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R e c o m b i n a t i o n  R a t e s  o f  S u b s t i t u t e d  P h e n y l -  
g l y o x y l a t e  I o n s  w i t h  H y d r o n i u m  a n d  

D e u t e r o n i u m  I o n s  

I n  a r e c e n t  c o m m u n i c a t i o n  ~ t h e  r e c o m b i n a t i o n  r a t e s  
of t h e  p h e n y l g l y o x y l a t e  ion  w i t h  h y d r o n i u m  ions ,  w a t e r  
and  b o r i c  ac id  w e r e  d e t e r m i n e d  in a l k a l i n e  s o l u t i o n L  F o r  
this  m e d i u m  t h e  e q u a t i o n  for  fu t ly  r a t e - c o n t r o l l e d  cu r -  
r en t s  a w a s  a p p l i c a b l e .  

W e  w i s h  n o w  t o  r e p o r t  t h e  c o m p a r i s o n *  oi  t h e s e  d a t a  
w i th  m e a s u r e m e n t s  in n e u t r a l  s o l u t i o n  w h i c h  w e r e  in t e r -  
p re t ed  u s i n g  e q u a t i o n s  d e v e l o p e d  fo r  a case  in w h i c h  
d i f fus ion  l imi t s  t h e  c u r r e n t  j o i n t l y  w i t h  r e a c t i o n  r a t e .  
An a p p r o x i m a t e  e x p r e s s i o n  for  j o i n t  d i f f u s i o n  a n d  r a t e  
con t ro l  w a s  f i r s t  d e r i v e d  b y  \VtESNE~* b y  i n t r o d u c t i o n  
of t he  e x p r e s s i o n  

in to  t h e  e x p r e s s i o n  of  B R D I C K A  a n d  WIESNER ~. 

ie = /z k [H +] 
(1) 

too p k [H+] + ~ 10a/n F~ 

where tt = effective thickness of the interface; D = diffusion coeffi- 
cient; k' = pseudo-unimolecular rate constant of dissociation reac- 
tion; k ~ rate constant of recombination reaction; ~ = average sur- 
face area/drop of mercury; i k = kinetic current; t = drop time: K = 
dissociation constant of the reducible acid; ~ -- tlkovie constant (for 
definition see footnote 2); io~ = ik for k = o~. 

T h i s  r e s u l t e d  in e q u a t i o n  

0'57 V ~  [H+~ 

1 + 0"57 ; [H+~ 

(2) 

R e c e n t l y  t(OUTECKY ~ in a b r i l l i a n t  m a t h e m a t i c a l  
p a p e r  h a s  s o l v e d  t h e  s y s t e m  r i g o r o u s l y  a n d  h a s  s h o w n  

* By an error in our paper [K. W~ESNER, M. WHEATLEY, and J. 
M. Los. J. Amer. chem. Soe. 76, 4858 (1954}] the computed p K  of 
phenylglyoxylic acid was reported as 2-3 instead of 1"3. While this 
dc~s not change any of the conclusions of this publication, it changes 
the absolute values of kHaO% kH=o and kHaBO a. A new determina- 
tion of the p K  has now given the value 1-39. This is the value for 
which the results of our measurements in alkaline solution were 
recalculated and are given in the text for comparison with the present 
results. 

1 K. WI~ssE~, M. WHEAXLEY, and J. M. Los, J. Amer. chem, 
See. 76, 4858 (1954). 

For a general reference on theoretical polarography see: I. M. 
KOLTHOFF, Polarography Vol. 1.2rid ed. (Interscience Publishers Inc., 
~'505 th Ave., New York 1, N. Y.). 

For information on the theory of determination of extremely rapid 
reaetion rates from polarographie kinetic waves see: R. BRDI~Ka, 
D~e Kinetik der Elektrodenvorg&nge in der Polarographie. - Proceed- 
ings o/the 1st International polarographic congress in Prague. Part. I I I 
(P~irodev~ndeck6 Vydavatclstvi 1951). p. 332. - K. WIESNER, Con- 
cept o/ Polarographic Currents Limited by Rate o/ a Chemical Reac- 
tion and Some o/ I t s  Applications), Analyt. Chem. 27, 1712 (1955). - 
P. DELAgA¥, New Instrumental Methods in electrochemistry (Inter- 
science Publishers, New York, 1954). 

z K. WI~SNER, Chem. Listy 41, 6 (1947). - J. Ken'rECKS' and 
R. BRDI~:KA, Coll. Czech. chem. Communic. 12, 337 (1947). 

a K. W~S~ER, Chem. IAsty 41, 6 (1947). 
S R. BRDI~K2t and K. W~ESYER, Chem, Listy 40, 66 {1946). 

J. KOUT~CK~, Colt. Czech. chem. Communic. lg, 597 (1953). 

t h a t  t h e  s o l u t i o n  e x p r e s s e d  as  a t a b l e  of  v a l u e s  is suff i -  
c i e n t l y  a p p r o x i m a t e d  b y  t h e  e x p r e s s i o n  

o k t  
ia, " 8 7 V K  [H+'~ 

too :- 1 / k  t (3) 
1 + 0.87 V K [Ht-] 

w h i c h  is i d e n t i c a l  w i t h  (2) e x c e p t  fo r  t h e  a b s o l u t e  v a l u e  
of  t h e  coe f f i c i en t .  

I n  t h i s  p a p e r  t h e  a s y m p t o t i c  e q u a t i o n  (3) will b e  
used  t h r o u g h o u t .  

Ti le  r e c a l c u l a t i o n  of  o u r  p r e v i o u s  r e s u l t s  a for  t h e  pl ' (  of  
p h e n y l g l y o x y l i c  acid  = 1.39 g ives  

kkHa(;~) ~ 3.9 × 10 II L mol  * s t 

k(H.~o) H20 = 150 s -x 
k,,H~BO3 ) = 4"41 × 10 a L tool - t  s -1 

F r o m  the  p r e s e n t  d a t a  in n e u t r a l  s o l u t i o n  (Table)  u n d e r  
t he  a s s u m p t i o n  t h a t  h y d r o n i u m  ions  a re  t h e  o n l y  im-  
p o r t a u t p r o t o n  d o n o r s  in n e u t r a l  s o l u t i o n ,  k(~o+~ h a s  been  
c a l c u l a t e d  to  be  3.58 × 1011 L ree l  -1 s - L  T h e  r eca l cu l a -  
t ion  of  d a t a  on  p h e n y l g l y o x y l i c  ac id  of  KOUTECK{" a n d  
BRDt~KA 7 u s i n g  e q u a t i o n  (3), p K  = 1-39 a n d  i n t r o d u c i n g  
] l uq  -- 0.80 g a v e  kill,o+) = 4.77 × 101t L t o o l  ~ s - L  

T h e  v a l u e  d e t e r m i n e d  in t h e  m e a n t i m e  b y  HANS a n d  
HENKE s is 4 X 10 I1L m o l - ~  s - L  

T h e s e  t h r e e  d i f f e r e n t  v a l u e s  s h o w  n o t  o n l y  t h e  m e a s u r e  
of  a c c u r a c y  b u t  a lso  s h o w  t h a t  t h e  km~o+~ as  d e t e r m i n e d  
in s t r o n g l y  a lka l ine  s o l u t i o n  is i d e n t i c a l  w i t h i n  e x p e r i -  
m e n t a l  e r r o r s  w i t h  t h i s  c o n s t a n t  d e t e r m i n e d  in n e u t r a l  
so lu t ion .  

W e  h a v e  m a d e  m e a s u r e m e n t s  w i t h  p h e n y l g l y o x y l i c  
acid  in h e a v y  w a t e r  (99 .1% DaO ) u n d e r  t h e  s a m e  c o n d i -  
t i ons  as  in o r d i n a r y  w a t e r  a n d  f o u n d  k(D,O*l= 7 '65 x 10 ~° 
L tool - t  s - t .  T h e  r a t i o  of t h e  r a t e s  in  H 2 0  a n d  D 2 0  w a s  

k(H~O*) = 4"7. 

k(D~O+) 

A se r i e s  of  s u b s t i t u t e d  p h e n y l g l y o x y l i c  ac ids  w a s  
p r e p a r e d  a n d  t h e  r e c o m b i n a t i o n  v e l o c i t y  c o n s t a n t  o~ 
each  w a s  d e t e r m i n e d  (see T a b l e ) .  

F r o m  t h e  d a t a  it  is p o s s i b l e  t o  c a l c u l a t e  HA.~ME'rT'S 
a n d  e c o n s t a n t s  fo r  t h e  p a r a - m e t h o x y  a n d  p a r a - m e t h y l  
s u b s t i t u t e d  acids .  

T h e  s u b s t i t u e n t  c o n s t a n t  a = log E i  - l o g / t ' ,  ° ~. 

Where k i = ionisation constant of substituted acid; k~ ° =- ionisation 
constant of unsubstituted acid = pK ° - -  pK. 

T h e n ,  a p - O C H  a -- - 0.26 a n d  a p - C H  a = - 0.13. 

T h e  a v e r a g e  v a l u e s  q u o t e d  b y  HAMMETT V a re  

ap_OCHa - 0.27 and ap.CH a = -- 0.17. 

T h e  r e a c t i o n  c o n s t a n t  Q c a n  be c a l c u l a t e d  a lso  u s i n g  
t h e  HAMMETT e q u a t i o n L  

l o g k -  l o g k ° =  a 0. 

Where k = reaction constant for substituted acid; k ~ = reaction 
constant for unsubstituted acid. 

v j .  KOt:TECK~ and R. BRD~KA, Coll. Czech. chem. Communie. 
,.% aa7 (1947) .  

s W. HANS and K. H. HENKE, Z. Elektroehcm. a7, 595 {1953). 
9 L. P. HAMMETT, Physical Organic Chemistry (MeGraw ttill, 

London and New York 1940), p. 186. 
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Dissociation Polarographic Recombinatior Droptime Dissociation k' Acid pK Constant K pK k tool -1 s -1 t s 1" tool-: s -1 

: \~COC00H 

#" COCOOH 

V 
¢\COCOOH 

C H a O ~ H  
' 3 

CHa//'x'-,COCOOH 
I iio " ~ / /  Ctta 

C H a O l e )  COCOOH 

CH s 

: / \ "  C0COOH I 
CH~%/)  

-J;~COCOOH 

CHa\~ / /  

CHa 

CHa/\ '~,  COC00H 

, ? C H a  

~ C O C O O H  

\\x/ 
in D~O 

4.07 × 10 -2 

2.25 × 10 -~ 

1.63 × 10 -'2 

2-4 x 10 -z  

1.66 × 10 2 

3.0 × 1 0  2 

4-4 × 10 2 

3-55 × 10 -3 

1"59 × 10 -~- 

1 "39 

1-65 

1-79 

1-62 

1-78 

1.52 

1.36 

1.45 

1 '79 

6-81 

6.78 

7.52 

6-92 

7-05 

6-80 

6'96 

7-26 

6.69 

3-58 × I0 n 

1.24 × 1011 

4.13 × 1012 

4-42 x 1011 

T 

4-85 /, lO n 

2.79 × 10 'l  

8"44 × 1011 

2"73 3< 10 la 

7-65 × 10 :° 

4"1 

3"5 

3"64 

3"64 

3"64 

3 '64 

3.64 

3-64 

4.40 

1.46 x 10:0 

2.77 × 109 

6.70 × 10 :° 

1,06 x 10 :° 

I8,06 x I0 ~ 

8'44 × 109 

3"68 × 10 TM 

9-68 × 10 :° 

1.24 × 109 

P l o t t i n g  log k aga ins t  a for the  p a r a - s u b s t i t u t e d  acids  
and  for the  u n s u b s t i t u t e d  acid we ob ta in  a s t r a i gh t  line 
the  g r a d i e n t  of which  gives 0 = 1.43. 

MARY S. WHEATLF.Y 

Chemistry Laboratory, University o/ New Brunswick,  
Fredericton, N.  B., March 79, 1956. 

Zusammen/assung 

Die R e k o m b i n a t i o n s g e s c h w i n d i g k e i t  yon  P h e n y l -  
g l y o x y l a t i o n e n  u n d  H y d r o n i u m i o n e n  wi rd  aufs  neue  in 
neu t r a l e r  LOsung b e s t i m m t ,  und  es wird  gezeigt ,  dass  sie 
dem Wer t ,  der  yon  uns  f r t iher  in a lka l i scher  L6sung  ge- 
f u n d e n  wurde ,  en t sp r i ch t .  Beide  ~Verte s t i m m e n  auch  
mi t  den  L i t e r a t u r a n g a b e n  t iberein.  

Die R e k o m b i n a t i o n s g e s c h w i n d i g k e i t e n  e iner  Serie yon  
s u b s t i t u i e r t e n  Phenylg lyoxyls~iuren  und  die R e k o m b i -  
n a t i o n s g e s c h w i n d i g k e i t  yon  P h e n y l g l y o x y l a t -  und  Deu-  
t e r o n i u m i o n e n  werden  angegeben .  

In Vitro C a l c i f i c a t i o n  o f  C o l l a g e n  

We h a v e  f o u n d  t h a t  u n d e r  su i tab le  cond i t i ons  it is 
poss ib le  t o  o b t a i n  ca lc ium p h o s p h a t e  ins ide  collagen 
f ibres  in t he  fo rm of h y d r o x y a p a t i t e ,  This  was  observed 
in t h e  course  of a series of s tud ies  u n d e r t a k e n  in con- 
t i n u a t i o n  of t h e  o b s e r v a t i o n s  on tile o r i e n t e d  crystalli- 
za t ion  of so luble  ino rgan ic  sa l t s  in col lagen 1. Several 
insoluble  c o m p o u n d s  like si lver  oxide,  wh i t e  lead,  cal- 
c ium f luor ide a n d  ca lc ium c a r b o n a t e  could  be crystal- 
lized inside col lagen f ibres  b y  keep ing  t h e m  in solutions 
c o n t a i n i n g  su i t ab le  c o n c e n t r a t i o n s  of t h e  r equ i red  ions. 
A t t e m p t s  were  t h e n  m a d e  to  p r e c i p i t a t e  ca lc ium phos- 
p h a t e  f rom R i n g e r  solut ion,  m i x t u r e s  of mono-  and  di- 
s o d i u m  p h o s p h a t e  so lu t ions  w i th  ca lc ium chlor ide  solu- 
t ion  and  smal l  v a r i a t i o n s  of these ,  b u t  t h e y  were  not 
successful .  S o m e t i m e s  ca lc ium c a r b o n a t e  or calcium 
o r t h o p h o s p h a t e  d i h y d r a t e  c rys ta l l i zed  in t h e  collagen 
b u t  only  s l ight ly .  H o w e v e r ,  if col lagen f ibres  are  kept 
in a w a t e r  suspens ion  of p r e c i p i t a t e d  ca lc ium phosphate  
(B.D.H.)  t h e n  an exce l l en t  p r e c i p i t a t i o n  of hydroxyapa-  

1 G. N. RAMACHANDRAN and G. K, AMBADY, Exper. 11, 343 
(£9~5). 


