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Inf luence of Turbulence  on Electrokinet ie  
P h e n o m e n a ;  E x p e r i m e n t a l  D e t e r m i n a t i o n  of  the  
T h i c k n e s s  of  the  Diffuse Part  of the  Double  Layer  

A l a m i n a r  f low of l iquid  t h rough  a cap i l l a ry  is ac- 
c o m p a n i e d  by  a s t r e a m i n g  cur ren t  g iven  by  

I:~m. = DC v~ = 2 D C ~  (1) 

where  

Q r2 p (2) 
r ~ 87/ l 

is t he  b u l k  ve loc i ty  of  t he  l iqu id ;  D is the  die lectr ic  
c o n s t a n t  of t h e  l iquid,  ~/ i ts  v iscosi ty ,  ~ t he  e lec t ro-  
k ine t ic  po ten t ia l ,  Q t h e  v o l u m e  of l iquid  pass ing  per  
second t h r o u g h  a cross section.  

The  electr ic  charges  in the  l iquid  lie in a diffuse l ayer  
close to  t he  wal l ;  consequen t ly ,  in t he  case of l amina r  
flow, t h e y  ob ta in  on ly  v e r y  smal l  speeds.  

In t h e  case of t u r b u l e n t  flow, however ,  pa r t s  of t he  
l iqu id  n e a r  t h e  wal l  m a y  be carr ied  to  t he  cen t ra l  p a r t  
of t he  capi l lary,  and ob t a in  t he  speed 7; the re fore  we can  
expect ,  as was p o i n t e d  o u t  to us b y  Dr.  A. KLINKEN- 
BERG Of the  Hague ,  a big effect  of  t u rbu l ence  upon  
s t r e a m i n g  po t en t i a l s  and  s t r e a m i n g  currents .  

Our  f irs t  e x p e r i m e n t s  were  car r ied  ou t  w i th  thr ice  
dis t i l led w a t e r ;  here  we measu red  s t r e a m i n g  po ten t i a l s  
and  s t r e a m i n g  cur ren ts  ; in these  expe r imen t s ,  t u rbu l ence  
se t  in a t  p = 26.5 cm of w a t e r  p ressure ;  we measu red  
up to  p = 120 c m ;  t h e  resul t s  were  n e g a t i v e :  no inf luence  
of t u rb u l ence  was de tec ted .  

m u c h  h igher  pressures  I is aga in  p ropor t i ona l  to  7, b u t  
t h e  va lue  of I ]~  is m u c h  h ighe r  t h a n  ~or l a m i n a r  f low 
(el. t h e  fig.). Th is  p a r t  of  t he  c u r v e  we i n t e r p r e t e  b y  sup-  
posing t h a t  here  al l  t h e  charges  in  t h e  l iquid  m o v e  w i t h  
the  bu lk  ve loc i ty  g of the  t u r b u l e n t  f low:  

DC r 
I t u r b . = 2 = r x q ~ = 2 = r x  ~ = 2 D ~ ¢ - ~  (3) 

Here  q is the  charge  in the  l iquid oppos i te  I cm  2 of t he  
wall. 

T h e  fac to r  
$ -  

/ =  4a  (4) 

is t he  ra t io  be tween  the  slopes of t he  l aminar  and t h e  
t u r b u l e n t  p a r t  of t he  / - - g - c u r v e s .  To  give only  one 
example ,  for our  10-3N solu t ion  of Zn-dips  in benzene,  
measu red  in t he  cap i l l a ry  wi th  r = 0.188 cm, we found 
/ = 66, g iv ing  d = 7 X 10 -¢ cm. 
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Influence of turbulence on streaming current 

I n  t he  t a b l e  we g ive  t h e  e x p e r i m e n t a l  va lues  o f / ,  t h e  
va lues  of 6 ca lcu la ted  f rom these ,  and  the  va lues  of u-~ 
(n~ = 4 :: e ~ Znk zZ k/D k t) a l t hough  we real ize t h a t  we a re  
ou t s ide  t h e  region where  t h e  DEBYE-HOCKEL t h e o r y  is 
va l id .  
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ZusammenJassung 

D u r c h  Messungen  in 10 -6, 10-* und  10-SN benzoli-  
schen L6sungen  yon  Zn-d i - i -p ropylsa l i zy la t  haben  wir  
e inen be t r~ch t l i chen  Einf luss  yon  T u r b u l e n z  auf  Str6-  
m u n g s s t r 6 m e  fes ts te l len  k6nnen .  Dieser  Einf luss  kann  
ausgedr t i ck t  w e r d e n  d u t c h  e inen  F a k t o r / ,  der  in e i n e m  
unse re r  E x p e r i m e n t e  e inen  V te r t  y o n  ] = 66 e r re ich te ;  
aus  den  W e r t e n  y o n  [ k a n n  die  Dicke  der  diffusen 
Doppe l s ch i ch t  in  de r  Fl t iss igkei t  b e r e c h n e t  werden.  

W e  t h e n  s tud ied  benzene,  which  we had  m a d e  a l i t t le  
c o n d u c t a n t  b y  means  of Zn-di - i -propylsa l icy la te  (Zn-dips);  
t he  solu t ions  were  10-SN, 10-4N, a n d  1 0 - a N ;  t he  conduc t i -  
-cities were  0-5, 1-2 and  2.6 × 10 - l z  o h m  -1  c m - 1 ;  t he  rad i i  
of t h e  capi l lar ies  were  0-188, 0.116 and  0.044 c m ;  tu r -  
bu lence  set  in  a t  Pt = 6 cm, 13 cm, and  80 cm of w a t e r  
pressure  respec t ive ly .  The re  was a big ef fec t  of t u r b u -  
lence upon  the  s t r eaming  cur ren t  I; at  low pressure  
( laminar  flow), I is p ropor t iona l  to  7, the  charges  in t he  
l iquid  m o v e  wi th  speeds of the  layers  of l iquid  near  t he  
wall;  a t  p_~_ 3p~ I begins  to increase m o r e  s t rong ly ;  a t  

f l -Brazan  f r o m  I s o c o u m a r a n o n e  

It has been shown by CHATTERJ~AI, and also inde-. 
pendently in a preliminary way by GEISSMAN and An- 
MEN ~, that the product obtained by the self-condensa- 
tion of isocoumaranone is 3-o-hydroxyphenylacetyl- 

1 J. N. CHATTERJEA, J. Indian chem. Soc. 33, 175 (1956), 
s T. A. GStSS~AN and A. ARDEN, J. Amer. chem. Soc. 77, 1623 

(195s). 
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