e s  a d e c r e a s e  i n  v i s c o s i t y  up  t o  a  p o i n t  o f  su d d e n  

" p r e c i p i t a t i o n  o f  one  o r  more o f  t h e  p r o t e i n s  i n v o l v e d .  O s tw a ld  

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

r e v e r s i b i l i t y  o f  su c h  a chan g e  o f  c o n d i t i o n  i s  n o t  d e te r m in e d  

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

c o n d i t i o n s  w h ic h  p ro d u c e  t h e  c o a g u l a t i o n .  F o r  e x am p le  he s t a t e s  

t h a t  t h e  p r e c i p i t a t i o n  o f  t y p i c a l  p r o t e i n  s o l s  by n e u t r a l  s a l t s  

i s  r e v e r s i b l e  b u t  t h e i r  p r e c i p i t a t i o n  by h e a t  i s  i r r e v e z a & b l e #

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

g e l a t i o n  c a u s e d  by i t  w as s l i g h t l y  r e v e r s i b l e  i n  a s e n s e , f o r  on 

a d d i t i o n  o f  w a t e r  t o  t h e  s l i d e  t h e  B row nian  movement w as s e e n  t o  

recom m ence g r a d u a l l y  a l t h o u g h  t h e r e  w as no ch an g e  o f  t h e  w ho le  

m a s s .  What seem ed t o  o c c u r  w as a d e c r e a s e  o f  c o n c e n t r a t i o n  o f  

(*X- See  a l s o  p a g e  4 8 ) i
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o f  Di.Pi. a t  l e a s t  t o  a s m a l l  e x t e n t .  The e f f e c t  o f  t h e  c u r r e n t  

w as  c l e a r l y  due t o  re m o v a l  o f  w a t e r  by t h e  e l e c t r o l y s i s  t o g e t h e r  

w i t h  t h e  i n c r e a s e  i n  s i z e  o f  t h e  p a r t i c l e s .  T h e re  w ere  t h e  two 

o c c u r r e n c e s  h a p p e n in g  s i m u l t a n e o u s l y .  T h i s  w i l l  be  f u r t h e r  

d i s c u s s e d  when one h a s  c o n s i d e r e d  o t h e r  v ie w s  on t h i s  s u b j e c t .

As I  have  m e n t io n e d ,O s tw a ld  and o t h e r s  r e f e r  t o  

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

I t  i s  n e c e s s a r y  to  make a c l e a r  d i s t i n c t i o n  how ever  b e tw een  t h e  

g e l  c o n d i t i o n  and o t h e r  fo rm s  o f  p r e c i p i t a t i o n .  I n  t h e

p r e c i p i t a t i o n  by s a l t s  o f  a c o l l o i d  t h e r e  i s  a s e p a r a t i o n  o f  t h e
•X*

s o l v e n t  and s o l u t e . i H a t s c h e k )  The c o n d i t i o n  i s  a p u re  

p r e c i p i t a t i o n  n o t  a g e l a t i o n .  When a g e l  i s  form ed t h e  w h o le  

m ass  O.Mi. and Di.P. becom es s o l i d  and no c l e a r  s e p a r a t i o n  o c c u r s .

The D.Pi. c e r t a i n l y  seem s t o  be c o a g u l a t e d  o r  p r e c i p i t a t e d  i n  t h e
He

s u b s t a n c e  o f  t h e  g e l  b u t  w ho le  r e m a in s  i n  one m a s s .  I t  h a s , a s  

O s tw a ld  s t a t e s , become a h e t e r o g e n e o u s  m ic r o s c o p ic  s t a t e i .  I n  t h e  

c a s e  o f  c a s e i n  Mathews d e s c r i b e s  t h e  g e l a t i o n  a s  due t o  t h e  

f o r m a t io n  o f  an i n s o l u b l e  p r e c i p i t a t e  w h ich  d o e s  n o t  f l o c k  o u t  

o f  t h e  s o l u t i o n  b u t  r e m a in s  h o ld in g  t h e  l i q u i d  b e tw een  t h e  

p a r t i c l e s .  T h is  l i q u i d  w i l l  h o ld  o t h e r  s u b s t a n c e s  i n  s o l u t i o n  

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

Mathews e x p l a i n s  t h e  phenomenon by s a y in g  t h a t  t h e  more l i q u i d  

p h a s e  it.ei* t h e  Di.M. i s  made s o l i d  by s u r f a c e  f o r c e s .  He p o i n t s  

o u t  t h a t  a t  t h e  b o u n d a ry  o f  two l i q u i d s  th e  a t t r a c t i o n  o f  t h e  

m o le c u le s  i n  t h e  tvro d i r e c t i o n s  o u tw ard  and in w ard  i s  d i f f e r e n t ,  

So t h a t  i n  t h e  s u r f a c e  l a y e r  t h e  l i q u i d  m o le c u le s  have  t h e i r  

f reed o m  o f  movement red u ced ,.  I t  i s  o n ly  n e c e s s a r y  t h a t  t h e  amount 

o f  l i q u i d  i n  t h e  s u r f a c e s  s h a l l  be l a r g e  com pared w i t h  t h e  amount 

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

•X See a l s o  p ag e  4 8 .



I n  o t h e r  w o rd s  t h e  p r o p o r t i o n  o f  l i q u i d  i n  t h e  fo rm  o f  s u r f a c e  

f i l m  m u st be s u f f i c i e n t l y  h i g h .  To g e t  t h i s , a l l  t h a t  i s  r e q u i r e d  

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

o f  t h e  p r e c i p i t a t e  and  an a t t r a c t i o n  b e tw een  t h e  p r e c i p i t a t e  and  

t h e  s o l v e n t .  I f  t h e  am ount o f  l i q u i d  i s  t o o  g r e a t  t h e  p a r t i c l e s  

w i l l  s e p a r a t e  o u t .  T h i s  t h e o r y  c o r r e s p o n d s  i n  some r e s p e c t s  w i th  

my s u g g e s t i o n  t h a t  one f a c t o r  o f  g e l a t i o n  a s  d e d u c e d  f rom  t h e  

a c t i o n  o f  e l e c t r i c i t y  i s  t h e  d i s a p p e a r a n c e  o f  w a te r  from  b e tw e e n  

th e  p a r t i c l e s  w h e th e r  t h e y  a r e  u l t r a m i c r o s c o p i c  o r  ev en  s m a l l e r .

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

e x i s t , t h é  e n l a r g e m e n t  o f  t h e  p a r t i c l e s  and  t h e  l o s s  o f  w a t e r  by 

e l e c t r o l y s i s .  The H an d  0 H i o n s  o f  t h e  D.M. p a s s  t o  t h e i r  

r e s p e c t i v e  p o l e s  and  become n e u t r a l i s e d  and  u l t i m a t e l y  t h e  0 and  H 

e le m e n ts  become r e l e a s e d  a s  g a s .  A t t h e  same t im e  t h e  p a r t i c l e s  

u n d e r  i n f l u e n c e  o f  e l e c t r i c  f o r c e  become m ore h y d r a t e d  and  we g e t  

th e  c o n d i t i o n  o f  t h e  s u r f a c e  f i l m s  s u g g e s te d  by M athew s. As we saw 

p r e v i o u s l y  t h e  e f f e c t  o f  t h e  s u r f a c e  t e n s i o n  ( p o s i t i v e )  w ould  be 

t h a t  t h e r e  w ou ld  be a te n d e n c y  t o  s u b d i v i s i o n  i f  i t  re m a in e d  a t  i t s  

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

to  a  d e c r e a s e  o f  s u r f a c e  t e n s i o n , t o g e t h e r  w i th  an  i n c r e a s e  i n  t h e  

e x p a n s i l e  e n e r g y  from  t h e  same c a u s e .  T h e r e f o r e  i t  a p p e a r s  t o  me one 

m ight g e t  an  e x p a n s io n  o f  t h e  p a r t i c l e s  and a t  t h e  same t im e  a  

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

of t h e  D.M. T h u s : -
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I t  i s  n e c e s s a r y  t o  make c l e a r  t h a t  I  am h e r e  n o t  d i s c u s s i n g  t h e  

q u e s t i o n  o f  t h e  s u r f a c e  t e n s i o n  o f  t h e  s y s te m  a s  a  w h o le .  I t  i s  

e a s i l y  s e e n  t h a t  i f  t h e  s u r f a c e  t e n s i o n  o f  t h e  w h o le  s y s te m  re m a in e d  

c o n s t a n t  t h e r e  m u st i f  volum e i s  c o n s t a n t  be  a  s u b d i v i s i o n  o f  t h e  

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

o f  a n  i n c r e a s e  i n  s i z e  o f  t h e  p a r t i c l e s  l i e s  i n  t h e  f a c t  t h a t  t o  

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

p a r t i c l e s  m u s t  become l a r g e r .  H ere I  am m e re ly  d i s c u s s i n g  t h e  

i n d i v i d u a l  p a r t i c l e .  A s i m i l a r  exam ple  may be fo u n d  i n  t h e  

e l e c t r i f i c a t i o n  o f  a  so ap  fo am . I f  one i n t r o d u c e s  e l e c t r o d e s  and  

c h a r g e s  a  b u b b le  t h e  b u b b le  e n l a r g e s .  To do t h i s  t h e r e  m ust be  a 

d e c r e a s e  o f  t h e  s u r f a c e  t e n s i o n , o t h e r w i s e  t h e  b u b b le  w ould  b u r s t .  

A g a i n , i n  t h e  c a s e  o f  t h e  e l e c t r i c a l  a c t i o n  on se rum  t h e  volum e 

d o es  n o t  r e m a in  c o n s t a n t .  I t  i n c r e a s e s  a s  w e l l , a s  f a r  a s  t h e  D .P .  

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

sy s te m »  i s  c o r r e c t  a s  m e n t io n e d  on . T h e re  i s  t h e r e f o r e

a t t a i n a b l e  a c o m p a r a t iv e  i n c r e a s e  i n  c o n c e n t r a t i o n , f o r  t h e r e  i s  an  

i n c r e a s e  i n  t h e  number o f  p a r t i c l e s  r e l a t i v e  t o  t h e  volum e o f  D.M. 

p r e s e n t .  What h ap p e n s  e s s e n t i a l l y  i s  a t r a n s f e r e n c e  o f  t h e  m o le c u le s  

of  t h e  D.M. t o  t h e  p a r t i c l e s  f ro m  t h e  D.M. e x c l u d i n g  t h e  m o le c u le s  

i o n i s e d  a n d  g iv e n  o f f  a s  g a s .  O s tw a ld  i n  d i s c u s s i n g  s u r f a c e  

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

show how t h e  p r e s e n c e  o f  e x p a n s i l e  and c o n t r a c t i l e  e n e rg y  i s  

r e c o n c i l a b l e .  As he s t a t e s , w h e n  t h e s e  f o r c e s  a r e  i n  e q u i l i b r i u m  

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

e l e c t r i c a l  e n e r g y  i n t o  a  sy s te m  l e a d s  t o  an a c t i o n  and  r e a c t i o n  

o f  t h e s e  two f o r c e s .  T h i s  v iew  h a s  b een  a l r e a d y  m e n t io n e d  on .

I t  i s  m e n t io n e d  h e r e  i n  o r d e r  t o  s u g g e s t  t h a t  t h e r e  m ig h t  be 

p r e s e n t  e x p a n s i l e  e n e rg y  i n  a d d i t i o n  from  e l e c t r i c a l  r e a c t i o n s .

For e x a m p l e , th e  i n c r e a s e  i n  t h e  s i z e  o f  a  b u b b le  from  an e l e c t r i c  

Charge i s  e x p la in ed  u n d e r  t h e  e l e c t r o n i c  $ h e o ry  a s  v e r y  p o s s i b l y



due t o  an  a c c u m u la t io n  o f , s a y , e l e c t r o n s  o r  a t  l e a s t  i o n s  o f  t h e  

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

t h e m s e l v e s , a n d  hence  t h e  e x p a n s i o n .  T h i s  w i l l  be r e f e r r e d  t o  a g a i n .  

However t h a t  may b e , t h e  a rg u m e n ts  a p p l y i n g  m e re ly  t o  t h e  a c t i o n  

o f  s u r f a c e  e n e r g i e s  o f  t h e  s y s te m  a s  a  w h o le ,d o  n o t  n e c e s s a r i l y ,  

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

t h e i r  s u r r o u n d i n g s .  The two c h i e f  c h a n g e s  a r e , t h e n , a p a r t  f rom  t h e  

l o s s  o f  w a t e r  f rom  t h e  s y s te m  a s  a  w h o l e , t h e  t a k i n g  up o f  t h e  

s u b s t a n c e s  i n  t h e  D.M. by t h e  s u r f a c e  o f  t h e  p a r t i c l e s  a s  M athews 

d e s c r i b e s , a n d  t h e  t a k i n g  up o f  w a t e r  by t h e  p a r t i c l e s  t h e m s e l v e s  

w h ich  a s  i s  s e e n  w ould  l e a v e  a s y s te m  composed o f  p r a c t i c a l l y  

no D.M. b u t  a l l  D .P .  T h i s  i s  c e r t a i n l y  d i f f e r e n t  from  s a y i n g , a s  

Mathews d o e s , t h a t  t h e  D.M. i s  made s o l i d  by s u r f a c e  f o r c e s , b u t  

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

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

The p r e s e n c e  o f* * c o n g lo m e ra te s " is  a c c o u n te d  f o r  by t h e  a c t u a l  

c o a l e s c e n c e  o f  p a r t i c l e s  w h ich  a r e  p r o b a b ly  t h e m s e lv e s  g e l a t e d .

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

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

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

c o n g lo m e r a te s  when o u t s i d e  e n e rg y  i s  added  t o  a s y s te m .  We have  s e e n

t h a t  i f  t h e  s u r f a c e  t e n s i o n  i s  lo w e re d  t h e r e  i s  an  i n c r e a s e  i n
n o t   ̂ ^ i t s e l f  ^

s u r f a c e .  T h i s  o f  c o u r s e  w o u ld ^ o c c u r  i f  t h e  s u r f a c e  energy^w as. f r e e d

th ro u g h  any c a u s e  and  t r a n s f o r m e d  i n t o , s a y , h e a t ( P . 1 6 )  b u t  we a r e  n o t

d e a l in g  w i t h  s u c h  a c a s e .  The e x p l a n a t i o n  p r o b a b ly  l i e s  o u t s i d e  t h e

s u r f a c e  e n e rg y  la w s  and  i n  t h e  c o n d i t i o n  and  c h a rg e  o f  t h e  m o le c u l e s

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

each p a r t i c l e .  T h is  w i l l  be d i s c u s s e d  l a t e r .  The f a c t  t h a t  t h e r e  can

be a  t r a n s f e r e n c e  o f  p a r t  o f  D.M. t o  t h e  D .P .a n d  v i c e - v e r s a  makes i t

im p o s s ib le  t o  a p p ly  t h e  la w s  o f  s u r f a c e  t e n s i o n  i n  t h e  way t h a t  one

Could i f  t h e  D .P .  was a c o n s t a n t  volume and t h e  o n ly  a l t e r a t i o n s  w ere



i n  t h e  a r e a  o f  s u r f a c e  o f  t h e  p h a s e  i n  q u e s t i o n *

As t o  how t h e  p a r t i c l e s  come t o  c o a l e s c e  w i l l  be d i s c u s s e d  

l a t e r .  The i n c r e a s e  i n  v i s c o s i t y  i s  g r a d u a l  b e c a u s e  t h e  D.M. i s  

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

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

t h e  a m ic r o n ic  p a r t i c l e s  t o  m i c r o n i c  s i z e .  T hus  a l t h o u g h  we g e t  

a lo w e r e d  s u r f a c e  t e n s i o n  o f  t h e  o r i g i n a l  D .P .  t h r o u g h  t h e  

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

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

g e l a t i o n  a s  t h e  e l e c t r o l y s i s  rem oves t h e  a d d i t i o n a l  D.M. w h i l e  t h e  

a d d i t i o n a l  s a l t s  w ould  p r o b a b l y  be in v o lv e d  m o s t ly  i n  t h e  s u r f a c e  

l a y e r s  o f  t h e  p a r t i c l e s .  T h e se  p a r t i c l e s  m ig h t  o r  m ig h t  n o t  be  

p r e c i p i t a t e d  i n  t h e i r  i n t e r i o r  s o l u t i o n s  w h ich  w ould  t e n d  t o  become 

more c o n c e n t r a t e d .  At any r a t e  t h e r e  a p p e a r s  t o  be a  p r e c i p i t a t i o n

a s  w e l l  a s  t h e  s e t t i n g  o r  g e l a t i o n .

A gain ,w e  have t o  d e a l  w i t h  t h e  s e t t i n g  o f  serum  w i th  h e a t ,  

when w i t h  h e a t  t h e  v i s c o s i t y  i s  d e c r e a s e d , a s  we saw a l r e a d y .

We w ou ld  be a s s i s t e d  t o  a d e c i s i o n  on t h e  p o i n t  by an  e x a m in a t io n  

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

serum  a t  t h e  same t im e  a s  t h e  v i s c o s i t y .  U n f o r t u n a t e l y  i t  h as  b een  

found  i m p o s s i b l e  t o  exam ine  s l i d e s  u n d e r  h e a t  t o  any g r e a t  e x t e n t .  

The serum  when rem oved from  t h e  t u b e  i n  w h ich  i t  was h e a te d  and 

t r a n s f e r r e d  t o  a warmed' s l i d e  became c o o le d ,w h ic h  m ean t t h a t  a 

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

b e f o r e  t h e  s l i d e  c o u ld  b e  exam ined  . T h i s  c o o l i n g  e f f e c t  was n o te d  

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

A ppend ix  A . )  The h e a t i n g  o f  a s l i d e  u n d e r  t h e  m ic ro s c o p e  was
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o n ly  fo u n d  p o s s i b l e  t o  a s m a l l  e x t e n t , a s  t h e r e  was r i s k  o f  dam aging  

t h e  c o n d e n s e r  d a r k - g r o u n d  l e n s  and  t h e  m ic ro s c o p e  o i l  im m e rs io n .

The o n ly  s l i d e s  t h e r e f o r e  t h a t  w ere  r e l i a b l e  a t  a l l  w ere  t h e  s l i d e  

a t  room t e m p e r a t u r e , a  s l i d e  t a k e n  j u s t  a s  g e l a t i o n  was b e g i n n i n g  

a t  140^ P a h * t , a n d  a s l i d e  g e l a t e d  by d i r e c t  h e a t .  The n o t e s  on t h e s e

w ere  a s  f o l l o w s : -

T e m p e ra tu re  V i s c o s i t y  S l i d e
5 ? 0 p a h * t  1*6 P a r t i c l e s  f a i r l y  n u m e ro u s ,m o s t ly

medium t o  l a r g e  m edium .
B row nian  movement g o o d .

a
ggO 1 -0 5  F a i r l y  num erous-m ore  v a r i e t y

some l a r g e  t o  v e r y  s m a l l .
B row nian  movement much t h e  sam e .

? The p e n e t r a t i o n  o f  l i g h t  much l e s s —
(Too v i s c i d  t o  . m arked  c o n g lo m e r a te s  l a r g e  and  s m a l l ,

r u n  o u t  Of t u b e  P a r t i c l e s  la rg e ,m e d iu m  an d  s m a l l ,
w i t h o u t  p r e s s u r e )  a l l  v a r i e t i e s  e x t r e m e ly  n u m e ro u s .

V ery  s low  B row nian  m ovem ent.
b
X44^ I n f i n i t e .  O paque-com posed o f  a v e r y  g r e a t  number

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

a
U n r e l i a b l e  f o r  r e a s o n s  s t a t e d .
b 0
P ro d u c e d  by  d i r e c t  h e a t  on s l i d e  t a k e n  a t  142 .

The t r a n s f o r m a t i o n  a t  t h e  h i g h e r  t e m p e r a t u r e  t o  t h e  g e l  

c o n d i t i o n  i s  shown t o  o c c u r  i n  two s t a g e s  w i th  v e ry  d i f f e r e n t  

s l i d e s .  I t  may be t h a t  t h e  s l i d e  a t  142° shows t h e  p r e c i p i t a t i o n  

o f  t h e  one e le m e n t  o f  serum  a lb u m in ,a n d  t h e  l a t e r  s l i d e  showed 

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

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

c o a g u l a t i o n s  o f  p a r t s  o f  serum  a lb u m in  a t  7 3 °  , 77° .  and  84°  C . 

r e s p e c t i v e l y  » He f u r t h e r  q u o te s  a  h ig h e r  t e m p e r a tu r e  f o r  t h e  f i r s t  

c o a g u l a t i o n  v i z : -  158° t o  167° ^ t b u t  he m e n t io n s  t h a t  t h i s  p o i n t  

v a r i e s  w i t h  t h e  c o n d i t i o n s .  However t h i s  may b e , t h e  a l t e r a t i o n  by 

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

of p r e c i p i t a t i o n  b y , s a y , s a t u r a t i o n  w i t h  Magnesium S u lp h a t e  when
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3
t h e  g l o b u l i n s  a r e  th ro w n  down b u t  t h e  a lb u m in s  r e m a i n . ( S e e

d i s c u s s i o n  on P . 33 and P . 4 2 )  •

F u r t h e r  on P . 33 i t  i s  n o te d  t h a t  t h e  v i s c o s i t y  1 - 4 3  showed

t h e  p a r t i c l e s  g e n e r a l l y  v e r y  s m a l l  and  n u m e ro u s .  I t  i s  d i f f i c u l t

t o  r e c o n c i l e  t h a t  f i n d i n g 'v / i t h  t h i s  one when V - 1 - 0 5 .  The r e s u l t

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

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

H eat ad d ed  t o  a sy s te m  lo w e r s  t h e  s u r f a c e  t e n s i o n , i n  w h ich  c a s e  one

w ould  im a g in e  t h a t  t h e  same r e s u l t  w ou ld  be  g o t  a s  by e l e c t r i c a l

a c t i o n  .  Betw een t h e s e  two t h e r e  r e m a in s  t h e  d i s t i n c t i o n  t h a t  i n

t h e  c a s e  o f  h e a t  p r a c t i c a l l y  none  o f  t h e  D.M. i s  rem oved a s  g a s

u n t i l  t h e  t e m p e r a t u r e  r e a c h e s  a s u f f i c i e n t  h e i g h t .  T h e re  i s  t h u s

s t i l l  a g r e a t  d i s t a n c e  b e tw een  t h e  l a r g e r  p a r t i c l e s , a n d  t h e  v i s c o s i t
i

w ould  t h e r e f o r e  n o t  n e c e s s a ^ l y  show an i n c r e a s e .  F u r t h e r  t h e  

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

o f  t h e  m o l e c u l e s , o r  a t  any r a t e  o f  t h e  e l e c t r o n s .  The v i b r a t o r y  

m o t io n  o f  t h e s e  i n  t h e  c a s e  o f  a m e ta l  may be i n c r e a s e d  so  f a r  t h a t  

t h e  v i b r a t i o n s  c r e a t e  l i g h t  w aves and  t h e  m e ta l  becom es s o f t e r .  

F i n a l l y  t h e  v i s c o s i t y  d e c r e a s e s  from  i n f i n i t é  t o  t h e  p o i n t  o f  f lo w .  

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

v i s c o s i t y  may be  e x p l i c a b l e  on su ch  g r o u n d s ,a n d  t h e  m o le c u le s  o f  

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

h e a t .  A f t e r  a l l  phenomena g e n e r a l l y  depend  on t h e  n a t u r e  o f  t h e  

t r a n s f o r m a t i o n  o f  e n e rg y  w h e th e r  t h e  r e s u l t a n t  e n e rg y  t a k e s  t h e  

form o f  h e a t , o r  c h e m i c a l , o r  e l e c t r i c a l  a c t i o n .  C hem ical e n e r g y , f o r  

exam ple ,m ay g iv e  q u i t e  a d i f f e r e n t  r e s u l t  from  a n o t h e r  fo rm .

A g a i n , i f  f o r  r e a s o n s  a s  y e t  u n e x p la in e d  t h e  p a r t i c l e s  do 

c o a l e s c e  t o  a c e r t a i n  e x t e n t  w i th  h e a t , a s  t h e  s l i d e s  seem t o  i n d i c a t e  

t h e  d e c r e a s e  i n  v i s c o s i t y  w ould  be s t i l l  more c l e a r l y  r e c o n c i l a b l e  

w i th  t h e  p r e s e n c e  o f  c o n g lo m e r a t e s .  I t  i s  c l e a r , a s  h a s  been



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

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

and  t h e r e  c o u ld  q u i t e  p o s s i b l y  be a d e h y d r a t i o n  o f  t h e  p a r t i c l e s  

w i t h  a  r e s u l t a n t  i n c r e a s e  o f  D.M. T h i s  w ould  n a t u r a l l y  d e c r e a s e  

t h e  v i s c o s i t y  up t o  a p o i n t  when t h e  d e h y d r a t i o n  c e a s e d  t o  

co m p e n sa te  t h e  l o s s  o f  D.M. by e v a p o r a t i o n  and  t h e  v i s c o s i t y  w ou ld

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

We c o u ld  t h u s  f i n d  t h a t  t h e  v i s c o s i t y  m ig h t  be  l e s s e n e d ,

w i t h o u t  t h e  s l i d e  show ing  o n ly  s m a l l  p a r t i c l e s .  When t h e  h e a t

r e a c h e s  a g r e a t e r  h e i g h t , t h e  e v a p o r a t i o n  becom es more m arked  

r e s u l t i n g  i n  a  r a p i d  d e c r e a s e  o f  t h e  D.M. and  f u r t h e r  c h e m ic a l  

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

p r e s e n t  e i t h e r  i n  t h e  D.M. o r  i n  t h e  s u r f a c e s  o f  t h e  p a r t i c l e s  o f  

t h e  D .P .  an d  we a g a in  g e t  a g e l .  T h i s  p r e c i p i t a t i o n  a c t i o n  w ould

r e v e a l  t h e  p r e s e n c e  o f  num erous s m a l l  p a r t i c l e s  p r e v i o u s l y  u n s e e n .

Thus t h e  a d d i t i o n  o f  e n e rg y  in  t h e  form  o f  h e a t  g i v e s

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

e n e rg y  by m eans o f  t h e  c u r r e n t , y e t  i n  many r e s p e c t s  t h e  p r o c e s s e s  

a r e  a l i k e .  The d i f f e r e n c e , w h i c h  i s  e v id e n c e d  by a  g r a d u a l  i n c r e a s e  

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

v i s c o s i t y  t o  a c e r t a i n  p o i n t  i n  t h e  o t h e r  seem s t o  d e p e n d  m a in ly  

on t h e  r e s u l t  o f  t h e  t r a n s f o r m a t i o n  o f  t h e  e n e rg y  added  w i t h i n  

t h e  sy s te m  i t s e l f .  T h i s  t r a n s f o r m a t i o n  shows i t s e l f  i n  t h e  

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

o r  h y d r a t i o n , a n d  i n  t h e  r e s u l t a n t  r e l a t i v e  am ounts  o f  t h e  D .P . 

an d  t h e  D.M. Thus w i t h  t h e  e l e c t r i c  c u r r e n t  t h e  e l e c t r i c a l  

e n e rg y  r e s u l t s  i n  t h e  rem o v a l o f  w a te r  from  t h e  D.M. by e l e c t r o l y s i s  

w i th  a n  i n c r e a s e  o f  t h e  D .P .  r e l a t i v e  t o  t h e  D.M. t h r o u g h  t h e  

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

t o g e t h e r  w i t h  a d e c r e a s e  i n  t h e  a t t r a c t i o n  be tw een  t h e  m o le c u le s  

o f  t h e  D.M. f o l lo w e d  l a t e r  by p r e c i p i t a t i o n  i n  t h e  D.M.
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o r  s u r f a c e  o f  t h e  D .P .  On t h e  o t h e r  hand t h e  a p p e a r a n c e  o f  t h e  

s l i d e  j u s t  b e f o r e  g e l a t i o n  when t h e  v i s c o s i t y  vj-as i n c r e a s i n g  

r a p i d l y  a t  1 4 2 ^ F a h ' t  was t h a t  o f  t h e  s l i d e  o b s e rv e d  u n d e r  e l e c t r i c a l  

a c t i o n , . a n d  t h e  q u e s t i o n  i s  w h e th e r  a t  t h e  p o i n t  o f  ch an g e  f ro m  

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

a n  e x t r e m e l y  r a p i d  g e n e r a t i o n  o f  a p p r e c i a b l e  e l e c t r i c  f o r c e  

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

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

b e tw een  t h e  two i s  a  r e s u l t  o f  d i f f e r i n g  r e l a t i o n s  b e tw e e n  D .P .a n d  

)( D.M. due t o  t h e  d i f f e r i n g  fo rm s  o f  e n e r g y .  To r e a c h  a  d e f i n i t e  

r e s u l t  f o r  t h e  w ho le  m a t t e r  i t  w ou ld  be n e c e s s a r y  t o  be a b l e  t o  

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

and  c o n c e n t r a t i o n .  T h i s  f o r  r e a s o n s  g iv e n  (A p p en d ix  B) was . 

i m p o s s i b l e  f o r  me t o  do d u r in g  w a r .

T h e re  r e m a in s  f o r  d i s c u s s i o n  t h e  c h a n g e s  i n  v i s c o s i t y  w i t h

t i m e , w i t h  a c t i o n s  o f  a c i d s  an d  a l k a l i e s , o n  i n o c u l a t i o n  e t c .

To d i s c u s s  t h e s e  i n  t e r m s  m e r e ly  o f  c h a n g e s  i n  s u r f a c e  t e n s i o n  i s  

a lm o s t  i m p o s s i b l e  an d  one i s  draw»- t o  s e e k  t h e  e x p l a n a t i o n  more 

f u n d a m e n t a l l y .  W h ile  one c o u ld  d i s c u s s  c h a n g e s  i n  t h e  p a r t i c l e s  

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

e n e rg y  a n d  h e a t , t h e s e  do n o t  a r i s e  w here m e re ly  t im e  i s  c o n c e r n e d .

Nor c a n  one  m e re ly  r e a s o n  a b o u t  c h a n g e s  i n  s u r f a c e  t e n s i o n  due t o  

t h e  c o n c e n t r a t i o n  o f  s u b s t a n c e s  i n  t h e  s u r f a c e , w i t h o u t  seem in g  

s u p e r f i c i a l  i n  one* s  a r g u m e n ts .  One i s  d r iv e n  t o  f i n d  a  common 

b a s i s  f o r  a l l  t h e s e  phenom ena. The d i f f i c u l t i e s  a r e  o b v io u s  o f  

e x p l a i n i n g  a d e q u a t e l y  t h e  a c t i o n s  o f  su ch  t h i n g s  a s  p o s i t i v e  and 

n e g a t i v e  s u r f a c e  t e n s i o n , o r  c o n t r a c t i l e  and e x p a n s i l e  s u r f a c e  

e n e r g i e s .  Can one th e n  f i n d  a more fu n d a m e n ta l  b a s i s ^ ?  ^

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

seem s t o  b e  i n  one way o r  o t h e r  e l e c t r i c a l .  The e l e c t r i c  c u r r e n t  

i s  n o t  t h e  o n lv  form  o f  e n e rg y .-  The e l e c t r o n  th e o r y  h a s  show n



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

a r e  r e a l l y  e l e c t r i c a l  r e a c t i o n s .  Much r e m a in s  t o  be p ro v e d  y e t ,  

b u t  t r e m e n d o u s  a d v a n c e s  have  b een  m ade. I f  we t a k e  s u r f a c e  t e n s i o n ,  

f o r  ex a m p le ,w e  a r e  i n v o l v e d  i n  t h e  p ro b le m s  o f  t h e  two v a r i e t i e s .

As we saw i t  i s  p o s s i b l e  t o  r e s o l v e  t h e  e x p a n s i l e  e n e r g y  i n t o  t h e  

r e p u l s i o n  o f  i o n s  o r  t h e  l a r g e r  c h a r g e d  m o le c u le s  o f  t h e  same s ig n *  

The c o n t r a c t i l e  s u r f a c e  e n e rg y  m ig h t  be s i m i l a r l y  r e s o l v e d  i n t o  

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

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

e a c h  o t h e r .  I f  t h e  l a t t e r  i s  t h e  c a s e  th e n  t h e  q u e s t i o n  o f  t h e  

number o f  i o n s  o f  w h ich  s i g n  w i l l  s e t t l e  t h e  w ho le  q u e s t i o n  o f  t h e  

e x p a n s io n  o r  r e t r a c t i o n  o f  a s u r f a c e  f i l m .  F o r  exam ple  i f  f o r  any 

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

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

u n t i l  t h e y  u n i t e  and form  n e u t r a l  m o l e c u l e s .  T h e se  n e u t r a l  m o le c u l e s  

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

e l e m e n t s  o f  p h y s i c s .  I t  w ou ld  be o f  no v a l u e  t o  p r o c e e d  i n  t h i s  

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

e l e c t r i c i t y .  The i n t e r p r e t a t i o n  i s  t o  be fo u n d  i n  su c h  a  book a s  

The E l e c t r o n  T h eo ry  ( F o u r n i e r  d* A lb e )

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

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

I f , h o w e v e r , ow ing t o  any c a u s e  t h e r e  s h o u ld  be an  i n c r e a s e  i n  t h e
'

number o f  p o s i t i v e  o r  n e g a t i v e  i o n s  i t  i s  e a s i l y  s e e n  t h a t  t h e  

r e l a t i o n s h i p  o f  t h e  i n c r e a s e  i n  t h e  num bers o f  t h e s e  w i l l  d e te r m in e  

t h e  d e g r e e  o f  e x p a n s i o n , i n  o t h e r  w ords  an e x p a n s i l e  e n e rg y  comes 

i n t o  p l a y .  Now t h e  p r e s e n c e  o f  a c h a rg e  o f  e i t h e r  s i g n  i n  a 

p a r t i c l e  w i l l  r e s u l t  i n  i t  becom ing a c o n d u c to r ,a n d  t h e  la w s  o f  

such  t h i n g s  a s  s p h e r i c a l  c o n d u c t o r s  a p p ly .  C o n d u c to r s  s p h e r i c a l  i n  

shape a lw a y s  a c t  i n  su c h  a way a s  t o  make t h e i r  p o t e n t i a l  a
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minimum and  t h e i r  c a p a c i t y  a  maximum. The c a p a c i t y  v a r i e s  a s  t h e  

r a d i u s !  F u r t h e r  when two s i m i l a r l y  c h a rg e d  b o d i e s  r e p e l  e a c h  o t h e r  

a n d  move a p a r t  t h e i r  p o t e n t i a l  i s  lo w e re d  and  t h e i r  c a p a c i t y  

i n c r e a s e d .  As c h a r g e d  c o n d u c t o r s  f r e e  t o  move a lw a y s  move t o  make 

t h e i r  c h a r g e s  a  minimum and c a p a c i t y  a m axim um ,the  t e n d e n c y  w ould  

be  f o r  s u c h  c h a r g e d  b o d i e s  t o  b e  c o n t i n u a l l y  r e p e l l e d  by e a c h  o t h e r .  

( F o u r n i e r )  Thus one w ould  im a g in e  B row nian  movement m ig h t  be 

c a u s e d , f o r  a s  we know t h e  p a r t i c l e s  i n  a C o l l o i d  sy s te m  a l l  c a r r y  

s i m i l a r  c h a r g e s .  A g a i n , t h e  ch an g e  i n  s i z e  m ig h t  be r e s o l v e d  u n d e r  

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

c a p a c i t y  t o  a  minimum p o t e n t i a l .  The c a p a c i t y  w ould  t h e r e f o r e  a g a in  

v a r y  a s  t h e  c h a r g e , f o r  by e x p a n s io n  t h e r e  i s  a t t a i n e d  a  lo w e r  

p o t e n t i a l .  Thus t h e  more f r e e  a v a i l a b l e  c h a r g e s  f o r  a p a r t i c l e , t h e n  

t h e  g r e a t e r  w i l l  be i t s  te n d e n c y  t o  e x p a n d , t h e  e x p a n s iv e  e n e rg y  

b e in g  p resu m ed  t o  a c t  by t h e  m u tu a l  r e p u l s i o n  o f  t h e  c h a r g e s  p r e s e n t  

i n  t h e  s u r f a c e , f o r  a s  we know a c h a rg e d  c o n d u c to r  c a r r i e s  i t s  c h a r g e  

on i t s  s u r f a c e .  As we saw t h e  s o u r c e  o f  e n e rg y  s u f f i c i e n t  t o  c a u s e  

a  v i o l e n t  r e a c t i o n  was an e l e c t r i c  c u r r e n t .  T h i s  was t h e  f o r c e  

n e c e s s a r y  t o  c a u s e  t h e  p a r t i c l e s  t o  assume a c h a r g e .  A g a i n ,h e a t  was 

a n o t h e r  s o u r c e .  The r e s u l t  o f  t h e s e  f o r c e s  was an a s s u m p t io n  by t h e  

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

i s  n o t  n e c e s s a r y  t o  t h e  a s s u m p t io n  o f  a  c h a r g e .  The g r e a t  f u n c t i o n  

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

a s  we saw a t  t h e  o u t s e t  o f  t h i s  p a p e r .  As we k n o w ,w a te r  fo rm s th e  

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

t h e r e f o r e  t e n d  t o  become d i s s o c i a t e d  and assum e c h a r g e s .  I n  o t h e r  

w ords  t h e s e  s u b s t a n c e s  e i t h e r  a c q u i r e  an e x t r a  e l e c t r o n  o r  l o s e  an 

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

e l e c t r i c i t y  t h e r e f o r e  o c c u r s .

We have  t h u s  r e a c h e d  a  p o i n t  when we s e e  t h a t  t h e  a l t e r a t i o n  

i n  t h e  s i z e  o f  t h e  p a r t i c l e s  c o u ld  f o l lo w  from  t h e i r  e l e c t r i c a l
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c o n d i t i o n , a n d  t h a t  t h e r e  may be c r e a t e d  i n  t h e  D.M. c h a r g e d  a to m s 

o r  i o n s .  T h e re  r e m a in s  t o  e n d e a v o u r  t o  c o r r e l a t e  t h e s e  two f a c t s .

Can t h e  s t a t e  o f  t h e  D.M. a s  t o  i t s  c h a r g e d  c o n t e n t s  i n f l u e n c e  t h e  

c h a r g e  o f  t h e  p a r t i c l e s  ?

At t h i s  p o i n t  we come t o  t h e  m odern d e f i n i t i o n  o f  a c i d i t y
3

a n d  a l k a l i n i t y .  A c c o rd in g  t o  Howell t h e  a c i d i t y  o r  a l k a l i n i t y  o f  a 

f l u i d  i s  a f u n c t i o n  o f  t h e  c o n c e n t r a t i o n  o f  H o r  0 H i o n s  p e r  u n i t  

o f  v o lu m e .  When t h e  H i o n  c o n c e n t r a t i o n  e x c e e d s  t h e  0 H io n  

c o n c e n t r a t i o n  t h e  l i q u i d  i s  a c i d , a n d  when t h e  c o n d i t i o n  i s  r e v e r s e d  

t h e  l i q u i d  i s  a l k a l i n e .  The H i o n  c o n c e n t r a t i o n  X 0 H io n  

c o n c e n t r a t i o n  =  C o n s t a n t .  T h i s  c o n s t a n t  i s  t h e  d i s s o c i a t i o n  c o n s t a n t  

o f  w a te r  f o r  t h e  g iv e n  t e m p e r a tu r e . ( M a th e w s )  The q u e s t i o n  now a r i s e s  

a s  t o  how t h e  p a r t i c l e s  g e t  t h e i r  c h a r g e  and  w h e th e r  any r e l a t i o n s h i p  

c a n  be fo u n d  be tw een  t h a t  and t h e  io n  c o n c e n t r a t i o n .  W hile  m ost 

c a l c u l a t i o n s  and  r e f e r e n c e s  i n  t h e  t e x t  b ooks  d w e l l  upon t h e  H io n  

c o n c e n t r a t i o n , f r o m  v a r i o u s  f a c t s  i t  w ould  seem t h a t  t h e  b lo o d  serum  

i s  m ore c o n c e r n e d  w i th  t h e  amount o f  d i f f e r e n c e  b e tw een  t h e  two 

H and  0 H c o n c e n t r a t i o n s .  As f a r  a s  t h e  b lo o d  serum  i n  v iv o  i s  

c o n c e rn e d  i t  i s  n o t  known w h e th e r  t h e  H c o n c e n t r a t i o n  e v e r  e x c e e d s  

t h e  0 H , in  o t h e r  w ords  w h e th e r  t h e r e  i s  e v e r  any r e a l  a c i d i t y .

To i n d i c a t o r s  t h e r e  may be a change  and o f  c o u r s e  i f  l i t m u s  i s  

u se d  t h e r e  may be a  r e l a t i v e  a c i d i t y  i . e .  an  i n c r e a s e  i n  H i o n s  

above a c e r t a i n  p o i n t  w h ich  r e s u l t s  i n  t h e  ch an g e  i n  l i t m u s .

The r e s u l t  i s  t h a t  t h e  te rm s  a c i d i t y  and a l k a l i n i t y  v a r y  i n  t h e i r  

m ean ings  a t  t h e  p r e s e n t  t i m e .  F o r  exam ple  i n  H io n  c o n c e n t r a t i o n
ri

g r e a t e r  t h a n  N • 10“  l i t m u s  t u r n s  r e d ,w h i l e  p h e n o p h th a l e in  i s  s t i l l  

C o lo u r l e s s  a t  t h a t  c o n c e n t r a t i o n  and becomes p in k  a t  l e s s  th a n  

10“*® .  As t h e  b lo o d  serum  i s  a l k a l i n e  t o  l i t m u s  and  a c i d  t o  

phenoph thale in  i t s  H io n  c o n c e n t r a t i o n  m ust be be tw een  N 'lO "?  and 

^•10**^ . Now b lo o d  serum  a t  a b o u t  18*  ̂ C. g i v e s  an H io n  c o n c e n t r a t i o n  

between 6 • 10“ ® and B * 10“ ® . I f  t h e  d i s s o c i a t i o n  c o n s t a n t  o f  w a te r



a t  t h e  same t e m p e r a t u r e  i s  -72 x 10*“^ ^ , th e n  0 H c o n c e n t r a t i o n  w ould  

be 1 '2  % 10“^ t o  3 ' 6 * 1 0 “ ^ (M a th e w s ) .  Now i f  one t a k e s  b lo o d  serum  

an d  r a i s e s  t h e  t e m p e r a t u r e  from  18^ t o  38^ , t h e r e  i s  o n ly  a s l i g h t  

a l t e r a t i o n  i n  t h e  H io n  c o n c e n t r a t i o n  b u t  an  enorm ous i n c r e a s e  i n  

t h e  0 R c o n c e n t r a t i o n . ( R è a d e r s o n )  I n  a r i s e  o f  t e m p e r a t u r e  

t h e  G R c h a n g e  i s  t h e r e f o r e  o f  m o st a c c o u n t .  T h ese  f a c t s  a s s i s t  i n  

show ing  t h a t  t h e  i o n i c  c o n c e n t r a t i o n  in  t h e  serum  i s  o f  immense 

im p o r t a n c e ,a n d  i t  can  be  shown t h a t  i n  some way i t  i s  r e l a t e d  t o  t h e  

c h a r g e  on t h e  p a r t i c l e s .  T h i s  i s  shown by t h e  f a c t  t h a t  e x p e r i m e n t a l l y

t h e  a c i d i t y  o r  a l k a l i n i t y  o f  t h e  sy s te m  d e t e r m in e s  t h e  c h a r g e  on
/

t h e  p a r t i c l e s .  P a u l i  h a s  shown t h a t  i n  c e r t a i n  s u b s t a n c e s  re m o v a l  

o f  t h e  e l e c t r o l y t e s  r e s u l t s  i n  an e n t i r e  a b s e n c e  o f  c h a r g e .  A t any 

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

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

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

c h a r g e .  A c i d i t y  t o  l i t m u s  even  t o  a m arked e x t e n t  d o e s  n o t  a l t e r

th e  c h a r g e . ( S e e ^ .  46 ) By a s u i t a b l e  a d d i t i o n  o f  e l e c t r o l y t e s
/

however t h e  c h a r g e  ca n  be a l t e r e d .  Thus we s e e  t h a t  t h e  i o n  

C o n c e n t r a t i o n ,w h ic h  i s  a l t e r e d  by t h e  p r e s e n c e  o f  e l e c t r o l y t e s  

one way o r  t h e  o t h e r , w i l l  a f f e c t  t h e  c h a r g e  o f  t h e  p a r t i c l e s .

A g a in , in  t h e  p a r t i c l e s  t h e r e  i s  a g r e a t e r  c o n c e n t r a t i o n  o f  t h e  

s u b s t a n c e s  com posing  them  a t  t h e i r  s u r f a c e s .  As t h e  sy s te m  i s  

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

e l e c t r o l y t e s  .  Thus i n  e a c h  p a r t  o f  t h e  sy s te m  t h e r e  i s  p r e s e n t  

i the  n e c e s s a r y  f a c t o r  f o r  a p o s s i b l e  i n t e r - c h a n g e  o f  c h a r g e s  b e tw een  

Î th e  p a r t i c l e s  and  t h e  DiM*

The a c t u a l  m anner o f  d e r i v a t i o n  o f  t h e  c h a rg e  o f  t h e  p a r t i c l e a  

i s  much d e b a t e d .  I t  a p p e a r s  t o  me t h a t  a s  h as  been  p u t  f o rw a rd  

p r e v i o u s l y , t h e  b lo o d  serum  c a n n o t  be t r e a t e d  a lo n e  .  Thus t h e  

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



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

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

m u s t  a l s o  e n t e r .  T h e se  f a c t o r s  a g a i n  a r e  i n f l u e n c e d  by o t h e r  s y s te m s  

and o r g a n s .  Hence t h e r e  m u s t  be a  g r e a t  v a r i e t y  o f  s o u r c e s  o f  

a d d i t i o n a l  e n e r g y  w h ic h  may a l t e r  t h e  i o n  c o n c e n t r a t i o n  an d  a f f e c t  

t h e  c h a r g e  o f  t h e  p a r t i c l e s .  I t  i s  how ever p o s s i b l e  t o  c o n s i d e r  

one  o r  two f a c t o r s  a s  a t y p e  o f  how a l t e r a t i o n s  may o c c u r .

T a k in g  t h e  s e ru m  a s  a s y s te m  c o n t a i n i n g  D.M. and  D .P .  t h e  l a t t e r  

b e i n g  immense co m p lex  m o l e c u l e s  o f  t h e  s y s t e m , t h e r e  m u s t  be a 

b a l a n c e  b e tw e e n  b o th  t h e s e  p h a s e s .  I n  o t h e r  w o rd s  t h e  e n t i r e  s y s te m  

m u st be e q u a l i s e d  a s  f a r  a s  num ber o f  c h a r g e s  i s  c o n c e r n e d .  I f  t h e y  

w e re  n o t  e q u a l  i n  num ber t h e n  i f  one o r  o t h e r  p a r t  c o n t a i n e d  an 

e x c e s s  o f  c h a r g e s  t h e  r e s u l t  w ou ld  be q u i t e  u n b e l i e v a b l e . F o u r n i e r  

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

H a n d  t t  i n  w a t e r  t h a t  i s , o f  tvfo u n i v a l e n t  s u b s t a n c e s , t h e  i o n s  o f  

t h e  one  e x c e e d e d  t h e  i o n s  o f  t h e  o t h e r  by one i o n , t h e  c h a r g e  o f  t h e  

l i q u i d  w o u ld  be a t  a  p o t e n t i a l  o f  100,000 v o l t s !

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

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

d i s s o c i a t e  m ore f r e e l y  t h a n  o t h e r s .  I f , f o r  e x a m p le , th e  p r o t e i n s  

co m b in e  w i t h  an  a c i d , t h e  p r o d u c t  d i s s o c i a t e s  few H i o n s .  The p u r e  

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

a l k a l i , f o r  t h e y  ca n  a c t  b o th  a s  a c i d s  o r  b a s e s , a r e  weak e l e c t r o l y t e s .  

(M athew s) T h e se  e l e c t r o l y t e s , t h e  d e r i v a t i o n  and n a t u r e  o f  w h ich  

d o e s  n o t  e n t e r  i n t o  o u r  im m e d ia te  c o n s i d e r a t i o n , a r e  d i s t r i b u t e d  

b e tw e e n  t h e  v a r i o u s  p h a s e s , a n d  t h a t  p a r t  o f  them  w h ich  i s  d i s s o c i a t e d  

g i v e s  a  num ber o f  i o n s  c o n t a i n i n g  o p p o s i t e  c h a r g e s  w h ich  b a l a n c e
I

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

o f  c o n c e n t r a t i o n  o f  t h e  i o n s .  A t t h e  same t im e  i t  w ould  seem  t h a t  

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

and  a s  t h e s e  b e a r  c h a r g e s  m ust have  a c e r t a i n  i n f l u e n c e , a l t h o u g h
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a p p a r e n t l y  t h e  H and  0 II e l e m e n t  i s  t h e  im p o r t a n t  o n e .  We ca n

t h e r e f o r e  s e e  t h a t  t h e  d i s s o c i a t i o n  may v a ry  d e p e n d in g  on t h e

s u b s t a n c e s  and  t h e i r  q u a n t i t i e s  i n  t h e  se ru m . I n  o t h e r  w o rd s  t h e  

H and 0 H c o n c e n t r a t i o n  i s  l a r g e l y  c o n t r o l l e d  by t h e s e  e l e c t r o l y t e s .  

As we saw on P t h e  e f f e c t  o f  Sodium H y d ro x id e  i s  e n o rm o u s .
I

T h is  h a s  b e e n  n o t e d - b y  P a u l i  and  Handowsky a l s o .  They fo u n d  w i th

t h e  a d d i t i o n  o f  Sodium H y d ro x id e  t o  serum  a lb u m in  an  i n c r e a s e  i n

t h e  c o n c e n t r a t i o n  o f  0 H i o n s  i s  a s s o c i a t e d  w i t h  a  g r e a t  i n c r e a s e  

i n  v i s c o s i t y  e .g .w h e n  t h e  0 H c o n c e n t r a t i o n  was 1900 10“ ® t h e

v i s c o s i t y  w as i n c r e a s e d  151# b u t  when t h e  0 H c o n c e n t r a t i o n  was 

2805 • 10“ ® t h e  v i s c o s i t y  i n c r e a s e d  195# . As I  sh o w ed ^ th e  n o rm a l  

s o l u t i o n  o f  Sodium H y d ro x id e ,w h ic h  i s  much s t r o n g e r  t h a n  t h a t  u s e d  

by P a u l i , g a v e  a v e r y  much g r e a t e r  i n c r e a s e  up t o  v e r y  n e a r l y  t h e  

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

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

and  a l s o  i n  t h e  t o t a l  number r e l a t i v e  t o  t h e  D.M. f o r  t h e  c o n g lo m e ra teSL

m ust have  a r i s e n  from  c o a l e s c e n c e  o f  p a r t i c l e s  and y e t  t h e  g e n e r a l  

number o f  p a r t i c l e s  re m a in e d  t h e  s a m e .(S e e  P. ib  ) We h av e  t h u s  

th e n  a  m arked  a l t e r a t i o n  i n  t h e  p a r t i c l e s  w i th  a chan g e  i n  t h e  

0 H i o n  c o n c e n t r a t i o n  and  t h e r e f o r e  i n  t h e  d i f f e r e n c e  b e tw een  0 H 

an d  H i o n  c o n c e n t r a t i o n ^ f o r  t h e i r  p r o d u c t  -  c o n s t a n t .  Yet we saw 

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

o n ly  s l i g h t l y .  T h e re  was a  v e ry  s l i g h t  change i n  t h e  s l i d e s  b u t  n o t  

s u f f i c i e n t  from  w h ich  t o  ju d g e  o r  d i s c u s s  t h e  c h a n g e .  Here t h e r e  

c a n n o t  h av e  been  an  i n c r e a s e  o f  0 H i o n s .  The a s su m p t io n  to  w hich  

one i s  d r i v e n  i s  n o t  t h a t  t h e  i n c r e a s e  o f  0 H io n  c o n c e n t r a t i o n  

a l t e r s  t h e  p a r t i c l e s  i n  one d i r e c t i o n  and t h a t  i n c r e a s e  o f  H io n  

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

i s  a  ch an g e  i n  t h e  b a l a n c e  o f  t h e  two t h a t  i s  p r e s e n t  when t h e  

p a r t i c l e s  a l t e r .  As t h e  serum  i s  a l k a l i n e  t o  b e g in  w i t h , i t  i s  

n a t u r a l  t h a t  t h e  a d d i t i o n  o f  0 H i o n s  i . e .  a  g r e a t e r  i n c r e a s e  o f



t h e  a l r e a d y  m arked  e x c e s s , s h o u l d  c a u s e  a more m arked  e f f e c t .

As we have  s e e n ^ t h e  e l e c t r o l y t e s  a r e  t h e  b a l a n c i n g  f a c t o r s  

and a r e  p r e s e n t  i n  b o th  p a r t i c l e s  and medium. The ch an g e  i n  i o n  

c o n c e n t r a t i o n  c a n  be r e s o l v e d  i n t o  t h e  e x c h a n g e  o f  e l e c t r o n s .

The a l t e r a t i o n  i n  s u r f a c e  o f  t h e  p a r t i c l e s  w i t h  a l l  t h e  i n t e r -  

- r e l a t i o n s  o f  s u r f a c e  e n e r g i e s , c a n  d ep en d  on t h e  t r a n s f e r e n c e  o f  

c h a r g e s  e i t h e r  s t r e n g t h e n i n g , a s  i n  a d d i t i o n  o f  0 H i o n s , o r  w e a k e n in g  

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

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

may lo w e r  o r  r a i s e  t h e  s u r f a c e  t e n s i o n , t h e  r e s u l t  d e p e n d in g  on 

t h e  n a t u r e  o f  t h e  e l e c t r o l y t e s .  (O s tw a ld )  I f  we c o n s i d e r  t h e  

s u r f a c e  f o r c e s  i n  t e r m s  o f  a t t r a c t i o n  o r  r e p u l s i o n  o f  m o le c u le s  

o r  s m a l l e r  b o d ie » ,w e  ca n  s e e  t h a t  an  a l t e r a t i o n , a s  i t  w e r e ,o f  

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

F u r th e r^  e l e c t r o l y s i s  h a s  shown t h e  v a r i a t i o n  o f  t h e  m o b i l i t y  o f  

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

v a r i e s  w i t h  t h e  n a t u r e  o f  t h e  i o n . ( F o u r n i e r )

I f  we t u r n  t o  t h e  g e l  s t a t e  f o r  t h e  moment,we f i n d , f r o m  

H a t s c h e f c , t h a t  g e l s  im b ib e  w a t e r , b u t  t h a t  t h e  g e l  p l u s  t h e  w a te r  

im b ib e d  i s  a l e s s e r  volum e t h a n  t h e  s e p a r a t e  g e l  p l u s  w a t e r .

The w a t e r  h a s  b een  c o m p re s s e d .  He f u r t h e r  shows t h a t  t h e  a l t e r a t i o n s  

i n  v i s c o s i t y  w h ich  have b e e n  d e s c r i b e d  by H o f f m e i s t e r  i n  h i s  

fam ous s e r i e s , a n d  w hich  have l e d  t o  v e ry  g r e a t  d i s c u s s i o n s  on t h e  

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

e x p l a i n e d  by t h e  g e n e r a l  f a c t  t h a t  t h e  s a l t s  o f  t h e  H o f f m e is t e r  

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

i n t e r —change  b e tw een  t h e  D .P . and  D.M. o f  w a t e r .  I n  o t h e r  w o rd s ,  

e l e c t r o l y t e s  a f f e c t  t h e  h y d r a t io n  and d e h y d r a t io n  o f  t h e  p a r t i c l e s  

I t  w o u ld  seem t o  be t h a t  t h e r e  i s  a r e l a t i o n  be tw een  t h i s  f a c t  

and t h e  d e p r e s s i o n  o f  i o n i s a t i o n  by t h e  i n t r o d u c t i o n  o f  a  common



Si .

I

i o n , a  w e l l  known phenom enon . One can  im a g in e  t h a t  t h e  e l e c t r o l y t e s  

may i n f l u e n c e  t h e  num ber o f  H and  0 H i o n s  a c t u a l l y  d e r i v e d  from  

t h e  w a t e r  e l e m e n t  o f  t h e  s y s te m .  F u r t h e r , t h e  more w a t e r  i s  i t s e l f  

i o n i s e d  t h e  g r e a t e r  may be i t ' s  pow er o f  p e r m e a t io n  and  t r a n s f e r e n c e  

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

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

b e tw e e n  t h e  b o d ie s  p r e s e n t  i n  i t  w ou ld  t h e r e f o r e  p l a y  a g r e a t  

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

The t re m e n d o u s  i n c r e a s e  i n  c o n g lo m e r a te s  and t h e  r a p i d  i n c r e a s e  

i n  v i s c o s i t y  w i th  Sodium H y d ra te  i n c l i n e s  one t o  t h i s  h y p o t h e s i s .

A g a i n , i f  we c o n s i d e r  t h e  f a c t  t h a t  some c o l l o i d s  o f  

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

s t r e n g t h e n i n g  o f  o u r  t h e o r y .  The f o r m a t io n  o f  c o n g l o m e r a t e s , a s  we 

s a w , i s  p r o b a b l y  due t o  t h e  c o a l i t i o n  o f  p a r t i c l e s .  A p a s s i n g  p o i n t  

o f  i n t e r e s t  i s  t h a t  some o f  t h e  s m a l l e r  c o n g lo m e r a te s  have b e e n  

n o t i c e d  by me t o  show a v e r y  s i m i l a r  d a r k  g ro u n d  a p p e a r a n c e  t o  

l e u c o c y t e s  o n ly  much s m a l l e r .  They showed t h e  l o n g  m o b i le  o f f  

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

s l i d e s  and  w h ich  have b e e n  m i s t a k e n  by some f o r  s p i r o c h a e t e s .

T hese  p a r t i c l e s  can  o n ly  c o a l e s c e  when t h e i r " e n v e l o p e s " a c t u a l l y  

come i n  c o n t a c t , i f  n o t  t h e  a c t u a l  s u r f a c e .  How t h e  p a r t i c l e s  

come i n  c o n t a c t  i s  a  m a t t e r  f o r  d i s c u s s i o n .  Some s u g g e s t  a 

n e u t r a l i s a t i o n  o f  s i g n  a s  i s  su p p o sed  t o  happen when c o l l o i d s  

o f  o p p o s i t e  s i g n  p r e c i p i t a t e  e a c h  o t h e r .  O s tw a ld  s u g g e s t s  t h i s ,  

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

. a l k a l i n e  s y s t e m ,c a n n o t  a l t e r  t h e  c h a r g e , y e t  t h e r e  a r e  c o n g lo m e r a te s  

f o rm e d .  A lso  I  have fo u n d  s m a l l  c o n g lo m e ra te s  t o  p o s s e s s  a  c h a r g e  

t h e  same a s  t h e  p a r t i c l e s  i n  t h e  same f i l m .  Once t h e  c l o s e  c o n t a c t  

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

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



a l lo w in g  c o n t a c t .  T h e se  m a t t e r s  w i l l  r e q u i r e  t o  be l e f t  u n d e c id e d  

m e a n t im e .  T h e re  may be  a chan g e  i n  t h e  c o n c e n t r a t i o n  o f  

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

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

t h e  m o l e c u l a r  a t t r a c t i o n  b e tw een  t h e  p a r t i c l e s  t o  a c t .

The e l e c t r o l y t i c  f o r c e  m ig h t  s t i l l  i n d u c e  t h e  c o n g lo m e r a te s  t o  

assum e a  f u r t h e r  c h a r g e  f o r  i t s e l f  a s  a w h o le .  T h e re  a l s o  r e m a in s  

u n s o lv e d  t h e  r e a s o n  why t h e  p a r t i c l e s  sÇquire a n e g a t i v e  c h a r g e  

when t h e  0 H io n  c o n c e n t r a t i o n  e x c e e d s  t h e  H .  I t  may be t h a t  t h e y  

t e n d  t o  t a k e  up e l e c t r o n s  t o  keep  t h e  a c t u a l  c o n c e n t r a t i o n  i n  

t h e  D.M. o f  0 H a n d  H more e q u a l .  I n  o t h e r  w o r d s , t h e y  may a c t  a s  

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

w h o le .  I t  w ou ld  be  o f  g r e a t  i n t e r e s t  t o  u l t f a - f i l t r a t e  t h e  serum  

and s u b j e c t  i t  t o  many o f  t h e  t e s t s  w h ich  have b e e n  done w i t h  t h e  

w h o le  s e r u m ,w i th  a t  t h e  same t im e  i o n  c o n c e n t r a t i o n  c a l c u l a t i o n s .  

The g e n e r a l  i o n i c  c o n c e n t r a t i o n  may l a r g e l y  d ep en d  on t h e  p a r t i c l e s  

t h e r e f o r e , b u t  w h ic h e v e r  i s  t h e  m ost i m p o r t a n t  e l e m e n t , t h e r e  i s  

l i t t l e  d o u b t  t h a t  t h e  D.M. and  D .P .  a r e  i n t e r d e p e n d e n t  and  

i n t e r c h a n g e a b l e , a n d  t h a t  t h e i r  i n t e r - r e a c t i o n s  in v o lv e  t h e  

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

Now t h i s  t r a n s f e r e n c e  o f  e l e c t r o n s  i s  s im p ly  t h e  

phenom enon o f  r e d u c t i o n  and  o x i d a t i o n .  A s u b s t a n c e  l o s i n g  one  o r  

more e l e c t r o n s  a c c o r d in g  t o  i t s  v a le n c y  i s  o x i d i s e d , w h i l e  t h e  

s u b s t a n c e  a c q u i r i n g  i t  o r  them  i s  r e d u c e d .  The t e r m s  a r e  

u n f o r t u n a t e .  I n  o t h e r  w o r d s , t h e  s u b s t a n c e  w hich  e a s i l y  a c q u i r e s  

one o r  m ore e l e c t r o n s  i s  an  o x i d i s i n g  s u b s t a n c e .  Oxygen d o e s  t h i s ,  

b u t  so  d o e s  many o t h e r  s u b s t a n c e s .  The c a r b o n ic  a c i d  m o le c u le
V

t e n d s  t o  l o s e  one and  i s  t h e r e f o r e  a r e d u c in g  a g e n t .  Now i f  we 

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

t h e i r  a b i l i t y  t o  i n c r e a s e  t h e i r  e l e c t r o ^ n e g a t i v e  c h a rg e  i n
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a l k a l i n e  se rum  a r e  o x i d i s i n g  a g e n t s .  I f  t h e  serum  w ere  e v e r  t o  

become a c i d  t o  t h e  e x t e n t  o f  H io n  c o n c e n t r a t i o n  e x c e e d in g  0 H i o n  

c o n c e n t r a t i o n  t h e  p a r t i c l e s  w ou ld  c e a s e  t o  be  o x i d i s i n g  a g e n t s ,  

a s  t h e y  w ould  t e n d  t o  l o s e  e l e c t r o n s  and  become p o s i t i v e .  One 

c a n n o t  h e l p  w o n d e r in g  w h e th e r  t h e  " a i r - h u n g e r "  o f  a c i d o s i s  i n  

D i a b e t e s  m e lX i tu s  i s  n o t  e x p l i c a b l e  a lo n g  t h i s  l i n e , f o l l o w i n g  a s  

i t  d o e s  on t h e  p r e s e n c e  o f  B - o x y b u ty r i c  a c i d  i n  t h e  b l o o d .

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

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

o x i d i s i n g  a g e n t s , i t  i s  i n t e r e s t i n g  t o  remember t h a t  t h e  l e n c o c y t e s  

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

c o n t e n t s  a r e .  When one rem em bers  t h a t  t h e  s u b s t a n c e s  i n  t h e m ,a s  i n  

o t h e r  fo rm s  o f  c e l l  p r o t o p l a s m , a r e  i n  a c o l l o i d a l  s t a t e  i t  

i n c r e a s e s  t h e  i n t e r e s t .  I  remember when i n  my P i n a l  y e a r  w h i l e  

t a k i n g  l e c t u r e s  on C l i n i c a l  P a th o lo g y  u n d e r  D r .J o h n  Shaw Dunn 

he showed u s  some p h i a l s  o f  e x t r a c t  o f  l e u c o c y t e s  w h ich  he  had  

made two o r  more y e a r s  p r e v i o u s l y  d u r in g  h i s  e x p e r im e n t s  on t h e  

o x i d a s e  r e a c t i o n  s t a i n i n g .  Even a f t e r  t h a t  l a p s e  o f  t im e  t h e  

e x t r a c t  s h o w e d ,a s  we t e s t e d  f o r  o u r s e l v e s , t h a t  i t  was a p o w e r fu l  

o x i d i s i n g  a g e n t .  The t h o u g h t  comes t o  me t h a t  t h e  n a t u r e  o f  t h e  

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

pow er o f  o x i d a t i o n .  T h a t  t h e  c e l l  w hich  i s  i n  a c o l l o i d a l  s t a t e  

s h o u ld  show s u c h  m arked  pow er i s  somewhat s i g n i f i c a n t .

I  w ould  make c l e a r  t h a t  I  do n o t  i n f e r  t h a t  a l l  p a r t i c l e s  

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

My s u g g e s t i o n s  a r e  i n t e n d e d  t o  a p p ly  t o  b lo o d  serum  o n l y .  I t  i s  

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

t o  g iv e  up more and  more e l e c t r o n s  w h i le  t h e i r  p o s i t i v e  c h a rg e  

i n c r e a s e d , t h e n  th e y  w ould  be r e d u c in g  a g e n t s .  T h is  i s  a  p o i n t  

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

p a p e r .
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I f  t h e r e  i s  a n y t h i n g  i n  t h e  above t h e o r i e s , i t  w ou ld  seem 

t h a t  we a r e  a t  t h e  o u t s k i r t s  o f  an  immense f i e l d  i n  p r a c t i c a l  

m e d e c in e .  The q u e s t i o n  o f  how f a r  e x p e r i e n c e  c an  b ack  up t h e s e  

t h e o r i e s  a r i s e s .  My i n v e s t i g a t i o n s  have b e e n  d e v o te d  l a r g e l y  t o  

t h i s  a t t e m p t  t o  s u g g e s t  t h a t  t h e  f i n d i n g s  o f  many e m in e n t  p h y s i c o -  

- c h e m i s t s  f o r  c o l l o i d s  a p p ly  i n  some m e a su re  t o  b lo o d  s e r u m ,b u t  

a t  i n t e r v a l s  I  have b e e n  e n a b le d  t o  l o o k  a t  a  few s l i d e s  i n  

d i f f e r e n t  c o n d i t i o n s .  I n  s y p h i l i s , f o r  e x a m p le ,w h ic h  I  am a t  

p r e s e n t  i n v e s t i g a t i n g  i n  t h i s  r e s p e c t , t h e r e  i s  no d o u b t  w h a te v e r  

o f  t h e  p r o f o u n d  a l t e r a t i o n  i n  s i z e  and  d e g r e e  o f  d i s p e r s i o n  o f  

t h e  p a r t i c l e s .  M 'Donagh o f  London whose t h e o r i e s  a r e  t h e  c a u s e  

o f  much a n ta g o n is m  and d e r i s i o n  from  some q u a r t e r s , d e s c r i b e s  

t h e s e  v a r i a t i o n s .  I  do n o t  f i n d  h i s  r e s u l t s  t a l l y  w i t h  my 

o b s e r v a t i o n s  a l t o g e t h e r  b u t  many d o .  H e , a g a i n ,h a s  r a i s e d  t h i s

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

a n a p h y l a x i s  a n d  s u r g i c a l  s h o c k .  I  have  t o  c o n f e s s  t h a t  I  c o u ld  

n o t  f o l l o w  h i s  a rg u m en t on t h e  s u b j e c t , y e t  I  was d e e p ly  im p re s s e d  

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

to o k  up t h i s  i n v e s t i g a t i o n  from  a  d i f f e r e n t  s t a r t i n g  p l a c e , t h e  

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

l e d  me t o  t h e  r e s u l t s  o f  t h i s  p a p e r .

I n  s y p h i l i s  a t  d i f f e r e n t  s t a g e s , I  have s e e n  f o r  m y s e l f  

p r o f o u n d  a l t e r a t i o n s .  I n  serum  i n o c u l a t e d  w i th  o t h e r  serum  

v a r i a t i o n s  o c c u r .  I n  h ig h  f e v e r  I  have s e e n  c h a n g e s ,a n d  I  am 

h o p in g  t o  a c c u m u la te  e v id e n c e  o v e r  a s u f f i c i e n t  number o f  c a s e s  

o f  d i f f e r e n t  k i n d s  t o  s u p p o r t  my c o n t e n t i o n .

I  h av e  s a i d  enough  t o  show t h e  p o s s i b i l i t i e s .  A lre a d y  t h e  

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

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

i n o r g a n i c  c o l l o i d s  t o  be made w hich  c l o s e l y  r e se m b le  o r g a n ic
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f e r m e n t s  i n  t h e i r  a c t i o n .  I t  h a s  th ro w n  l i g h t  on t h e  i m b i b i t i o n  

by t h e  c e l l  o f  w a te r  and. on t h e  n a t u r e  o f  t h e  c e l l  i t s e l f .

I t  h a s  l e d  t o  f u r t h e r  l i g h t  on e l e c t r i c a l  r e a c t i o n s  i n  t h e  b o dy ,
•2-

and  t o  many o f  t h e  phenom ena o f  p l a n t  l i f e .  I t  w i l l  r e p a y  much 

s tu d y  an d  i t  i s  f u l l  o f  i n t e n s e  i n t e r e s t .

L a s t l y , i n  c o l l o i d a l  d r u g s  we h ave  a new a d j u n c t  t o  

m e d e c in e .  T h e re  i s  much d i s c u s s i o n  a b o u t  t h e s e , a n d  g r e a t  d i f f e r e n c e  

o f  o p i n i o n .  My p e r s o n a l  e x p e r i e n c e  i s  n o t  e x t e n s i v e  enough t o  

q u o t e .  One h a s  t o  buy f o r  o n e s e l f  su c h  d r u g s  f o r  u s e  i n  t h e  s e r v i c e .  

One w o u ld  v e n t u r e  t o  t h i n k  t h a t  i n  t h e i r  c l o s e  l i k e n e s s  t o  t h e  

g e n e r a l  body f l u i d s  t h e y  w i l l  be fo u n d  o f  g r e a t e s t  v a l u e .

I  c e r t a i n l y  know o f  t h e  r e s u l t s  o f  C o l l o s o l  I o d i n e  and  S u lp h u r .

One h a s  t h u s  r e a c h e d  t h e  c u l m i n a t i n g  p o i n t  o f  t h i s  p a p e r ,  
w i th

a n d  one w ou ld  f i n i s h ^ t h e  q u e ry  w h ich  i n e v i t a b l y  a r i s e s  i n  o n e ' s

m i n d : -  I f  t h e r e  i s  a n y t h i n g  i n  t h e s e  f i n d i n g s ;  i f  t h e r e  i s  any t r u t h

i n  t h i s  q u e s t i o n  o f  t h e  r e l a t i o n  o f  t h e  d i f f e r e n c e  b e tw een  0 H

c o n c e n t r a t i o n  a n d  H i o n  c o n c e n t r a t i o n  i n  t h e  b lo o d  and  c h a n g e s
l i e  ‘

i n  t h e  b o d y ,d o e s  n o t  a  new o p e n in g  f o r  i n v e s t i g a t i o n  open  t o  

u s , a n d  may n o t  t r e a t m e n t  f o l lo w  t h e  l i n e  o f  an  a t t e m p t  t o  f i n d  t h e  

a b n o r m a l i t i e s  i n  t h e s e  c o n d i t i o n s , a n d  t o  r e s t o r e , b y  t h e  c o r re sp o n d in g  

c o l l ô i d a l  d r u g , t h e  n o rm a l c o n d i t i o n  f o r  c o r r e c t  o x i d a t i o n  and  

r e d u c t i o n  i n  t h e  b o d y .

W hile  t h e s e  l a t t e r  p a g e s  a r e  t h e o r e t i c a l  f o r  t h e  m ost p a r t ,  

y e t  b e h in d  t h e  t h e o r i e s  a r e  a b e r t a i n e d  f a c t s  w hich  d i r e c t  a t t e n t i o n  

t o  t h e  im p o r ta n c e  o f  t h e  c o l l o i d a l  s t a t e  o f  t h e  b lo o d -s e ru m  and 

i t s  e l e c t r i c a l  r e a c t i o n s .
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A p p e n d ic e s  g iv in r .  D e t a i l s  o f  A p p a r a tu s  e t c

A ppend ix  A.

E x p e r im e n ts  on V i s c o s i t y .

( 1 )  The i n s t r u m e n t  f i r s t  t r i e d  was a  U tu b e  w i t h  a c a p i l l a r y  

o u t - i e t  a s  i n  d ia g r a m .  A f t e r  a p r o lo n g e d  t r i a l  t h i s  was g iv e n  u p , 

a s  t h e  s i z e  o f  t h e  U g i v i n g  t h e  b e s t  r e s u l t  was t o o  g r e a t  f o r  

t h e  s u p p ly  o f  s e ru m . I n  t h e  s m a l l e r  o n e , t h e  o p p o s in g  s u r f a c e  

t e n s i o n  o f  t h e  d ro p  a t  t h e  end  o f  t h e  c a p i l l a r y  c h e c k e d  t h e  serum  

to o  so o n  an d  i r r e g u l a r l y  i n  t h e  U and t h e  t i m i n g  was to o  v a r i a b l e  

o v e r  t h e  same d i s t a n c e  w i t h  w a t e r .

The b e s t  r e s u l t s  w ere  f i n a l l y  g o t  w i th  two W idal t u b e s  

f u s e d  t o g e t h e r  i n  a s p i r i t  f l a m e .  (S e e  D iagram  B . )
s

T h i s  gave  a ro u g h  copy o f  a  v i s c o m e t e r  shown i n  G a n o t ' s  P h y s i c s .

The two t u b e s  when f u s e d  t o g e t h e r  w ere  t e s t e d  f o r  c l e a r  p a s s a g e  

way and a i r  t i g h t n e s s  and  t h e  j u n c t i o n  c o v e re d  w i th  s e a l i n g  wax 

t o  s t r e n g t h e n  i t , a s  t h e  s l i g h t e s t  t a p  b ro k e  t h e  j u n c t i o n .  The end  

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

p r o t e c t e d  by s e a l i n g  w ax. A g r e a t  many had t o  be made b e f o r e  an  

a i r - t i g h t  j o i n t  was g o t , a s  w i t h  t h e  s l i g h t e s t  o p e n in g  a t  t h e  j o i n t

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

and  s p o i l t  i t .  F r e q u e n t  b r e a k a g e s  r e q u i r e d  new t u b e s  b u t  th e y  w ere  

a l l  t e s t e d  i n  t h e  same w a y ,w i th  g r e a t  c a r e .  They w ere  m arked a t  a  

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

( 2 )  The s t a n d a r d  t a k e n  was d i s t i l l e d  w a t e r .  T h i s  was d i s t i l l e d  

d a i l y  on b o a r d  and  was v e r y  c l e a r  and g o od .

( 3 )  The e x p e r im e n t  was c o n d u c te d  a s  f o l l o w s : -

Each  t im e  a v i s c o s i t y  e x p e r im e n t  was done t h e  w a te r  

s t a n d a r d  was t a k e n .  T h i s  was fo u n d  n e c e s s a r y  owing t o  t h e  b re a k a g e  

and r e n e w a l , a n d  a l s o  owing t o  v a r i a t i o n  i n  my r e a c t i o n  t i m e .

A f t e r  c o n t i n u e d  p r a c t i c e  w i th  w a te r  and  s e ru m ,I  found  m y se l f
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s u f f i c i e n t l y  t r a in e d ,  t o  g e t  r e l i a b l e  c o m p a r i s o n s .  I  t h e n  fo u n d

t h a t  d u r i n g  t h e  t im e  o f  one o r  two e x p e r im e n t s  my r e a c t i o n  t im e

re m a in e d  s t e a d y , a n d  t h e  w a te r  s t a n d a r d  was a lw a y s  t h e  sam e .

I t  was o n ly  o c c a s i o n a l l y , i f  t h e  same tu b e  was u s e d , t h a t  t h e  t im e

v a r i e d , a n d  th e n  i t  h e l d  good f o r  a l l  t h e  t im e  o f  t h e  e x p e r i m e n t .

I n  o t h e r  w o r d s , a t  one t im e  t im e  o f  day t h e  s t a n d a r d  m ig h t  be

l o n g e r  by s to p - w a t c h  b u t  t h a t  v a r i a t i o n  was c o n s t a n t  f o r  t h e  t im e

o f  t h e  e x p e r im e n t  a s  p ro v e d  by c o n s t a n t  r e - c h e c k i n g  w i t h  w a t e r .

T h i s  o c c u r e d  r a r e l y , a n d  o n ly  i f  I  was a l i t t l e  t i r e d  by e x e r c i s e .
^ day

U s u a l l y , f o r  t h e  same t u b e , t h e  t im e  was c o n s t a n t  day  a f t e r ^ f o r  w a te r .

I n  d o in g  t h e  t e s t s  t h e  t u b e  was a lw a y s  made w e t w i t h  t h e  

m a t e r i a l  t o  be  t e s t e d , a s  t h e  t u b e  was a lw a y s  made p e r f e c t l y  d ry  

b e tw e e n  e a c h  t e s t .  T h i s  was a p r e c a u t i o n  a g a i n s t  any a l t e r a t i o n  

due t o  o u t s i d e  s u b s t a n c e s .  The w e t t i n g  o f  t h e  t u b e  was n e c e s s a r y  

a s  t h e  s u b s t a n c e  was a p t  t o  be u n e q u a l  i n  f lo w  t h e  f i r s t  t i m e .  - 

The r o u t i n e  was t o  c a r e f u l l y  draw up i n t o  t h e  t u b e  t h e  

f l u i d  t o  t h e  u p p e r  mark and t h e n  t o  l e t  i t  r u n  o u t  b ack  i n t o  t h e  

f l u i d  w i t h  t h e  p o i n t  o f  t h e  t u b e  i n  t h e  f l u i d .  T h i s  was 

u n f o r t u n a t e l y  n e c e s s a r y  ow ing t o  t h e  s c a n t  s u p p ly  o f  s e ru m .

However, e v e r y  t e s t  was done i n  e x a c t l y  t h e  same way^and any 

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

serum  b e in g  draw n i n t o  t h e  t u b e  and  ru n  o u t  was t h e  s a m e ,a s  i t  

was o n ly  done  o n ce  and  t h e  se c o n d  t im e  t h e  t e s t  was m ade.

Where ow ing t o  a  s l i p  t h e  f l u i d  had t o  be drawn up more t h a n  t w i c e ,  

i t  was n o t e d . i n  t h e  f i g , i n  q u e s t i o n .  V ery  o c c a s i o n a l l y  I  t o o k  t h e  

a v e r a g e  o f  two t i m e s  i f  one r a i s e d  d o u b ts  i n  my m ind a s  t o  my sp e e d  

i n  p r e s s i n g  t h e  s t o p - w a t c h , o r  a s  t o  t h e  p o s i t i o n  o f  t h e  t i p  o f  t h e  

t u b e .  I n  a l l  e x p e r im e n t s  when t im in g  was done t h e  t i p  o f  t h e  tu b e  

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

serum  o r  w a t e r  i n  i t .  T h i s  was fo u n d  t o  g iv e  t h e  b e s t  u n i fo r m  f lo w
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f o r  t i m i n g , a s  d r o p s  d i d  n o t  fo rm  an d  g iv e  a j e r k y  f l o w , a s  when t h e  

v i s c o s i t y  t u b e  was a l lo w e d  t o  d r ip *

( 4 ) A f t e r  e a c h  t e s t , t h e  t u b e  was c l e a n e d  w i t h  d i s t i l l e d  w a t e r ,  

a l c o h o l  and  e t h e r , u n t i l  i t  was c l e a n  and  p e r f e c t l y  d r y .  I t  w as 

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

t h e  serum  t e s t  i n  any  way *

( 5 )  A N aval g u n n e ry  s to p - w a t c h  was u s e d ,a n d  t h e  v i s c o s i t y  i n  t h e  

f I g g  # e # e  e x p r e s s e d  i n  t h e  t im e  o f  serum  t o  t h e  t im e  o f  w a te r  t o  

f lo w  p a s t  tw o f i x e d  p o i n t s  i n  t h e  t u b e .

( 6 )  The T e m p e ra tu re  was n o te d  by a  T herm om eter k e p t  i n  t h e  t u b e -  

- r a c k .  T h i s  T herm om eter showed l a r g e  v a r i a t i o n s  and  was b o rro w e d  

f ro m  t h e  E n g i n e e r i n g  o i l  t e s t i n g  room . The c a b in  i n  w h ich  t h e  t e s t s  

w ere  d one  was s m a l l  and  t h e  t e m p e r a t u r e  v a r i a t i o n  was v e r y  s l i g h t  

o v e r  l o n g  p e r i o d s  and  u n i fo r m  o v e r  t h e  t im e  o f  t e s t i n g .

B e fo re  s t a r t i n g  e a c h  t im e  t h e  c a b in  t e m p e r a t u r e  was a d j u s t e d  t o  

t h e  t e m p e r a t u r e  shown i n  my r e s u l t s , t h r o u g h  a j u d i c i o u s  u s e  o f  an  

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

any u n n o t i c e d  v a r i a t i o n  i t  c o u ld  n e v e r  have b een  more t h a n  one  

P a h * t  above o r  below  t h e  s t a n d a r d .

( 7 )  The H ea t and  V i s c o s i t y  t e s t s  w ere c a r r i e d  o u t  s i m i l a r l y ,  

e x c e p t  t h a t  t h e  serum  t u b e  was s u sp e n d e d  i n  a  to b a c c o  t i n  h e a t e d

by an  e l e c t r i c a l  r e s i s t a n c e  wound ro u n d  i t  and  c o v e re d  w i t h  a s b e s t o s .  

The T herm om eter  was p l a c e d  i n  i t  and  k e p t  c l e a r  o f  t h e  m e ta l  s i d e  

by a  p i e c e  o f  wood t o  p r e v e n t  t h e  m e ta l  c o n t a c t  r a i s i n g  t h e  

th e rm o m e te r  above  t h e  w a te r  h e a t .  I n  t h i s  c a s e  t h e  serum  was drawn 

up t w i c e  and  k e p t  i n  t o  h e a t  t h e  t u b e , b u t  t h e  t h i r d  t im e  was 

a l lo w e d  t o  r u n  o u t  im m e d ia te ly  i t  had b een  drawn up f o r  t h e  r e a d i n g ,  

a s  h o ld in g  i t  even  f o r  a few s e c o n d s  r e d u c e d  t h e  t e m p e r a tu r e  and

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

( 8 )  F o r  t h e  e l e c t r i c a l  v i s c o s i t y  t e s t  s e e  A ppendix  0 .
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A p p en d ix  B (S e e  P i g . l l )

E l e c t r i c a l  E x p e r im e n t  on t h e  M ic r o s c o p ic  s t a g e *

( 1 )  The A p p a r a tu s  was a s  f o l l o w s : -

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

When a n  l e a v e  I  had t r i e d  t o  g e t  one w i t h  p l a t i n u m  w i r e s  f u s e d  on

i t  w i t h o u t  s u c c e s s .  One o f  t h i s  d e s c r i p t i o n  i s  d e s c r i b e d  by H a tsc h e k
1

f o r  t e s t i n g  g o ld  s o l s .  I  had t h e r e f o r e  t o  a t t e m p t  t o  make a  s u i t a b l e  

a r r a n g e m e n t  i n s t e a d .

I  g o t  two b a c t e r i o l o g i c a l  p l a t i n u m  l o o p s  when on l e a v e  and  

t h e s e  I  g o t  b e a t e n  f l a t  a t  a  s i l v e r - s m i t h * s .  On b o a rd  I  g o t  them  

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

w i t h  Canada B a lsa m . T h i s  f a i l e d  a f t e r  s e v e r a l  a t t e m p t s , a s  t h e y  

a lw a y s  came l o o s e  on c l e a n i n g .  Then I  g o t  two s m a l l  s c re w  e b o n i t e
________________  eSB— “ -t- j .w . ...»

Clam ps made a s  p e r  d ia g ra m  11%uü.

W ith  t h e s e  I  c lam ped  t h e  w i r e s  t o  t h e  s l i d e .  W ith  t h i s  a r r a n g e m e n t  

I  w orked f o r  some t i m e , b u t  t h e  v e r y  s l i g h t  s p r i n g  on t h e  w i r e s  

r a i s e d  t h e  g l a s s  c o v e r  to o  f a r  and made f o c u s  d i f f i c u l t  and t h e  

c a p i l l a r y  a t t r a c t i o n  be tw een  w i r e  and  s l i d e  drew t h e  se rum  away
I

f ro m  t h e  c e n t r e  o f  t h e  s l i d e  and b ro k e  c o n t a c t .  T h i s  I  a t t e m p te d  

t o  ch e c k  by v a s e l i n e  w i t h  s u c c e s s , i t  b e in g  a  n o n - c o n d u c t o r , b u t  

t h e  w i r e s  w ere  a lw a y s  s l i p p i n g  and  u n s a t i s f a c t o r y .

I  t h e n  a t t e m p te d  t o  have t h e  w i r e s  fu s e d  t o  t h e  s l i d e  

w i t h o u t  s u c c e s s , t h e r e  b e in g  no bunsen  o r  g l a s s  b lo w er  on b o a r d .

The s l i d e  was a p t  t o  c r a c k  and l o o s e  s h a p e .  F i n a l l y  X had a  v e r y  

s a t i s f a c t o r y  s l i d e  made w i th  t h e  h e lp  and a d v ic e  o f  a w o rk in g  

o p t i c i a n  fo u n d  am ongst t h e  c re w . Pie b o re d  a s l i d e  f o r  me w i th  a  

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

s l i p s .  Then he g ro o v e d  t h e  s l i d e  w i th  a f i l e  be tw een  two p a i r s  o f  

h o l e s  and  t h r e a d e d  t h e  w i r e s  t h r o u g h  from  below  a lo n g  t h e  p a r a l l e l  

g ro o v e s  on t h e  s u r f a c e  and  down th ro u g h  t h e  r e m a in in g  h o l e s .
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The w i r e s  f u s e d  t o  t h i n  c o p p e r  w i r e  l e a d i n g  away w ere  i n s u l a t e d  

by s h e l a c  an d  s i l k  t a p e , a n d  I  had two s m a l l  e b o n i t e  b l o c k s  made 

o f  d i f f e r e n t  t h i c k n e s s e s  t o  make t h e  s l i d e  p e r f e c t l y  l e v e l  on t h e  

s t a g e ,w h i c h  was i m p o s s i b l e  w i t h o u t  b l o c k s  owing t o  t h e  d i f f e r e n c e  

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

one e n d .  ( P i g . 1 2 )

My E.M.P. I  g o t  f ro m  two s m a l l  a c c u m u l a t o r s , a f t e r  c a l c u l a t i n g  

t h e  a p p r o x im a te  r e s i s t a n c e  t h r o u g h  se ru m  a c r o s s  t h e  s l i d e  w i t h  a 

W h e a ts to n e  b r i d g e  i n s t r u m e n t .  The o u t p u t  o f  t h e  a c c u m u la to r s  was 

c h e c k e d  by a  v o l t m e t e r  e a c h  t im e  th e y  w ere  u s e d .  I t  was a b s o l u t e l y  

c o n s t a n t .  I  had a  s m a l l  r e v e r s i n g  s w i tc h  i n  t h e  c i r c u i t  and  a 

g a l v a n o m e t e r .  I  had no m i l l e - amp'metei^n b o a r d , s o  had t o  c a l c u l a t e  

t h e  c u r r e n t  from  t h e  a n g le  o f  t h e  g a lv a n o m e te r  w h ich  was a  G unnery 

t e s t i n g  T ^ g ^ t  G a lv a n o m e te r  o f  a 1000 O hm s,and f a i r l y  s e n s i t i v e .

I  had  hoped  t o  be a b l e  t o  t e s t  t h e  r e s i s t a n c e  o f  v a r i o u s  s e r a  b u t  

t h e  r e s u l t  w i t h  t h e  g a lv a n o m e te r  was n o t  s u f f i c i e n t l y  a c c u r a t e .

I  hope so o n  t o  have  an a r ra n g e m e n t  t o  do t h i s , b u t  n o t  i n  t im e  f o r  

t h e  p r e s e n t  p a p e r .  T h e re  a r e  many f a c t o r s  t o  be e l i m i n a t e d  f o r  

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

o f  t i m e .

I  had  hoped  a l s o  t o  c a l c u l a t e  t h e  c h a rg e  on t h e  p a r t i c l e s ,  

a s  H a tsc h e k  d e s c r i b e s  f o r  m e t a l l i c  s o l s , b u t  f o r  t h i s  I  fo u n d  t h e  

v i s c o s i t y  o f  t h e  D.M. m ust be fo u n d  and  t h a t  was i m p o s s ib l e  w i t h o u t  

e l i m i n a t i n g  t h e  p a r t i c l e s  by u l t r a - f i l t r a t i o n .  L a t e r  I  hope t o  t r y  

t h i s .  G iven  t h e  d i s t a n c e  be tw een  t h e  e l e c t r o d e s  an d  t h e  p o t e n t i a l  

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

I n  m e t a l l i c  s o l s  t h e  v i s c o s i t y  o f  D.M. can  be t a k e n  a s  w a te r  b u t

n o t  i n  serum  w i t h o u t  p r o o f .

I  g o t  t h e  d i s t a n c e  o v e r  w hich  t h e  p a r t i c l e s  w ere  t im e d  by a

m ic ro m e te r  e y e p i e c e , a n d  found  t h e  a c t u a l  d i s t a n c e  f o r  a  c e r t a i n
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p o s i t i o n  o f  t h e  m ic ro s c o p e  w i t h  t h e  same l e n s e s  by s u p e r  im p o s in g  
t h e

t h e  im age o f ^ m ic r o m e te r  s c a l e  on t h e  im age o f  a  b lo o d  c o u n t i n g  

s l i d e *  I  a t t e m p t e d  t o  m e a su re  t h e  p a r t i c l e s  on a b lo o d  c o u n t  s l i d e  

w i th  a  v iew  t o  m e a s u r in g  t h e  c o m p a r a t iv e  d e g r e e  o f  d i s p e r s i o n ,  

b u t  t h e  Thoma s l i d e  i s  n o t  c u t  s u f f i c i e n t l y  deep  t o  g iv e  t h e  

n e c e s s a r y  r e f l e c t i o n  w i t h  d a r k  g r o u n d .  The l i n e s  o n ly  show i n  

p l a c e s , a n d  t h e  d e p th  i s  an  ad d ed  d i f f i c u l t y  f o r  a c c u r a t e  c o u n t i n g .

I  b e l i e v e  i t  m ig h t  be q u i t e  p o s s i b l e  w i t h  a s l i d e  c u t  e v e n ly  and  

w i t h  t h e  m a rk in g  on t h e  o r d i n a r y  s u r f a c e  o f  a s l i d e .

The m ic ro m e te r  e y e p i e c e  w i th  t h e  n e c e s s a r y  c a l c u l a t i o n  f o r  

m a g n i f i c a t i o n  w ould  d o , b u t  t h e  m a rk in g s  w ou ld  n eed  t o  b e  t o  s m a l l e r  

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

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

q u i t e  a s  i m p o r t a n t  a s  t h e  s i z e  o f  t h e  p a r t i c l e s .  A f t e r  w ar i t  m ig h t

be p o s s i b l e  t o  g e t  t h e  n e c e s s a r y  s l i d e  m ade.

( 2 )  The e x p e r im e n t  r e v e a l e d  t h e  f o l l o w i n g  f a c t s : -  

U nder a  s l i d e  p o l a r i z a t i o n  r a p i d l y  c u t  down t h e  c u r r e n t .  T h a t  i t  

w as p o l a r i z a t i o n  due t o  f o r m a t io n  o f  g a s  was p ro v e d  by rem o v in g  

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

m ic r o s c o p e .  The m a c ro s c o p ic  e l e c t r o l y s i s  (A ppend ix  C) showed t h i s  

was r i g h t .  The c o n se q u e n c e  o f  t h i s  was t h a t  t h e  t im in g  o f  p a r t i c l e s  

a t  d i f f e r e n t  moments d i f f e r e d .  T h is  was t h e  m ain  r e a s o n  f o r  d o in g  

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

la r g e ,m e d iu m  and  s m a l l  p a r t i c l e  i n  t h e  one c o u n t . ( S e e  F ig lo .  )

The d ro p  i n  c u r r e n t  w a s ,h o w e v e r ,n o t  g r e a t  enough t o  a c c o u n t  f o r  

t h e  s lo w in g  o f  t h e  p a r t i c l e s  w hich  was due m a in ly  t o  i n c r e a s e  i n  

v i s c o s i t y , f o r  even  when movement b o th  Brow nian and  d i r e c t i v e  had 

c e a s e d , t h e  c u r r e n t  s t i l l  p a s s e d .  The d rop  due t o  p o l a r i z a t i o n  i s  

shown t h u s : -
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Time

S t a r t

8 min 

S i  «

9 “ 

9 i  "

10 "

G a lv a n o m e te r  a n g l e  Ô

7 6 ’'

65

6 r

61

59'

58'

by w h ich  i t  w i l l  be s e e n  t h a t  t h e r e  i s  an  i n c r e a s e  i n  r e s i s t a n c e .  

W ith  a  c o r r e c t l y  a d j u s t e d  g a lv a n o m e te r  i t  w ould  be s im p le  t o  com pare  

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

s t a n d a r d , a s  h a s  b een  s u g g e s t e d .  The r e a d i n g  w ou ld  h ave  t o  be t a k e n  

im m e d ia te ly  on f i r s t  s w i t c h i n g  on t h e  c u r r e n t  b e c a u s e  o f  p o l a r i z a t i o n  

The d i r e c t i v e  e f f e c t  was c h e c k e d  by t h e  r e v e r s i n g  s w i tc h  

i n  c a s e  any  movement s h o u ld  be due t o  c o n v e c t io n  c u r r e n t s  o r  o t h e r
é

c a u s e s .  The p o l e s  w ere  a lw a y s  t e s t e d  w i th  l i t m u s .  T h e re  was t h e r e f o r e  

n o t  t h e  s l i g h t e s t  d o u b t  t h a t  t h e  p a r t i c l e s  rem a in ed  e l e c t r o - n e g a t i v e  

ev en  when t h e  serum  was a c i d  t o  l i t m u s .  The r e a s o n  why t h e  l a r g e r  

p a r t i c l e s  w h ich  p r o b a b ly  had a  l a r g e r  c h a r g e  (S ee  t e x t )  d i d  n o t  

t r a v e l  m ore r a p i d l y  i s  e x p l i c a b l e  on t h e  b a s i s  o f  h y d r a t i o n , a n d  

t h a t  t h e y  a l s o  had  l a r g e r  e n v e lo p e s  t o  d r a g  a lo n g  w i th  th e m .
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A ppend ix  0 .

( 1 ) The I n s t r u m e n t  v/as a  s m a l l  U v i s c o m e t e r  a s  m e n t io n e d  i n  A pp en d ix  A 

The c a p i l l a r y  o u t l e t  I  k e p t  on t h e  t u b e  b u t  h e a t e d  i t  and  t w i s t e d  i t  

r o u n d , g i v i n g  t h e  f i n a l  a p p e a r a n c e . ( P i g  1 3 )  The a d v a n ta g e  o f  t h i s  

schem e was t h a t  I  c o u ld  w i th d ra w  t h e  serum  f o r  s l i d e s , w i t h o u t  t a k i n g  

i t  f rom  e i t h e r  e n d .  B e in g  c o n t i n u o u s  w i t h  t h e  U any a l t e r a t i o n  f ro m  

t h e  e l e c t r i c  c u r r e n t  was bound t o  be r e f l e c t e d  i n  t h e  s i d e  p i e c e  

w h i l e  a t  t h e  same t im e  t h e r e  w ere  no b u b b le s  o f  g a s  t o  make d i f f i c u l t  

t h e  re m o v a l  o f  f l u i d  by a c a p i l l a r y  p i p e t t e  and t h e  m ak ing  o f  a s l i d e  

f r e e  from  g a s .  One c o u ld  p a s s  t h e  c a p i l l a r y  down t h e  s i d e  t u b e  r i g h t  

i n t o  t h e  m ain  body o f  t h e  U t u b e .  The i d e a  w orked s p l e n d i d l y  .

The c u r r e n t  was t h e  same a s  i n  A ppend ix  B and  was from  t h e  same s o u r c e  

I n  t h i s  c a s e  ow ing  t o  t h e  f r e e  a c c e s s  o f  a i r  t o  t h e  t u b e , t h e r e  was 

p r a c t i c a l l y  no d ro p  i n  t h e  g a lv a n o m e te r  a s  t h e  g a s  was a b l e  t o  e s c a p e .  

The e l e c t r o d e s  w ere two p l a t i n u m  w i r e s  from  b a c t e r i o l o g i c a l  l o o p s ,  

s o l d e r e d  t o  t h i n  c o p p e r  w i r e .  Even when t h e  m a t e r i a l  had  become 

g e l a t e d  t h e  c u r r e n t  s t i l l  p a s s e d  f r e e l y  w h ich  c o n f i rm e d  my d e c i s i o n  

m e n t io n e d  i n  A ppend ix  B , t h a t  t h e  a c t u a l  i n c r e a s e  i n  v i s c o s i t y  was 

t h e  c a u s e  o f  t h e  s lo w e r  m ovem en t,and  n o t  p o l a r i z a t i o n .
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