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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 .  

A.  J .  RUTGER$, M. DE SMET, 
and  G. DE MOVER 

Laboratorium voor Physische Chemie, Ryksuniversiteit, 
Gent (Belgium), June 29, 1956. 

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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c o u m a r a n o n e - 2  (I). On bo i l ing  t h i s  c o m p o u n d  w i t h  
h y d r o c h l o r i c  acid in  ace t ic  acid,  t h e  f u r a n  r i ng  is o p e n e d  
u p  a n d  r e c o n s t i t u t e d  to  g ive  a n  i somer i c  p h e n o l i c  ac id  
(m. p. 194-95° ;  m e t h y l  es ter ,  m . p .  131 °) w h o s e  s t ruc -  
t u r e  is f o u n d  to  be  (II) .  T h e  m e t h y l  e t h e r  (m. p. 157-5 °) 
of t h i s  ac id  on  c y c l i s a t i o n  b y  w a y  of t h e  ac id  ch lor ide ,  

o/ 
A / O H  O=C / \ 

N/- ~- - - - J  

I 

/ O \ / C H , . . . . . / %  

II II L 
---\cooi.i HO/~ 

II 

0 0 CHa 

I I I  

a f fo rded  7 - m e t h o x y - 1 1 - h y d r o x y - f l - b r a z a n  (no t  i so la ted)  
w h i c h  f u r n i s h e d  t h e  c o r r e s p o n d i n g  q u i n o n e  ( I I I ,  m.  p.  
242 ° ) o n  o x i d a t i o n  w i t h  c h r o m i c  ac id  in ace t i c  acid .  O n  
e n e r g e t i c  t r e a t m e n t  w i t h  h y d r i o d i c  acid,  t h i s  q u i n o n e  
g a v e  a s m a l l  q u a n t i t y  of  f l - b r azan  3 (m. p.  208 °) i d e n t i c a l  
w i t h  a n  a u t h e n t i c  spec imen .  

J.  N .  CHATTERJEA 

Chemical Laboratory, Science College, Patna-5, India, 
June 9, 1956. 

Rdsumd 

L ' a u t o c o n d e n s a t i o n  de l ' i s o c o u m a r a n o n e  d o n n e  le 
compos6  (I), qu i  p a r  l ' a c ide  h y d r o c h l o r i q u e  es t  isomer*s6 
en l ' a c ide  (II) .  Celui-ci  es t  t r a n s f o r m ~  en  f l -b razan  p a r  
c inq  r 6 a c t i o n s  cons6cu t ives .  

a j .  N. CItATTERJEA, J. Indian chem. Soc. Sl, I01 (1954). 

The  Appl icat ion  of H u d s o n ' s  Lactone Rule  to 
7- and ~-Hydroxyamino Acids and the Question 
o f  the Conf igurat ion  o f  ~ - H y d r o x y - L - l y s i n e  f r o m  

Collagen 

C o n f i g u r a t i o n a l  a s s i g n m e n t s  for  L-threo- a n d  L-erythro- 
7-hydroxyornithine (IIa; Va) a n d  for  t h e i r  c o r r e s p o n d -  
ing  cis- a n d  trans-disubstituted F- lac tones  (IIIa; IVa) 
h a v e  b e e n  m a d e  o n  t h e  bas i s  of t h e i r  c o n v e r s i o n s  to  
h y d r o x y p r o l i n e s  1. 

I n  a g r e a t l y  s impl i f i ed  p r e s e n t a t i o n  of t h e  c o m p l i c a t e d  
e x p e r i m e n t a l  r e su l t s  ( comple t e  r e t e n t i o n  of c o n f i g u r a t i o n  

1 B. WITKOP and T. BEILER, J. Amer, chem, Soc. 78, 2882 (1956). 

a t  C [2]) I I a  leads  to  a l l o h y d r o x y - L - p r o l i n e  (Ia) a n d V a  to  
h y d r o x y - L - p r o l i n e  (VI) L 

T h e  l a c t o n e  of N - c a r b o b e n z y l o x y - 7 - a l l o h y d r o x y - L -  
p ro l i ne  ( V I I b )  2 h a s  b e e n  used  as a m o d e l  to  t e s t  t he  
a p p l i c a b i l i t y  a n d  v a l i d i t y  of  HUDSON'S l a c t o n e  R u l e  a to  
t h e  (bicyclic)  l a c t o n e  of a 7 - h y d r o x y a m i n o  acid.  T h e  
c o n f i g u r a t i o n  of V I I a  is f ixed  in a n  u n e q u i v o c a l  m a n n e r ,  
s ince  C(2) h a s  t h e  n a t u r a l  L s - a r r a n g e m e n t  a n d  s ince  t h e  
I a c t o n e  r e q u i r e s  t h e  cis-arrangement for  t h e  C(2), C(4) 
s u b s t i t u e n t s  i n v o l v e d .  T h e  a b s o l u t e  c o n f i g u r a t i o n  a t  
C(4) is t h e n  t h a t  of D - g l y c e r a l d e h y d e  a n d  leads  t o  t h e  
d e s i g n a t i o n  DG. T a b l e  I shows  t h a t  t h e  r o t a t i o n a l  d a t a  
a n d  t h e  a p p l i c a t i o n  of HUDSON'S Rule* ag ree  w i t h  t h e  
DG-conf igura t ion  of C(4) as r e q u i r e d  b y  c h e m i c a l  evi-  
dence .  

T h e  a p p l i c a t i o n  of HIJDSON'S R u l e  t o  t h e  cis- a n d  
trans-disubstituted F- lac tones  ( I I I b ,  I V b )  of m,&di-  
hexahydrobenzoyl-L-threo- a n d  L-erythro-y-hydroxy- 
o r n i t h i n e  ( I I b ;  Vb)  b e c a m e  poss ib le  w h e n  a s u i t a b l e  
s o l v e n t  for  t h e s e  l a c t o n e s  was  found .  T h e  s o l v e n t  used  
u p  to  n o w  h a s  b e e n  p y r i d i n e  in  w h i c h  b o t h  l a c t o n e s  show 
n e g a t i v e  r o t a t i o n s  (Table) .  P y r i d i n e ,  e spec ia l ly  for  lac-  
t o n e s  w i t h  sma l l  r o t a t o r y  power ,  s h o u l d  a p p a r e n t l y  be  
a v o i d e d  w h e n  c o n f i g u r a t i o n a l  a s s i g n m e n t s  a re  a t  s t ake .  
D i m e t h y l  su l foxide ,  m.p .  18.5 °~, on  s l i gh t  w a r m i n g ,  
d i s so lved  t h e  l a c t o n e s  I I I b  a n d  I V b  eas i ly  a n d  was  
misc ib le  w i t h  t h e  s t a n d a r d i z e d  m e t h a n o l i c  K O H  solu-  
t ion .  T h e  r e su l t s  in  t h e  T a b l e  s h o w  a g a i n  a g r e e m e n t  of 
c o n f i g u r a t i o n a l  a s s i g n m e n t s  b y  c h e m i c a l  a n d  r o t a t i o n a I  
d a t a .  

T h e  r i n g  h o m o l o g  of  n a t u r a l  h y d r o x y - L - p r o l i n e  (VI) is 
5 -hyd roxy-L-p ipeco l i c  ac id  ( X I I )  o c c u r r i n g  n a t u r a l l y  in  
d a t e s  a n d  o t h e r  p l a n t s .  I t s  c o n f i g u r a t i o n  ( X I I )  is e x a c t l y  
a n a l o g o u s  t o  t h a t  of h y d r o x y - L - p r o l i n e  (VI) s. T h e  con-  
ve r s ion  of  X I I ,  via N a B H ,  r e d u c t i o n  of  t h e  N - c a r b o -  
b e n z y l o x y - 5 - k e t o - c - p i p e c o l i c  ac id  to  a l l o h y d r o x y - d e r i v -  
at*yes ( X I V a ,  X I V b )  a n d  l a c t o n i z a t i o n  t o  X I I I b  a n d  
X I I I a  e s t a b l i s h e d  t h e  c o n f i g u r a t i o n s  a t  C(2) a n d  C(5) in  
t h e  s a m e  u n a m b i g u o u s  w a y  as  in  t h e  case  of V I I b  a n d  
V I I a .  T h e  T a b l e  shows  a g a i n  t h e  a p p l i c a b i l i t y  of HIID- 
SON'S R u l e  to  t h i s  l a c t o n e  X I I I b .  

& H y d r o x y - L - l y s i n e ,  de sp i t e  n u m e r o u s  i n v e s t i g a t i o n s  
on  i t s  i so l a t i on  a n d  s y n t h e s i s  7, is t h e  l a s t  i m p o r t a n t  
a m i n o  ac id  of u n k n o w n  c o n f i g u r a t i o n .  I t s  l a c t o n e  is n o t  

2 A. A. PATCHETT and B. WITKOP, J. Amer. chem. Soc. 78, De- 
cember 1956. 

a C. S. HtTDSON, J. Amer. chem. Soc. 3z, 338 (1910); 61, 1525 
(1939). - E. ANDERSOn, J. Amer. chem. Soc. 34, 51 (1912). - c]. F. 
BAT~S and Associates, Polar*merry, Saccharimetry and the Sugars, 
Circular of the National Bureau of Standards C440 (U. S. Govern- 
ment Printing Office, Washington 1942), p. 434. 

4 In its simplest form HUDSON'S lactone Rule says: 7" or (~- 
(sugar) lactones in which the carbon carrying the hydroxyl group is 
related to D-glyceraldehyde are dextrorotatory, or [C~]D (lactone)-[~]D 
(acid) is positive. The opening of the laetones with one equivalent of 
base, as recorded in the Table, leads to the alkali salts of the open 
acids which in the examples studied were all N-acyl- or N,N'-diacyl- 
amino acids. Only minor rotational changes were observed when the 
solutions, after completion of mutarotation by base, were brought 
to a pH of 1. 

5 T. B. DOUGLAS, J. Amer. chem. Soc. 68, 1072 (1946). - The 
compound was obtained from: The Stepan Chemical Company, 
20 North ~Vacker Drive, Chicago 6, Illinois. 

6 B. WITKOP and C. M. FOLTZ, J. Alner. chem. Soc. 78, December 
(1956). 

7 j .  C. SH~EnA~ and W. A. BOLHOFER, J. Amer. ehem. Soe, 72, 
2466, 2472 (1950). - O. TOVSTER, J. Amer. chem. Soe. 73, 491 (1951). 
- G. VAN ZYL, E. E. vA~ TAMELE~¢, and G. D. ZUID~MA, J. Amer. 
chem. Soc. 78, 1765 (1951). - W. S. FoNts, J. Amer. chem. Soc. 75, 
4865 (1953). - J. R. WEXSm~R, J. biol. Chem. 186, 591 (1950). - 
S. BERGSTROM and S. LINDSTEDTp Arch. Bioehem. 26, 323 (1950). 


