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' />B STR AT T
♦

' /  'T b e complexat l , f>n of  z i n c ( I I )  wi t h g 1 y c y-1 - L - h i s t  i d i n e , 

L - a l a n y l - L - h i s t i d i n e  and g l y c y l - l - h i s t i d y l - l - l y s i n e ,  

pe pt i dps  m o d e l l i n g  t h e  N - t e r mi n a l  end of  t he  het a cha i n  o f  

h omo g 1 ob i n;&. ha s been s t u d i e d  by p o t e n t i o m e t r i c  t i t r a t i o n  and 

pr ot on /magnet i c resonance spect roscopy. -  P o t c n t i o m e t r i c

t i t F a t { i o n  o f  s o l u t i o n s  c o n t a i n i n g  pep t i de  a n d '  Z n ( I I ) in 1:1 

, 'and ?:1 r a t i o s  showed t h a t  i n add i t  i on* t  o t h e pr ot ons  * "

f o r m a l l y  t i t r a t e d  f rom t he  l i g a n d ,  rough l ^  one e x t r a  prot on
v

was t i t / a t e d  per  z i n c ( l l )  i on p r e se nt .  Assuming t h a t  t he

amide n i t r o g e n  was bei ng depr ot on ated on c o mp l e x a t i o n  to

3rinc(.I I ) ,  a chemi cal  model  f o r  t h e  system was p o s t u l a t e d  and

f o r ma t i o n  c o n s t a n t s  we-rar det  ermi ned f rom t he  pot ent  i octet r i c

. t i t r a t i o n  d a t a . -  NMf? e xpe r i ment s  Suppor t ed t he v a l i d i t y

of  i n c l u d i n g  a mi d e - d e p r o t o n a t e d  spec i es  in t he  model  in t he  
* * 

appearance of  resonances f o r  k i n e t i c a l T y  s t a b l e  compl exes in

t h e  6 - 9  ppm r e g i o n  o f  t h e  NMR s pec t r um,  i n  a d d i t i o n  t o  t h e

resonances expect ed f o r  t h e  k i ' n e t i c a l l y  1 a b i 1e,comp 1 exes.

F r a c t i o n a l  spec i es  d i s t r i b u t i o n s  c a l c u l a t e d  f rom1 t he

f o r ma t i o n  c o n s t a n t s  de t e r mi ned i n  t he p o t e n t i o m e t r i c

t i t r a t i o n  expe r i ment s  agr ee  we 1 1 wi t h  t hose ob t a i n e d  by

• NMR,  f u r t h e r  s u b s t a n t i a t i n g  t he e x i s t e n c e  of  amide-

d e p r o t o n a t e d  Zn(1 I ) - p e p t i d e  spec i e s  and t h e  chemi cal  model

^poposed as a whol e .  I f  t h e  pe p t i d e s  used s u f f i c i e n t l y  .

m o d e l l e d  t hose  of  t he  N - t e r m i n a l  end t he  bet a  cha i n  of  ■



p •*

hemogl obi n ,  t hen the'  s i t e  of* 7n( I  I )  b i n d i n g  i h'-hernogT obi  n

may be t h # , t s i t g ,  t h e  s t a b i l i t y  o f t  he c o m p l e x - d u e ' t o  t h e  
*  *

a m i d e • d e n r o t o n a t i o n .  \
-1 • \
f n  a u t o t i t r a t o r  based on t\he IBM PC was d e v e l o p e d  t o

’ ' \  '  . ' *
c o l l e c t  t he dat a  f o r  t he  Zn( I I ) - oept  ide exper i ment s .  I t s

pe r forma nee • rega rd i ng s'bvera‘1 as-pects of  end- p o i n t  and

e q u i l i b r i u m  t i t r a t i o n s  w a s - e v a l u a t e d .  . D i f f u s i o n  of  t i t  r a n t

f r o m  t h e  t i t r a n t  - d e l i v e r y  t u b e t i p w a s  f ound  t o  lie

n e g l i g i b l e  and t he  minimum volume-: of  t i t r a n t  r e l i a b l y
. • - - / ■ 

_£fjeJĴ v e r a h l e  was de t e r mi ned  t o  be O . Z m i c r o l  i t e r s . -  The

p r e c i s i o n  of  t he  Vtetermi  ni  nq t he  e n d p o i n t s  of  t i t r a t i o n s
' i

i n v o l v i n g  on l y  st-r^ng a c i d  or  base was found t o  be about  one

p a r t  per  t housand.  I ^ - w a a ^ l  so d i s c o v e r e d  t h a t  C0? absorbed

' i n  s t r o n g l y  bas i c  s o l u t i o n s  c o u l d  be de t e r mi ned  wi t h  t he

a>ut ot i t r a t o r  f o r  l e v e l s  of  c a r b o n a t e  i n  t he  p a r t  per

t housand rant je,  The t i t r a t o r ' s  e f f e c t i v e n e s s  in c o l l e c t i n g

re 1 i a M  e eq'u i 1 i br  i um t  i t  r a t  ion -dat a wa s e va 1 uat  ed by

d e t e r m i n i n g  t he  f o r ma t i o n  c o n s t a n t s / o f  c omp 1 exes formed i-n

s o l u t i o n s  c o n t a i n i n g  n i c k e l ( I  I )  and g l y c i n e  and compar i son
/

o f  t he  r e s u l t i n g  c o n s t a n t s  w i t h  t hose  i n  t / ie  l i t e r a t u r e - .  

These exper i ment s  a l s o  h e l p  t o  e s t a b l i s h  t h e  Ni ( I I ) -g 1 yc i n.e 

system as one which may be used t o  e v a l u a t e  o t h e r  t i t r a t i o n  

systems such as t he  one used here.  '

vi
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Chapt er  -T 

I n t r o d u c t  i on

I t  i s w e l l  e s t a b l i s h e d  t h a t  z i n c ( I I )  enhances the

b i n d i n g  of oxygen. by  hemogl obi n (1)*. I ndeed, ,  t he  use- of  * «
z i n c ( I I )  has been proposed as a t r e a t m e n t  f o r  s i c k l e  c e l l  

a nemi a  on t h e  b a s i s  t h a t  i t  i s  p f f e c t i v e f ' i n  s u p p r e s s i n g  t h e  

V i c k i  i nq e ve n t  by m a i n t a i n i n g  hemogl obi n in a p a r t i a l  l y  

oxygenat ed s t a t e  (1, -7) .  Recause of  t h i s  p o t e n t i a l  medi ca l  

i mpor t ance ,  t he  n a t u r e  of  t he  i n t e r a c t i o n  of  z i n c ( I I )  w i t h  

hemogl obi n has been^U w s ub j ec t  of  s e v e r a l  i n v e s t i g a t i o n s .

O e l s c h l e g e l  ( t )  p o s t u l a t e d  two p o s s i b l e  s i t e s  on 

hemogl  o b i n  t o  wh i ch  i ^ n c mi gh t  b i n d  and cau.se’ a change  i n  

hemogl obi n oxyqen a f f i n i t y .  One i n v o l v e d  the h i s t i d i n e  and 

v a l i n e  r e s i d u es a t  p o s i t i o n s  1 ? ? a n d 1 ( H i s  1 ??  and Va l  1) 

o f  t h e  a j p h a  c h a i n  a„nd Hi  s Mf i  o f  t h e  b e t a  c h a i n  o f  

h emog l o b ’ n , but  t h i s  s i t e  was 1 a.ter  di  spro ven.  The o t h e r  

was t he  s i t e  of  ? , 3 - d i  nhos phog l yc e r a t e  *(0PG) b i n d i n g ,  

i n v o l  v i n g  r e s i d u e s  Hi s  1 4 3 ,  V a l  1,  and l y s i n e *  ( L y s ) 8? o f  

t h e  be t a  cha i n  of  hemogl obi n ( 8) .  E a r l y  c o mp e t i t i o n  

exper i ment s  i n v o l v i n g  z i n c ( I I )  and OPG (1)  suggest ed t h e r e  

was l i t t l e  o r  no c o m p e t i t i o n  f o r  t h e  s i t e  but  wer e  

i n c o n c l u s i v e .  Pr ot on NMR s t u d i e s  on i n t a c t  e r y t h r o c y t e s  ( 9 )  

i d e n t i f y  a h i s t i d i n e  r e s i d u e  as bei ng a p o s s i b l e  b i n d i n g  

s i t e .  Se v e r a l  r e c e n t  s t u d i e s  ( 1 0 - 1 4 )  have e s t a b l i s h e d  t he  

b i n d i n g  s i t e  as be i ng e i t h e r  t he  amino- o r  c a r b o x y l - t e r m i n a  1



r eg i ons  of  t he  b e t a , c h a i n  of  hemoglo.bin and f a v o r  t he  

m o l e c u l e ' s  N - t e r m i n a l  end,  p o s s i b l y  i n v o l v i n g  the Hi s 2 

r e s i d u e .  tV,* #
. The main o b j e c t i v e  of  t h i s  t h e s i s  i s to c h a r a c t e r i z e -  - 

the b i n d i n g  of  z 1 n c ( I I )  by s e l e c t e d  pe p t i d e s  hav i ng
* f

h i s t i  di  ne In- t he  second p o s i t i o n  from t he  N - t e r m i n a l  end as 

model s f o r  t h e  proposed b i n d i n g  of  Z n ( I I )  by His 2 of
ar

hemoql obi n.  The pe p t i d e s  s t u d i e d  ar e  g 1 ycy 1 -L - h i s t  i d i ne 

( I ) ,  L-a 1 any 1 - L- h  1st  i d f ne  ( 1 1 ),  » nd g 1 ycy 1 - L - h  ist .Vdy 1 -L - 

1 y s i n e  ( I I I ) .

0  9
+H,NCH-&NHCHCO

9 H2

H C ' ^ N
\  «. 

HN-PH

0 9
*h3n c h £ n h c h c o

CH, CH,
3  C 
HC* SN

HN-CH

( I ) *•>

\
( I D

0 9 9
+h3n ch 2£ n h c h c n h c h c o _

c h 2

\  J

CHj
C H S 
CH, 

HN-CH CH.

( I l l )

NH3+

■* ' The chemi cal  n a t u r e  of  t he  b i n d i n g  of  t r a n s i t i o n  me t a l s

t o  h i s t i d i n e - c o n t a i n i n g  pe p t i d e s  has been s t u d i e d  s i n ce  

b e f o r e  1960. The r e s u l t s  of  t hese  s t u d i e s  show t h a t  many 

t r a n s i t i o n  m e t a l s ,  i n c l u d i n g  Cu^ + , Ni^ + , Pd^ + , Co^ + , Co,  ̂+



and., t o  some e x t e n t ,  Zn^ + , b i n r i ' t o  t he  h i s t i d i n e  amide 

n i t r o g e n  as we l  1 as t o  ami no and c a r b o x y  t e r m i  na o f  t h e  

p e p t i d e ,  and t h a t  t he  pr ot on on t h e  amide n i t r o g e n  may be 

l i b e r a t e d  in t h i s  process.  Thi s amide b i n d i n g  seems to  

a f f o r d  the compl ex an added s t a b i l i t y ,  as woul d be expe’c t e d .

*

• 4

A. G1 ycy 1 -L--H i st  i d i ne Complexes -

Being a s m a l l ,  e a s i l y  d e f i n a b l e  mol ecul ' p ,  g l y c y l - l -  

h i s t i d i n e  has been used in  many exper i ment s  t o  model l a r g e r  

h i s t i c H n e - q o n t a i n i n g  p e p t i de s .  Thus,  t h e r e  have been many

s t u d i e s  r e p o r t e d  on t he chemi cal  b e h a v i o r  of  t h i s  l i gand, .
% '
: a l o n e  and i n compl exes,  though few have i n v o l v e d  z i n c .  ■

I p one e a r l y  Study ( I S )  i n which z i  hc( 1,1 ) - g  1 ,yh‘i s ,,

c o mp l e x a t i o n  was e v a l u a t e d  p o t e n t i o me t r  i c a 1 1 y , i t  was found  

t h a t  an a d d i t i o n a l  e q u i v a l e n t  of  t i t r a n t  was r e q u i r e d  in 

t i t r a t i n g  an eqy imo 1 a ri so 1 ut i on of  t he  metal  and l i g a n d  o v e r  

t h a t  expec t ed . ^  I t  was 'proposed t h a t  t h e  amide pr ot on was 

bei ng d i s p l a c e d  on .complex f o r ma t i o n  as had been t hen and 

was l a t e r  obser ved wi t h  g l y h i s . a n d  o t h e r  me t a l s  ( 1 5 - 3 1 ) .

• I o n i z a t i o n  c o n s t a n t s  of  6.50 and 7.10 ( pKa | and pKaj>) were 

o b t a i n e d  f o r  t he  compl ex but  no a s s o c i a t i o n  c o n s t a n t s  were 

det  e rmi ned. A l s o ,  a"T*  r u c t u r e  f o r  t he compl px was 

p o s t u l a t e d  t o  i n v o l v e  c o o r d i n a t i o n  of  t he  g 1 yc-i ne ami no 

n i t r o g e n ,  t he  i de n i t r o g e n  and t he i m i d a z o l e  p y r r o l e



1 V

4
r

\  ¥ 
n i t r o g e n  in a t e t r a h e d r a l  a r rangem ant .  The c a r b o x y l  oxygen

was assumed t o  bp u n i n v o l v e d .
N

L a t e r ,  more p o t e n t i o m e t r i c  t i t r a t i o n  expe r i ment s  were

done (??)  and f o r ma t i o n  c ons t an t s  de t e r mi ned  f o r  bot h t he

z i n c ( I  I ) - g 1y h i s  and c or r es pond i ng  z i n c ( I  I ) - h i s g  1 y compl exes.

Amide depr ot ona t ed  spec i es  were found t o  be i mpor t ant  in t he  
% - *

mod.M f o r  t he  z 1 nc( I I ) - g  1 y’h i s compl ex but  un i mpor t a n t  in the

zi  nc( I I ) - h i  sg 1 y compl ex.  Anot her  st udy (33)  suppor t ed t h i s .

In a d d i t i o n  t o . t h e  a f  o r e m e  n t i oned met a 1 - 1 i ga nd c o o r d i n a t i o n
^  ' ..

s i t e s ,  i t  was proposed t h a t  t h e r e  might be c o o r d i n a t i o n

between t he t e r m i n a l  car boxy l  oxyoen and-. the -metal .  It'  was

% p r o p o s e d  by t h p s e  a u t h o r s  t h a t  t h e r e  c o u l d  o n l y b e  one of  
■ »

e i t h e r  t h e . t e r m i n a l  amino n i t r o g e n  or  t he  i m i d a z o l e  p y r r o l e  

n i t r o g e n  c o o r d i n a t e d  t o  t he metal  i f  t h e r e  was amide 

d e p r o t o n ^ t i o n , and t h a t  b i n u c l e a r  compl exes must be 

i nc 1 uded. ( .

Most r e c e n t l y ,  t he  above compl exes were s t u d i e d  by 

p p o t e n t i o m e t r y , spec t r opho t omet r y  and 1 NMR spec t r osc opy
? 4

(-34). Again,  amide d e p r o t o n a t i o n  was found t o  occur  on l y  in

Zn( 1 I ) -q 1 yhi  s compl exes and not  i n  Zn( I 1 ) - h i  sg 1 y compl exes.

The * NMR exper i ment  was done t o  e l u c i d a t e  t h e  p o s s i b i l i t y '
■ /

of  f o r ma t i o n  of  b i n u c l e a r  compl exes but was unsuccess f u l  and 

p r o v i d e d  i n f or mat i on ,  on l y  on t he  v e r y  i n i t i a l  s t ages of  

compl ex f o r ma t i o n .  From t h e  NMR d a t a ,  i t  was deduced t h a t  

an e q u i 11briurn e x i s t s  between t h e  c o o r d i n a t i o n  of  z i n e ( I I )  

by t h e  amino and c a r b o n y l  g r oups  and by t h e  I m i d a z o l e  N-j 

n i t r o g e n  of  t he  spec i es  MLH?+ and ML+. A s t r u c t u r e

1 ‘

4
\

‘ <W.



i n v o l v i n g  t he  a d d i t i o n a l  c o o r d i n a t i o n  of  t he d e p r o t ona t e d  

p e p t i d e  n i t r o g e n  wa s not  .de sc r i bed a l t hough  f o r ma t i o n  

c o n s t a n t s  were de t e r mi ned and r e p o r t e d .  B i n u c l e a r ,  

comp 1 exes,  however ,  were e l i m i n a t e d  f rom t h e i r  e q u i l i b r i u m .
t

model when t h e y  found t h a t  t h e i r  i n c l u s i o n  1pd to a 

d e t e r i o r a t i o n  of  t he  computer  f i t  o f t h e i r  e x p e r i me n t a l  dat a  

usi ng t he  program SCOT,S.

R.  L-A1 any 1 - I - H  i s t  i di  ne Complexes

The a c i d - h a s e  c hemi s t r y  and copper  and c o b a l t  compl ex e s  

o f  I  - a 1 any1 - L - h i s t i d i n e  have been s t u d i e d  in c onne c t i on  wi t h  

i t s  r e l a t i o n s h i p  t o  c a r nos i ne  ( R-a 1 a ny 1 - L-h i*st i d i n e ). * The 

of  a l a h i s  and t he  f o r ma t i o n  cons t a n t s  of  Cu^+ - a l a h i s  

compl exes were de t e r mi ned by Por osh i n ,  e t  al  ̂ ( 36) .  The 

a c i d - b a s e  c h e m is t r y  of  t he h i s t i d i n e  r e s i due  of  a l a h i s  and 

o t h e r  l i g a n d s  was s t u d i e d  (36)  by o b t a i n i n g  NMR t i t r a t i o n  

cur ve  dat a ( chemi ca l  s h i f t  vs pH) f o r  t hp  Cp and C^ prot ons  

and d e t e r m i n i n g  t he pKa 's f rom t h e  c h e mi c a 1 s h i f t  da t a .  The
0 xCu' c o m p l e x e s  of  a l a h i s  ha v e  h,een s t u d i e d  by FSR ( 37 )  and 

i t  was f ound t h a t  t h e  p x ^ - y ^  > gr ound s t a t e  o f  t h e  m e t a l  

p r e v a i l s .  The conf or ma t i on  of  t h e  i m i d a z o 1e- gr oup of  t he  

h i s t i d i n e  r e s i d u e  of  a l ahi ' s  was s t u d i e d  (38)  and found t o  be 

i ndependent  of  t he  na t ur e  of  t h e  s i de  c ha i ns  of  t h e  r e s i due s  

l o c a t e d  on e i t h e r  s i de  of  t he  h i s t i d i n e .



C. G' l yc y l - L - Hi  st  i d y l -L - .L y s i  ne Complexes
" " 1 " » '1 • " “

*. .

Si nce a^out 1 ° 73 ,  t he b i o l o g i c a l  a c t i v i t y  o f  g l y c y l - L -  

h t s t i d y l - L - 1y s i n e ,  a l s o  r e f e r r e d  t o  as g l y h i s l y s  or  GHL i n  

t  InT* t  hes i s , ' has been under much i n v e s t i g a t i o n  due t o  i t s 1
•  i*

r e p o r t e d  cel  1 g r o w t h x e n h a n c i n o " a c t i v i t y . In r e l a t i o n  t o

t b i s  a c t i v i t y ,  many met al  c o mp l e x a t i o n  s t u d i e s  have been

done w i t h  g l y h i s l y s  a r id '  w h i l e  t hey  c o n c e n t r a t e ' o n  t he  copper

and i r o n  compl exes,  i t  may be a p p r o p r i a t e  t o d e s c r i b o - a

l i t t l e  of  i t s  b i o l o g i c a l  h i s t o r y .
(

G l y h i s l y s  is pr esent  i n  human b l ood plasma at  a 

concent  r a t  i on of  about  i n _f: mol / dm^( 39) .  I t  was found t o  

enhance t he  growth o f . l i v e r  c e l l s ,  both in c u l t u r e  and f rom ‘ 

t h e  l i v e r s  o f  nor ma l  r a t s  ( 4 ° )  and i t  wa-s s u g g e s t e d  t h a t  t h e  

mechanism of  i t s  a c t i o n  was through t he  a f f i n i t y  of  i t s  

p o l a r  s i de cha i ns  f o r  DNA (41) .  I t  has been suggest ed . to 

'.forrji a t e r n a r y  compl ex w i t h  c o p p e r ( I I )  and a l bumi n  as does 

L - h i s . t i d i n e  ( 4? , 43 ) .  Copper and i r o n  were seen to enhance^-  

t h e  e f f e c t s  of  GHL and i t  was p o s t u l a t e d  t h a t  GHL may be a 

copper  t r a n s p o r t  f a c t o r  ( 4 4 ) .  i t  was a l s o  shown to e n ^ n c c  

. th e  v i ahi' l i t.y o f  c u l t u V e d  c e l l s  o t h e r  t han h e pa t ocy t e s  : 

f u n g i ,  l ymphocyt es ,  f i b r o b l a s t s ,  T - s t r a i n  mycoplasma,  and 

A scar  i s  l a r v a e  ( 4 5 - 4 3 ) .

I t  was s u g g e s t e d  t h a t  t h e  a c t i v i t y  of  GHL may r e s i d e  i ’n 

t he  a f f i n i t y  of  i t s  p o l a r  s i de  chai ns  f o r  DNA (41) .  S t u d i e s  

have heen- done t o  d e t e r mi n e  t he  macro-  and mi c r o s c o p i c  aci d  

d i s s o c i a t i o n  cons t an t s  of  t h i s  and r e l a t e d  smal l  p e p t i d e s



( 4 9 ) ' a n d  t h e  r e s u l t s  s u g g e s t e d  t h a t  t h e  mono-  and 

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

pH, were  t h e  mpst l i k e l y  t o ’b e ^ n v o l v e d  1n

b i ndi 'ngl

I t  was f ound t h a t  t h e  t r i p e p t i d e  was p r e s e n t  i n  n e a r  

e q u i f V o l i r  c o n c e n t r a t i o n s  w i t h  c o p p e r  "(4Q,44)  a"nd a bout  o n e '  

f i f t h  m o l a r  w i t h  i r o n  ( 40 )  s u g g e s t i n g  i t ' t o  be a c o p p e r -  

a n d / o V  i r o n - u p t a k e v f a c i  1 i t a t i n g  m o l e c u l e .  As a c o n s e q u e n c e ,  

v i r t u a l l y  a l l  s t u d i e s  on G H L - m e t a 1 comp! e x a t i o n  h a v e  

c e n t e r e d  on i t s  i n t e r a c t i o n  w i t h  c o p p e r .  The r e s u l t s  o f * , . '  

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

e x t e n t  t he  r e s V l t s  o b t a i n e d  f rom t h e  e x p e r i m e n t s  f o r  t h i s ,  

t h e s i s  f o r  t h e  b i n d i n g  o f  z i n c . '
•  l- •

E a r l y  X-ray c r y s t a l l o g r a p h y  o f  t h e  c o mp l ex  i s o l a t e d  a t  

p h y s i o l o g i c a l  pH ( 4 4 )  showed t h a t  t h e  N - t e r m i n a l  { j rpup o f
4 ,

g l y c i n e ,  t h e  a d j a c e n t  n i t r o g e n  i n - t h e  f i r s t  ami de  Vink-age of  

t h e  p e p t i d e  c h a i n . (presumed t o  be d e p r o t o n a t e d  a l t h o u g h  t h e  

a u t h o r s  do n o t  s t a t e  t h i s ) ,  and t h e  d e p r o t o n a t e d  n i t r o g e n  o f  

t h e  i m i d a z o l e  r i n g  o f  t h b  h i s t i d i n e  i j d s i d u e  fo r med  t h e  bonds
v.

t o  c o p p e r  i n  a monomer ip s p e c i e s .  The l y s i n e  r e s i d u e  was . 

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

p o s t u l a t e d  t h a t  t h e  l y s i n e  m i g h t  a c t  as a " r e c e p t o r
*

r ec o g n  1 z e r .

E q u i l i b r i u m  s t u d i e s  we r e  u n d e r t a k e n  t o  e s t a b l 1 s h . t h e  

a f f i n i t y  o f  GHL f o r  c o p p e r  i n  t h e  p r e s e n c e  and f fbsence o f  

a l b u m i n  ( 43 )  and a c o m p l e x  i n v o l v i n g  a carbox.y g ^ u p .  ’an
ft- o

i m i d a z o l e ,  and two o t h e r  n i t r o g e n  atoms c o o r d i n a t i n g  i n  a

pftysi  o l , o g i c a  1 

posvhb 1 e DNA



s q u a r e  p l a n a r  f a s h i o n  t o  c o p p e r  was p o s t u l a t e d .  From t h i s
\

S t u d y ,  i t  was a l s o  s u g g e s t e d  t h a t  t h e  s i d e  c h a i n  amino

n i t r o g e n  o f  t h e  l y s ^ e  r e s i d u e  mi ght  be i n v o l v e d  due t o  t h e

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

c o n s t a n t  f o r  t h e  WL‘ s p e c i e s .  I t  was s u g g e s t e d  by t h e  
* » 0 

a u t h o r s  t h a t  t h e  s p e c i e s  t h e y  d e s c r i b e  may be d i f f e r e n t  f rom
» ' f '

t h a t  . p r e v i o u s l y  d e s c r i b e d  by Xray c r y s t a l l o g r a p h y  ( 4 4 ) .

F o r t y  f i v e  pe r t ba r t  o f  t h e  c o m p l ex e s  t h e y  d e t e c t e d  a t  pH 7.5 

wer e  t e r n a r y  Cu^+ - G H t - a  1 bum'i n c o mp l ex e s .

EPR and e l  e c t r o n - s p i  n ' echo .(E SO) s t u d i e s  wer e  done t o  

d e t e r m i n e  t h e  s t r u c t u r e  o f  t h e  G H L - C u ( I I )  c o m p l e x  i n  

s o l u t i o n  ( 5 0 ) .  The EPR s p ec t r u m showed t h e  Cu^+ 

e q u a t o r i a l  l y  c o o r d i n a t e d  by . t h r ee  n i t r o g e n  atoms and ESO 

showed one o f  t h e s e  t o  b e - i n  t h e  h i s t i d i n e  i m i d a z o 1 e r i n g ,  

p o t e n t i o m e t r i c  t i t r a t i o n s  and s p e c t r o s c o p i c  e x p e r i m e n t s  

showed t h a t  a t  pH v a l u e s  e l e V a t e d  f r om p hys l o ' l ^og i ca l  pjH£ t h e  

p h y s i o l o g i c a l  Cu^+ -GHL s t r u c t u r e  * a s  a l t e r e d  and t h a t  t h e  

s o l i d  s t a t e  p o l y m e r i c  s t r u c t u r e  d e t e r m i n e d  by X-ray 

c r y s t a l l o g r a p h y  ( 44 )  d i d  n o t  e x i s t  i n  s o l u t i o n  -but was

monomer i c .  A g a i n ,  i t  was s u g g e s t e d 1t h a t  t h e  g l y c i n e  and
_  -

h i s t i d i n e  residues act ,as metal ( Cuz + ) jchelatoVs wi th the  

l y s i n e  residue act ing as a c e l l  surface receptor  recognizer .

1 3 c  and 1 H NMR a n d  EPR w e r e  u s e d  t o . s t u d y  t h e  Cu3 + -GHL  

compl  ex ( 5 1 ) .  RPR s p e c t r a  f o r  t h e  c o p p e r  1on showed seven  

l i n e s  due t o  n i t r o g e n  h y p e r f i n e  s p l i t t i n g ,  i n d i c a t i n g
■ ' T. ~

c o o r d i n a t i o n  o f  3". p i t r o g e n  atoms t o  . the c.opper.  The l a r g e r



t han expect ed - format ion c o n s t a n t  ( 1  oq ys v a l u e s  of

R. fP and R. ri? f o r  s i m i l a r  s pec i es )  suggested t h&t  anot her
J

j j roup was i n v o l v e d  in t he  c o o r d i n a t i o n  {??) ,  I t  was 

p o s t u l a t e d  t h a t  a carboxy oxygen atom was t he  a d d i t i o n a l  

group.  The FPR spect rum showed . ax i a l  symmetry i n d i c a t i n g  

mononuc l ear  Cu'> + compl exes in an px'>-y^> ground s t a t e .  The 

MM P dat  a ' per.t a i ned o n l y  t o  mi nor  spec i es  in s o l u t i o n  and 

c o u H  not he used'  t o e l u c i d a t e  ma.ior ones.

I

0 . The Pre,sent  Sturdy * '

■ From t h e  a b o v e  d i s c u s s i o n ,  i t  i s  c 1 e a r  t ^ a t  t h e r e  i s  

s t i l l  u n c e r t a i n t y  about  how t r a n s i t i o n  m e t a l s ,  i n c l u d i n g  

7 n ( I I ) ,  h i nd t o h i s t i d i n e - c o n t a i n i n g  pept i ' des.  Thi s  

u n c e r t a i n t y  i s due i n p a r t  t o  t h e  f a c t  t h a t  t h e r e  a r e  

s e v e r a l  p o t e n t i a l -  b i n d i n g  s i t e s  ( N - t e r m i n a l  amino group,  

p e p t i d e  oxygen,  depr o t ona t e d  p e p t i d e  ni t rogen. ,  p y r r o l e  

ni t . rog°n, ,  and c a r b o x y l a t e  oxygen)  and t he methods used 

" ( g e n e r a l l y  pot ent  i omet r y ) cio not  p r o v i d e  i n f o r m a t i o n  at  t h e  

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

p r o t ona t i o f l  of  t hese  s i t e s ,  and t h u i  t he  n a t u r e  of  t he  

b i n d i n g  i s  s t r o n g l y - p H  dependent .
9

In t h i s  t h e s i s ,  t he  b i n d i n g  of  Z n ( I I )  by t he  p e p t i d e s  

g l y c y l  - L - h i s t i d i  ne,  I - a  1 any 1 i t - h i s t i d i n e  and < | l y c y l - L -  

h i s t i d y 1 - L - 1y s i n e  has been s t u d i e d  by a combined 

p o t e n t i o m e t r i c  t i t r a t i o n - ^ H  NMR approach.  The o b j e c t i v e  of



t h i s  st udy i s t.o e l u c i d a t e  t he  n a t u r e  of  t he  compl oxat  i on o f

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

The NMR r e s u l t s  showed t h a t  f o r  a l l  t h r e e  l i g a n d s ,  a ^

compl ex wh-ose c omposi t i on  was pH i ndependent  formed over  t he
•  *

pH r a n g e  4 t o  ° . 5 and t h e  c o mp l e x  i n v o l  ved b i n d i n g  t o  t h e

i m i d a z o l e  r i n g .  Pr ot on count s f rom e q u i l i b r i u m

p o t e n t i o m e t r i c  t i t r a t i o n s  showed t h a t  f o r  e v e r y  compl ex

formed,  one pr o t on  i n  a d d i t i o n  t o  t he  number t i t r a t a h l e  f rom

the f r e e  l i g a n d  was be i ng t i t r a t e d ,  possi bl ' y  t ha t  r e s i d i n g

on t h e  p e p t i d e  n i t r o g e n  c o o r d i n a t i n g  t o t he  me t a l .  Computer

a n a l y s i s  of  t h i s  p o t e n t i o m e t r i c  t i t r a t i o n  d a t a  y i e l d e d  
< • ** 

l i k e l y ,  spec i es  f or  a chemi ca l  model  of  t he  compl exes p r esent

in t h e  system as w e l l  a s , f o r m a t i o n  c o n s t a n t s  f o r  t hose

spec i es .  The f o r ma t i o n  c o ns t a n t s  obt a i ned  were t hen used t o
‘ ^

p r e d i c t  the r e l a t i v e  i n t e n s i t i e s  of  v a r i o u s  resonances in

t he  NMR s p e c t r ^  and t he  e x p e r i me n t a l  and c a l c u l a t e d
' « * 

r e s u l t s  were compared.  The r e s u l t s  of  a l l  t h e  e xpe r i me nt s

d e s c r i b e d  above ar e  pr esent ed  in Chapt er  IV of  t h i s  t h e s i s .

The p o t e n t i o m e t r i c  t i t r a t i o n  expe r i ment s  were done w i t h

an automated t i t r a t i o n  system c o n s i s t i n g  of  an IBM per sona l

computer  i n t e r f a c e d  ^o commerci al  l y - a v a i l a b l e  components

f o r  p o t e n t i o m e t r i c  t i t r a t i o n s .  A maj or  p a r t  of  t h i s  t h e s i s

is concerned wi t h  d e v e l o p i n g  pr ocedures w i t h  which hi gh

q u a l i t y  p o t e n t i o m e t r i c  t i t r a t i o n  dat a  can be ob t a i ne d  us i ng

t h i s  system,  and t hen e v a l u a t i n g  t h e  system f o r  e q u i v a l e n c e

p o i n t  and e q u i l i b r i u m  t i t r a t i o n s .  The e q u i v a l e n c e  p o i n t s  of



11 '
«

s t r ong a c i d - s t r o n o  base t i t r a t i o n s  were ob t a i ne d  and thp  

p r e c i s i o n  and accur acy  asses-sed.  E q u i l i b r i u m  da t a  f o r  t he  

Ni ( I I ) - g 1yc i ne  system was c o l l e c t e d  and ac i d  d i s s o c i a t i o n  

const ant s  of  t he l i g a n d  and f o r ma t i o n  c ons t an t s  of  m e t a l -  

l i q a n d  compl exes were de t e r mi ned and compared w i t h  t hose  

r e p o r t e d  i n t he  l i t e r a t u r e .  These exper i ment s  a r e  desc r i be d  

i n Chapt er  I I I *  of  t h i s  t h e s i s .

• i



1

Ex pe r i ment a l  D e t a i l s

A, Ch emi c a 1 s

G l y c i n e  h y d r o c h l o r i d e  ( East man) ,  g 1 y c y 1 - L - h i s t i d i n e
• •

( Si gma) ,  I - a  1 a ny 1 - L - h  i st  j  d'h*^* 1H ?0 (Si gma) ,  g l y c y l - L -  

h i s t i d y l  - » L - l y s i ne  a c e t a t e  ( Si gma) ,  Z ( B a k e r ] ,  

Ni Cl  p*6Hj>0 ( A l d r i c n ) ,  and CafNOjJp'AH^O (Anachemia)  were  

used a f t e r  s t a p d a r d i z a t i o n .  Potassi um hydrogen p h t h a l a t e  

(KHD) ( F i s h e r )  was used a f t e r  d r y i n g  f o r  about  4 hours a t
A

1 1 0  " C e l s i u s .  Na^HpEDTA (RakeV °9.S%) ,  used in met a l  ion 

s t a n d a r d i z a t i o n  t i t r a t i o n s ,  was f i r s t  p u r i f i e d  by 

r e c r y s t a l l i z a t i o n  f rom e t h a n o l  as is de s c r i b e d  l a t e r .  K M 3 

was t wi c e  r e c r y s t a l l i z e d  f rom hot  wat er  b e f o r e  use.  T i t r a n t  

KOH s o l u t i o n s  were pr epar ed f rom a D I U J T - I T ™  k i t  ( Baker )  

w h i l e  NaOH was pr epar ed f rom a s a t u r a t e d  NaOH s o l u t i o n .

Both were used a f t e r  s t a n d a r d i z a t i o n - b y  t i t r a t i o n  of  KHP.

A l l  o t h e r  c h e mi c a l s  ( NaCl ,  t - b u t a n o l  ( Baker )  e t c . )  were  

0 '  t h e  h i g h e s t  grade c o mme r c i a l l y  a v a i l a b l e  and were used 

w i t h o u t  f u r t h e r  p u r i f i c a t i o n  or  s t a n d a r d i z a t i o n .  Doubl y  

d i s t i l l e d ,  d e i o n i z e d  wa t e r  (R > BxlD^ ohm cm,) was used 

t h r oughout  a l l  s t ages of  s o l u t i o n  p r e p a r a t i o n  and i n  r i n s i n g
l

of  g l a sswar e .

*

/

Chapt er  11
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B. T i t r a t i o n  Equi pment  C o n f i g u r a t i o n
*  ■  -

'’N  The t i t r a t i o n -  system was n o t  o '  a c o m m e r c i a l  d e s i g n  but

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

c e n t e r  o f  t h e  s y s t e m w a s  an IBM PC e q u i p p e d  w i t h  a

Q u a d b o a r d ™  ( 32 0  k b y t e  m u l t i f u n c t i o n  b o a r d ) ( 5 2 ) ,  a Tecmar
9

P C - M a t e  Lab T e n d e r ™  d a t a  a c q u i s i t i o n  b oa r d  ( 5 3 ) ,  an I n t e l  

1APX8087 f a s t  nume r i c  p r o c e s s o r  c h i p  ( 5 4 ) ,  two f l o p p y  d i s k  

d r i v e s ,  and an Epson MX-80 p r i n t e r .  An O r i o n  701A pH m e t e r  

add a F i s h e r  520 pH me t e r  w er^’ m o d i f i e d  t o  p r o d u c e  BCD 

o u t p u t  t o  t h e  c o mp u t e r .  O p t i c a l  i s o l a t i o n  o f  t h e  c o mp u t e r  

and pH m e t e r s  was n e c e s s a r y  t o  p r e v e n t  l o a d i n g  o f  . the m e t e r
• j

c i r c u i t r y .  An i s o l a t o r  was b u | l  t  u s i n g  12 d u a l  MCT6  

o p t o i s o l a t o r  c h i p s  and a 5 v o l t  power s u p p l y  ( t a k e n  f rom t h e  

m e t e r ) .  T i t r a n t  was added w i t h  a M e t t l e r  DV11 m o t o r i z e d  

s y r i n g e  b u r e t  by s e n d i n g  i t s  t r i g g e r  i n p u t s  a t r a i n  o f  TTL 

p u l  s e s  f r o m  one  c h a n n e l  o f  t h e  A M 9 5 1 3 t i m e r  c h i p  on t h e  PC-  

Mat e Lab T e n d e r ™  b oar d .

Two t i t r a t i o n  c e l l s  w e r e  used i n  t h e  e x p e r i m e n t s ,  one 

o f  a b o u t  1 5 - 1 0 0  ml .  c a p a c i t y  and t h e  o t h e r  o f  ab o u t  5 - 2 0  ml .  

c a p a c i t y .  Each was w a t e r - j a c k e t t ^ d  and so was t h e r m o s t a t t e d  

a t  a . d e s i r e d  t e m p e r a t u r e  (#0.1 #C. )  a l o n g  i t s  l e n g t h  when 

c o n n e c t e d  t o  a w a t e r  b a t h .  T h e * 1 a r g e r  1 1t r a t 1 on c e l l  was 

s i m i l a r  in  d e s i g n  t o  t h a t  o f  P e r r i n  and Sayce ( 5 5 ) .  The 

s m a l l e r  t i t r a t i o n  v e s s e l  c o n s i s t e d  o f  two s m a l l  c e l l s  j o i n e d  

by a porous f r i t  j u n c t i o n .  Thl  s - ' conf  1 g u r a t l o n  a l l o w e d  t h f  

same e l e c t r o d e s  used i n  t h e  l a r g e r  c ^ l  1 t o  be used i n . s m a l l



vol ume e xpe r i ment s ,  thus e n a b l i n g  t he c o l l e c t i o n  of  more 

s t a b l e  pH met er  readi ngs  t han woufd have been p o s s i b l e  wi t h  

a c o m b i n a t i o n ' e l e c t r o d e .  The i n d i c a t i n g  e l e c t r o d e  used was a 

P h i l i p s  RATI 10 low r e s i s t a n c e  g l a s s  ( 0 - 1 4  pH) e l e c t r o d e .

The r e f e r e n c e  e l e c t r o d e  was a P h i l i p s  R44 / P- SP/ J  i n v e r t e d  

g l a s s  s l e e v e  doub l e  j u n c t i o n  s a t u r a t e d  ca 1 orrt#l e l e c t r o d e ,  

t he l i q u i d  j u n c t i o n  s o l u t i o n  b e i n g  of  t he  same i on i c f  medium 

as t h e  t ^ s t  s o l u t i o n s  ( i . e .  1M NaCl or  0.300M KNO-j).

» ,

C. A u t o t i t r a t o r  Sof t ware  *

T ~  ■ ' v  ’

TITRATE,  w r i t t e n  ahd mod i f i ed  in thi ' s l a b o r a t o r y  in  

c o l l a b o r a t i o n  wi t h  Dr.  A. Ar no l d ,  i s  t h e  BASIC l anguage  

program used t o  per f orm pot ent  1 o m e t r i c ' t i t r a t i o n s  by 

c o n t r o l  1 ing al  1 components of  t h e  a u t e H t r a t o r .  A f 1 ow 

c h a r t  of  t h e p r o g r a m  i s  shown i n  F i g u r e  1 and a l i s t i n g  i s  

i n c l u d e d  in'  t he  Appendix of  t h i s  t h e s i s .

The n a t ur e  of  t he  programming 1 a cr$u age B AS IC a l l o w s  t he  

program t o  be i n t e r a c t i v e ,  e n a b l i n g  t he user  t o  set  o ^ |  

change t i t r a t i o n /  par amet er s  in response t o programmed 

prompts.  I f  an o b v i o u s l y  i n c o r r e c t  response i s  e n t e r e d ,  t h e  

comput er  beeps and a l l o w s  t he user  another ,  t r y  at  a c o r r e c t  

one,  i n  t h i s  way a t t e m p t i n g  to he as u s e r - f r i e n d l y  as 

p o s s i b l e .  A l s o ,  t-he f or mat  f o r  t i t r a t i o n  mo n i t o r i n g  has 

been made as r e a d a b l e  as p o s s i b l e .  Thi s ' was  g r e a t l y  h e l p e d  

by us i ng d i f f e r e n t  memory ' pages'  t o  s t o r e  p a r a me t e r ,  met er
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t e s t  and a c t u a l  t i t r a t i o n  dat a s e p a r a t e l y  so t h a t  each was

a v a i l a b l e  f o r  i mmedi at e  r e c a l l  by p r e ss i ng  one of  t he

programmabj  e keys o f  t he  IBM keyboard.

The f i r s t  pr ompt  g i v e n  i s  t o  e n t e r  t h e  t y p e  o f  pH me t e r

used.  The program works w i t h  e i t h e r  t h e  Or i on 701A or

F i s h e r  5?0 pH me t e r ,  and t h a t  used is s p e c i f i e d  #t/^,,he
■if*. *

b e g i nn i n g  of  t he  program.  This s e t s  up t he ' comput er ' s  i n p u t

por t s  f rom t he  met e r  p r o p e r l y  and s p e c i f i e s  i f  t he  computer

shoul d  expect  a da t a  ready s i g n a l  ( Or i on)  or  not  ( F i s h e r ) .

A r ew s i mp l e  o p e r a t i n g  commands a r e  t hen w r i t t e n  t o  t he  |

screen.  Then,  t he o p e r a t o r  i s g i v e n  t he  o p t i on  of  h a v i n g . t h e
* /

t i t r a t i o n  d a t a  p r i n t e d  on p a p e r  as we 1 V a's w r i t i n g  i t  t o  t h e  

t e r m i n a l  screen and f l o p p y  d i sk .  When a hardcopy is

r e q u e s t e d ,  t he  f  o 1 1 owi ng- a re i mme d i a t e l y  r ecor ded on the

Fpson p r i n t e r :

a) t he  t i me  t h e  program was s t a r t e d

b) . t he  t i t l e  of  the exper i ment

c) headi ngs f o r  t he dat a  t a b l e  t o  f o l l o w  j

Then,  dur i ng the* t i t r a t i o n ,  t he f o l l o w i n g  i s p r i n t e d  f o r  

each da t a  po i n t :

a)  t he  number of  the da t a  p o i n t

b) t he vol ume of  t i t r a n t  added up t o  t h a t  p o i n t

c)  the pH met e r  r e ad i ng  (pH or ' mV)

d) the l e a s t  squares s l o pe  o f  t he  c o l l e c t e d  r e a d i n g s

e) t he s l o p e  o f  t he t i t r a t i o n  c ur v e  between t h a t  po i n t

and t he  p r e v i o u s  p o i n t  (pHn - pHn_ j ) / ( vo 1 n- v o 1 n_ j )



• f )  t h e  t i m e  t h e  s o l u t i o n  t o o k  t o  come t o  e q u i l  i b r i u m

The t i t r a t i o n  par amet er s  are' t hen e n t e r e d ,  or r e t r i e v e d  

f rom a p r e v i o u s l y  s t or ed  par amet er  f i l e ,  as t he  f o l l o w i n g  

prompts ar e  g i v en :  ' I s  t he  t i t r a t i o n  in m'( or  pH1 The

answer  t o  t h i s  que s t i o n  de t e r mi ne s  t he  p o s i t i o n  of  t he  

dec i mal  p l a c e  in t hp dat a  t o  be c o l l e c t e d .  'What i s t he  end 

mV/ p H' .  The answer  de t e r mi nes  t he po i n t  i n t he  t i t r a t i o n  

when t he program w i l l  e n t e r  a pause s u b r o u t i n e  an'd wa i t  

u n t i l  t he  o p e r a t o r  de c i de s  to t e r m i n a t e  or  c dn t i n u e  tt je  

t i t r a t i o n .  The o p e r a t o r  i s t hen asked i f  t he  t i t r a t i o n  is  

t o  he done us i nq cons t an t  vol ume a d d i t i o n s  ( s t a t i c  or  j 

e q u i l i b r i u m  mode) or  c ons t a n t  pH or  mV i nc r ement s  (dynamic  

mode).  The f or mer  i s  c h i e f l y  used t o  o b t a i n  e q u i l i b r i u m
i

d a t a  in t he  b u f f e r e d  r eqi ons  of  a t i t r a t i o n  and so i t

p r o v i d e s  t he  most u s e f u l  dat a f o r  d e t e r mi n i n g  e q u i l i b r i u m

c o n s t a n t s  such a s ac i d  t f i s s o c i a t i o n  c o n s t a n t s  and compl ex  
#

f o r ma t i o n  c o n s t an t s .  The l a t t e r  i s u s e f u l  f o r  endpoi n t  

d e t e r m i n a t i o n s  s i n c e - a  l a r g e r  number of  data,  poi rvts is
t «

c o l l e c t e d  in t he  t i t r a t i o n  e q u i v a l e n c e  p d i n t  r e g i o n s .  I f  

bot h t y p e s ’ of  data ar e  r e q u i r e d ,  s w i t c h i n g  between modes i s  

s i mp l e  usi ng t he  pa r amet e r  r e v i s i o n  s u b r o u t i n e .  The pH/mV 

or  volume i ncr ement  i s e n t e r e d  next .  The vol ume of  t i t r a n t  

t o  be added t o  p r o v i d e  t h e  r e q u i r e d  p o t e n t i a l  i ncr ement  i s  

c a l c u l a t e d  f o r  each a d d i t i o n  us i ng t h e  h y p e r b o l i c  

e x t r a p o l a t i o n  a l g o r i t h m  of  Smi t  and Smi t  (5f>). Then t h e  

c r i t e r i o n  f o r  d e t e r mi n i n g  when t he t.est s o l u t i o n  i s at  

e q u i l i b r i u m  i s r e ques t ed .  A s u b r o u t i n e  of  t he  program '



. * IB

c a l c u l a t e s  t he  l e a s t  squares s l o p e  and s t andar d  d e v i a t i o n  of  

e v e r y  30 r ead i nqs .  I f  t he  s t andar d  d e v i a t i o n  i s  g r e a t e r '  

t han t w i c e  t he  s t andar d d e v i a t i o n  of  t he s l o p e  then t hose  

r ead i nqs  are  r e j e c t e d  and anot he r  30 are  t aken.  In t a k i n g  

t i t r a t i o n  d a t a ,  somet imes t h e  system w i l l  seem not t o  come 

t o  e q u i l i b r i u m ,  f o r  e x a m p l e  b e c a u s e  of  a n o i s y  pH m e t e r  or  

e l e c t r o d e s  or  because t he s t age  of  t he  t i t d a t i o n  is such 

t h a t  t h e  t e s t  s o l u t i o n  i s  not  w e l l  b u f f e r e d  ( i . e .  

e q u i v a l e n c e  po i n t  r e g i o n s ) .  To p r e v e n t  i n c o n v e n i e n t l y  l o n g
J.

w a i t i n g  per i ods  in t hese  cases,  a maximum w a i t i n g  t i me  is
i %

s e t ,  a t  which t i me t he  program t a k e s  t he best  r e a d i n g s  ^

p o s s i b l e  f rom t he  l a s t  set  c o l l e c t e d  and c ont i nue s  w i t h  t he

next  t i t r a n t  a d d i t i o n .  Thi s d e l a y  t i me i s  now e n t e r e d .

The names of  t h e  f i l e s  used t o  s t o r e  t h e s e  p a r a m e t e r s

and t h e  r e s u l t i n g  dat a  ar e  t hen e n t e r e d .  A l l  pa r ame t e r  and 
t

da t a  f i l e s  ar e  a u t o m a t i c a l l y  s t o r e d  on a s e p a r a t e  d i s k  to 

avo i d  o v e r w r i t i n g  f i l e s  e x i s t i n g  on t he  TITRATE d i s k .

The f o r m a t  t h e  p r ogr a m wi 1 1 use t o  s t o r e  t h e  d a t a  is,  

t hen de t e r mi ned  by t he  answer  t o  t h e  prompt  ' W i l l  t h i s  dat a  

be processed w i t h  MI NI QUADM or  i n anot her ,  way'  I f  

MINIQOADPJ 1s chosen,  and t he  MINIQUAD81 dat a  h a n d l i n g
*

pa r ame t e r s  have been p r e v i o u s l y  s t o r e d  in t he  pa r amet e r
■> , •

f i l e ,  t h e y  w i l  1 be r e a d  and d i s p l a y e d  on t h e  s c r e e n  f o r  
t ,

v i e w i n g  w h f l e  t h e y  a r e  w r i t t e n  t o  t h e  d a t a  d i s k ,  and t h e  

c o l l e c t e d  t i t r a t i o n  dat a  w i l l  be of  t he  pr oper  f or mat  t o  

a l l o w  MINIQHAD81 pr oc es s i nq  of  t he  data i mme d i a t e l y  a f t e r
»
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t i t r a t i o n  t e r m i n a t i o n .  I f  t h e s e  p a r a m e t e r s  h a v e  n ot  been  

s t o r e d ,  t h e y  a r e  t h e n  e n t e r e d  i n  answer  t o  p rompt s  ' In t h e ’ 

saijie manner  as f o r  t h e  t i t r a t i o n  p a r a m e t e r s  and w i l l  be 

s t o r e d  w i t h  t h e  t i t r a t i o n  p a r a m e t e r s  1n t h e  e v e n t ,  t h e y  a r e  

needed f o r  a n o t h e r  t i t r a t i o n .  D e t a i l s  o f  a l l  p a r a m e t e r s  

r e q u i r e d  f o r  MINIQUADB1 qan be f ound  i n  t h e  l i t e r a t u r e  ( 5 7 -  

5Q) ,  and a f ew  o f  t h e s e  a r e  d i s c u s s e d  i n  l a t e r  s e c t i o n s  o f  

t h i s  c h a p t e r .  These p a r a m e t e r s  c a n n o t  be changed d u r i n g  t h e  

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

Wa t e r  1 oo edi  t o r .

D.' pH M e t e r  C a l i b r a t i o n

> 1
The pH m e t e r  and e l e c t r o d e s  we.re c a l i b r a t e d  by two 

methods e v e r y  day.  ‘ F i r s t ,  a s t a n d a r d  two p o i n t  c a l i b r a t i o n  

was done  u s i n g  b u f f e r  s o l u t i o n s  o f  pH 4 . 0 0 8  and 6 . 8 6 5 ,  each  

f r e s h l y  made a c c o r d i n g  t o  NBS s p e c i f i c a t i o n s  a t  l e a s t  e v e r y  

two months:  T h i s  method*weS_ n ot  c o m p l e t e l y ,  r e l i a b l  e s i n c e

t h e  l o n g  t e r m  s t a b i 1 1 t y . o f ’ t h e  b u f f e r  s o l u t i o n s  was 

q u e s t i o n a b l e .  The second method i n v o l v e d  p o t e n t i o m e t r i c  

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

and was p r e p a r e d  as d e s c r i b e d  1n t h e  n e x t  s e c t i o n  o f  t h i s  

c h a p t e r ,  w i t h  s t r o n g  base (NaOH o r  KOH) and s u b s e q u e n t  

d e t e r m i n a t i o n  o f  t h e  E* o f  t h e  system by f i t t i n g  t h e  

t i t r a t i o n  c u r v e  t o  e q u a t 1ons 1,  7 and 8 shown f o l  1 owi n g :

?  ■



[ H ] ^  -  [ O H ] V o h

[ H ] t ot  -  ------------  —  , ( n
t  ot

where [ H ] t o t  i s t he  t o t a l  aci d.  concent  r a t i o n , c a 1 c u 1 at ed f r o n  

t he c oncent  ra t i on of  ac i d  i n i t i a l l y  pres'ent  arvd t he  i n i t i a l '  

s o l u t i o n  vol ume ( TH] .j and V^) ,  t h e  volume and c o n c e n t r a t i o n  

of  t i t r a n t  added (Vq^ and TOH]) ,  and t he  t o t a l  s o l u t i o n  

v o ’ ume However ,  t o  o b t a i n  an eq u i Vrfrr i urn aci d

c o n c e n t r a t i o n ,  which i s what  t he  e l e c t r o d e  system measur es,  

t he  a ut  opr ot o 1 y s i.s o f  wa t e r  must be i n c l u d e d  i n t he  

ca 1 cu 1 at  i ons (f in).  T h e r e f o r e ,  c o n s i d e r  t he  f o l l o w i n g :

••• OOtot ■ tH]eq - tOHleq (?)

* rH]„roHieq . o )

w h e r e / w i s  t he  a y t o p r o t o 1 y s i s  c o n s t a n t  f o r  wa t e r  anc^

[ H ] Pq and r OH] pq ar e  t he e q u i l i b r i u m  c o n c e n t r a t i o n s  of  

aci d and base, ,  r e s p e c t i v e l y .  I t  f o l  lNjw's t h a t :  .

r n l t o t  36 t^-Uq " ^ w ^ ^ e q

r H W ' O e q  * r H ] e q ? ( 5 )

•n '  r m qq? - [ H ] t o t t H ] eq -  K„ ■ ( 6 )

So l v i ng  f o r  r H ] pq g i v e s :

- H t o f ( H t o t ^ - « w ) ° - 5
2. n

(7 )

The s i mp l e  Ner nst  e q u a t i o n  was used t o  r e l a t e  e l e c t r o d e  

p o t e n t i a l  w i t h  equi  1 i br i um.  ac i d  c o n c e n t r a t i o n  and assumed‘ a
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N e r n s t i a n  e l e c t r o d e  response.

E * F° + S« . l - 5 9 v l o g i n [ H ] eq ( n

Np rn s t i an e 

t o  i nc l_ude 

a u t o t  i t  rat.o 

p e p t i d e  exp

wherp F i s t he  e l e c t r o d e  p o t e n t i a l  and f °  I s  t he s t andar d

p o t e n t i a l .  T h i s , e q u a t i o n  does not  i n c l u d e  terms t o account

f or  t h e  e f f e c t  of  l i q u i d  j u n c t i o n  p^>jtentia 1 s or  a non- '

l e c t r o d p  response.  I t  was* cons i de r e d  unnecessary

t hese  par amet er s  i n  t h e  ca 1 cu 1 a t  i on s f  or  t h e - ,

r v a l i d a t i o n  expe r i ment s  or  f o r  t h e  Z n( I I ) -

er i ment ^  s i nce  t hey  were not  i n c l u d e d  in 
** - *

c a l c u l a t i o n s  done f o r  compar abl e  expe r i ment s  r e p o r t e d  i n - t ho ,  

1 i t e r a t u r e .  0 ' • „>

The program used to s o l v e ’ t hese  e q u a t i o n s  was t he  

r i g o r o u s l y  we i ght ed ,  n o n - l i n e a r  l e a s t  squar es  c u r v e - f i t t i n g

program KINFT nh i c h • ha s be'en -pr p v i ou s d e s c r i be d  i n t he
' «>*' ■ v . .

-1 i t era t  ure i (F 1).  I t  s o l v e s  f o r  FC,,^KW and aci d

c o n c e n t r a t i o n  by" f i t t i n g  e qua t i ons  1,7 and P t o  t he  „

exper  imenta  

doi ng so,  i

1 t i t r a t i o n  cur ve  f rom a so 1 v e n t "t  i t  r a t  i on. ' I n 
. *
t uses r e f i n e d  e s t i ma t e s  f o r  t he  above par amet er s

wi t h  t h e  e x p e r i me n t a l  t i t r a n t  vol umes t o  c a l c u l a t e

t  h e o r e t  i c a 1 

t hen compar

e l e c t r o d e  p o t e n t i a l s  f o r  each dat a  p o i n t ,  aqd 

es t he t h e o r e t i c a l  v a l u e s  w i t h  th-e e x p e r i me n t a l

p o t e n t i a l s .  The program i t e r a t i o n s  c o n t i n u e  u n t i J  the  

e x p e r i me n t a l  and c a l c u l a t e d  p o t e n t i a l s  agree to.  an a r b i t r a r y  

c o n d i t i o n  6 f  n.nooi  mV. or  a maximum number of  i t e r a t i o n s  i s  

per f or med.  Si nce t h e  equa t i ons  i n v o l v e  Kw and the



c o n c e n t r a t i o n  o f  a c i d  i n  t h e t e s t  s o l u t i o n ' a s  wel  1 as E° ,
*

a l l  t h r e e  were t y p i c a 1 1 y  de t e r mi ne d  s i m u l t a n e o u s l y .  These’ 

v a l u e s  were t hen used as- c o n s t a n t  s f o r  the*-proce.s s i ng of  

dat a  c o 1 1 ec t ed / r o m ^ t ^ t  r a t  i ons of  l i g a n d  and nrteta 1 - 1 ‘i.gantf 

s o l u t i o n s  o.f t he  same i on i c"  mediurn. .

•" Dur i ng t h e . l a t t e r  phases of  t he  t h e s i s  work,  a program
* * '  ' .  * 

.  . , ■ . '  - *  •

c a l l e ’d ACB'A ( 62 ) ,  used,  f o r  ’a c i d - b a s e '  t i t r a t i o n s ,  became V<

a v a i l a b l e ' .  ' T h i s  program a 1 s o ’simu 1 t aneous 1 y- f i t i ’’Kk), F° ,. , > ■ ’ ' "1. \  . '

and t h e  c o n c e n t r a t i o n  t>f a c i d  i n t he  t  est . 'SQ f ut  i on and g i v e s .

t he  same r e s u l t s  as K I N H ,  (w . l th in  exper i ment s  1 . e r r o r ) :
,  '  ^  >>. , ^ 1,,.

T y p i c a l  res u 1 1  s* are  present ed,  i.n f.o'l-l.ow'ing c h a p t e r s .
■ * - : V  * ’ • ' •  • ► j > . .  •

F. P r e p a r a t i o n  and St a ndard i z.a t  i on. Of So l ve n t  and

T i t r a n t  So l u t i ons

A l l  s o l u t i o n s  .in t h i s  and f o l l o w i n g  s e c t i o n ’s were

pr epar ed  wi t h  doubl y  d i s t i l l e d ,  dei on i zed ‘wa t e r  of- '

r e s i  s t  i v i t y  g r e a t e r  t han 5x10^ ohm cent  i met ers . -  The ‘ gTasrfc-

and p l a s t i c w a r e  used was r i n s e d  w.ith i t  as w e l l .  *
. •  ♦ . . . * .

Both g r a v i m e t r i c  and v o l u m e t r i c  da l a  were r ecor ded in 

prepa r  i ng so 1 ut  i on s f o r  t he  t i t r a t o r  e v a l u a t i o n  exper i ment s. .  

Tfcis was because s o l u t i o n s  used i n t he i n t e r 1 abonat or y  

compar i son s t udy  o* t h e  Ni ( I  I ) - g 1yc i ne  compl exes ( 63)  werO . 

pr e par e d  v o 1 u m e t r i c a 1 1 y , y e t  s o l u t i o n  h a n d l i n g  f o r  t he  

a u t o t i t r a t o r  was much more e a s i l y * a c c o m p l i s h e d
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g r a v'i met r i  ca 1 l y .  So t h a t  t he  r e s u l t s  of  t h i s  s t udy  c o u l d  be

compared d i r e c t l y  w i t h  t he  l i t e r a t u r e  r e s u l t s ,  both

g r a v i m e t r i c  and v o l u m e t r i c  dat a were recor ded.

A l l  met a l  and l i g a n d  s o l u t i o n s  we r e p r e p a r e d  in a
% *I

' s o l v e n t ' ,  a s o l u t i o n  composed of  a s t r ong  a c i d . a n d  an i n e r t  

s a l t  i n  wat er .  The purpose of  t he  s a l t ,  p r e se nt  in 

r e l a t i v e l y  hi gh c o n c e n t r a t i o n ,  was t o  reduce t he  e f f e c t  of  

changi ng s o l u t e  a c t i v i t y  C o e f f i c i e n t s  and,  t hus ,  t he  l i q u i d  

j u n c t i o n  p o t e n t i a l s  t h a t  o c c u r  as a t i t r a t i o n  pr ogr e sses  i n
i

s o l u t i o n s  of  1 ovv i o n i c  s t r e n g t h  and t he  i o n i c  c o n c e n t r a t i o n s  

change.  Ti t r a t  i on-s. of  l i g a n d s  or  met* 1 -  1 i ga hd comp 1 exe s 

t h a t  a r e  per f ormed .o'ft* so 1 ut  i ons - o*  d i f f e r i n g  io-nic 

s t r e n g t h s ,  or  which have end p o i n t s  and b u f f e r  r e g i o n s  t h a t  

occur  a t  v a r y i n g  i o n i c  s t r e ng t hs , ,  y i e l d ,  r a t h e r  i mp r e c i s e  pKa 

and f o r ma t i o n  c o n s t a n t  r e s u l t s  ( f i f ) .  To i l l u s t r a t e ,  a v a r i a t i o n  

i n  i o n i c  s t r e n g t h ,  o f  1 0 *  may r e s u l t  i n  o n l y  a f i r s t  d e c i m a l  

p l a c e  p r e c i s i o n  in' t he  l ogs  of  such c on s t a n t s .  I t  was hoped
c ~

t h a t  such i n a c c u r a c i e s  c o u l d  be a v o i d e d ,  or  at  l e a s t  

l e s s e n e d ,  by m a i n t a i n i n g  t he  t e s t  and t i t r a n t  s o l u t i o n s  at  a 

f a i r l y  high i o p i c  s t r e n g t h .  The purpose of  t he a c i d  was t o  

p r o t o n a t e  l i g a n d  a n d r e d u c e  t h e  sb 1 ut  i.on pH be l ow t he  

• i l i g a n d ’ s smal l e s t  pK.a p r i o r  t o . s t a r t i n g ' a  t i t r a t i o n .  i f
* .• • V

i a l so a i ded i n  keepi ng t he  metal  i on  i n so 1 ut  i on si  nee bot  h 

n i c k e l  and zi  n c ' h y d r o x 1 dej§ ar e  a t  l e a s t  p a r t i a l l y  I n s o l u b l e

a t  n e u t r a l  pH ( 63,  6.4, and r e f e r e n c e s  t h e r e i n ) .  v
! ' *

MCI , and flaCl were t h e  components of  t h e  ,sol  vent  for .  t he

V \ • ■
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N i ^ 4 - g l y c 1 n e  e x p e r i m e n t s .  T h i s  s o l u t i o n  was p r e p a r e d  by

c o m b i n i n g  a l i q u o t s  o f  s e p a r a t e  HC1 and NaCl  s o l u t i o n s  such

t h a t  t h e  t o t a l  c h l o r i d e  c o n c e n t r a t i o n  was 1.0 M. The HC1

S o l u t i o n  had been p r e v i o u s l y  s t a n d a r d i z e d  by p o t e n t i o m e t r i c

t i t r a t i o n  and t h e  N a C l ,  t w i c e  r e c r y s t a l l i z e d  f r o m h o t  w a t e r

b e f o r e  use,  was assumed t o  be a f  100% p u r i t y .  For  a l l  o t h e r

e x p e r i m e n t s ,  HNO3  and,  KNO3  were uised and t h e  s o l u t i o n ,

p r e p a r e d - 1 n  a s i m i l a r  manner ,  was 0 . 3 0  m o l a l  I n  n i t r a t e  i on .

' Th e  s o d i u m- b a s e d  e l e c t r o l y t e ,  used i n  t h e  N i ^ + - g l y c 1 n e

e x p e r i m e n t s ,  was used 1 n t h e  p r e s e n t  s t ud y  f o r  c o n s i s t e n c y

w i t h  t h o s e  e x p e r i m e n t s  done 1 n t h e  1 n t e r 1 a b o r a t o r y  s t u d y .

H o w e v e r ,  1n t h e  s t u d y  o f  Z n ( I I )  b i n d i n g . b y  h i s t i d i n e -

c o n t a i n i n g  p e p t i d e s  t h i s  was r e p l a c e d  by t h e  p o t a s s i u m - b a s e d
•  ^  v

e l e c t r o l y t e ,  KNO3 , t o  a v o i d  i n t r o d u c i n g  sodium e r r o r  i n t o  

t h e  r e s u l  t s .

The f i n a l  a c i d  c o n c e n t r a t i o n  o f  t h e  s o l v e n t  s o l u t i o n  '
'  . - 

was d e t e r m i n e d  by p o t e n t i o m e t r i c  t i t r a t i o n  w i t h  s t a n d a r d i z e d

b as e  u s i n g  t h e  a u t o t i t r a t o r  1 n dynami c  mode. T^e dynami c

mode,  as d e s c r i b e d  1 n t h e  s e c t i o n  on t h e  a u t o t i t r a t o r

s o f t w a r e ,  e n a b l e s  t h e  c o l l e c t i o n  o f  t h e  maximum p o s s i b l e

num ber o f  d a t a  p o i n t s  1 n t h e  end p o i n t  r e g i o n  o f  a
« v 

t l t e a t i o n  and so e n s u r e s  t h e  b e s t  p r e c i s i o n  and,  1 t  i s

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

s t a n d a r d i z a t i o n  t i t r a t i o n .  The change 1n s o l u t i o n  -pH o r  mV

p e r  u n i t  t l t r a n t  v o l u m e ,  1.e. t h e  ’ s l o p e ’ o f  t h e  t i t r a t i o n

c u r v e ,  1s c a l c u l a t e d  b y ' j I T R A T E  a f t e r  each iX t x a - n ^ a d d i 1 1 on.

By m o n . l t o r i n g  t h i s  p a r a m e t e r  o v e r  t h e  c o u r s e  o f  t h e  \
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t i t r a t i o n ,  t h e  end po i n t  vol ume i s  e a s i l y  i d e n t i f i e d  as t h a t  

pr oduc i ng  t h e  maximui j  s l ope .  The r e s u l t s  of  t hese  

s t a n d a r d i z a t i o n s  a r e * p r e s e n t e d  i n  f o l l o w i n g  c h a p t e r s  of  t h i s  

t h e s i s .  For  each s o l v e n t  s o l u t i o n ,  t he  r e s u l t i n g  aci d  

c o n c e n t r a t i o n  v a l u e  was s ubst ant  i a t ed by Klf iET t r e a t me n t  o f  

t h e  dat a as d e s c r i b e d  in t h e  p r e v i o u s  s e c t i o n  on met er  

c a l i b r a t i o n .

The t i t r a n t  s o l u t i o n s  were made i n  t he  same i o n i c*

medium as were t h e  t e s t  s o l u t i o n s  ( l .C M (f!a + ) C l _ or  0.30  

n o l a l  (K + ) N0 >j- t e  a v pi  d ■ c onp 1 i ca t  i ons f rom d i l u t i o n  

pf  f e e t  s. To a v o i d  t h e  need t o  i n c l u d e  c a r b o n a t e  e q u i l i b r i a  

w^er  f i t t i n q  the t i t r a t i o n  dat a  t o  chemi cal  model s ,  

p r e c a u t i o n s  were t a k e n  t o  el  i mi na t e  car bona t e  f rom t h e s e  

s o l u t i o n s .  The w a t e r  used was f i r s t  b o i l e d  and t hen coo l ed  

un^e r . a  b l a n k e t  of  argon.  Al so ,  NaOH t i t r a n t  was pr epar ed  

by d i l u t i o n  of  a s a t u r a t e d  NaOH s o l u t i o n ,  which presumabl y  

i s  n e a r l y  v o i d  of  c a r h o n a t e , and t h e  KOH t i t r a n t  was 

pr e par ed  f rom a commer c i a . l l y  a v a i l a b l e  D I L UT - I  i t

( guar ant eed l ess  t h a n  0.?% c a r b o n a t e )  and not  f rom KOH 

p e l l e t s ,  whi ch absorb Hj>0 and CO^. Roth were s t a n d a r d i z e d  

by p o t e n t i o m e t r i c  t i t r a t i o n  of  pot ass i um hydrogen p h t h a l a t e  

(KHP) us i ng  t h e  a u t o t i t r a t o r  i n  t h e  manner  d e s c r i b e d  f o r  t he  

s t a n d a r d i z a t i  oji of  a c i d  i n  t he  s o l v e n t  s o l u t i o n s .  The KHP 

s o l u t i o n s  were made fronf Q9.9T. pur e  KHP which had been d r i e d  

f o r  a t  l e a s t  A h o u r s  i n  an oven  c o n t a i n i n g D R I E R I T E  a t  1 1 0  

° C.  R e s u l t s  of  t h e s e  s t a n d a r d i z a t i o n s  ar e  a l s o  pr ese nt ed  in



fo 1 1 owi ng chapt er s .

V

F. P r e p a r a t i o n  and S t a n d a r d i z a t i o n  of  

N i ( I I )  and Z n ( I I )  S o l u t i o n s

Fnough NiCl j j 'AHpO was added t o  so 1 v ent  so 1 ut  i on to make 

i t  about  1 5 mM in n i c k e l ( I  I )  and about  1 M in c h l o r i d e  i on.  

Wat er  was added to b r i n g  t h e  c h l o r i d e  i on c o n c e n t r a t i o n  to

l .P mo l a r .  Thi s s o l u t i o n  was s t a n d a r d i z e d  by g r a v i m e t r i c  

FPTA t i t r a t i o n  in pH 10 ammonical  b u f f e r  usi ng p y r oca t e c ho l  

v i o l e t  a n d / o r  mur ° x i de  i n d i c a t o r  (65) .  P o l y e t h y l e n e  wash 

b o t t l e s  w i t h  hand blown s ma l l  bore g l a ss  t i p s  were used f o r  

the t i t r a n t  d e l i v e r y .  Add i t i ons  as smal l  as 0.015 grams 

t i t r a n t  were p o s s i b l e .

Znf f iOjJp' fHpO was added to a s o l u t i o n  of  n i t r a t e -
. /

i n c o mp l e t e  s o l v e n t  t o  g i v e  an appr ox i mat e  z i nc c o n c e n t r a t i o n  

of  0 . 0  1 m o l a l .  This s o l u t i o n  was s t a n d a r d i z e d  

q r a v i m e t r i c a 1 1 y wi t h  EDTA i n  pH 10 ammonical  b u f f e r  u s i n g  

Er i ochrome B1 ack T a n d / o r  py r o c a t e c h o l  v i o l e t  as the  

i n d i c a t o r  ( 65) .  A l l  s o l u t i o n s  used in t he  s t u d i e s  i n v o l v i n g  

z i nc  were pr epar ed and s t a n d a r d i z e d  e n t i r e l y  g r a v i m e t r i c a 1 1 y 

t o  a v o i d  t he  u n c e r t a i n t y  i n v o l v e d  i n  the c a l i b r a t i o n  of  

g l a s s war e .  KNO3  was agai n added t o  make t he  N0 3 _ 

c o n c e n t r a t i o n  up t o  n.300 mo l a l  and the v a l u e  f o r  t h e  

s t a n d a r d i z e d  z i nc  c o n c e n t r a t i o n  was a d j u s t e d  a c c o r d i n g l y .



The Na->H;>FDTA ( 9 9 . 5% p u r i t '  i s e d  in t he  met a l  ion 

s t  a.nda rd i  za t i ons w ^ ^ u r  i f  i ed by r e c r y s t a l l i z a t i o n  f  rom 9 P.% 

e t h a n o l  by a method r e p o r t e d  by Vogel  (6 6 ). A l i t r e  of  nea r  

s a t u r a t e d  s o l u t i o n  of  FDTA ( s o l u b i l i t y  about  2fl grams per  

2 nn mL.) was pr epar ed and 9CT e t h a n o l  wa's added u n t i l  a
a

permanent  p r e c i p i t a t e  appeared.  The c r y s t a l s  were c o l l e c t e d  

i n  a l a r g e  Ruchner f u n n e l  w i t h  s u c t i o n ,  r i n s e d  w i t h  a smal l  

amount  of c o l d  e t h a n o l ,  and d r i e d  i n an oven c o n t a i n i n g  

DRI FRI TF a t  about  RH r C f o r  two d a y s . .  S t a n d a r d i z a t i o n  w i t h  

a pr i mar y  s t a ndar d  CaCO., s o l u t i o n  showed an i n c r e a s e  in 

p u r i t y  t o  9 9 . R" a f t e r  t he  r e c r y s t a l l i z a t i o n .

G. P r e p a r a t i o n  anH S t a n d a r d i z a t i o n  of  Li gand S o l u t i o n s  
 f ------:-----------------------------------------------

 ̂ G1y c y 1 - L - b i s t i d i n e .  L - a 1 a n y 1 - L - h i s t i d i n e ,  and g l y c y l - L -

h i s t i d y 1 - L - 1 y s i n e  s o l u t i o n s  were pr epar ed by we i g h i n g  t he

s o l i d  i n t o  measured amounts of  s o l v e n t .  S o l u t i o n ^  were

s t a n d a r d i z e d  by p o t e n t i o m e t r i c  t i t r a t i o n  w i t h  subsequent
\

da t a  worb-up us i ng t h e  n o n - l i n e a r  l e a s t  squares c u r v e -  

f i t t i n g  programs MINI0UADP1 (59)  (a 19P1 v e r s i o n  of  MINIQl lAP 

( 5 7 , f p) )  or  ACP.A (6 ?) ,  though ACBA was not  a v a i l a b l e  f o r  use 

u n t i l  ver y  l a t e  i n t h i s  r esear ch.

When K1NIQUA0R] was used t o  c a l c u l a t e  t he  l i g a n d  

c o n c e n t r a t i o n  f rom pH t i t r a t i o n  da t a ,  e i t h e r  t he  t . i t r a t i o n  

program ' TITRATF'  was used t o  put  t h e  dat a  i n t h e  pr oper



f or mat  f o r  MIKIQUAPP1 as i t  was’ be i ng c o l l e c t e d ,  or  a da t a  

f  i l'c of  t he pr oper  f ormat  was set  up ma n u a l l y  a f t e r
t»

c o mp l e t i o n  of  the t i t r a t i o n .  I n c l u d e d  in a dat a  f i l e  f o r  

fMNIQUAPPl  a r e  a t i t l e ,  t h e  t i t r a t i o n  t e mp e r a t u r e ,  t h e  F° ' 0  

t he  syst em,  t he  pha 's and s t o i c h i o m e t r i c  c o e f f i c i e n t s  of  

each spec i es  i n  s o l u t i o n ,  t he  number of mmoles of each 

component  in. t he  s o l u t i o n  t o  be t i t r a t e d  and t i t r a n t ,  t he  

i n i t i a l  t e s t  s o l u t i o n  vol ume,  and t he  p o t e n t i o m e t t i c  

t i t r a t i o n  dat a  ( i n p a i r s  of  t  i t  r a n t ' .v o 1 ume and c or r e s p o n d i n  

pH or  mv r e a d i n g ) .  -
y 1

To run fM n I OP ADR! , Kw and,  i n i t i a l l y ,  F° were kept

c o n s t a n t  at  t he  v a l u e s  de t e r mi ned f rom ACBA or  KlNFT

t r e a t m e n t  of'  sol  vent  t i t r a t i o n  dat a  as d e s c r i be d  in t he pH 
•  •

meter  c a l i b r a t i o n  s e c t i o n  of  t h i s  c hapt er .  I t  i s p o s s i b l e  

f o r  MINIOHADfM to d e t e r mi ne  v a l u e s  f o r  Kw and F° but  i t  was 

found t h a t  r e f i n i n g . t o o  many par amet er s  at  once gave  

u n r e l i a b l e  r e s u l t s .

I t  'was found t h a t  t he  s t a b i l i t y  c ons t an t s  de t er mi ned  

u s i n o M I N l Q U A D n  were h i g h l y  s e n s i t i v e  t o  t he v a l u e s  of  t he  

par amet er s  kept  c o n s t a n t ,  such as l i g a n d  c o n c e n t r a t i o n ,  E° ,
i  ,
Kw, e t c .  To de t e r mi ne  t he  a c t u a l  l i g a n d  c o n c e n t r a t i o n ,  i t  

was necessar y  to run t he program a number of  t i mes  u^i ng  

d i f f e r e n t  e s t i ma t e s  f o r  t h e  number o f ’ mmoles of  l i g a n d  and 

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

t h e  sum of  s q u a r e s  o f  t h e  r e s i d u a l s  v a l u e ,  wh i c h  i s  

c a l c u l a t e d  f rom t h e  sum Of t he squares of  t he  d i f f e r e n c e s



29

between each c a l c u l a t e d  and e x p e r i me n t a l  t i t r a t i o n  data  

p o i n t .  The number of  mmo1 p r e s e n t  was t a k en  t o  be t he
i . ' '

va 1 uc . t h a t - r e s  u 1 1 ed • i n t he  s m a l l e s t  sum of  squares v a l u e .

F i g u r e  2 shows t he  r e l a t i o n s h i p  between t he  sum of  squares

p a r a me t e r  and t h e  mmoles of  l l q a n d  used in t h e • c a 1 cu 1 a t i o n .

A b e t t e r  f i t  of  t he  c a l c u l a t e d  and e x p e r i me n t a l  t i t r a t i o n

cur ves  c e s u l t S w  hen t h e v a l u e  fo r .  t he  mmoles of  l i g a n d

appro«<TChes an opt imum.  Seve.n t i t r a t i o n s  of  glyHC-1 gave a

.mean c o n c e n t r a t i o n  of  0 . 0229 ( 9 )  mo l a r .  ’ S i m i . l a r i l y ,  r e s u l t s

f  o r ‘ t  h e o t ^ e r  l i g a n d s  were 0 . 01099( 3 )  mo l a l  o l y h i s ,

0 . 024^( 1 )  mo l a l  a l a h i i  (P reifJl i c a t e s % each)  and *0.01 360(  5 )

mo 1 a 1 g l y hi s 1 y s. ( a rep 1 i cat  es),, where t he  v a l u e s . i n  b r a c k e t s .

r e f e r  t o  t he  s t andar d  d e v i a t i o n  i n  t he  r e s u l t .

A 0 P A n e ed e d o n 1 y be r un once t o ‘O b t a i n  v a l u e s  f or  t h e

^ c o n c e n t r a t i o n  o*  l i g a n d ,  Kw and F° s i m u l t a n e o u s l y .  Data

f i - l e s  f o r A C P A w^’re  s e t u p  w i* t h t h e  same i n f o r m a t i o n  as f o r

Ml NI.QHADR1 but i n a d i f f e r e n t  f or mat .  The p,rogram has t he

c a p a b i l i t y  of  r e f i r i n g  Kw a n d E °  at  ..the same t i me i t  d e f i n e s

•p K a 1 s and a c i d  and 1 i gand concent  r a t i o n s , s e e mi n g l y  w i t h

b e t t e r  re  1 i abi  1 i t y  a nd c e r t a i n l y  w i t h  g r e a t e r  e*a s e t han w i t h

M1 f  I f)11A n p 1 . The vakues c a l c u l a t e d  f o r  F° r Kw, and a.c i d

c o n c e n t r a t i o n  agreed w e l l  w i t h  those ob t a i ned  by s o l v e n t

t i t r a t i o n ,  as d e s c r i b e d ’ i n s e c t i o n  0  o f  t h i  s c h a p t e r ,  maki ng

t h e  t i t r a t i o n  o f  t he  sol  vent  seerrv unnecessar y .  However ,  as

w i t h  most c u r v e - f i t t i n g  programs,  t he  more par ame t e r s  t h e r e
» •  •

a r e  t o  be r e f i n e d  t h e  l e s s  r e l i a b l e  a r e  t h e  r e s u l t s .  Thus,  

t h e  F° and Ku v a l u e s  used^i n t h e  ACPA c a l c u l a t i o n s  were
W
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F i g u r e  2 .  Dependence o f  t h e  v a l u e  o f  MINIQUAD81 1s sum o f  

Sq ua re s  o f  t h e  r e s i d u a l s  p a r a m e t e r  on t h e  v a l u e  used f o r  

th e  mmoles o f  l i g a n d .



d e t e r mi n e d  by t i t r a t i o n  of  s o l v e n t ,  and t he l i g a n d  pKa 's and
<*

c o n c e n t r a t i o n s  were o b t a i n e d  from t he  ACBA c a l c u l a t i o n s .

k

♦ ,

4
H. S o l u t i o n s  f o r  t he  NMR Exper i ment

*
S o l u t i o n s  used in t h e s e  expe r i ment s  were pr epar ed us i ng

t h e  . a u t o t i t r a t  o r , or  t he  M e t t l e r  DV11 bur e t  a l o n e ,  to

d e l i v e r  a l i q u o t s  o * base  ( N a O H o r  KOH) i n t o  t h e  t  e $ t

s o l u t i o n  c o n t a i n i n g  l i g a n d  o*r a m e t a l / l i g a n d  mi x t u r e .  The

base  was of  t h e  same i o n i c  medium as t h e . t e s t  s o l u t i o n  t o  
%

keep t h e  i o n i c  s t r e n g t h  of  t h e  t e s t  s o l u t i o n s  c o n s t a n t  a t  a 

v a l u e  s i m i l a r  t o  t h a t  used i n  t h e  pot e nt  i ome t  r i c 

e xper iment  s. '

Li gand so- l ut i cns  were p r epar ed  by ^<eighing s o l i d  l i g a n d  

i n t o  a f l a s k  wi t h  a measured amount of  s o l v e n t ,  t a k i n g  i n t o  

account  t he  p u r i t y  d e t e r mi ned  f o r  t h e  l i g a n d  in the* s e p a r a t e  

p o t e n t i o m e t r i c  t i t r a t i o n  expe r i ment s  d e s c r i b e d  i n  the  

p r e v i o u s  s e c t i o n .  An a l i q u o t  of  t h i s  s o l u t i o n  was 

t r a n s f e r r e d  t o  t he  t i t r a t i o n  c e l l .  I f  t he  t e s t ,  so 1u t i o n  was 

t o  c o n t a i n  met a l  i on,  an a l i q u o t  of  s t a n d a r d i z e d  m / t a l  ion, 

s o l u t i o n  was t hen measured i n t o  t h e  c e l l .  The i n i t i a l  .pH of
Y

t h e  s o l u t i o n  was a d j u s t e d ,  i f . n e c e s s a r y , t o  betwee.n 2 and 4 '

w i t h  s o l v e n t .  T e r t i a r y  b u t y l  a l c o h o l  ( TBA) was added as an

i n t e r n a l  chemi cal  s h i f t  r e f e r e n c e  a t  a c o n c e n t r a t i o n  of  

about  f  x 10 ‘ 4  mo l a r .  The f i n a 1 , concent  r a t i o n s  of  l i g a n d  and 

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



were i n  t h f  r anqo o f  2-1  r> mmol a r  w i t h  l i ga nd t o  me t a l  r a t i o s
\ ' r

r a nq i nq  between 4:1 and 5:1.
\

S o 1 u t i o n s  werp bubbl ed wi t h  argon * o r  about  5" mi nut es  

b e f or e  s t a r t i n g  the t i t r a t i o n  and were c o n t i n u o u s l y  bat hed  

i n argon d ur i ng  t he t i t r a t i o n  t o  mi ni mi ze  a b s o r p t i o n  of  C0-, 

which would a l t e r  s o l u t i o n  pH. T y p i c a l l y ,  t en t o  t went y  

f i v e . m l  sampl es were t a k en  f rom the t i t r a t i o n  c e l l  

dur i ng t he t i t r a t i o n  and put  i n  NMR tubes.  The pH r a n g e '

c o v e r e d  was t y p i c a l  1 v f r om pH ? o r  4 t o  a b o u t  pH 11,  w i t h
•S . ' \

-samples bei ng t aken at  . r e g u l a r  pH i n t e r v a l s .  No a t t e mpt  was 

made t o  c o r i e c t  pH v a l u e s  ob t a i n e d  f o r  t he s e  s o l u t i o n s ,  

which c o n t a i n e d  1 % DpO, f o r  d e u t e r i u m i s o t o p e  e f f e c t s .

Pr ot on NMR spec t r a  were mea-sured w i t h i n  h a l f  a f lay of  sampl s 

p r e p a r a t i o n .

I .  Hi  NMR Measurements
T  :

Pr o t on  NMR spect r a  were ob t a i n e d  usi ng a Rr uker  WM 3CO 

high r e s o l u t i o n  s p e c t r o me t e r  equi pped wi t h  'an Aspect  ?000 

comput er .  Thf1 probe t e mp e r a t u r e  was kept  c o n s t a n t  at

? 5 ♦ 1 ° C. . I
A pu l s e  wi dt h  of  1-3 mi cr o  seconds was used.  To a ch i e v e

i.
adequat e s i g n a l  t o noi se  r a t i o ,  between 40 and 1?0 f r e e  - 

i n d u c t i o n  decays were aver aged.  Chemi cal  s h i f t s  were  

measured r e l a t i v e  t o  the pH i n s e n s i t i v e  t - b u t y l  resonance o f



t - h u t a n o l  (TPA,  chemi cal  s h i f t  1.2365 ppm). The s o l u t i o n s  

c o n t a i n e d  If, v / v  PpO t o  p r o v i d e  a deut e r i um l ock  s i g n a l  f o r  

t he s p e c t r ome t e r .  To a v o i d  t he  dynamic range probl em 

encount er ed  when measur i ng s p e c t r a  of  d i l u t e  s o l u t e s  in 

wa t e r ,  t he H-,0 resonance was r e d u c e d . i n  i n t e n s i t y  wi t h  a 

s e l e c t i v e  s a t u r a t i o n  pu l s e  p r i o r  t o  a p p l y i n g  t he  

n o n s e l e c t i v e .  pbser v - a t i on  pu l se .
• r k

Peak areas were'  ob t a i ne d  by , bo t h  usi ng t he  i n t e g r a t i o n

s o f t wa r e  of  t he  i n s t r u me n t  and by c u t t i n g  and w e i g h i n g - t h e

' - ) peaks from t he  p r i n t e d  s p e c t r a .

J. Li gand Aci d P i s s o c i a t o n  Const ant  D e t e r m i n a t i o n s

. S o l u t i o n s  0 * l i ganc|  in s o l v e n t  at  an i n i t i a l  pH of  

about  ? were t i t r a t e d  wi t h  s t a n d a r d i z e d  base us i ng t he  

a u t o t  i t  r a t o r .  The dat a  were processed in one of  t wo' ways:  

( a ) - u s i n g  t he  program MINIQIJAPf,l (69)  or  (b) ACPA (62) .  The 

samu r e s u l t s  were o b t a i n a b l e  wi t h  e i t h e r  program ( w i t h i n  

e x p e r i me n t a l  e r r o r V  a 1 though i t  was e a s i e r  t o  use ACRA s i n c e  

i t  i s  a one- r un program,  as has been di scussed e a r l i e r .

Wi th MINI0I IADP1,  i t  was necessar y  t o  run t he  program 

s e v e r a l  t i mes  to o b t a i n  t he  f i n a l  r e s u l t s .  F i r s t ,  t he  

number of  nmol es of  l i g a n d  i n t he  t i t r a t e d  s o l u t i o n ,  was 

de t e r mi ne d  as desc r i be d  in s e c t i o n  G Qf t h i s  c h a p t e r .  In 

t h e  case  o f  g l y h i s l y s ,  t h i s  was done t w i c e  - once t o  o b t a i n



t he  mmoles of  a c e t a t e  p r esent  and once t o  o b t a i n  t he  rnmcJ es 

o f  g l y h i s l y s .  I f  t h e  t i t r a t i o n s  were done i n  mV m o d e , /

M I N ! n u A P p ] <ha s run a g a i n ,  t h i s  t i me  v a r y i n g  a par amet er ,  

c a l l e d  PHCAL whi ch a t t e m p t s t o  c o r r e c t  f o r  an i n a c c u r a t e  E c 

v a l u e .  Ty p i ca l  l y ,  t h i s  a f f e c t e d  t  h e ' E ° v a l u e  by 1 ess t han a 

few m i l l i v o l t s ,  but  di d a f f e c t  t hp pr ot on d i s s o c i a t i o n  

c o n s t a n t s  somewhat and r e s u l t e d  i n  b e t t e r  f i t s  to t h e . d a t a .  

When t l i "  mmoles of  l i g a n d  and E° were o p t i m i z e d ,  t he  v a l u e s  

f or  t he  o v e r a l l  d i s s o c i a t i o n  c o n s t a n t s  were c a l c u l a t e d .

MI r: 1 0 11A P P 1 on l y  c a l c u l a t e s  o v e r a l l  a s s o c i a t i o n '  

c o n s t a n t s ,  c a l l e d  b e t a s ,  which ar e  des c r i be d  by t he g e n e r a l  

r ' t ’ a t i o n s h i n s  shown bel ow:

aL ♦ bH • = £  l a Hb (9)

[ L i a r H ] b
( i n )

wher« L and H r e p r e s e n t  t he  l i g a n d  and p r o t o n s ,  

r e s p e c t i v e l y ,  and a and b r e p r e s e n t  t h e i r  s t o i c h i o m e t r i c  

c o e f f i c i e n t s . '  Thus,  f o r e x a m p l e ,  f o r  a t r i p r o t i c  l iganY) :

[HA]
B: = .---------- - ( h i

r h ]  r  a ]

-f H p A ]
P? ?  ^ 7--------  <1 Z >f i n ?rA]

[ h 3 a]
P t = -— ^ --------  (13)

r u V f A T
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Equat i ons  1.4 |to ?fi, are  empl,oy.ed t o  c o n v e r t  t hese c o n s t a n t s  

t o  c o n v e n t i o n a l  ac i d  d i s s o c i a t i o n  c ons t ant s .

f H ] [ H .

a 1

Ka? =

a3

l o g p j  

1 ogBp 

1 ° 9 b3.

r h 3 ai

TH][HA ] ‘

[PoAl

[ H] r A]

THA],

= i o'g^f
*

= l og K
1 1

= 1 ogK f 1 +

(14)

( 15 )

(16)

TH3A]
' f  3

•f2

■f 1

[ H] [HpA]

[H pA ]

THi rHA]
•

Th a ]

T H ] [ H A ]

■logKa 3

jgKf? = - 1 ogKa 3  

l o g K f i  + logK^-p + l ooKf3 

■ 1 o9 Kja 3 - 1 ogKa p - 1 ogKa 3

( J7 )

(1 '5 ) 

(.19)

(2 0 )

( 2 1 )

( 2 2 )

(2 3),

where p r e p r e s e n t s  t he o v e r a l l  a s s o c i a t i o n  c o n s t a n t ,  Kf t he

s t e p wi s e  a s s o c i a t i o n  ^ o n s t a n t ,  and"Ka t h e  s t epwi se

d i s s o c i a t i o n  i const ant .  From t he  ahove,  i t  f o l l o w s  t h - ^ t ’ t h e
«

1 i gand prot*oi|  a s s o c i a t i o n  c onst ant s  can be s i mp l y  c o n v e r t e d  

f rom MINI 'QUArjri  bet a  v a l u e s  t o  c o n v e n t i o n a l  pKa 's by 

equat  i ons ?4 ; t o  2f>.

PKal

pKap '

P « a 3

l ogp$ - logpp 

1 o g e - l ogpj  

ip.g-p i

( 24)

( 25 )  

•(26)
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*
The. mean and s t andar d  d e v i a t i o n  of  pKa v a l ue s

de t e r mi n e d  f rom t he  t r e a t me n t  of  da t a  f rom s e v e r a l

t i t r a t i o n s  were e a 1 c u l a t e d  u s i n g * e q u a t i o n s  2 7 and ??:
* * *

£ ( x / s d ? ) •
Wei ghted mean =   —  ( ? 7 )

. . Z ( l / s d ? ) -
•  ■>

Y  ( Sdp )

n- 1

Weighted s t andar d  d e v i a t i o n  = 1/ ^  -------------------- ( ? ° )

where x r e p r e s e nt s  each i n d i v i d u a l  r e s u l t ,  sd i s i t s  

s t a n d a r d  d e v i a t i o n ,  and n i s  t h e  number  of  r e s u l t s  used in 

t he  c a l c u l a t i o n  (67) .  The 0 t e s t  ( 6 ?) was used to d e t e r mi ne  

i f  o u t l y i n g  pKa v a l u e s  shoul d  be i n c l u d e d  in t he  r e s u l t s .

In c , a l c u l a t i n q  t h e  w e i g h t e d  mean f o r  a s e t  of  l o g  

v a l u e s ,  t he i n v e r s e  l og was f  i rst ,  ca 1 cul  at ed and used f o r  x.

Th e* n,a t u r e-o f  t h e  w e i g h t i n g  i s  suc'h t h a t  t h e  v a l u e s  w i t h  .
* ' *

1 * r 9£r  e r r o r  a s s o c i a t e d ' w i t h  them,  as i n d i c a t e d  by t h e i r

• s t a n d a r d  d e v i a t i o n s ,  i n f l u e n c e  t he  f i n a l  r e s u l t  ‘to a much 

1 esspr  e x t e n t  t han t hese  w i t h  r e l a t i v e l y  ’l i t t l e  e r r o r .  This  

i n c r e a s e s  the c o n f i d e n c e  i n the f i n a l  r e s u l t  by w e i g h t i n g
»y’ ’ . ‘ *

more h e a v i l y  t he  c o n t r i b u t i o n  of  t h e  v a l u e s  of  which t h e r e  

i s  more c e r t a i n t y  and a l s o  by 1 e sseni ng t he magni t ude of  t he  

s t a n d a r d  d e v i a t i o n  a s s o c i a t e d  "wi th t he  f i n a l  r e s u l t .  In the  

case of  t he  Ni ( 11 ) - g 1 yc i ne e x pe r i me nt s ,  s i mp l e  means,  atid ’ 

s t a ndar d  d e v i a t i o n s  were a l s o  c a l c u l a t e d  f o r  t he  pKa 1s t o  

a l l o w  d i r e c t  compar i son of  t he  e x p e r i me n t a l  v a l u e s  w i t h  

t hose  o f  the l i t e r a t u r e .



R.’. P o t e n t i o m e t r i c  D e t e r mi n a t i o n  of

Me t a l - L i g a n d  For mat i on Const ant s

' At the 'c omp 1 et  i on. of  a l igan.d t i t r a t i o n ,  a c i d i f i e d  
\  '

* ,
metal ,  ion s o l u t i o n  was' -measured i n t o  t he  t i t r a t e d  l i g a n d  

s o l u t i o n .  The. meta 1 /'I i gand s o l u t i o n  was then t i t r a t e d  w i t n  

’ base' us i ng t h e  a ut ot  i t r a t  o r i , Data c o l l e c t e d  f rom t hese  

exper i ment s  was processed!  usi ng t h e  program MINIQIIADP1 . (59)  

to, det ermi ne,  m e t a l - l i g a n d  f o r ma t i o n  c o ns t an t s  in much the  

same way as was dot i e . i n  c a l c u l a t i n g  l i g a n d  pKa 's. ‘ The 

s o l u t i o n  Kw, 1-fgand p l ^ ' s ,  and,  i n.i t  i a 1 1 y , Ec whi ch were 

det er mi ned f rom sol  vent  - t i t r a t i o n s  were kept  cons t a n t  i n

t hese  c a l c u l a t i o n s ,  as was t he number of  mmol es . of  l i gand ,
-  r

de t e r mi ned i n . t h e  p r e v i o u s  t i t r . a t i o n .  In the c a l c u l a t i o n  of

t h.e Zn-r 1 i ga nd f o r ma t i o n  const ant  s , , i  t  was found t h a t  

i - p f u s i o n  of  t he  spec i es  7n( 0H) + and Zn(0H)p in t he  model  

was necessar y  f o r  a (jood f i t .  f o r ma t i o n  constant ' s f o r  

. 7n(OH) + and ■ 7n(OH)? were oht a i ned  f rom s ep a r a t e  t i t r a t i o n s  

of z i n c  s o l u t i o n  and are  r e p o r t e d  in Chapt er  I V.

Since t h e  computer  program MINIQUADP1 was used 

e.xt 'ensi  vel  y i n  thi .s t h e s i  ŝ  r e sear ch  to c a l c u l a t e  f o r ma t i o n  

const ant ' s ,  t h e  procedures  f o r  using,  t he program and some o '  

i t s  c a p a b i l i t i e s  w t l l  be d e s c r i b e d .  F i r s t , ,  an e q u i l i b r i u m  

m.odel. i s • proposed f o r  t he system under  study.

S t o i c h f o m e t r i c ‘ c o e f f i c j e n t s -  of  t h e  components ( m e t a l ,  l i g a n d  

and pr o t ons )  of  V ^ j j o s s  i b 1 e -spec i es and e s t i ma t e s  f o r  t he  

f o r ma t i o n  c o n s t a n t s  of  t he  v a r i o u s  spec i es  r e p r e s e n t  the
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model  system i n t h e  program as de s c r i b e d  i n  t h e  Appendi x.  

T h e s e  a r e  used by t h e  pr ogr am t o  s e t  up mass b a l a n c e  

e q u a t i o n s  f o r  each e l e me n t .  The a c t u a l  e x p e r i me n t a l

c o n d i t i o n  v a l u e s ,  . i .e.  t h e  i ni  t  i a 1 so 1 u t  i on t e mp e r a t u r e  and' ✓

vol ume,  system Fc , and t he  c o n c e n t r a t i o n s  of  a l l  the  
0

components maki ng up t he  spec i es  i n t h e  model ,  are  used 

a l o r g  wi t h  t he  above mass b a l a n c e  e qua t i ons  t o  s i m u l a t e  a 

t i t r a t i o n  cur ve .  Thi s  t i t r a t i o n  cur v e  i s  t hen compared 

. po i n t  by po i n t  w i t h  t h a t  o b t a i n e d  e x p e r i me n t a l  l y  under  t h e
I  . , .

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

comp' ar ison,  t h e  f o r ma t i o n  c o n s t a n t s  ar e  r e f i n e d  by means &.f

a n o n - l i n e a r  l e a s t  squares a l g o r i t h m .  Thi s process i s

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

• or  a maximum "number of  i t e r a t i o n s  i s per f ormed.

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

r e c o g n i z e  when s u c c e s s i v e  i t e r a t i o n s  f o r  t he  c a l c u l a t i o n  of

t h e  c o n s t a n t  f o r  a p a r t i c u l a r  spec i es  proposed i n  t he  model

i s  not  c o n v e r q i n g  t o  a s i n g l e  v a l u e .  Subs eque nt l y ,  t h a t

spec i es  i s r e f e c t e d  f rom t he  model  w h i l e  t he c o n s t a n t s  f o r

t h e  r emai n i ng  s pec i e s  a r e  f u r t h e r  r e f i n e d .

R e l a / i v e  e r r o r s  i n  t h e  f i n a l  c o n s t a n t  v a l u e s  a r e

c a l c u l a t e d  a l o n g  w i t h  s e v e r a l  d i f f e r e n t  fest imates of  t he

o v e r a l l  f i t  o f  t h e  e x p e r i me n t a l  da t a  t o  t hese  r e s u l t s  f o r

e a c h  d a t a  s e t .  The o n l y  one o f  t h e s e  t h a t  w i l  1 be d i s c u s s e d

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

p a r a me t e r ,  or  s i mp l y  t he  'sum of  squar e s ' ,  whi ch 1 s t he  sum

of  t h e  squares of  t h e  d i f f e r e n c e s  between t he  e x p e r i me n t a l

%

4



dat a  p o i n t s  and t hose  c a l c u l a t e d  us i ng t h e  r e s u l t i n g

c o n s t a n t s .  In o t h e r  words,  i t  g i v e s  a measure of  t h e  f i t  o f 
# *

a t i t r a t i o n  cur ve  ca 1 cul  a t ed usi  ng MINIQUADP.l  c o n s t a n t s  t o  

t h a t  o b t a i n e d  e x p e r i m e n t a l l y . .  Al t hough d e t e r mi n i n g  the

p a r a me t e r  i s  somewhat a r b ' i t r a r y , i t  i s  g e n e r a l l y  obser ved  

t h a t  a c a l c u l a t e d  t i t r a t i o n  cur ve  w i l l  pass t hr ough most a l l  

e x p e r i m e n t a l  t i t r a t i o n  p o i n t s  w i t h  no o b s e r v a b l e  d e v i a t i o n s  

f rom t h e  e x p e r i me n t a l  cur ve  i n  any s p e c i f i c  r e g i o n ,  such as

h i g h  o r  l ow pH,  when t h e  sum o f  s q u a r e s  v a l u e  i s  l e s s  t h a n

. '

The program may be run such t h a t  s e v e r a l  e q u i l i b r i u m  

model s ar e  s u c c e s s i v e l y  f i t t e d  t o  a set  of  d a t a ,  i . e .  

d i f f e r e n t  combi na t i ons  of  s pec i e s  may be i n c l u d e d  i n each 

t r i a l  run.  Thi s is r e f e r r e d  t o  as t h e  'model  s e l e c t 1- mode 

i n  t h i s  t h e s i s .  By m o n i t o r i n g  t h e  sum of  squares pa r amet e r  

and t h e  f r equency  of  r e j e c t e d  s p e c i e s ,  a t h e o r e t i c a l  l y  

’ b e s t ’ chemi ca l  model  f o r  t h e  syst em, can be surmi sed.  Care 

must be t a k e n  t o  i n c l u d e  o n l y  s pec i e s  h a v i n g  some chemi ca l  

v a ' l i d i t y  s i n c e  t he  program w i l l  i n i t i a l l y  accept  any 

s p e c i e s ,  whet her  i t  makes chemi cal  sense or  not .

S i m i l a r i l y ,  i f  a spec i es  i s r e j e c t e d  by MI NI  QUAD 81 i t  does 

not  n e c e s s a r i l y  mean t h a t  i t  i s  t o t a l l y  i n v a l i d  t o  t he
*
system s i n ce  t he  e q u a t i o n s  f o r  pr e s e n t  a t  low l e v e l s

ar e  d i f f i c u l t  t o  s o l v e .  Howeve , e spec i e s  r e p e a t e d l y  

r e j e c t e d  by t h e  program we re genera 1 l y  r e j e c t e d  by t h i s

% f
d e g r e e  of  t h e  f i t  by,trt*« v a l u e  of  t h e  sum of  s q u a r e s*

at  an end p o i n t ,  fn a b u f f e r  r e g i o n  or  i n  r egi ons  of  e i t h e r



a u t h o r  u n l e ss  t h e r e  was a - V e r y  sound chemi ca l  r eason t o  

i n c l u d e  them.  S i m i l a ' r i l y ,  t hose w i t h  h i g h l y  i r r epr oduc  i b 1 e 

v a l u e s  were a l s o  h e l d  h i g h l y  suspect .  Suspect  spe c i e s  were  

c o n f i n e d  or  r e j e c t e d  by r unni ng t h e  dat a  w i t h  a spec i es  

d i s t r i b u t i o n  c a l c u l a t i n g  program COMIX,  d e s c r i b e d  in t h e  

next  s e c t i o n .  G e n e r a l l y ,  a s p r c i e s  wi t h  an abundance of  

l e s s  t han  5 p e r c e n t  was r e j e c t e d  f rom t h e  model .

V o r  s^ne of  t he  l ess  abundant  spec i es  whi ch seeme'd 

c h e m i c a l l y  r e a s o n a b l e *  I t  i s  d i f f i c u l t  t o  get  r e l i a b l e  

c o n s t a n t s .  Ry r u n n i n g  t he  program s e v e r a l  timfcs and 

s u c c e s s i v e l y  keepi ng t he  e s t i ma t e s  of  t he  more abundant  

s p e c i e s  a t  v a l u e s  t o  whi ch  t h e y  had become c o n s t a n t ,  i t  was

. p o s s i b 1 e ‘ t o  enhance t he  r e l i a b i l i t y  of  t h e  c o n s t a n t s  f o r
\

t h e s e  mi nor  spec i es .

Because of  t he  v a r i a b i l i t y  1n t h e  v a l u e s  of  t he

f o r m a t i o n  c o n s t a n t s  due t o  v a r i o u s  of  t h e  above f a c t o r s ,

w e i g h t e d  means and s t andar d  d e v i a t i o n s  were c a 1 c u 1 ated us i ng

e q u a t i o n s  ?7 and 28 f o r  a l l  t he c o n s t a n t s  as shown i n  t he  
/

p r e v i o u s  s e c t i o n  of  t h i s  c hapt e r .  Si mpl e  means and s t a ndar d  

d e v i a t i o n s  were a l s o  c a l c u l a t e d  f o r  t h e  H i ( 1 1 ) - g 1yc1ne 

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

s t udy  w i t h  t hose  of  o t he r s  which d i d  not  use such w e i g h t i n g  

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



L. The C o m p a t i b i l i t y  of  Pot ent  i ontet r i c and NMR Re s u l t s

Many l a b o r a t o r i e s  study compl ex e q u i l i b r i a  by 

p o t e n t i o m e t r i c  t i t r a t i o n  methods s i m i l a r  t o  t hose  used h e r e .  

The v a l i d i t y  of  the r e s u l t s  of  such expe r i ment s  can be 

g r e a t l y  enhanced by compar i son wi t h  t he r e s u l t s  of  s e p a r a t e  

c o n f i r m a t i o n  e xp e r i men t s  i n v o l v i n g  t he  use of  a d i f f e r e n t  

e x p e r i me n t a l  method.  In . t hi s  r e s e a r c h ,  t he  • pot  ent  i omet r i c

r e s u l t s  have been compared w i t h  t he r e s u l t s  o b t a i n e d  by
1 0  1 
! h n mp .

A f t e r  d e t e r m i n i n g  f o r ma t i o n  cons t an t s  f rom a p a r t i c u l a r  

s e t  o f  t i t r a t i o n  d a t a  by f i t t i n g  i t  t o  a model  w i t h  

MINI 'JUADPl ,  t h e  prog ram ’ COM IX (C9) was run w i t h  those,  

f o r ma t i o n  c onst ant s  and t he  same m e t a l ,  l i g a n d  and pr o t on  

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

v a r i o u s  spec i es .  The q u a n t i t a t i v e  r e s u l t s  of  t h e  *H NMR 

e x p e r i me n t s ,  i . e .  t he  r e l a t i v e  peak areas f rom the i m i d a z o l e  

r e g j o n  o f . t h e  s p e c t r a ,  were compared wi t h  t he t h e o r e t i c a l  

s p ec i e s  d i s t r i b u t i o n s  ob t a i ned  above.  Agreement  wa.s 

c o n s i d e r e d  t o  be good i f  t he  d i f f e r e n c e s  betweien t h e  

c o n c e n t r a t i o n s  p r e d i c t e d  by COMIX and t hose  obser ved by NMR 

were w i t h i n  e x p e r i me n t a l  e r r o r ,  whi ch was cons i der ed  t o  be 

about  1 0  pe r cent .  t ) bt a i  ni ng such agreement  was t aken to 

i n d i c a t e  t h a t  t he  spec i es  be l o n g s  iri t he  proposed model  and 

t h a t  t h e  f o r ma t i o n  c o n s t a n t s  ob t a i ne d  f o r  i t  a r e  v a l i d .



CHAPTER I I I  

E v a l u a t i o n  of  t h e  IPM PC, ' Autot  i t r a t o  r

The r e s u l t s  o*  ap e x h a u s t i v e  t e s t i n g . o f  t h e  IBM PC 

c o n t r o l  1 ed a u t o t i t r a t o r  de s c r i b e d  i n  Chapt er  I I  a r e  

p r e s e n t e d  here.  S e v e r a l  f a c e t s ' o f ' t h e  system were examined  

and t h e  l i m i  t a t i o n s  i n i t s  a b i l i t y  t o  pe r f or m e ndpoi n t  and 

e q u i l i b r i u m  t i t r a t i o n s  was a scer t a i ned, ;

The minimum voVume of  t i t r a l r t  d e l i v e r a b l e  wa s
» ■

d e t e r mi n e d ^  as was t he  pr esence or  absence of  d i f f u s i o n  f rom 

t h e  d e l i v e r y  t ube  t i p .  Te s t s  were done t'o see how 

a c c u r a t e l y  and r e p r o d u c i b l y  e ndpo i n t s  of  s t r ong  a c i d / s t r o n g  

base t i t r a t i o n s ,  done i n e i t h e r  t he  l a r g e  ( 2 D - 1 0 .D m ^ ( \ r  

t h e  s m a l l  ml )  t i t r a t i o n  c e l ] ,  c o u l d  be o b t a i n e d .  The

d e t e r m i n a t i o n  of  smal l  amounts of  a l component  1 n t he

pr esence  of  1 a r g e r  amounts of  a n o t h e r  (eg.  1 ppt .  Car bonat e
/

i n  0.? mo l a r  KOH) was a l s o  e v a l u a t e d .  •’ • m,
*

The re 1 i a b i 1 i t y -  of  us i ng t h e t i t r a t q r  f o r  c o l l e c t i o n  of  * 

e q u i l i b r i u m  d a t a  was i n v e s t i g a t e d  by d e t e r m i n i n g  t he  

f o r m a t i o n  c o n s t a n t s ' o f  t he  ni eke  1 ( 1 1 ) - g l y c 1 ne.comp 1 exes and ^
i " j .

compar i ng t he  r e s u H s  w i t h  t hose  i n  t he  l i t e r a t u r e  ( 63) .

The n i c ke  1 ( 1 1 ) - g 1y c 1ne system 1s c h e m i c a l l y  w e l l  behaved,  t he  

t h e  r e a c t i o n s  ar e  not  g r e a t l y  endo-  or  e x o t h e r mi c ,  and t h e r e



no p r e c i p i  t a t i o n  b e f o r e  pH 9, The system I s s u f f i c i e n t l y
^  . 0

compl ex t h ^ t  t h e r e  a r e  s e v e r a l  s pec i es  pr esent  

s^imuHane^us 1 y in s o l u t i o n  hut  i t  i s  not so compl ex t h a t  

unusual  measurement  or  c a l c u l a t i o n  pr ocedures ar“e needled.  

For mat i on c ons t an t s  f o r  n i eke  1 ( I I ) - g 1yc i ne  compl exes have  

been measured by s e v e r a l  l a b o r a t o r i e s  and an I n t e r n a t i o n a l '  

i n t e r 1 a b o r a t o r y  d e t e r m i n a t i o n  o f v\ h e  f o r ma t i o n  c o n s t a n t s  

(63)  compares t he  v a l u e s  ob t a i n e d  usi nq d i f f e r e n t  

e x p e r i me n t a l  and comput a t i ona l  methods.  R e s g l t s  f rom t h e  

i n t e r 1 a b o r a t o r y  compar i son have b e e n - t r e a t e d  s t a t i s t i c a l l y  

( 7 0 , 7 1 ) ,  p r o v i d i n q  what  would. .seem t o  be an e x c e l l e n t
. • ' t  .

chpmi cal  system f o r  t he  e v a l u a t i o n  of  an e q u i 1 ibr iurn  

1 1 1  r j  t  or .  '

C . R e s u l t s  •

1.  Dynamic T i t r a t i o n s

Dynamic t i t r a t i o n s  wer e  d e f i n e d  in Chapt er  H a s  bei ng

those i n  which each t i t r a n t  vol ume a d d i t i o n  was c a l c u l a t e d

t o  a l l o w  t he  dat a  p o i n t s  t o  be ob t a i ne d  a t  c ons t an t  pH* *■ ■ \

i n t e r v a l s .  Thi s  method e n a b l e s  t h e  col  1e c t i o n  of  many d a t a
- <

p o i n t s  i n  t h e  r e g i o n s  o f  t h e  e q u i v a l e n c e  p o i n t s  and so i s

u s e f u l  i n d e t e r mi n i n g  t he  c o n c e n t r a t i o n  of  t l t r a t a b l e

s o l u t i o n  components.
*  -

■*



‘a. D i f f u s i o n  f rom t he  T i t r a i v t  D e l i v e r y  Tip
■ 1 ■■ ^  ■■ ■—1 1     ........ — t *  ■ 1

«

S o l v e n t  s o l u t i o n ,  d e f i n j e i ^ i n  Chapt er  I I ,  was t i t r a t e d  ^

i n dynamic mode w i t h  t h e - a u t o t i  t r a i t o r  us i ng  0.87& M NaOH t o  .

w i t h i n  2 pH u n i t s  o '  t he  e q u i v a l e n c e  p o i n t  (pH 7) and t he  
*

t i t r a t i o n  t hen suspended t o  mo n i t o r  changes i n t he  pH met ^r

r e ad i ngs .  Me t e r  d r i f t  woul d he expect ed  i f  t i t r a n t  was

d i f f u s i n g  f rom t he  d e l i v e r y  t i p .  ‘ ■

In t h e , f i r s t  e x p e r i me n t ,  t he  t i p  was removed qn

suspensi on o f  t he  t i t r a t i o n .  In 3 runs t he  met e r  r e a d i n g s  .

d r i f t e d  an a v e r a g e  of  about  D.025 pH u n i t s  .dur i ng t h e  f i r s t

2  mi nut es a f t e r  r emovi ng t he  t i p  and t he n  remai ned c o n s t a n t ,

wh e r e  c o n s t a n c y  was d e f i n e d  a r b i t r a r i l y  by a d r i f t  i n pH of

l e s s  t han 0.D01 per  mi nut e.  In t h e  second exper i anent s t h e

d e l i v e r y  t i p  remained in the test  solut. ion a,ft-er sVspending' .

t he  t i t r a t i o n  and t he  met er  r e a d i n g s  were found V0 d r i f t

about  r . 03  pH u n i t s  ov e r  t he  i n i t i a l  2 mi nut e  t i me  i n t e r v a l

b e f o r e  becoming c o n s t a n t .  Thus,  d i f f u s i o n  f rom t he  t i t r a n t

d e l i v e r y  t ube t i p  was , t ak en  t o  be neg 1 1  gi  b 1 e. T

' % *

■■ ’ ‘ ‘ • ' ; J
h-. 'Mipl.mum T i t r a n t  Volume .

In dynamic t i t r a t i o n s ,  t he  t  i t r ant v  vol  ume "to be added 

i s  de t e r mi ned  hy a p p l i c a t i o n  of  an h y p e r b o l i c  a l g o r i t h m  (5G)  

t o  t he  two p r e v i o u s  dat a p o i n t s .  In t h e  e q u i v a 1 ence p o i n t  

r e g i o n  of  a s t r ong  a c i d / s t r o n g  base t i t r a t i o n ,  such 

c a 1 c u l a t i o n s  can r e su l  t  i n t h e o r e t i c s  1 t i t r a n t  a d d i t i o n s  of



. • 4$

H

vo 1 limes l e s s  t han t hat -  p o s s i b l e  wi t h  t h e  P V I 1 mot or i zed  

s y r i n g e  b u r e t ,  where t he  1 rfiL bur e t  has a documented’ mi nimum 

vol .ume a d d i t i o n  of  0.(1001 mL. To de t e r mi ne  i f  t h 6  minimum 

v o 1 ume wh i ch <*n be added is a c t u a l l y  0 . 0 0 0 1  mL, sol  vent  was 

t i t r a t e d  and t he  endpoi n t  r e g i o n  was moni t or ed  as t i t r a n t  

was added.  A gr adua l  i n c r e a s e  t hen decr ease  in the  

T 1 TRATE-ca 1 cu1 at ed s l o p e  par ame t e r ,  which i s  t he change i n  

pH o r  inV r e a d i n g  per  change i n t i t r a n t  vol ume as d e sc r i be d  

i n Chapt er  I I ,  woul d be expect ed i f  t h e  vol ume a d d i t i o n s  

were bei ng made p r o p e r l y .  . „

Minimum vol ume a d d i t i o n s  of  P . n o n ? - > m L  produced such a 

response w h i l e  t hose  of  0 . 0 0 0 ] mL di d not .  A d d i t i o n s  of  

■O.nnm ml; t i t r a n t  in t he  e q u i v a l e n c e  po i n t  r eg i on of  th.e 

t i t r a t i o n  produced what  w i l l  be r e f e r r e d  t o  as an

o s c i l l a t i n g  slogie.  One t i t r a n t .  a d d i t i o n  wo o l d  produce a

g r e a t  change i n t he  pH or  mV r ead i ng  and,  t h e r e f o r e ,  i n t h e  

c a l c u l a t e d  s l o p e .  The next  t i t r a n t  addi  t i on  ̂mi ght  cause a

much sma 1 1 er - ^hange  i n t he  met er  r e a d i n g  and s l ope .  The

t r e n d  woul d c o n t i n u e  through t  he, equ i v a 1 en?e p o i n t .
> .

I t  i s  p o s s i b l e  t h a t  t h e r e  was an e l e c t r o n i c  p r ob l e m.
)

S i nce  schemat i cs  were u n a v a i l a b l e  f o r  the b u r e t ,  i t  coul d  
f \

o n l y  be p o s t u l a t e d  t h a t  i t s  mechanism might! be s-uch t h a t
i

b o t h  a r i s i n g  and a f a l  1 1 ng pul  se needed t o  be a p p l  i ed  t o  

i t s  t r i g g e r  t o  move thfe p i s t o n  and expel  t i t r a n t .  This  

e x p l a n a t i o n  was r u l e d  out ,  however ,  s i nce  t*he .computer  

a l ways  a p p l i e s " ^  r i s i n g  p u l s e  t o  t he  bur e t  as I t s  f i ' r s t  <Tv>"

pul  se.  I f  t he  above were t r u e ,  such appl  i c a t i o n s *  of  s i n g l e
. ’ . . A

f
1



p u l s es  would not  be expected,  t o  move t he bur e t  p i s t o n  at

a l l ,  and t;h£ p i s t o n  was se,en t o  move on m u l t i p l e  s i n g l e

pu 1 se appl  i cafeions.

I t  was n o t e d  t h a t  the.  b u r e t  made a c l i c k i n g  n o i s e  when

t i t r a n t  was be i ng added,  and ex a mi n a t i o n  r e v e a l e d  a smal l

space between t b e ^ p i s t o n  and i t s  d r i v e r .  I t  mi ght  be t h a t ,

when a pu l s e  i s  a p p l i e d ,  t he  d r i v e r  moves but t h e  p i s t o n  
*

does not - move enough,  or  perhaps i t  moves too much. On 

s wi t c h i n g  bur e t  df r i ve b o j e s ,  t h e  c 1 i ck i ng noi  se and t h e  

o s c i l l a t i n g  s l op j es . bot h  decr eased,  but  d i d  not  d i sappe a r .

I t  was c onc l uded t h a t  t he  p s c i l l a t i n g  s l opes  were due t o  a 

hardware  d e f e c t  t h a t  t o u 1 d not  be e l i m i n a t e d .

In any e v e n t ,  f o r  a l l  dyn'amic t i t r a t i o n s  a minimum 

t i t r a n t  ume a d d i t i o n  of  0.000? mL was added when t he  

vol ume c a l c u l a t e d  by t he  h y p o r b o l i c  a l g o r i t h m  w4's 1 ess t han
. . i

0 .fiOf>? mL.

- < ' *
• 1

i'’I ' ' *

c. Accuracy and Pr ec i s ' i on o f  Endpoi nt  T i t r a t i o n s

The most i mpor t a nt  aspec t s  of  endpoi n t  t i t r a t i o n s  a r e  

t h e i r  accur acy and p r e c i s i o n .  'To d e t e r mi ne  t he  accur acy and 

p r e c i s i o n  of  t h e  endpoi n t  d e t e c t i o n ,  t he same s o l v e n t  

t i t r a t i o n  exper i ment  d e s c r i b e d  in t h e  two pr eceed i ng  

s e c t i o n s  was per f or med.  The acc ur acy  of  t he  a u t o t i t r a t o r ' s 

e ndpo i n t  d e t e c t i o n  was assessed by compar i ng t h e  endpoi nt



I
o b t a i n e d  by t a k i n g  t he  po i n t  h a v i n g  t h e  maximum c a l c u l a t e d  

si  ope,  which w i l l  be c a l l e d  a manual  c a l c u l a t i o n o r a  

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

w i t h  t h e  program KINFT, ( 61 ) .  Thi s  i s  not  t o  i mpl y  t h a t  t he^  

e v a l u a t i o n  of  t he  dat a  by KINFT i s  d e f i n i t i v e  i n o b t a i n i n g  

t r u e  v a l u e s  f o r  t h e  c o n c e n t r a t i o n s  o f  s o l u t i o n  components.  

R a t h e r ,  t he  c o r r e l a t i o n  of  t h e  d e r i v a t i v e  and KI NET r e s u l t s ,  

i n  c o n j u n c t i o n  w i t h  o b t a i n i n g  good p r e c i s i o n  as c a l c u l a t e d  

by standard-  s t a t  1 s t i c a  1 . methods, ,  was t hought  t o  me r e l y  

i n d i c a t e  a l e v e l  of  accuracy and not  t o  d e f i n e  a n ’a b s o l u t e  

accur acy  f o r  t he  v a l ue s .
0

In t he  endpo i n t  r e g i on  of  t he  t i t r a t i o n s ,  a m+MMKwn 

vol ume i ncr ement  of  n. 0 0 0 ? ml was made,  whi ch l i m i t s  t h e  

accur acy  and p r e c i s i o n  of  t he  r e s u l t s  t o  0 .? ppt .  i f  t he  

endpo i n t  occubs at  a t i t r a n t  vol ume of  about  1 mL.

For  t i t r a t i o n s  done i n  t h e  l a r g e  c e l l ,  5 r e p l i c a t e  

t i t r a t i o n s  of  about  36 grams o f  s o l v e n t ,  each r e q u i r i n g  

about  0.5 mL. t i t r a n t ,  r e s u l t e d  i n an a v e r a ge  ac i d  

c o n c e n t r a t i o n  of  o . 009431 mo l a l  w i t h  an a v e r a ge  d e v i a t i o n  o f  

0 . 000007 ( 0 . 7  ppt . ) .  In a n o t h e r  e xpe r i ment ,  done i n  the  

smal 1 t i t r a t . i o n  c e l  1 and us i ng d i f f e r e n t  t i t r a n t  and sol  v e n t  

s o l u t i o n s ,  4 r e p l i c a t e  t i t r a t i o n s  o f  about  6  grams of  

s o l v e n t ,  each r e q u i r i n g  about  1.2 mL of  t i t r a n t ,  gave an 

a v e r a g e  a c i d  c o n c e n t r a t i o n  o f  0 . 04475  mo l a l  w i t h  an a ve r age  

d e l a t i o n  o f  0 . 0 0 0 0 5  (1 .1 p p t . ) .

The same da t a  was run w i t h  t h e  program KINET.  The 

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

r



0.0,094?? mo l a l  H+ wi t h  an aver age  d e v i a t i o n  of  O.P. ppt .

*vh i 1 e t he  r e s u l t  ob t a i ned  f rom t i t r a t i o n s  in t he  smal l  c e l l  

was 0.0447 7 m o l a l  H+ wi t h  an aver a ge  d e v i a t i o n  of  1.0 ppt .

A compar i son of  t he  d e r i v a t i v e -  and c o m p u t e r - c a l c u l a t e d  

r e s u l t s  f o r  t he  dat a  c o l l e c t e d  wi t h  t he  l a r g e  c e l fl i s  g i v e n  

i n  T a h l p  1. ’

On t h e  bas' i s o f  t h e s e  r e s u l t s ,  i t  was concl - uded t h a t  

t he  e ndpoi nt s  of  s t r ong  a c i d / s t r o n g  base t i t r a t i o n s  done on 

t he  IPM PC c o n t r o l l e d  a u t o t i t r a t o r ,  whet her  d e t e r mi ned  by 

mo n i t o r i n g  t he  t i t r a t i o n  cur ve  s l ope  or  by computer  a n a l y s i s  

of  t he  d a t a ,  can he de t er mi ned r e l i a b l y  t o 1 ppt .  or  bet t er . .

d. tow Le ve l  Components in Mu l t i component  S o l u t i o n s

Somet imes,  r e l a t i v e l y  s ma l l  c o n c e n t r a t i o n s  of  

cont ami nant s  w i l l  have a l a r g e ' e f f e c t o n  t he b e h a v i o r  of  a 

chemi cal  system.  For  exampl e,  bas i c  s o l u t i o n s  w i l l  absorb  

COp f rom t he  at mosphere and i n  doi ng e q u i 1 i b r f u m ' s t u d i e s  i t  

mi ght  be necessar y  t o i n c l u d e  c a r b o n a t e  p r o t o n a t i o n  

e q u i l i b r i a  i n t he  chemi cal  model .  To de t e r mi ne  i f  l ow 

l e v e l s  o f  c a r b o n a t e  coul d  be d e t e c t e d  i n KOH t i t r a n t ,  

sol  v e n t * s o l u t i o n  was t i t r a t e d  wi t h  a d i l u t e  s o l u t i o n  of  

f r e s h l y  pr epar ed  KOH.Stock s o l u t i o n  c o n t a i n i n g  about  1 ppt .  

c a r b o n a t e /  I n  a l l  s t ages  of  s o t u l i o r r  p r e p a r a t i o n ,  

doub l y  d i s t i l l e d ,  de i on i zed bo i 1 ed and d e a e r a t e d  W*ater was
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T a S l e l . .

vent  Free Acid S t a n d a r d i z a t i o n  Usi ng KI..NFT 

and by D e r i v a t i v e  Cal  cul  at  i ona >b . *
■ ^  V - "

%
DATE/ FI LE KINE? RESULTS MANUAL RESULTS0 <

aConcent  ra(t 
a c i d  per

^Numbers i 
l a s t  di gi j t  
d e v i a t i  on 
and by ass 
v ol umej  and 
v a l u e s  in 
r e s u l t s ) .

CMANUAL Pes 
cur ve  der' i  
t i t r a t i o n

MAY'n?nn?

HAY02O04

iKayo^ oos 
»

MAYO?on6 

APR29004

■9 . 4 0 P ( 3) 

o . 4 1 ( 4 )  

9 . 4 2 3< 4 )  

9. 41 ( 4)  

9 . 4 3 1 ( 2 )

9 . 4 1 5 ( 7 )  

9.4 3 7 ( 7 )  

9 . 4 2 9 ( 7 )  

9 , 4 3 9 ( 7  ) ’ 

* 9’. 433(  7)

SVER'AGFS 9 . 4 ? r ( 7 ) . 9 . 4 3 1 ( 7 )

ion's a r e  gi ven i n ’ u n i t s  o f  1 0 " fi moles s t r o n g  
gram s o l u t i o n  , .

n par ent hes es  r e p r e s e n t  the* u n c e r t a  i nty in t he
as measured by t he  l i n e a r  e s t i m a t e  of  t he  s t a n d a r d  

as c a l c u l a t e d  by t he  program KIWET —(KINET r e s u l t s )  
uming an e r r o r  of  ±0.0(10? mL i n  t he  endpoi nt  

±0.002 grams i n  s o l u t i o n  weig-ht and us i ng  t hese  
st andar d  e r r o r  a n a l y s i s  of  t he  r e s u l t s  (MANUAL

u l t s  a r e  t hose  det.ermf*hed f rom t he  t i t r a t i o n  
v a t i v e  c a l c u l a t i o n s  done by TITRATE dur i ng  t h e

fT



user f  and t h K O H  s t o c k  s o l u t i o n  was s t o r e d  i n  an a i r  t i g h t

po l y e t h y l  ene. b o t t  1 e. l‘a t e r ,  t h e  r e v e r s e  t i t r a t i a n

e x p e r i me n t ,  t h a t  of  base wi t h  s o l v e n t ,  was a l s o  done us i ng a

f r e s h  KOH s o l u t i o n  made f rom d i l u t i o n  of  t h e  i n i t i a l  KOM 

* *  '  st ock  s o l u t i o n .

Fi  r s t ,  sol  vent  s o l u t i o n  (0. '045P4 M ac i d  w i t h  a s t andar d

d e v i a t i o n  of  O.COOOp h ) w a s , t i t r a t e d  w i t h  c a r b o n a t e -

c o n t a i n i n g  KOH t i t r a n t .  The , h i gh  l e v e l  of  per f or mance  of

t he  ‘t < l * r a t  i on system i s e v i d e n t  f rom t he  o b s e r v a t i o n  of  2

ma xima .,i n t he  d e r i v a t i v e  p'l ot  ( F i g u r e  3 ) ,  s e p a r a t e d  by on l y

1 . 3  m i c r c l i t e r s . . The two end p o i n t s  r e s u l t  f rom t h e  presence

of  c a r b o n a t e  i p  t h e  t i t r a n t  and i t  can be surmi.Sed t h a t  t he

base s t r e n g t h  at  t h e  f i r s t  end po i n t  i s  [ QH" j  ♦ 2 [ C 0 3 ^‘ ]

w h i l e  a t  t he' seco. nd i t  i s  TOH"] + [ C O j * " ] .  T y p i c a l l y ,  i n 4

r e p l i c a t e , t i t r a t i o n s ,  5 a d d i t i o n s  of  t he  minimum p o s s i b l e

amount  of  t i t r a n t  (0. 2 m i c r o l i t e r s )  were majde between t he

two end p o i n t s ,  and gave r e p r o d u c i b l e  d e r i v a t i v e  t i t r a t i o n

’ c u r v e s .  The end p o i n t  vol umes were I d e n t i c a l  t o  those"

o b t a i n e d  f r om Gran' s pVot s , (72) .  The ave r age  t i t r a n t  * 4 '*

c a r b o n a t e  c o n c e n t r a t i o n  was f ound t o  be 0.89 ppt .  w i t h  an
•  I ~

a v er age  dev i  a t i o n  of  0 . 0 9  ppt .  Der i  vat  i ve- c ur ves  f o r  ,  .
'  ■ '  *

s i m u l a t e d  t i t r a t i o n s  of  i t r o n g  a c i d w i t h  s t r o n g  base * 

c o n t a i n i n g  1 ppt .  c a r b o n a t e ,  one of  whi ch i s  shown i n F i g u r e  

4 ,  a r e  i d e n t i c a l  I n  shape t o  t h e  e x p e r i me n t a l  d e r i v a t i v e
. 9  *  ' *

c u r v e s .  The c a r b o n a t e  c o n c e n t r a t i o n  c a 1 c u l a t e d  by t h e s e
t v-

si mul  a t i o n s  was 0 . 85 ppt .  w i t h  an a v e r a ge  d e v i a t i o n  of  0.OS 

•ppt .  compared wi t h  t h e ' e x p e r i m e n t a l - d e r i  v a t t v e  cur v e
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r

c a r b o n a t e .



c a l c u l a t e d  v a l u e  of  O.qo ppt .  wi t h  an aver age  d e v i a t i o n  of  

P. 0°  p p t .  ■ ■ '

The r e v e r s e  e xper i ment . was  a l s o  per f or med,  u s i n g t h o
'I

same s o l v e n t  s o l u t i o n  and a d i l u t e d  a l i q u o t  o f  t he  st ock  

t i t r a n t  s o l u t i o n  f rom whi ch t he  t i t r a n t  in t h e  f i r s t  

exper i ment  was pr epar ed.  Agai n,  d e r i v a t i v e  p l o t s  of  t h e  

t i t r a t i o n  cur.ves showed two maxima as had been o b s e r v e ^  in 

the p r e v i o u s  exper i ment .  In t h i s  i n s t a n c e ,  t he  f i r s t  end
9

' po i n t  r e p r e s e n t s  t he  t i t r a t i o n  of  OH" t o  H.,P p l us  t he

t i t r a t i o n  of  CO- , ' ’ 7 t o  HCO-j’  w M l e  t he  second end p o i n t  :
•  * 

r e s u l t s  # ron t he  t i t r a t i o . n  Of  HCOj - t o  H C 0 3 . F i v e .

r e p l i c a t e  t i t r a t i o n s  gave a c a r bona t e  c o n c e n t r a t i o n  f o r  t h e

base o f  1 . 6  p p t .  w i t h  a.n a v e r a g e  d e v i a t  i on 0  f, 0 . ] p p t .  and,

aga i n ,  the e x p e r i me n t a l  and s i mu l a t e d  t i t r a t i o n  c ur ves  were
*

i d e n t i c a l  i n  shap«.  These r e s u l t s  suggest  t h a t  i t  is

p o s s i b l e  t o q u a n t i t a t e  l e s s  t han 2 ppt .  c a r bona t e  i n s t r o n g

base t i t r a n t  w i t h  t he  a u t o t  i t r a t \ > r  by t i t r a t i n g  i t  wi t h

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

ac i d  . s o l u t i o n .  '

I t  was n o t e d  t h a t  t h e  a c t u a l  v a l u e s  f o r  t he

. c o n c e n t r a t i o n  of  C O ^ "  f rom t he  two exper i ment s  d i d  not

match.  There a r e  two p o s s i h i e - r e a s o n s  f o r  t h e  o b s e r v a t i o n ,

one be i ng  t h a t  t he  KOH had s i mp l y  absorbed^ more c a r b o n a t e  1 n
*

t he month between t he  f i r s t  and second e xper i ment .  For a 

second e x p l a n a t i o n ,  c o n s i d e r  t he  f o l l o w i n g  e q u i l i b r i a :
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H2C03 5 = 2 :  HCn3- + H+ (30)

HC03" 5 =  C03?* + H+ (31)

In a c i d i c  s o l u t i o n s ,  ca r honat e  i s  c o n v e r t e d  t o  carbon  

. d i o x i d e  and w i l l ,  escape i n t o  t he  atmosphere.  When base ,, 

c o n t a i n i n g  c a r h o n a t e  e n t e r s  the a c i d i c  e nv i r onment  of  t he  

te.st  s o l u t i o n ,  ac i d  n e u t r a l i z e s  the.  base and,  dependi ng on 

t he  pH, c onver t s ’ some of  t he  car bona t e  t o  carbon d i o x i d e

whi ch t hpn may escape t he s o l u t i o n .  In t he  oppos i t e
'I

t i t r a t i o n ,  t he  ac i d  e n t e r i n g  t he  has i c *t 11 r a t e  n e u t r a l i z e s  

some o f  t h e  base much more q u i c k l y  t h a n  i t  can r e a c t  w i t h  

c a r b o n a t e  and so l i t t l e  o f  the c a r b o n a t e  i s  c o n v e r t e d  t o  

car bon d i o x i d e .  Thi s  may be why the f i r s t  exper i ment  gave  

l o we r  r e s u l t s  f o r  t h e  c o n c e n t r a t i o n  of  c a r bona t e  t han does 

t he  second.

2 .  E q u i l i b r i u m  T i t r a t i o n s

Fq ui 1 i br tom ,t i t  r a t  i ons*  were d e f i n e d  i n Chapt er  I I  t o  be
’ * ’♦* i

t h o s e  i n  wh i c h  t h e  vo 1 ume .of 1 11 r a n t  added t o  t h e  t e s t

s o l u t i o n  f o r  each da t a  p o i n t  1s c o n s t a n t ,  t hus e n a b l i n g  t he

c o l l e c t i o n  of  many dat a p o i n t s  i n  the b u f f e r  r e g i o n s  of

t h e s e  t i t r a t i o n s . -  In t h i s  way,  t he  most r e l i a b l e

e q u i l i b r i u m -  I n f o r m a t i o n ,  I . e .  pr ot on  d i s s o c i a t i o n  c o n s t a n t s ,
«

c o n p l e x  format - l on c o n s t a n t s ,  e t c . ,  can be o b t a i n e d  f rom t he
> '



t i t r a t i o n -  dat a.

a.  The Aci d D i s s o c i a t i o n  Const ant s  of  G l y c i n e

The ac i d  d i s s o c i a t i o n  c o n s t a n t s  of  g l y c i r i e  were  

de t e r mi ne d  by t i t r a t i o n  of  s - o l ut i ons  of  t he  h y d r o c h l o r i d e  

s a l t  of  g l y c i n p  w i t h  NaflH. The hydroch 1 o r i 4d.e s a l t  of  

g l y c i n e  d i s s o c i a t e s  in s o l u t i o n . t o  form p r o t o n a t e d  g l y c i n r  

a,nd c h l o r i d e  ion as shown bel ow.

. •

*H3riCH?r o n n c i "  h ?cont1 + c i ” ( 3 1 )

The c o n t r i b u t i o n  of  t he  C l ” f rom t h i s  r e a c t i o n  t o  t he  t o t a l

i o n i c  s t r e n g t h  of  t he  s o l u t i o n  was t a k e n , i n t o  account  when

' pr epar i ng t he  s o l u t i o n s .  •'

The g 1y c i n p , m o 1 ecu 1 e , when f u l l y  p r o t o n a t e d ,  i s  a

d i b a s i c  ac i d  w h i c h ' d i s ^ o c i a t e s  a cc or d i ng  t o  e q u a t i o n s  3?

and 13.  •

4
+H3NCM?C00H ' ♦ = £  +H3>!CHi2C00“ ♦ H+ % (3?)

+ H3rCH?C00-  . 5 = £  H?NCH?C0P” + I!+ (3 3)
i *

t A *
i

Th' '  ac i d  d i s s o c i a t i o n  c o n s t a n t s  whi ch d e s c r i b e  t hese  

r e a c t i o n s  a r e  d p f i n e d  as:

rH + ] f  + H3NCH?(?OC)” ]
K . -   --------------- C----- l ! — /-------  (3 A )

r + HpNC^?C.00H]



[ H+ ] [ H ?NCH,CnO’ ] [ H+ ]  -
K ? « ---------------------      * -------------------- »-------------  (35)

[ +H3NCH2COO-]  Ka l C"H3NCH2C00H)  •

Ka i and Ka2 were d e t e r mi n e d  by p o t e n t i o m e t r i c  t i t r a t i o n  of  

a c i d i f i e d  s o l u t i o n s  of  g l y c i n e  h y d r o c h l o r i d e ,  as d e s c r i b e d
Aik

i n Cha pt e r  I I  of  t h i s  t h e s i s .  The c o n s t a n t s  ^ e r e  ob t a i n e d  . 

f rom t h e  t i t r a t i o n  dat a w l t h ^ h e  program MINIQUAD81.  A1 1 • 

s o l u t i o n s  we r e  t i t r a t e d  a t  a t e m p e r a t u r e  o f  ?5 °C and had an 

i o n i c  s t r e n g t h  of  1 .n M (Na+ ) C1 “ , as d e s c r i b e d  i n Chapt er

I I .  The c o n c e n t r a t i o n  o f  g l y c i n e  in t he  t i t r a t i o n s  was 

about  0.0? M and was s t a n d a r d i z e d  as w i l l  be de s c r i b e d  n e x t .

The g l y c i n e  c o n c e n t r a t i o n  was de t e r mi ned  by dynamic  

p o t e n t i o m e t f i c  t i t r a t i o n  and mo n i t o r i n g  t he  s l o p e  p a r a me t e r  

c a l c u l a t e d  by TITRATE a * t e r  each t i t r a n t  a d d i t i o n  t o  

de t e r mi ne  t h e  e q u i v a l e n c e  p o i n t s .  The f i r s t  e q u i v a l e n c e  

p o i n t  was due t o  t hp t i t r a t i o n  of  f r e e  ac i d  1n s o l u t i o n .

The second was due t o  t h e  t i t r a t i o n  of  two pr ot ons f-rom t h e  

l i g a n d . '  Usi ng t he  d i f f e r e n c e  i n t i t r a n t  volume between t he  

two e q u i v a l e n c e  p o i n t s ,  a c o n c e n t r a t i o n  of  0, 02?86 mmoles 

per  gram of  s o l u t i o n  w i t h  arr a v e r a ge  d e v i a t i o n  of  0 . 00045  

mmoles per  gram s o l u t i o n  (?*%) was o b t a i n e d .  The r e l a t i v e l y  

low p r e c i s i o n  was due t o  t h e  r e l a t i v e l y  s ma l l  change in pH
1, . f  t

a t  t h e  e q u i v a l e n c e  p o i n t s . .

The Ka 's were t hen d e t e r mi n e d  w i t h  MI NI QUAD81,  us i ng  

va l u e s  f o r  t h e  F ° , Kw, and mmol es  f r e e  a c i d  d e t e r m i n e d  f r o m  

t h e  s o l v e n t  s t a n d a r d i z a t i o n  e x p e r i me n t s ,  as w e l l  as the
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/ '

e x p e r i me n t a l  da t a  f rom t he  l i g a n d  s t a n d a r d i z a t i o n

expe r i me nt s .  The r e s u l t s  a r e  p r e se nt ed  in T a b l e  2 and are

compared wi t h  t hose  of  an i n t e r 1 a b o r a t o r y  s t udy  (63) .  The

n a t u r e  of  t he e qua t i ons  used t g  we i gh t  the i n d i v i d u a l  data

( e q u a t i o n s  ?7 a n d . ? p ) i s  such t h a t  t h e  v a l u e s  w i t h  l a r g e r

e r r o r  a s s o c i a t e d  w i t h ’ them,  as i n d i c a t e d  by t h e i r  s t andar d

d e v i a t i o n s ,  i n f l u e n c e  t he f i n a l  r e s u l t  to a much l e s s e r
*

e x t en t . . t h an  t hose  w i t h  r e l a t i v e l y  l i t t l e  e r r o r .  Thi s
■»

i nc r e a se s  t he  c o n f i d e n ce  i n t he  f i n , a l  r e s u l t  by we i gh i ng
' . 4

more h e a v i l y  t h e  c o n t r i b u t i o n  of  t he  v a l ue s  of  which t h e r e  

i s  morse c e r t a i n t y  and a l s o  by l e s s e n i n g  t he magni t ude of  t he  

S tandard  d e v i a t i o n  a s s o c i a t e d  w i t h  t h e  f i n a l  r e s u l t .  This
^  k

ex p l a i n s  why some  o f  t h e  f i n a l  r e s u l t s  i n  T a b l e  ? and i n  

f o l l o w i n g  t abl e . s  have a s s o c i a t e d  w i t h  them smaVl e r  s t andar d  

d e v i a t i o n s  t han woul d be expect ed f rom s i mp l e ,  non- we i ght ed  

c a l c u l a t i o n s .  . ^
1

' F i g u r e  B shows t y p i c a l  e x p e r i me n t a l  t i t r a t i o n  dat a.

The sol  id" cur ves ' ' t h r ough the*  e xp e r i m e n t a l  p o i n t s  a r e  

t h e o r e t i c a l  cut  ves ,ca 1 cu l'a ted us ing the  co n s t an t s  r e p o r t e d  

,i n Tab 1 e 2. * .

b. The F o rm a t fo ’n Const ant s  of  Mi c ke l  ( 1 1 ) - G l y c i n e  Compl a x l f

• The n i eke 1 ( 1 1 ) -q 1 yc 1 ne' syst  em ha s been e x t e n s i v e l y  

s t u d i e d .  t An i n t e r n a t i o n a l  i n t e r 1 a b o r a t o r y  s t u d y ' o f  the

« *
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T a b l e  2 .

pKw , and G l y c i n e  C o n c e n t r a t i o n  and pKa . D e t e r m i n a t i o n s

U s i n g  MINI QUAD81a *b

D A T E / F I L E  Cone,  g 1 yHC1 ci pKw pKal pKa2

*m a r o 9 ooi  

■MARI 0004  

HAR21003  

MAR2 2003  

API$270P7 

HAY 0 . 3 0  0 ] 

HAY03P02

0 . 0 2 2 7 7 4  

0 . 0 2 3 2 0 P  

0 . 0 2 3 7 6 1  

0 . 0 2 3 0 0 6  

0 . 0 2 3 2 8 1  

0 . 0 2 2 3 3 0  

0 . 0 2 1 9 4 0

1 3 . 9 0 5 ( 1  ) d 

1 3 . 9 0 5 ( 4 )  

1 3 . 6 9 6 ( 9 )  

13'. 6 79(  5 )

1 3 . 7 2 3 (  2)  

1 3 . 6 4 3 ( 2 )

1 3 . 6 4  3 ( 8 )

2 . 4 6 8 ( 4 )

2 . 4  4 6 ( 6 )

2 . 3 2 ( 7 )

2 . 5 0 0 ( 9 )

2 . 5 0 ( 4 )

2 . 4 3 ( 2 )

2 . 4 3 ( 5 )

9 . 7 7 9 (  1 )%

9 . 7 7 3 ( 3 )

9 . 5 3 ( 3 )

9 . 6 8 0 ( 6 )

9 . 6 1 7 ( 7 )

9 . 5 5 3 ( 8 )

9 . 5 6 8 ( 2 )

4VERAGFe 

W T ' O . A V 0 . f  

L ITERATIIRE3

0 . 0 2 2 9 ( 5 )

- * -------

1>.  7 4 ( 9 )  

1 3 . 8 3  ( 1 )  

1 3 . 6 9 ( 2 )

2 . 4 4 ( 1 2 )  

2 . 4 8 ( 1 )  

2 . 4  3( 3 )^

9 . 6 4 ( 9 )

9 . 7 4 ( 1 )

9 . 6 5 ( 1 )

/

a [HaOH]  -  0 . 8 7 5 4  M 

b r : H C g s o V v e n t  •  0 .  009431  mol a 1

C o n c e n t r a t i o n  1n u n i t s  o f  mo l a l  . *

d V a l u e s  i n  b r a c k e t s ^ A r e  t h e ‘s t a n d a r d  d e v i a t i o n s  1n t h e  l e a s t  

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

e Simpl  e -mean and s t a n d a r d  d e v i a t i o n  not  e o n s t d e r l n g  thre 

s t a n d a r d  d e v i a t i o n  I n  each I n d i v i d u a l  r e s u l t ,  

rom e g u a t i o n s  27 and 2 8 .

^ R e f e r e n c e  6 3.
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Figure 5. Typ ica l  exper imental  (•) ,  t i t r a t i o n  curves and

corresponding t h e o r e t i c a l  (—) t i t r a t i o n  curves c a lc u la t e d

using the pK 's shown in Table  2 fd r  so lu t io n s  conta in in g  d
0.018 and 0 .022 H g l y c i n e .  Every second data point  is

O ' '
p l o t t e d .  • ‘
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compl exes was done’ ( 6 ?) and t he f o r ma t i o n  c o ns t an t s  of  i t s
1

n i c k e l  compl exes,  as d e f i n e d  by t he  f o l l o w i n g  e q u i l i b r i a ,  

were det er mi ned.

Ni + L 

Ni + ?L 

'HA + 3L

Ni L

NiL-

Ni I

(36)

(37)  

( 3" )

where I r e pr esent s  

and Ni r e p r e s e n t s

t he  t o t a l l y  d e p ro tonX t^d  g l y c i n e  m o l e c u l e  

f l v  . The c or r espondi ng  o v e r ^ l ' l  

concent  r a t  i on f o r ma t i o n  c o n s t a n t s ,  d e s i gna t e d  by Bs,  a r e  

d e f i n e d  as:

B11 n 

p i ?o 

p 1 30

TNi  L ]

T nTTtTT

r Ni Lp]  

~ [ > i ] [ L ] ? 

r N.i L 3 ]

T nTTTlF

(3° )

(40)

(41)

P 0 t e n t i o m e t r f c  t i t r a t i o n s  t o  de t e r mi ne  t he  f o r ma t i o n

c ons t an t s  were per f ormed as d e sc r i be d  i n  c h a p t e r  I I  of  t h i s
*

t h e s i s  o v e r  a p e r i o d  of  s i x  weeks.  S o l u t i o n s  were  

ma i n t a i ne d  at  a t e mp e r a t u r e  of  ?5 °C and were of  1 . 0  M i o n i c1
s t re ng t h ,  predominant ly  N a f l .  Standardized n i c ke l , "  l i ga nd ,  

and so I nvent s o l u t i o n s  were measured i n t o  the l a rg p  t i t r a t i o n  

c e l l  to  g ive  s o l u t i o n s  of between 0.001 and 0.010 molar

. i



g l y c i n e  c o n c e n t r a t i o n  and between O.nci and 0.007 mol ar  

n i c k e l  c o n c e n t r a t i o n  hav i ng  g l y c i n e : n i c k e ’l r a t i o s  of  between  

5:1 and 1:1 and a t , ot a l  i n i t i a l  vol ume of  about  40 mL. For  

c o n s i s t e n c y  w i t h  p r e v i o u s  s t u d i e s ,  on l y  t h e  dat a  c o l l e c t e d  

between pH ? and 9 . 5  was used i n t h e  f o r ma t i o n  c o n s t a n t  

d e t e r m i n a t i o n s .  • # ..

I f  n i c k e l  p r e c i p i t a t e d  f rom s o ' l u t i o n ,  t he  t  i t  r a t  i on wa s 

t e r m i n a t e d .  P r e c i p i t a t i q n  coul-d b e . d e t e c t e d  b e f o r e  t he

• p r e c i p i t a t e  was v i s i b l e  by l o n g e r  t han normal  e q u i l i b r a t i o n
\

t i me s  a n d ' d r i f t i n g  pH met er  r e ad i ngs .

The dat a  was processed w i t h . t h e  program MINIQUADP1 and^

t h e  r e s u l t s  are shown in- T a b l e  3. Each t i t r a t i o n  was 
r•, • 

t r e a t e d  i n d i v i d u a l l y ,  and t h e  g l y c i n e  pKa 's,  Kw, and Ec were

kept  consti -ant-at  t he  v a l u e s  d e te rm in e d  p r e v i o u s l y  (see t he  
*  •

p r e v i o u s  $ e c t i o n ) .  L a t e r ,  E° wa? r e f i n e d  as i t  was f o r  t he  

pKa d e t e r m i n a t i o n s .  I n s o l u t i o n s  w'ith g 1 yci  ne: ni  ckel  r a t i o s  

of  l e s s  t han ? : 1 , t he  f o r m a t i o n  c o n s t a n t  f o r  t he  N i L 3  • 

s p e c i e s  c o u l d  not  be de t e . r mi ne d  but  r a t h e r  was f i x e d  a t . a n  

a v e r a g e  v a l u e  de te rm ined  f rom t' i  t h a t  ions where t he  

g 1 yc i'-ne :ni  eke 1 r a t i o ’ was g r e a t e r  t han  2 :1 .  F i g u r e  6  shows
0 '

t i t r a t i o n  c u r v e s ’col  1 ec t ed from t i t r a t i o n s  of  s o l u t i o n s  of

g 1 yci  ne: ni cke*l r a t i o s  of  1 :1 ,  2:1 ,  and 4:1 a long wi th  the
*

t h e o r e t i c a l  .curves c a 1cu1 ated using tbe f ormat ion constants  

determined by MINIOIIADR1.

>

»
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T a b 1 p  3.

Format ion Const ant s  Petprmined f o r  Nieke 1 - g 1y c >ne Complexes

P A T E / F I t F  I. : M P a t i o 3 S - u n .  S g  . h 1 o q P  j  j  n \ l o q F 1 ? g 1 3  0

MlHE^bOOl 2:1 1 ;5

M AR1 4 001 4:1 6.5

MARI 4003 .3:1 1 - f
MAR 1 1 oris 7.: 1 ‘ > 2.6 •

*A. P R 2 ? 0 0 2 3:1 n . rn
APF2 ?'d04 2:1 . O.P.
APR220C6 0 . 7 * 1 0.04

6.63 ( 3 ) c 

6 . 6 7 ( 6 )  

6 . 6 3 ( 4 )  

5 . 7 |  
6 . 6 1  

. 6 . 6 1 ( 6 )  

K • 6  n  (• 3 )

1 n r* *  1

. s *

m . 4 1 ( 4 )  • -----------------,
1 0 . 4 7 ( 5 )  1 3 . 7 0 ( 1 4 1

i n . 5 6 ( 5 )  1 3 . 3 1 ( 2 7 )

l-n-.-3 2( '1)
1n .3 ?(?)  1 3 . 0 6 ( 4 )
i n . 4 7 ( ] P )    .

! 10 .4  1 ( 31 ) 1 5 , 50  ( 7 2 )'

AV F  R A G F
W T ' D .  AV Ci .

L 1TFPA T H R T c

5. 6 2( P V 

. 5 . 6  1 ( 3 )  
5.6 4'( 7)

1 0 , 4 1 (o)  

1 0 . 4 1 ( 4 )  

1 0 . 3 0 ( n !

1 3 . 6 ( 2 )  

1 3 . 8 ( 1  ) 

1 3 . 9 ( 2 )

a° a t i o  of  l i g a n d  ( I )  t o  metal  (M) i n  s o l u t i o n .
'^lO^xSum o f  squares  of  t hp  r e s i d u a l s ,  d e f i n e d  f h . I I .  

c Numhprs i'n b r a c k e t s  r e f e r  t o  t h e  s t andar d  d e v i a t i o n  in t h e  

, l a s t  d i g i t  o* the'  r e s u H  < • V
rtSppcfps r e i e c t e d  by MIN10IIAPP1: 1 ow.; 1 i ga nd : met al  r a t i o  

^Simple mean and s t andar d  d e v i a t i o n  o f  i n d i  vi dual  res ul. t  s , 
not ’c o n s i d e r i n g  s t andar d  d e v i a t i o n  o f  each r e s u l t .

*From eq u a t i o n s  27 a n d ^ P .  " .

^ Re f e r en c e  3 3 .
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F i g u r e  6 .  ^ ^ p i c a l  e x p e r i m e n t a l  ( • )  t i t r a t i o n  c u r v e s  and  

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

s o l u t i o n s  c o n t a i n i n g  g l y c i n e  and n i c k e l ( I  I )  in  r a t i o s  o f



C.  D i s c u s s i o n 5

T i t r a t i o n s  a r e  s t i l l  a.n i m p o r t a n t  p r a c t i c e  i n  bot h

commercial  and r ese a r ch  l a b o r a t o r i e s .  Sometimes t .his i s
•  _

b e c a u s e  a d i r e c t  i n s t r u m e n t a l  method i s  not  a v a i 1 a b l  e ,  but

■in any c a s e ,  i t  i s  ge n e r a  1 l y  a c c e p t e d  t h a t  b e t t e r  p r e c l s i  on

i s  p o s s i b l e  w i t h  t i t r a t i o n s .  U n f o r t u n a t e l y * ,  manual  . •

t i t r a t i o n s  a r e  t i me- consumi ng  and the r e s u l t s  u l t i m a t e  1 y , *

depend orf  t h e  s k i l l  o f  t h ?  t e c h n i c i a n .

With t h e  ad vent  .of '  a f f o r d a b l e  t e c h n o l o g y  the  mdve t o

a u t o m a t i o n  has become v e r y  a t t r a c t i v e - .  I n d e e d ,  i n  f i e l d s
*  * *  *  ' \

. . ■ I n v o l v i n g  e q u i l i b r i u m  s t u d i e s ,  where hundreds of  da t a  p o i n t s  
* .

’ m i g h t  be c o l l e c t e d  i n  a si  ngl .e t i t r a t i o n *  t h e  a u t o m a t i o n  o f
# * Y -

•  the t i t r a t i o n  system has a f f o r d e d  the  ' sci  ent  l i t  • ' the -abl 1 i ty,

t o  c o l l e c t  d a t a  which i s  more f r e e  o f  h u m a n . e r r o r . . « i t  has
 ̂ * *
a'^lso g i v e n  him more t i m e  F or  d a t a  e v a l u a t i o n  'and f o r  other .

. - >  ■

dut  i es and e xp e r i m e n t s .  '

M q s t  o f  t h e  many a u t o m a t i c  t i t r a t i o ' n  syst ems d e v e l o p e d  
- » . . ■ .

have  b e e n  o f  e i t h e r  o f . t w o  t y p e s .  . F i r s t ,  t h e y  w e r e ' o f  t h e  ,

d e d i c a t e d  h a r d w a r e  v a r i e t y ,  p o s s i b l y ^ h a v i n g  some s o f t w a r e  \
• ’• y ' . JK.

' c o n t r o l "  ( 7 3 , 7 4 ) .  These were t h e  or  i g i  na I a u t o * t i t r a t o r s  'apd
• ” * . . 

were g e ne r a l  l y  d e v e l o p e d  f  or  *commerc i a l 'purposes.  They had

l i t t l e  o r  no capatH 1 1 t y  f o r  o p e r a t o r  c o n t r o l  O Y e r . t h e  c o u r s e
- - : ; ’ . ( /

Of t h e ' t i t r a t i o n ,  and most o f  t / i ese  ^systems were usdd s o l e l y  
*> . '  • “ .  . *  ; ■ ' • ‘ t
* f o r  e-nri' po int  t i t r a t i o n s .

•* • i

Secondly,  t he r e  havi
* *

m1 cr opr o 5 e s s o r - c 6b t r o l  1 ed (78 -64 )  t i t r a t i o n  syi^ejns. These

.* . » 4 I , 1
Secondly,  t he r e  have been, the m in icom puter- ( 75-77)  and



a f f o r d e d  t he  user  much more c o n t r o l  o v e r  t he  t i t r a t i o n
V

c ond i t  t o n s . a nd p r og r ess ,  bu t  t h e i r  s e t - y p  o f t e n  i n v o l v e d "  the

deve.l  opmenV of  c o m p l i c a t e d  and e x p e n s i v e  i ns t r ument

i . n t e r f a c  iog.  . A'bonus f o r  theSe systems was t h a t  t hey  cou l d
» » .

be .used f o r  t h i n g s  o t h e r  t han  t i t r a t i o n s ,  such as f o r  word, 

p r o c e s s i n g ,  grfcphi c s , t  i t r a f T o V ' s  imu 1 at  i ons , and .s imp 1 e 

c a l c u l a t i o n s .  The e x t e n t  o f  the  c a l c u l a t i o n s  v i a b l e  on t h e  

mi cfroproce.s s o r , ‘ ihowe v er ,  was l i m i t e d  c h i e f l y  by the  

a v a i l a b l e  memory. Indeed,  the  f1 r s t  m i c r o p r o c e s s o r -  

^ o r t r * o l  1 ert' a u t o t i  t r a t o r s  seemed . to b<̂  not  much more than  

expens i ve ' mode. T s - ' o f ' t h o s e  p f  the  f i r s t  g e n e r a t i o n .  • 

PeceriWjiK the  necessary  i n t e r f a c i n g  and memory 

expVnS'ibn techno 1 ogy has become c o m m e r c i a l l y  a v a i l a b l e ,
■ f ' *' 4' * B

maki'ng the  m i c r o p r o c e s s o r - c o n t r o l l e d  t i t r a t i o n  systems more

a t t r a c t  i ve/» • I t  i s now poss i b 1 e- f  o r  n e a r l  y a l l  t he  t i t r a t i o n
4 "* ' . * * * . 

c a 1 cu 1 at  i ons ,. e ven Ahose.  prev iou$1 ,y  done o n l y  w i t h  mainf rame

computers ,  t o  be  done, w i th  a m i cr opr ocessor .  This  saves

t ime and money, in  m a t  d a t a ' need not  be t r a n s f e r r e d  to

a no t h e r  computer-  b e f o r e  p r o c e s s i n g ,  and t h e  adcess t o  $
* • ' .  * * * 

l a r g e  computpr  and the  I n t e r f a c i n g  f o r  t h a t  o p e r a t i o n  i s  noa'

l o n g e r  r e q u i r e d / ^  - . V- • .* ' ’ " . v  «

The t i t r a t i o n  syst'em d e s c r i b e d  in tb..i S’ , t h e s  i s was
■ :  . ‘ i - l - r  • *
deyisad to per’mit accurate* determl natfo-n of formation and 

* * /  * '• .*
* 1 onizat ion Constants ' in various chemical systems, and also

to a l l o w  the  concentrat i t ins pf s o l u t i on  components to be

determined. The - Com^ut^r'- and i t s programs p/.ovipe control

over several  t i trant ion paramete,r*s, including the amount and



r a t e  of  t i t r a n t  a d d i t i o n ,  r e c o g n i t i o n  df  hardware e r r o r ,  and

r e a d i n g  and ’r e c o r d r n g  o f  t he  t i t r a t i o n  da t a .  The Or i on  701fl
* :  *  '  •  < •

pH met er  was used because i t  1s equipped w i t h  a "data  ready"

s i g n a l  which i s  used t o  e l i m i n a t e  t h e  c o l l e c t i n g  o f  nonsense
*

s i g n a l s  from an u n s t a b l e  m e t e r . ‘ The o p t i c a l  i s o l a t o r  a ids

i.n e 1 imi nat i ng e l e c t r i c a l  noise.  The g l a s s  t i t r a t i o n ' c e l  1 

i s  t e m p e r a t u r f  c o n t r o l  l'ed f o r  i t s  e n t i r e  l e n g t h  to • 

c o u n t e r a c t  t he  e f f e c t s  of  v a r y i n g  t e m p e r a t u r e  a l ong the  

l e n g t h  of  the  e l e c t r o d e s .  Thei^glass i n d i c a t i n g  e l e c t r o d e  i s
* i

o f  t h e  u s ua l  t y p e - b u t  i s  o f  a h i gh  r e s i s t a n c e  g l a s s  and has  

been f o u n d  t o  g i v e  r e l i a b l e  pH r e a d i n g s  i n  t h e  r a n g e  'af 1 t o
• v j

14. A doqble  f u n c t i o n  .S.C.E. r e f e r e n c e  e l e c t r o d e  which

c o n t a c t s  the t e s t  s o l u t i o n  by means o f  a ground g l a s s

j u n c t i o n  r a t h e r  t h a n  a-porou'S f r i t  was u s e d \ o  h e l p  r e d u ce

and make const ant *  the  l i q u i d  j u n c t i o n  ^pot ent i  al  s. I t s  o u t e r
' \  ■ *

c e l l  i s  f i l l e d  w i t h  a s o l u t ' i on  of  t h e  same i o n i c  s t r e n g t h  as

‘ the  j t e s t  s o l u t i o n  to  f u r t h e r  reduce t h e  l i q u i d  j u n c t i o n  , ,

p o t e n t i a l  and t o  reduce the  e f f e c t  o f  1 e a k a g e - d f  .e 1 ectrode*--  

f  i 1 1 i ng s o l u t i o n  i n t o  the  t e s t  s o l u t i o n .

' . * ,As w i t h  a*l 1 new s y s t e m s ,  t h i s  on/e was

problems*,  f i r s t l y ,  i t ’seems as though v e r y  s t ror i g l  y basi,c
.  - . »    t  '

( g r e a t e r  than 2 K) t i t r a n t  wi 1-1 r p a c t  w i t h  t he  t a n t a l u m -  

b u r / t  p l unge r  and- form a w h i t e  p r e c i p i t a t e  on 1t .  Ho i

a p p r e c i a b l e r e a c t i o n t a k e s  j p l ao e  1 f / l  he t i t r a n t .  i s ’ di l u t e
» / * /'•* ’ . '

enftugh ( l e s s  t h a n  1 M). ' M*  - '  '
•> ■ a.  • . * • ♦

S e c o n d l y , * i t ^was  founds t h a t  i f  the  budet- . to, t  t p  wa.s S

£
t  h o u t  i t s



moved up o r  down,  t h e  l e v e l  o f  t i t r a n t  a t  t h e  t i p  woul d  
*  ■

change.  Thus,  when t h e  t i p  was I n s e r t e d  in  t h e  s o l u t i o n  t o  ,
11

b e ' t i t r a t e d ,  a i r  c o u l d  be drawn up i n t o  i t  or  t i t r a n t  

s o l u t i o n  c ou l d  he e x p e l l e d .  When s t a n d a r d i z i n g  s o l u t i o n s ,  

t h i s  was e s p e c i a l l y  i mp o r ta n t  s i n c e  i t  i n t r o d u c e d  e r r o r  i n  

t h e  volume of  t i t r a n t  d e l i v e r e d  from t h e  b u r e t t e  and so 

changed the  c o n c e n t r a t i o n  v a l u e .  For  ta p r e c i s i o n  of  1 ppt  

w i t h  an e q u i v a 1ence p o i n t  of  O.P. mL. ( u s u a l l y  used) ,  e r r o r s  

of more tha.n n.P mi c r o l  i t e r s  cannot  he t o l e r a t e d ^  Th i s
A

probl em was s o l v e d  by k * e p i n q  t he  t i p  a t  one l e v e l  and
* <V *

r a i s i n g  and l o w e r i n g  t he  t e s t  s o l u t i o n .  However ,  some d a t a  

wer,e co 1 1 ec t ed  . b e f o r e  t h i s  was d i s c o v e r e d ,  and i t  p r ob a b l y  

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

f i w t l  f o r m a t i o n  c on s t a n t s  and i o n i z a t i o n  ^ p n f t a n t s .

Another  p o t e n t i a l  problem i s  t he  " s uck i ng - b a c k"  of •t i t r a n t  through-  t h e  b u r e t t e  stopcock i n t o  t h e  t i t r a n t  w  

r e s e r v o i r . .  I t  was found t h a t  when t h e - t i t r a n t  r e s e r v o i r  was 

a f r r - t i g h t ,  1*e. t o ^ x c l u d e  carbon d i o x i d e ,  removal  of  

t i t r a n t  to  f i l l  t h e  bure t  c r e a t e d  j i  p a r t i a l  vacuum i n  t h e  

t i t r a n t  r e s e r v o i r .  Even though t h e  b u r e t  stopcock was 

c l o s e d  a f t e r  f i l l i n g  f h e  b u r e t ,  1 t  was not  as { i g h t  a s i t '
'X # - ^

s ho u l d  have been and c on s e q u e n t l y  t i t r a n t  c o u l d  be s u c k e d - '
*

back" t o  t he  r e s e r v o i r  t h r ough i t .  t h i s  had t h e ' e f f e c t  o f
. 9 , *» ,*

c a u s i n g  b a d l y  o s c i l l a t i n g  s l o p e s  ( t h e  r e l  at  1 ve change o f  pH.

o r  m-V. w i t h  v o l  ume o f  t i t r a n t  added as d e s c r i b e d  1n C h a p t e r
'  *

I I )  near  t h e  e nd p o i n t  of  a s t r o i g  ac i d  or  base Jh*

s t a n d a r d i z a t i o n  t i t r a t i o n ,  aqd. was sometimes so' bad tfcat an



e ndpo i  n t  Jiad t o  be pi  eked onJUie b a s i s  o f  t h e  pH or  mV 

v a l u e  a t  wh i ch  i t w a s  expec  IV  t o  o cc u r . T h i s  p r o b l e m  w a s 

s o l v e d  by s i m p l y  opening t he  t i t r a n t  r e s e r v o i r ' t o  e q u a l i z e  

t h e  pr essur e  b e f o r e  each t i t r Kf c i p t i .  Once the  problem was

sol  ved,  smooth s l o pe  change s«##rc o b t a i n e d  when smal l
♦ * •

volumes of  t i t r a n t  were a d d e ^ J r

0-ne o* t h e  ,purposes o f ^o i n  n-g those* exp e r imen t s  was to  

v a l i d a t e  the use of  t h e  IBM PC-based au t o ma t i c  t i t r a t o r  f o r  

det e r mi r r i ng  f o r m a t i o n  c on s t an t s  of  m e t a l - l i g a n d  complexes
■ "f

and i on i za t  i on co n s t an t  s of. l , ig t nds .  To t h i s  a im,  i t  was a 

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

t h e  f o r m a t i o n  c on s t a n t s  of  t h e  N1^+- g 1y c i n e  complexes shown 

i n  T a b l e  3 f a l l  w e l l  w i t h i n  t h e  range r e p o r t e d  in  the  

l i t e r a t u r e  (6?)  (except  f o r  (That o f  the/  3:1 complex but  

s i n c e  . t h e r e  a r e  o n l y  f o u r  s e t s  o f  d a t a  t o  e s t i m a t e  t h i s  by< I • * z *

and a' ‘ pw were no t  o f  a ^ t g h  e n o q ’g.h met a 1 - 1 i gand r a t  1.0 t  o

be u s e f u l ,  t h i s  d i f . f e r ence - f  s ' not c on s i de re d  s i g n i f i c a n t  f o r
‘ . V • ' »

t h e  .evad-y^t . i^n"©f ‘'r<tife ^ t r a t o r ) .  r e s u l t s  i n d i c a t e  t h a t

t h e  autdmaO'c t i t r a t o r  p r o v i d e s  r e l i a b l e  data  f o r  use in

f o r m a t i o n  a nd i dn 1 zat  i on / cQds t a n t  d e t e r m i n a t i o n s .  I t  i s  

s i m p l e  t o  o p e r a t e ,  does not need t*o be c o n s t a n t l y  a t t e n d e d ,

and w i l l  g i v e *  good f i n a l  ' r e s u l t s .
( *

I t  was a l s o  , * o u n d  - i  n t h i s  s t u d y  t h a t  gh^e W t  ( I ( | ) - g l y c i n e
r • » t ”  '  • ■
s y s t e m  i s  a good one t o  tjfse i n  e v a l u a t i n g  a u t o m a t i c  

t i t r a t o r s  s i n c e  I t  I s  j f l  .1 b e haved  and w e l l  d o t u me n t e d .

The e x p e r i m e n t s  p r e s e n t e d  *1 n "th i s c h a p t e r  o f  t h . i s -



t h e s i s  were done t o  i n v e s t i g a t e ,  the  e f f e c t i v e n e s s  M  t he

a u t o t 11 r a t  1 on system d e sc r i b e d  i n  C h a p t e r ' l l ,  t h a t

c o n s i s t i n g  m a i n l y  o f  commercial  l y  a v a i l a b l e  components,  f o r

d e t e r m i n i n g  e q u i v a l e n c e  p o i n t s  and e q u i 1 ibriurn'  co n s t an t s  and
•

to  p r ov e  t h e n i c k e l ( I I ) - g l y c i n e  complex t o  be a good one t o  

use t o  evaluat ' -e o t h e r  such t i ’t r a t i o n  a p p a r a t i .  Having been 

e v a l u a t e d  by S e v e r a l  i ndependent  ’l a b o r a t o r i e s  and found t‘o

g i v e  c on s i s t e n t -  f o r m a t i o n  c o n s t an t s  on many systems,  i t
* it- ■ '

would seem t h a t  the  ,ni ci  e 1 (1 I K g  1 yc i ne system i s  a good one
-

f o r  t h i s  t a s k . - 1
« ,

I  • ^

n.  F u r t h e r '  Coos i de ' ra t i  ons of  t h e  N i ck e 1 - G 1 yc i*ne System w
1 \ I

K ' , \
The aut(kt i t r a t o r  was e v a l u a t e d  by d e t e r m f n i  n-g t he  

f o r m a t i o n  c on s t a n t s  € f  N i ^ +- g l y c i n p  complexes assuming t h a t
A. • • \

o n l y  tlTe’ p r e - e s t a b l i s h e d  e q u i l i b r i a  fA3) are  i m p o r t a n t .  In.

c o n s i d e r i n g  thp po*ssible c he mi s t r y  i n vo 1 v e d , 1 1 a^emed
% \

l i k e l y ,  t h a t  some p r e v i o u s l y . u n r e p o r t e d  spec i es  might  a 1 ^o
- •  v

form as was suggested by ' Wi l - l i amS and CorM-e in  t ha  above  

•^tgdy’i '

The N i -  + - g l y c i n e  t i t r a t i o n  da t a  c o l l e c t e d  f o r  the

t i t r a t o r  e v a l u a t i o n  were r er un  w i t h  MINIQUADP. 1 w i t h - s ^ y  i f  a h

p o s s i b l e  p r o t o n a t e d  and hydrvoxy s p ec i e ?  i n c l u d e d  1n the
•» » • • • • ■ 

model .  Species which w e r e - r e p e a t e d  1 y r e j - ec t ed  by MINIQUAPP1-

o r ' h a v i n g  g r e a t l y  v a r y i n g  v a l u e s  f o r  f o r m a t i o n  cons t an t s

.  * ■ , \  '  '



we r e  assumed t o  he a b s e n t ,  o r  a\t l e a s t  i n  v e r ^  low a bundance

o v e r  t he  pH range s t u d i e d  (pH 2 t o  9 .5 ) .  A d d i t i o n a l

complexes dot  c on s i de re d  i n  e v a l u a t i n g  the  t i t r a t i o n  da t a  t o

o b t a i n  the c on s t a n t s  l i s t e d  in  T a b l e  3 but which were

accepted  by MINI f )UAO°l  when t he  data  were r e r un  were t h e

s pe c i e s  Nyi  ̂+ (g 1 yc i ne)H+ and N i ?+( g 1y c i n e ) 0 H " , d e s i g n a t e d  by

the  M I MIQ U A P p 1 format io-n c on s t a n t s  .Bj.j'j and <

r e s p e c t i v e l y .  T a b l e  4 shows, the  r e s u l t s  when t h e s e  speci'T,̂ , 
•> - / ‘ 

were i n c l u d e d  in  the  model and t h e  f o r m a t i o n  co n s t an t s  of

a l l  spec i es  were r e - e v a l u a t e d .
M '

Again,  s i n c$  t he  da t a  was not  c o l l e c t e d  w i t h  t h e

purpose o '  d e t e r m i n i n g  t he  best  f o r m a t i o n  c o n s t a n t s  f o r  the

Ni ( I I ) -g  1 yc i ne s'ystem, t h e  v a l u e s  above s houl d  not  be t a k en ,

?s - r e f e r en c e '  va 1 ues.  F u r t h e r  e x p e r i me n t s  w i l l  be done a t  a

l a t e r  date t o  o b t a i n  t h e s e  v a l u e s .  Th e y . a r e  r e p o r t e d  o n l y
w

t o  i n d i c a t e  t he  p’o s s i b l e  prese.‘nce of  spec i es  p r e v i o u s l y
- •*

Cons idered un/ important  or  not  c o n s i de r ed  a t  a l l  by o t he r !

i n v e s t i g a t o r s . -  The improvement  the  f i t  o f  t h e  data  to  
' *

t he  i t h e o r e t  1 ca 1 model show's t h a t  these ,  spec i es are  p r o b a b l y  

• p r e s e n t  and,  in  my* o p i n i o n ,  ' t U a f  ' the chemical  mo,del is more 

Compl ete  w h e n - t h e y - a r e  i n c l u d e d .



Rer!etprm1rfp<i V a 1 u e S ' f o r  the  

*' i ' , + -G lyc i no Format i on  Constants

A /

P a t  a F i l e  l og p n n  1oOP]?p 1 o 9 P n n  1 ogp i j _ i ‘ l o g B m

MAR160P1 5 . 5 0 ( l l a 1 0 . 2 1 ( 1 )  1 3 . 6 1 ( 4 )  . . . . .  1 'p .V 6 ( 5 ) '

MAPI 4CP1 6 . 50Pf 21  ] H . ? p n ( ? )  1 3 . 7 1 ( 7 )  - 3 , . 3 i ( 3 )  - - - T l . '
r •/> »

■ •rfAP14np? 6 . 6 0 4 ( 4 )  1 0 . ? 0 6 ( 4 )  1 3 . 0 1 ( 1 )  - 4 . 0 5 ( 3 )  .

M A R1 4 0 0 4 " 5 . 5 6 6 ( 4 )  1 0 . 3 6 n )  . r »13 .3P]b - 3 . 66 3 (  3) ......
%

MARI 1006 6.6?4 ( 4) i n . 13(1)  [ ^ . P O ' T  - 4 . ] V ( 4 )  »  --

'APR??nnr? 6 . 6 1 1 ( 7 )  . . m v 3 4 3 (  7 )_ ’ 3 . 76 ( ?)  -3 . 5 6 ( 3 f  1 0 . 6 2 ( P )

AVf'PAGr '  . 6 p ( 3) 1 0 .2 6 ( p ) 1 3 . 7 2 ( 7 )  . ^ . 7 ( 3 )  1 0 . 6 0 ( 7 )

WT ' P •AVf-C 6 .53.5(61,  1H.2R5(.?)  1 3.  7 0 ( f  )l 3.  7 0 ( 3 ) 1 0 . 7 2 ( 7 )

L T T f R A T If-F? F b 5 . 6 4 ( 7 )  1 0 .-3 9) 1 3 . ? ? ( ? )  - - - s -

a Humf?ers in. round b r a c k e t s  r e f e r  t o  s tandard  d e v i a t i o n .

bNumhef^s in. square  b r a c k e t s  r e f e r  t o  values kept  c on s t a n t .

d u r i n g  t he  .^TNIQUADPI refT/ ientent  of* the  forma. t jon c o n s t a n t s .
* *  * , “* - M "  •

. E q u a t i o n s  27 'and 2P. ; . .
• • . ' . * ' f

A  % - *■"" R e f e r e n c e  63.  • • ,



‘ " CHAPTER IV

The Format ion  Constants  of  Z i n c ( I I )  Complexes

of S e l e c t e d  Smal l  P ep t i d e s  
* "

*

i

\  '  '

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

- This  c h a p t e r  prese.nts t h e  r e s u l t s  o f  .equ i 1 .i b r i  urn

s t u d i e s  done to  det 'ermi  ne* format  i on co n s t an t s  of  z i n c ( I l )  
* *

complexes of  t h r e e  s m a l l ,  h i s t i d i n e - c o n b a i n i n g - p c p t i d e
, >.« ■. j

l i g a n d s :  g 1y c y T - I - h i s t i d i n e , L-a 1 a ny 1 - L - h i  st Ydi ne,‘ a n d

a ly.cy 1 - I - h  i st  i dy 1 - L - l y  s i ne.

For  each l i g a n d ,  the  r e s u l t s  of  the  p o t e n t i o m e t r i c
'V ‘

d e t e r m i n a t i o n  o f  1 i ga r | d ' s ' ac i d  d i s s o c i a t i o n  c o n s t a n t s

a're f i r s t  p r e s e nt e d .  Then, t h e  r e s u l t s  of  *H N^R 
. * 

exper i ment s  on s o l u t i o n s  c o n t a i n i n g  metal  and l i g a n d  a r e

d e s c r i b e d .  Fol  1 owing t h a t  are  t he  r e s u l t s  of  t h e  m o t a l *

l i g a n d  pot,-ent 1 ometr1'c .exper iments,  arfd a s e c t i o n  compar ing

t h e  ^H NMR and pot  ent  i om'et r i c resu 1 1 s. The c.ba'pter

cone 1udes w i th  a d ^ scu s \ io n  o f  aJ 1 the  r e s u l t s  a n d . t h e i r
4 -  ▼

Impl  i c a t i o n s .  . *



P.  R e s u l t s '  - . '
— - i  ,

. • .* * *
1 .  G l y c y l - L - H i  $ t  1 d i  rie Complexes  

_ V
‘ ' • *  }

a. The Acid Pi ^ s o c i a t  ion . Constants  o f  G1y c y 1 - L - H i s t i d i n e

• ' . • ■ _ \. >•
Ful  l y  |» r q t  o n at  e d g 1 y c y 1 - L - h i s t i d i n e  i s  a t r i b a s i c  a c i d

h a v i n a  the  f o l l o w i n q  d i s s o c i a t i o n  r e l a t i o n s h i p s :
« 4 * %

* \ <»
• * ' * • a ‘

% *

* ’ A H , ?+ AH?* + H+ * (4 2)

> AHy* $ = 2 T  HA ♦ H+ (43)

HA T  A'’ + H+ ( 4 4 )

\
v ■ " . 

where A r e p r e s e n t s  the f u l  l y  d e p r o t o n a t e d  g.l ,yhis m o l e c u l e

■ whose s t r u c t u r a l  f o r mul a  i s  shown below.

0  . 0  
h9n c h9c n h c h c o~

* t » 2

M C ' S <
hV - ch

-*4

The m a c r o s c o p i c  p r o t o n  d i s s o c i a t i o n  c o n s t a n t s ,  Ka ’ s 

a r e  d e f i n e d  by t h e  f o l l o w i n g  . e x p r es s i o n s :
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a2

Ka3

c
[ H 4 ] [ A H ]

[ a h 2+]

f H * H A - ]

[AH]

[ H 4 ] 2

Ka l [AH324]

[H 4 ] 3

Ka l Ka2CAH3 2^

(46)  

(47 )

* a l ’ * a 2  an(* * a 3  w^ r e  d e t e r m i n e d  1 n t h e  same manner  as w a s .
4

used f o r  t h e  g l y c i n e  Ka d e t e r m l n a t 1 ons ,  t h a t  i s  by

MINIQUAD8*1 p r o c e s s i n g  o f  p o t e n t i  o m e t r i  c t i t r a t f o n  d a t a .

S o l u t i o n s  w i f e  m a i n t a i n e d  a t  a t e m p e r a t u r e  o f ^ 2 5 f  C e l s i u s

t h r o u g h o u t  each t i t r a t i o n .  They were  o f  0.*300 m o l a l

( k 4 ) nO- j ” i o n i c  s t r e n g t h  and c o n t a i n e d  one p e r c e n t  0 2 0  f o r

c o n s i s t e n c y  w i t h  t h e  .*H NMR e x p e r i m e n t s .  The c o n c e n t r a t i o n  -

o f  g l y c y i - t - h i s t l d i n e  was a b o u t  0 . 0 1 8 7  m o l a l  and ^ a s -

s t a n d a r d i z e d  as w i l l *  nex t  be d e s c r i b e d .  F u r t h e r  e x p e r i m e n t ' a l
*

d e t a i l s  are*  d i s c u s s e d  i n  C h a p t e r  I I .

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

by f i t t i n g  p o t e n t i o m e t r i c  t i t r a t ' i a n  d a t a  w i t h  M.1NIQUAD81 as
*‘ i ’ 0* . v

d e s c r i b e d  i n  C h a p t e r  I I .  The v a l u e s  used f o r  t h e  c o n s t a n t s .

pKw and E° we r e  p r e v i o u s l y  d e t e r m l  n e d ' f r o m  1C INET t r e a t m e n t  1

o f  s o l v e n t  t i t r a t i o n  d a t a . .  The E*  and pKw v a l u e s  used "in

t h e s e  >c*al cu l  a t i o n s  are«shown 1n T a b l e  5 whe r e  t h e  v a l u e s  .

were w e i g h t e d  as shown by e q u a t i o n s  27 and 28 .  . The v a l u e

used f o r  pKw was 1 3 . 7 4 5 ( 5 ) ,  wh i c i r  was t h e  ^ i i ^ h t e d  a v e r a g e

o f  5 v a l u e s  o b t a i n e d  f rom t h e  s o l  v e n t  t i t r a t l o n s v  S i n c e  t V e

E° v a l u e  f o r  t h e  e l  e c t r o d e .  sys t e m changed f r o m  day t o  d a y ;  ~ 
*

p o s s i b l y  d e p e n d i n g  on t h e  l ev«»l  o f  f l 1 1 i ng  s o l u t i o n  p r e s e n t  

i n  t h e  o u t e r  compar t ment  o f ” t h e  r e f e r e n c e  e l e c t r o d e



T a b l e  5 .

E° and pKw Values  as De t e r mi n ed  by 

KINET Tr eat ment  of  S o l ve n t  T i t r a t i o n  D a t a a

QATE/ F l l F E* ( i v ) PKW

jt'NConn? 4P* . n , ( ? )  ♦ 1 3 . 7 7 8 ( 4 )

JUKI ?no4 4 0 6 . 2 ( 3 ) 1 3 . 7 7 5 ( C )

JUNl *1001 - 4 i n . 5 ( ? ) 1 3 . 7 5 1 ( 4 )

j u r n  *>0 0 ? 4 1 9 - 3 ( 1 ) 1 3 . 7 4 5 ( 3 )

f l b l l  5 0 0 3 4 1 0 . 1 ( 2 ) 1 3 . 7 4 3 ( 5 )

J M 1 7 0 C 2 4 1 0 . * ? ( ? ) 1 3 . 9 ( 7 ) b

j t i j j?oro i  ' 4 1 0 . 6 ( 2 ) 1 3 . 6 ( 4 )  b

JI !N?inpi 4 0 0 . 1 ( 2 ) 1 3 . 6 ( 5  ) b

AVERAGE 1 3 . 7 5 ( 1 )

AUFRAGFC • 1 3 . 7 5 ( 1  )

• Numbers  i n  b r a c k e t s  r e p r e s e n t  s t a n d a r d  d e v i a t i o n s  i n  
t h e  l e a s t  s i g n i f i c a n t  d i g i t s  o f  t h e  p r e c e e d l n g  v a l u e s .  

b Va.l ues\  no t  i nc 1 uded i n  c a l c u l a t i n g ^ t h e  a v e r a g e  pKw . 
s i n c e  t h e r e  we r e  t o o  f ew . d a t a  P J > . i n ' t h c  h i g h  pH r e g i o n  
o f  t h e s e  t i t r a t i o n s  t o  a c c u r a t e  1 y ^ ^ t e r m i n e  t h i s  p a r a m e t e r .  

c Equat1onsi  77 and' *2P.
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and t h e ' r a t ?  a t w h t c h  i t  c o u l d  l e a k  o u t ,  t h e  v a l u e  used f n  

the  ft l f i lQUADSl c a l c u l a t i o n s  was o b t a i n e d  by i n t e r p o l a t i o n  of  

those f o r  t h e  v a r i o u s  s o l v e n t  t  i tx*at i on s.
*

The f i t s  of  t h e  resu 11 i ng> cu,r ves t o  the  t t t r a t i o n  d a t a ,  

as i n d i c a t e d  by t h e  s urn o f  s q u a r e s  of* t  h e re  s i du.a 1 s 

paramet er  d e f i n e d  ‘ i n Chapter  1 1, >vere' then non i t o r ed  as the  

g l y h i s  c o n c e n t r a t i o n  was v a r i e d .  The p r i n c i p l e  behind t h i s  

i s  t h a t  a more c o r r e c t  v a l u e  f o r  the  mmoles of  l i g a n d  should  

r e s u l t  in  a b e t t e r  f i t  o f  t h e  t i t r a t i o n  d'&ta t o  th.e 

s i m u l a t e d  t i t r a t i o n  c ur ve .  fn f a c t ,  as t ( ^ /m m o l e s  of  l i g a n d  1 

i s  var ie jd,  t h e r e  does o c c u r  one v a l u e  which r esu l  t « *  i n . the  

b e s t  f i t  o f  t h e  d a t a  t o  t h p  t h e o r e t i c a l  c u r v e ,  as ' shown in  

F i g u r e  2. When t h e  mmoles of  l i g a n d  i s  increase*d or  

d e c r e a s e d  f r o m t h i s  v a l u e ,  t h e  sum (o f  s q u a r e s  o f t h e  

. r e s i d u a l s  i n c r e a s e s .  In t h i s  manner,  a g l y h i s  c o n c e n t r a t i o n  

^ o f  0 - 0 1 R 5 P. M w i th  an aver age  dev i  a»ti on of  0.0.0903 M was 

o b t a i ne d  and used i n  subsequent  c a l c u l a t i o n s . -

Once t h e  g l y h i s  c o n c e n t r a t i o n  was d e t e r mi ne d ,
X  • ■

■ MINI  QMAD5’ 1 was used to o b t a i n  i t s  aci  d- di ssot  i (at  i on 

" c on s t a n t s  f rom t he  t i t r a t i o n  d a t a ,  vI n . t r e a t i n g  t he  d a t a ,  

the  E° parameter  was f i r s t  made a v a r i a b l e .  Since the  

a d d i t i o n  off l i g a n d  caused a change i n ’ t h e  s o l v e n t  s o l u t i o n ' s  

t o t a l /  i o n i c  s t r e n g t h ,  even i f  o n l y  s l i g h t l y ,  i t  was expec t ed  

t h a t  t he  E6 v a l u e  might  change from t h a t  de t e r mi ne d  by, KINET 

t r e a t m e n t  o f  s o l v e n t  J i t r a t i o n  data. '  "It was found t h a t  the  

f i n a l  Eq o b t a i n e d  d i f f e r e d  by k i t t l e ,  t y p i c a 1 l y  by . 1 ess than  

? mVr_f rom t h a t  p r e v i o u s l y  d e t e r mi ne d .  Then,  the  o p t i m i z e d



.E® y a l u e  was kept  c o n s t a n t  and the  1 i-gand. assoc i a t i  on
* ■% t 

c o n s t a n t s  w e r e . . r e r e f i n e d .  The r e s u l t s  a r e  1 i s*ted in Tab l e

6 . V a l ue s  found in t h e  l i t e r a t u r e  ( 1 5 , 3 4 ) a r e  i nc luded^

sf.or compar ison.  A l l  sum of  squares of  t h e  r e s i d u a l s  were

between 1 0 " ” and 1 0 “ * 0 , i n d i c a t i n q , though somewhat

a r b i t r a r i l y  as d i s c u s s e d '  i n  C h a p t e r  I I ,  a v e r y  good f  i t  of

the  exper ' imenta 1 da ta  t o  the t i t r a t i o n  c ur ve  c a l c u l a t e d "

us i ng  the  f i n a l  a s s o c i a t i o n  c o n s t a n t s .  T y p i c a l  t i t r j a t i o n -

curves**and those c a l c u l a t e d  f rom the  res u 1 t<i ng MIN IQ U AD° 1
• 1 * i

a s s o c i a t i o n  c on s t an t s  a r e  shown in F i g u r e  7.
'> a  > .

b. The G1y c y l - L - H i s t i d i n e  Complexes o f  Ziric

i .  ^  NMN ETflpr iments

« * • - * v
The 1 H NMR p o t e n t i o m e t w i c  t i t r a t / i o ' n  e xper i ment s  were  

c a r r i e d  out as d e sc r i b e d  fn Chapter  I I .  Ligand s o l u t i o n  

c o n t a i n i n g  0.015. M g l y h i  s a nd ' met a l  s o l u t i o n  c o n t a i n i n g  

P'.PPPP M ’z i nc  were used t o  pr epar e  t e s t  s o l u t i o n s .  The

l i ga nd t o . m e t a  1 r a t ^  os o f  t h e  t e s t  s o l u t i o n s  w e r e ' ? ; ]

1 : 1 , h a v i ng  l i g a n d  c o n c e n t r a t i o n s  of. 0;001 t o  n.o’io mol^ar 

and meta l  c o n c e n t r a t i o n s  of  b e t w e e n . 0 .QO1 and 0.005 mo l ar  

were used.  Sol u t i o n  i o n i c  s t r e n g t h  was ma i nta i ned. a t  0.100  

mol a r  w i t h  Na NO3 and was one p e r c e n t  in. D2 0. t o  p r o v i d e  a 

l o c k  s i g n a l  f o r  t h e  *H NKR s p e c t r o m e t e r . ’ The s o l u t i o n  pH ,, 

was a d j u s t e d  by ^ i t ^ t ^ b n  w i t h  a c o n c e n t r a t e d  so 1 b t  i oi j -of
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Figure 7. Typical pxperimentei (•)  t i t ration curves and 

corresponding theoretical (—) tit rat ion curves calculated 

using the pK ’̂ f  shown In Table 6 for solutions containing 

OiOlO to 0.018 mol*l glycyl-t-histldine. Every second 

data point i.s plotted.



F i r s t ,  the 1 Igand'was t i t r a t e d  alone 1n s o lu t io n  and 

th e  re s o n a n c e s ^  or* the  C*H and C*H protons of  the  Im id a z o le
• * . > y

port  ion of the  mo.1 ec.ul e were mon1 to re d  by i H NHR. As shown 

1n Figure 8 , both resonances are s in g le ts  In the 6 - 9  ppm * 

region o f* the  *H* NMJl spectrum, the C?H proton has a

cheml ca l  shi f t  o f  gbout 8 ppm at 1 ow pH where th e  1m1,dazol e
« ■* 

group IS protonated while  the  C4H proton resonance 1s at

about 7 ppm at low pH. As the pH of> the s o lu t io n  1s raised
: 1 . * t  ' . ■ '

1 0 w11 h in  about 1 pH u n i t  of  the  eqriva1ence p o ln t  pH f o r  the

t i t r a t i o n  of the ac id ic  proton res id ing  on the Imidazole

grbuo, the chemical s h i f t  of these protohs begins to move
1

up*1eld  of t h e i r  i n i t i a l  posi t ions.  This movement 

acce lera tes  on f u r t h e r  pH Increases u n t i l  the pH Is  past  

tha t  of the equiva lence  point fo r  the t i t r a t i o n  of the , 

.proton from the Imidazole  group. As the pH 1s Increased^  

‘ f u r t h e r ,  the r a te  of change In the chemical s h i f t s  o f  these 

resonances decreases q n t i l  they become constant at ab-'out 7 

and 6 ppm r e s p e c t iv e ly .  The I n t e n s i t i e s  of the resonances

remain f a i r l y  constant throughout the t i t r a t io n .^  The r e s u l t
• - * I -

is  a p a i r  o f  smooth sigmoidal t i t r a t i o n  curves of chemical

s h i f t  vs pH, I l l u s t r a t e d  in  Figure 9, which Ind ica tes  th a t  '

the g ly h is  1s 1n fa s t  exchang^ between I t s  various

protonated forms. In f o l lo w in g  discussions,  these -----

resonances w i l l  be re fe r re d  to as f r e e  l igand  or f ree
*

Imidazole resonances. r
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Figure 9. Chemical shift  of the imidazole CjH and Ĉ H 

resonances Of glycyl-l-histldlne as e function of pH for

a solution of 0.005 moial g lycyl- l 'h lt t ld lne.



1
' Then the^*H NMR measurements were repeated-with  l igand

;  ■ - ■ . .'.'.'S ' ' ■ ..
1n't,he presence of z1 nCv In I I  I Instances, on reaching a pH 

of about 7, there  appeared tw,0 add i t ion a l  s in g le t  rersotlances
v ^  '

In  the 6 to 9 ppm region of ^he^ sp.ectrum where the f r e e  

Im idazole  C?H an dC ^H res o na nc es  are foond. The two

A d d i t io n a l  resonances were of approximately equal In t e n s i t y ,

4 ct»

ope was located about 0.4  ppm u p f le ld  of the f re e  , 

t H resonance w h i le  the other was fouayl'about 0.4 ppm %

U p f le ld  of the f ree  -resonance, fo .111 uS tra te ,  spectra
* ♦ n

taken a t^severa l  pH l e v e l s  are shown 1n Figure 10.

As the pH was Increased:, the f ree  1m1dazol e reso^nahce s
• ,  V  • ■ • *

. s h i f t e d  u p f le ld  due to the t i t r a t i o n  of the 1m1d a z o l 1um

proton, w h i le  theTch^mica 1. s h i f t s  .of^ thC new .resonances

remained f a i r l y  constant. ThIs constancy of the chemical 
•  %

s K l f t  of these resonances in d ica tes  tha t  they do not a r is e  

• f r o m  the t i t r a t i o n  of protons from the l igand since the i
»  f v  '  : ■. 3

chemical s h i f t s  of the resonances of a molecule  In exchange
*  ,  -

between protonated and deprotonated forms Is pH dependent. 

This behavior I s ,  howevef, consis tent with th a t  1n which the

l igand  1s in a strgng complex. The..sep*arate resonances -aTjo
' ' '  ' M

In d ic a te  slow exchange of the l i p ih d  between t h i s  complexed. 

form and that  1 n which the l igand 1s f ree .  A s t ru c tu re  has

*lbeen proposed {32-34)  fo r  a Zn(I I )-g1yh1s comp 1 ex'-which'
• . l  , , /  .

i n v o l  ves# the deprotonation of  the and’frfe n i trogen.  Such a . 

complex would be expected t o > x c h a n g i  very s low ly  on the NMR 

t ime scale .  In t h e f in te r e s t  d f  c l a r i t y ,  in f o l lo w in g  

d isc u s s io n s , ,these a d d i t io n a l  resonances of constant -



F i g u r e  10. N M R * s p e c t r a  of  a s o l u t i o n  o f  0.005 m o l a l  

z i n c ( l l )  and  0.005 m o l a )  g l y c y l - L - h i s t id^Vie a t  s e v e r a l ’

pH v a l u e s .  Resonances  l a b e l l e d  * f  * a r e  due t o  ' f r e e '

. . . .  '* 
g l y c y l - L - H T i s t  i d i  n e . d e f i n e d  Irt t h e  t e x t .



e h g i i c a l  s h i f t  w i l l  he r e f e r r e d  * o  a *  bei  ng compl  exed . 1 f gand

' *  ' * : / '  o r  c o mp l ex e d  I m i d a z o l e  r e s o n a n c e s . '  ^
9

■ In a d d i t i o n ,  t h e  f r e e  i m l d a z o l e  r e s o n a n c e s  o f  q l y h i  s 1 n

s o l u t i o n s  c o n t a 1 n i n q  z i n c  wer e  f ound  e t  a c h e m i c a l  s h i f t
■0 ■ ,

u p f l e l d  f r o m t h e  I m i d a z o l e  r e s o n a n c e s  o f  p l y h i s  in'  s o l u t i o n s
• i

%

o '  o 1 v h i  s- a 1 o>nc, and t  he^-di f  f  e r e n c e  -1 n c h e m i c a l  s h i f t - f o r

t h e  r e s o n a n c e s  J n  t h e  t w o - r O l  u t i o n s  I n c r e a s e d  as t h e  pH was

r a i s e d .  To i V 1 u s t r a t e ,  ^chemi ca 1 sh 1 f t  d a t a  f o r  t h e  C?H and
^  *

C^H p r o t o n s  o f  q 1 y h 1 s a l o n e  and  f o r  a s o l u t i o n  o f  2 n ( N0 3 )

and q ’ y h i s  a r c  s ^ v q j ^ a s  a f u n c t i o n  o f  pH in,  F i g u r e  11.

The 1 n t e n s i t i e  s ^ T ^ e  f r e e  and comp'l exed i m l d a z o l  e C->H

and C / H ^ r e s o n a n c e s  were  me asu r ed  as d e s c r i b e d  i n  C h a p t e r  I I .

The.  i n t e n s i t i e s  0 '  h o t h  t h e  compl  exed vmidazo' l  e peal 's
. ' ’ ' ' * - ■ 

i n^r ' eased a t  a b o u t  t h e  same r a t e  as t h e  i n t e n s i t i e s  o f  t h e

f r e e  1 mi d a z o l  e peaV s d - ec r eas f d .  T y p i c a l  r e l a t i v e  i n t e n s i t y

b e h a v i o r  o f  t h e  c o mp l e x e d  and ^ e e  C^H r e s o n a n c e s  o f  t h e
■ *■

i m i d a z o l e  o f  q l y h i s  i s  shpwn as  a f u n c t i o n  o f  pH f o r  t wo  

di  f f e r ' p n t  1 i qa n d  t o  m e t a l  r a t i o s  ,1m F i g u r e  1?.  The C^H 

p r o t o n  r e s o n a n c e s  e x h i b i t e d  t h e  same b e h a v i o r .  In t h e  c a s e  

o f  a s o l  u t  i on o f  a 1 i  1 1  I g a n d t o  m e t a l  r a t i o ,  t h e  i m i d a z o l e  

r e s o n a n c e s  o f  f r e e  g l y h i s  became v e r y  b r o a d  and a l m o s t ’ 

d i s a p p e a r e d  as t h e  pH was f a i s e d  t o  a b o u t  b u t  t h e n ’ became
■ V . w

m o r e  I n t e n s e  as  t h e  pH wa s .1 n c r  e a s e d  f u r t h e r  w h i t e  a t  t h e
’ * . 

same t i m e  t h e  r e s o n a n c e s  o f  t h e  comp 1 exed q 1 y h i s  d e c r e a s e d

I n  i n t e n s i t y .  I n  s o l u t i o n s  o f  a ?:1 l i g a n d  t o  m e t a l  r a t i o ,

t h e  f r a c t i o n  o f  t h e  c o mp l e x e d  imidaz.o 1 e r e s o n a n c e  I n c r e a s e d /
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F i g u r e  11 .  Che mic a l  s h i f t  o f  t h e  i m i d a z o l e  C^H and C^H 

r e s o n a n c e s  o f  g l y c y 1- L - h l s t i d i n e  ( g l y h i s )  as a f u n c t i o n  

o f  pH in  a s o l u t i o n  o f  0 . 0 0 5  m o i a  1 g l y h i s a n d  0 . 0 0 5  mol a 1 

z i n c ( l l )  compared  w i t h  t h o s e  o f  a s o l u t i o n  o f  g l y h i s  a l o n e ;  

g l y h i s  a l o n e  ( A ) c o m p l e x e d  g l y h i s  ( B j )  and ‘ f r e e *  g l y h i s  

( f l j ) ,  d e f i n e d  in  t h e  t e x t .
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F i g u r e  12 .  F r a c t i o n  ( I ) ’ o f  t h e  g l y c y I - L - h i s t 1 d i n e  i m i d a z o l e  

CjM r e s o na n ce s  in  t h e  ' f r e e '  ( • )  and complex^d  (■ )  fo rm as  

a f u n c t i o n  o f  pH f o r  s o l u t i o n s  o f  0 . 0 0 5  m o l a l  q l y c y l - l -  

' h i s t i d i n e  and 0 . 0 0 5  m o l a l  z i n c ( l l )  ( t o p )  and 0 . 0 1 0  m o l a l  4 

g l y c y l - L - h i s t r d i n e  and 0 . 0 0 5  m o l a l  z i n c ( l l )  ( b o t t o m ) .



s t he  f>H was r a i s e d  hut n e ve r  rose s i gn i f  i can't 1 y above 50 

p e r c e n t  o v e r  the  “pH range s t u d i e d .  As in the  1:1 s o l u t i o n s ,  

t h e _i n t d n s i t y  of  t he  complexed resonances decreased above pH
s * * *

9 *but n e v e r  f u l l y  d i s ap p e a r ed .  '* -

A 1 so ,  as t h e  pU p f  s o l  ut  i o n s  o f  a 1:1 1 i gand. t o  meta 1

r a t i o  was r a i s e d  above about  P . 5 a w h i t e  p r e c i p i t a t e  became
✓

v i s i b l e .  This  was not seen in s o l u t i o n s  c o n t a i n i n g  I f l y h i s  
« .

and z i n c  a t  a r a t i o  o f  ?:1 .

i i .  Potent ' !  onet r i  c T i t r a t i o n  E x p e r i ments

The procedure  uspd to  c o 1 1 ect .  p o t e n t i o m e t r i c  t i t r a t i o n  

data  on s o l u t i o n s  c o n t a i n i n o  z i nc  and g l y h i s  i n v o l v e d  f i r s t

7t i t r a t i n g  a s o l u t i o n  c o n t a i n i n g  s o l v e n t  and g l y h i s ' t o  t h e

second e q u i v a l e n c e  p o i n t  of  g l y h i s ,  and then a c i d i f i e d

s t andar d  z i nc  s o l u t i o n  was added g r a v i m e t r i c a 1 1 y t o  t h e

g l y h i s  s o l u t i o n .  S o l v e n t  was a l s o , a d d e d ,  i f  n e cessar y ,  to

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

pH. The z i n c / g l y h i s  s o l u t i o n  was then t i t r a t e d .  The met a l

ion c o n c e n t r a t i o n s  ranged f r om o.$07 t o  O.OOl m o l a l  and t he

l i g a n d  c o n c e n t r a t i o n s  ranged from 0.013 t o  0.00? m o l a l ,  w i t h

f i n a l  l . ig^jyt  to  metal  r a t i o s  of  between 5:1 and 0 .7:1 .  The
*

t i t r a n t  was 1.00?3 M KOH +0.000? M ave r ag e  d e v i a t i o n ,  and 

c o n t a i n e d  1% n?0 and 0.300 m o l a r  KNO^. Data were c o l l e c t e d  

in  tnV mode to  reduce e r r o r s  I n t r o d u c e d  by i n a c c u r a t e  pH 

meter  c a l i b r a t i o n .  Only data  c o l l e c t e d  between pH_4 and 9 .5



(20.0 t o  - ? 0 0  mV) was used 1n d e t e r m i n i n g  t h e  z i n c - g l y h i s
*■

f o r m a t i o n  c o n s t a n t s .  T h a t  c o l l e c t e d  a b o v e  pH 9.5 was 

s u b j e c t  t o  e r r o r  f r o m  z i n c  h y d r o x i d e ,  f o r m a t i o n  and
x>

p r e c i p i t a t i o n .  . T h i s  was e s - p e c i a l l y  d m p o r t a n t  I n  s o l u t i o n s
■ V

o f  1:1 1 i gand  . to meta 1 r a t i o s  o r  l e-ss.  The onsfet o f  

p r e c i p i t a t i o n  c o u l d  M  d e t e c t e d  p r i o r  t o  b e i n g  v i s  1*b 1.e by 

4the l o n g e r  t h a n ' u s u a l  e q u i l i b r a t i o n  t i m e s  and d r i f t i n g  pH . 

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

e x p e r i m e n t s  a r e  o u t l i n e d  i n  T l B ^ t e r  I I .
V ■ * - f' n ' t *

P r o t o n  b a 1 ance c a l c u l a t i o n s ,  u s i n g  e q u a t i o n s  4P and 4 9 ,

* 1 i• were*  done t o  d e t e r m i n e  t h e  number o f  p r o t o n s  t i t r a t e d *  f rom'

t h e  l i q a n d .  As s t a t e d  ‘C h a p t e r  I T ,  f i r s t  t h e  s o l v e n t

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

s o l v e n t  and t h e  r e s u l t a n t  s o l u t i o n  i s  r e t i t r a t e d .  Then
* ’

m e t a l  s o l u t i o n  i s  added and t h e  f i n a l  s o l u t i o n  i s  a g a i n  

r - e t i t r a t e d .  The p r o t o n s  and b a * e  f r om a l l  t^hese t i t r a t i o n s  

must b e ' c o u n t e d ' a n d  e q u a t i o n s  4P and 49  a r e  used f o r  t h i s '  

p u r p o s e .
. . ' >

T b e o r .  H+ -  Wt SCH+ ^S + WtL ( xCL t |_ + CH+ >L ) + WtMCH+ ( 49 )

T i t r a t e d  H+ -  C0H.  , T ( V S+VLS+VML5) ( 4 9 )

v

The symbol s  V j ,  and r e p r e s e n t  t h e  v o l u m e  o f  t l t r a n t
* ' m * ^

(T)  used in t i t r a t i n g 1 the soi  vent ,  .1 igand-pl us-  sol vent ,  and-

m et a l - p i  u s - 1 i gand-pl u s.-so 1 vent s o lu t i on s,  r e s p e c t i v e l y ,

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



I n v o l v e d  i n  t h e  t i t r a t i o n s  s t a t e d  a b o v e  such, t h a t  . t h e ’
'  «.a •

s u b s c r i p t s  S, L ,  and M d e s i g n a t e  Ra- rameters f o r  t h e  s o l v e n t , *  
< ■ • 1
l i g a n d ,  and m e t a l  s o l u t i o n s ,  r e s p e c t i v e l y .  The symbol  Ca h  

r e f e r s  %o  . . the c o n c e n t r a t i o n ' o f  component  ‘a I n  s o l u t i o n  b,  

" u s i n g  t h e  same s u b s c r i p t s  as f o r  t h e . W t  p a r a m e t e r *  The-

c o n c e n t r a t i o n ,  o f ‘ t i t r a n t  s o l u t i o n  i s  e x p r e s s e d  i n  m o l a r ,
1 * 1 ' *

u n i t s  w h i l e  t h a t  o f  a l l  o t h e r  s o l u t i o n s  i s  i n  m o l a l  u n i t ’s ,
• * -

t h e  reason,  f o r  wh i c h  i s  d i s c u s s e d  i n  an e a r l i e r  s e c t i o n .
: • " v 1 ••

The symbol  x r e f e r s  t o  t h e  number o f  t 1t r a t a b 1 e p r o t o n s  o h v  . 
. * . mu

t h e  l i g a n d  an d ,  as shown I n  t h e  p r e v i o u s  s e c t i o n  o f  t h i s  

c h a p t e  r , ' t h e r e  a r e  norma 1 l y  t h r ^ e  t i t r a t ’a b l e  p r o t o n s  on t h e  

f u l l y  p r o t o n a t e d  g l y h i s  mo l e c u l e ,  a l l  o f w h i  ch. shou 1 be 

c o m p l e t e l y  t i t r a t e d  b e f o r e  pH o. #

\  T h e ’ r e s u l t s  i n  T a b l e  7 I n d i c a t e  t h a t  an a d d i t i o n a l  

p r o t o n  i s  t i t r a t e d  fr'om t h e ’ l i g a n d  m o l e c u l e  when z i n c  ion-  i s  

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

g l y h i s  t h a n  meta. l  , more pr o t ons ,  were t i t r a t e d  t h a n  ,were  

e x p e c t e d , - a n d  t h p  amount  c o r r e s p o n d s  t o  a p p r o x i m a t e l y  one 

e x t r a  p r o t o n  p e r  g l y h i s  m o j e c u l e l
. . *  ‘ •  »%

The d a t a  was t h e n  p r o ce s s e d  w i t h  t h e ' p r o g r a i f r  MINI ,QUAI iPl  

as ' d e s c r i b e d  i n  C h a p t e r  i I u s i  ng v a l u e s  - f o r  Kw, E° , and t h e

* c o n c e n t r a t i o n s . -o f  g l y h i ^  and z i  nc de. termi  ned . from p r e v i o u s ,
* .» ‘ r <

e x p e r i m e n t s .  Those s o l u t i o n s  h a v i n g  l e s s  t h a n  a 1:1 l d g a n d
* /

t o  m e t a l  r a t i o  we r e  not  c o n s i d e r e d  i n  t h e s e  c a l c u l a t i o n s .  

I n i t i a l l y ,  E° was f i x e d  a t  a v a l u e  d e t e r m i n e d  f r o m  s o l v e h t

• t i t r a t i o n s ,  t h e n  wa ŝ r e f i n e d  t o  a c c o u n t  f o r  4  ch'ange i n  E° 

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





t h e  s o l u t i o n s  w e r e  a l  1 made t o  be o f  as s i m i l a r  an i o n i c

c o m p o s i t i o n  as p o s s i b 1 e ) , and t h e n  was k e p t  c o n s t a n t  a t  t h i s

new opt  imi  zed 'va 1 u p .  '

* The p o t e n t i o m e t r i c  t 1t r a t i o n ‘ d a t a  were  t h e n  a n a l y z e d

w i t h  " M i n o U A n p l  t o  o b t a i n  f o r m a t i o n  c o n s t a n t s .  The

p r o c e d u r e  i n v o l v e d  d e t e r m i n i n g  t h e  b e s t  model  f o r  t he
*

compl  e x a t  i on'.'.equ i 1 i h r  i a by r u n n i n g  t h e  program i n  model  

' s e l e c t  mode. The b e s t  model  was chosen orf t h e  b a s i s  of  t h e  

f i t  o f  t h e  e x p e r i m e n t a l  d a t a . t o t h e j n o d e l  as m e a s u r e d  by t h e  

sum o f  s q u a r e s  of  t h e  r e s i d u a l s  p a r a m e t e r .  O n l y  s p e c i e s  

t h a t -  made se n s e  c h e m i c a l  l y  were i n c l u d e d  i n  t h i s  p r o c e s s .

The s p e c i e s  d i s t r i b u t i o n  and l i b a t i o n  c u r v e  s i m u l a t i o n
■ T

pr oqr am COMIX was t h e n  run w i t h  t h e  c o n s t a n t s  o b t a i n e d  f r o m

t h e  above  a n a l y s i s  o f  t h e  d a t a  t o  d e t e r m i n e  t h e  r e l a t i v e

c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  s p e c i e s  i n c . l u d e H i n ’ t b e  m o d e l .

The ’f o r m a t i o n  c o n s t a n t s  we r e  t h e n  f u r t h e r  r e f i n e d  w i t h

MI NJ QMAPP 1 by i nc 1 ud i ng on 1 y t h o s p  s p e c i e s  f ound t o  be a t
» •

l e a s t  5 p e r c e n t  of  t h e  t o t a l  s p e c i e s  d i s t r i b u t i o n  a t  some pH
■ ' '*

bet ween  pH 4 and 9 . 5 .  The* f i n a l  f o r m a t i o n  c o n s t a n t s  

o b t a i n e d  a r e  shown i n  T a b l e  P. As s t a t e d  in t h e  p r e v i o u s  

- c h a p t e r ,  t h e  n a t u r e  o f  t he  w e i g h t i n g  e q u a t i o n s  e x p l a i n s  t h e
* V

r e  1 a t  i v e l y  sma 1 1 " s t a n d a r d  d e v i a t i o n s  seen* i n t h e f i n a l
* .

r r e s u l t s c o m p a r e d  w i t h  t h o s e  wh i ch  woul d  be e x p e c t e d  f r o m  

s i m p l e ,  ndn-w'ei .ghted c a l c u l a t i o n s ,  f i g u r e  I T  shows t y p i c a l  

t i t r a t i o n  c u r v e s  a l o n g  w i t h  c o r r e s p o n d !  ng c u r v e s  c a l  c’ul  a t  ed 

f r o m t h e  c o n s t a n t s  i n  T a b l e  8 . A t y p i c a l  s p e c i e s  

d i s t r i b u t i o n  p l o t  f o r  a s o l u t i o n  c o n t a i n i n g  z i n c  and g l y h i s
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F i g u r e  13.  T y p i c a l  e x p e r i m e n t a l  t  i t r a t  ion  c u r v e s  and

c o r r e s p o n d i n g  t h e o r e t i c a l  (—) t i t r a t i o n  c u r v e s  c a l c u l a t e d  . 

f r o m  th e  f o r m a t i o n  c o n s t a n t s  shown in  T a b l e  8 f o r  s o l u t i o n s  

c o n t a i n i n g  g l y c y 1- L - h i s t i d i n e  and  z i nc ( I I )  in  r a t i o s  o f  

( l e ^  t o  r i g h t )  2:1 and 1 :1 .  E v e r y  second  d a t a  p o i n t  is

, ,  f  ■ p l o t t e d .



1 n a 1 : 1  r a t i o ,  c a l c u l a t e d  f r om t h e  f i n a l  f o r m a t i o n
• 1 '

c o n s t a n t s  d e t e r m i n e d  f o r  t h e  s y s t em ,  1s shown 1n f i g u r e  14.

Those s p e c i e s  f ound t o  be s i g n i f i c a n t  wer e  Z n ( g l y h i s ) ,  

7 n ( g l y h 1 s H ) ,  Z n - ( g l y h t s ) p ,  V n ( g l y h 1 s ) 0 H  and Zn(g l y h l  s)^0H.  

Charges  h a v e  heen o m i t t e d  f o r  s i m p l i c i t y .  I n  t h e  f o l l o w i n g  

s e c t i o n s ,  f ^ e y  a r e  somet i mes  r e f e r r e d  t o  by t h e i r  f o r m a t i o n  

c o n s t a n t  d e s i g n a t i o n s ,  I . e .  P u n *  * 1 1 1 * Bl ? 0 * * 1 1 - 1 * afld • *

6 ] r e s p e c t i v e l y ,  wher e  t h e  s u b s c r i p t s  r e p r e s e n t  t h e  

s t  oi  ch i omet r i  c . c o e f  f  1 c 1 e n t  s o f  t h e  component s  m e t a l ,  l i g a n d
« f t

and p r o t o n s  o f t h e  c o m p l e x .  A n e g a t i v e  v a l u e  f o r  th.e

p r o t o n s  i m p l i e s  e i t h e r  t h e  p r e s e n c e  o f  OH" on t h e  m o l e c u l e

o r  t h e  t i t r a t i o n  o f  more p r o t o n s  f r om t h e  m o l e c u l e  t h a n

e x p e c t e d ,  i . e .  p r o t o n ^ w h i c h  w o u l d  not  n o r m a l l y  be t i t r a t e d

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

7n(gly .h1 s)0H.  c o u l d  a c t u a l l y  he .of  t h e  f o r m Zn(g 1 y h f  sH_ j ) ,

wh e r e  an a d d i t i o n a l  p r o t o n  has been t i t r a t e d  f r om t h e  g l y h i s

m o l e c u l e .  S1 mi 1 a r i l y , t h e  s p e c i e s  ? n ( g l y h l s ) p O H  m i g h t  a l s o

be o f ' t h e  f orm 7 n ( g 1y h i s H . j ) ( g 1y h 1s ) .  T h i s  i s  d i s c u s s e d

f u r t h e r -  i n  t h e  d i s c u s s i o n  s e c t i o n .  T h e r e  1 s ’ no way t o

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

u s i  ng Ml NIQVATir i  a l o n e .

B1 n u c l e a r  s p e c i e s  of- t h e  0 pe Zn 2 ( g 1 y h 1 s ) x wer e

r e p e a t e d l y  r e j e c t e d  by MINIQUAPRl  and were  e 1 1m1nat ed  ifrom

t h e  m o d e l . ' . - ,
' *

I t  was f ound  t h a t  t h e  i n c l u s i o n  o f  Z n ( 0 H ) x ' s p e c i es ,

u s i n g  f o r m a t i o n  c o n s t a n t s  a v a i l a b l e  i n  t h e  1 t t e r a t u r e
■ ' ^

( M ) ,  I m p r o v e d  t h e  f i t  o f  t h e  d a t a  t o  t h e  - t h e o r e t i c a l  c ' urve.
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Figurfe  H . -  T h e o r e t i c a l  Z n ( l  l ) - g l y c y l - L - h i s t  i d i n e  t p e c i . e s

d i s t r i b u t i o n s  c a l c u l a t e d  u s i n g  f o r m a t i o n  c o n s t a n t s  shown
•  .

in  T a b l e  6 f o r  a  s o l u t i o n  c o n t a i n i n g  0 . 0 0 5  m o l a l  e a c h  o f

g l y c x l - L - h i s t i d i n e  and z j n c ( l l ) ,  r e p o r t e d  as  p e r c e n t  t o t a l

g l y c y l - L - h i s t i d i n e .  The  c u r v e  l a b e l s  i d e n t i f y  s p e c i e s  by 

* ' 
t h e  s u b s c r i p t s  o f  t h e i r  MINIQUAD81 f o r m a t i o n  c o n s t a n t s ,

d e f i n e d  i n  t h e  t e x t .



COMIX s’pec i ms d i s t r i b u t i o n  c e l c u l a t i o n s  u s i n g  f o r m a t i o n

c o n s t a n t s  f ou nd  i n  t h e  l i t e r a t u r e  r e v e a l  ed 1 t h a t  o n l y ,  t h e

s p f d e s  Z n ( O H ) ^  a n d / 7 n ( 0 H ) ^  were 1n s i g n i f i c a n t  abundan.ee

( g r e a t e r  t h a n  5 p e r c e n t  o f ^T i Tp ^ t o t a ' l  z i n c  c o n c e n t r a t i o n )  J

o v e r  t h e  pH r a nge  < t o  9 . 5 .  To o b t a i n  f o r m a t i o n  c o n s t a n t s
*

“f o r  t h e s e  c o mp l e x e s  i n  s o l u t i o n s  o*  I o n i c  s t r e n g t h  

c o m p a r a b l e  t o  t h a t ,  used 1 n t h i s  s t u d y ,  a l i q u o t s  o f  s t o c k
v

z i n c  s o l u t i o n  were  t i t r a t e d -  p o t e n t  1 o m e t r l c a 1 l y  and t h e  d a t a  

was p r o c e s s e d  w i t h  Ml NI QUAPSl .  V a l u e s  For  t h e  o v e r a l l ^  

f o r m a t i o n  c o n s t a n t s  f o r  t h e  s p e c i e s  ZnJOH)*  and'  Zn( OH ) 2  were

d e t e r m i n e d  t o  be - 6 . 6 2 ( 1 )  and 1 1 . 4 4 ( 1 )  r e s p e c t i v e l y
\

and w e r e  used i n  s u b s e q u e n t  z 1 n c ( M ) « l  i ga n d  f o r m a t i o n
a

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

' X

c .  Compar i son  o f  NMR and P o t e n t i o m e t r l c  R e s u l t s

The f r a c t i o n s  o f  t h e  t o t a l  g l y h i s  p r e s e n t  1n t h e  

c o m p l e x  wh i c h  g i v e s  t h e  a d d i t i o n a l  s e t  o f  s l o w  exchange  

i m i d a z o l e  r e s o n a n c e s  ( f i g u r e  1 0 ) wer e  c a l c u l a t e d  f r o m  t h e  

r e l a t i v e  r e s o n a n c e  , - i n t e n s 1 t 1 es by t h e  c u t  and we i gh  method  

f r om t h e  t o t a l  w e i g h t s  o f  t h e  C?H and C4 H ' f r e e *  and C£H and  

C4 H t o m p l e x e d  peaks  j e / s p r x t  1 ve 1 y .  The p r o g r am COMIX was 

t h e n  used w i t h  t h e  f o r m a t i o n  c o n s t a n t s  d e t e r m i n e d  f o r  t h e  

? n ( 1 1 ) - g 1 y h i s  c o m p l e x e s  i n  t h e  p r e v i o u s  s e c t i o n  t o  s i m u l a t e  

s p e c i e s  d i s t r i b u t i o n s  f o r  t h e  c o n c e n t r a t i o n s  used i n  t h e  1H



• NMR t i t r a t i o n s .  J h e  p r e d i c t e d  conce^nt.rat 1 o.ns -were compared

w i t h  t ho>e  o b t a i n e d  f rom t h e  *H NMR expe r i ment s .  Those

s p e c i e s  f o r m u l a t e d  as Zn(g l yh i  s)0H or  Zn(g l yh i  sH,  j ) and

Zn(g l y hi  s ) ?0H or  . Zn(:g 1-y h 1 s) (g*ly h 1 sM_ j f  i n  t he  e v a l u a t i o n  of

t h e - p o t e n t  1o m e t r i c - t 1t r a t i o n  da t a  were assumed t o  he t he

compl exes g i v i n g  t h e  sl ow exchange resonances.  A l l  o t h e r

‘ s p ec i e s  1 n v o l v i n q  g l y h i s ,  f r e e  and" ■ comp V e x e d ' t o  z i nc  but not

t h e  spec i es  Zhfg l y h 1s H_ ^) a nd 7rr( g 1 y h i si (q 1 y h i sH_ j ) ,  were

c o n s i de r e d  t o  c o n t r i b u t e  t o  t h e  ' f r e e '  1 igand resonances i n

t  he  ̂H NM p. s pect  r a^— . •

T a b l e s  9 a h d ( l P #show t h e  r e s u l t s  of  t hes e  c a l c u l a t i o n s .
■ n - N

Whi l e  t h e  two spec i e ^ d i  st  i*1 but i ons di d not ,  e x a c t l y  match,

t h *  trfend of  ' f r e e '  l i g a n d  abundance o v e r  t he  pH range

s t u d i e d  was t h e ’ same and c o n s i d e r i n g  t he  e s t i ma t e d  e r r o r s  o f

♦ 1 P* i n .determi  ni  nq-.t he f r a c t i o n a l  con c e n t r  a t i o n s  f r omat  he 

areas^ of  t hese  r e sonanc es ,  t h e  agreement  i s  q u i t e '  good.  In
* ' *  fc.

a 1 1 c a s e s ,  I t  was seen t h a t  t  h.e f r a c t i o n  o f  t h e  l i g a n d  i n  

t h e  ' f r e e '  f or m decr eased as t h e  pH was i n c r e a s e d ,  r e a c h i n g  

a minimum v a l u e  a t  'about pH P.5 t o  P. P and t hen i n c r e a s i n g  

as t h e  pH was r a i s e d  f u r t h e r .  For- ?:1 da t a  s e t s  ( T a b l e  10.),  

t  he f  r a c t i  on o*  t h e  1 1 ga n d / i n  t h e  f  r e e  f o r m was a t  a mi nimum 

a t  pH 9 t o  ° . 4  and t hen i n c r e a s e d  on f u r t h e r  base a d d i t i o n .

The agreement  between t  h f ' p o t e n t  1 om.ptr l c  t i t r a t i o n  and 

^H NMR r e s u l t s  l ends  s u p p o r t  f o r  t h e  i ne l u s i o n  of  a l l  

s p e c i e s  I n t h X  proposed 7 n f I I l - o 1v h i s  mode 1. The n a t u r e  of  

t he  compl exes ,  pVj^ti cul  a / i  1y t he  7 n ( g l y h i s H _ j ) compl ex ,  i s  

c o n s i d e r e d  1 n d e t a i l  1n t h e  d i s c u s s i o n  s e c t i o n .

, 1  ' :■ . • :
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T a b ! e  9 .

Co mp a r i so n  o f  O b s e r v e d *  and P r e d i c t e d *5 

P e r c e n t a g e s  o f  G l y c y - 1 - L - H i  s t  i dyl  L1,gand 
i n  t h e  F r e e c Form as a F u n c t i o n  o f  pH^

V

CASE 1 CASE 2 CASE 3
pH O b s e r v e d  P r e d i c t e d  O b s e r v e d  P r e d i c t e d  O b s e r v e d  P r e d i c t e d

6 . 9 ...................................... 91.......................................... ........ ..................
  -  P7 78.................. ............................

7 . P  -  ..................................  7?
 - .............. - - - ..........................  84 7.1

7 . 1 74 6P................................................. .. ........ ................. .
7 . 3  ............................. —.............. ............................. .. 53

 ........................... 69 55
7 . 4 55 - 47  - - - - ■

65 51 51 50  - - - - - -
M  .......................... .. - ............  - -  4?

...............................  ..................... ............ 39 40
7 . 8 35 ' 34 - .................... - - •

31 34 33 33
' 7 . 9  - - - - - - ...............- - .................... - - - - -  35

................. - - - - - -  - .................------------  28 29
8.1 - - - - - - - - ...........  31 - - - - ........... ..

...............................  45 25
8 . 3  - - - - - ................... ....................... .......... 24

------------- ..................................................... ............ IB 22
8 . 5  ................ - - - - - -  27 21.................. ...........................
8 . 8  - - - ........................  24 ?o — .................... -
9 . 1 .....................................  26 2?.................. ...........................

* F r om H NHJ1 e x p e r i m e n t ' s .
b From COM’lJl c a l c u l a t i o n s  u s i n g  t h e  f o r m a t i o n  c o n s t a n t s  shown 

1 n T a b 1 e 8 .
*j0 e f  1 ned 1 n t e x t .

Equimol . a l  m e t a l  and H g a n d ; C A S E  1 , 0 . 0 0 2  m o l a l  ;CASE 2,,
P . 0 0 3  mo l a l  each ;CASE3 , 0 . 0 0 5  m o l a l  each.
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Tdkld 10.

C H M r l i m  #f Ok itr tr t*  «nd f r t d l c t t d
OorcoRtijot of O l j r t y l - l . H I t t  1dy) M | i n d  

<11 t h t  f r t o  Fora i t  t  r«nct1fln •< pH4

Ch it  1 C«St 2 CASt ]  CASI 4
pH OPlortod Prodlctod OPiorvod Prodlctod Ofttorood Predicted Okteroed Prod

7.n................................................ n  04  —  -  89

».j — ’»j* * ’ yy .y .y /.y .y .y  M
       75 75

7.4   .................................. 74............................................ .............................
................................................................................. ' 75 -77 • ................................

7 .7  71 66   - ...................  67
55 64 70 15    67 65

7 .0    66 .................................................................  - ...................

. ....... 4 ..............................  66 63 ................................
............................................................................................     —  58

7 n l  57

6 .5  71 57
* .6    65 61

65 57 63 51

*0 « < » *U lo n i  t ta e  et fo r  Tdblt 0. H o ld  1 :2*  r o t ld l  for
C « v  1 -4 : 0 .<102:0 .001 i 0 .0 0 4 :0 .0 0 2 ; 0 .0 0 6 :0 .0 0 3 ;  0 .0 1 0 :0 .0 0 5 .

65
8.1 63 57 60 ■ k 59

- ...................... —  60 57 i *  57 - - ...........................
' •!   * ............................. -   «  4L*r
8 .4  6J.......................................................................... 66

61 54 ................................... M  64,'
8 . 6  - - - - - - - - - - - - -  66 . . v . . p  . . . . . . .  . . . .

................................ 68 54..................... .......  ...................... ........
8 .7       '    57

66 55'

6 .6  67 .................................................................................
50 53    - .........................

8 .9    65 . . . . . . . . . . -------
....................... 59 82 - ...............

0 .0    50
  60 51

8 .1   4 ......................... 50

60. 52

9 .2
9 .3  —  A ....................  66

.............................  67 I I
9 .4      60 48

M  61

63 51 53 51

t
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7.  L - A 1 a n y ! - L - H 1 s t i d i n e  r omp l e xe s .

, a. The Acid D i s s o c i a t i o n  Const ant s  of  L - A 1 a n y l - L - H i s t i d i n e

F u l l y  p r o t o n a t e d  L-a 1 a n y 1 - 1 - h i s t i d i n e  i s a t r i b a s i c

a c i d ,  c h e m i c a l l y  s i m t l a r  t o  g 1y c y 1 - L - h i s t i d i n e .  I t s  a c i d -

base c hemi s t r y  is d e s c r i b e d  by e q u a t i o n s  4? t o  44 found in
»

t h e  p r e v i o u s  s e c t i o n  d* t h i s  c h a p t e r ,  where A r e p r es e nt s
» • *

t he  f u l l y d e p r o t o n a t e d a l a h i s  mo l e c u l e .
-  • .

0  9
h 2n c h 6 n h c h c o

C H , 9 H2
3 c . ■ .

HC' ' n
\  //

HN-CH

Simi  l a r i l y ,  t he  m a c r o s c o p i c . a c 1d d i s s o c i a t i o n  c ons t an t s  of 

al -ahis a r e . d e f i n e d  by equa. t ions 4*5 t o  47.

The e x p e r i me n t a l  c o n d i t i o n s  f o r  d e t e r mi n i n g  t hese  

c o n s t a n t s  were e x a c t l y  t he  same as those used i n d e t e r m i n i n g  

• the cons t an t s  of  g 1 ycy 1 -L - h i st i d i ne. T a b l e  11 shows t he /  

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

L - a 1 a n y 1 - L - h i s t i d i n e  by p o t e n t i o m e t r i c  t i t r a t i o n  and data  

pr oc ess i ng  w i t h  MI NI QU^DRl .  The aver age  c o n c e n t r a t i o n  f rom 

ni ne  deter ini  nat  i ons, was 0 . 0244 mo l a l  w i t h  an a v e r a ge  

d e v i a t i o n  of  0.0002.
»

Wh i l e  p r o c e s s i ng  t he  da t a ,  t he  program ACBA beclme
-f

a v a i l a b l e .  As de s c r i b e d  i n  Chapt er  I T ,  ACRA has t he

c a p a b i l i t y  o f  r e f i n i n g  s e v e r a l  t i t r a t i o n  par amet er s  
•

‘ /  •

' K

V..
I



n ?

■ T i b l t  1 1 .  . .

N I NI QUADA1 l - A I a n y l - L - H 1 s t I d l n e  P r o t o n  D i s s o c i a t i o n  

C o n s t a n t s  and C o n c e n t r a t i o n  O e t e r a l n a t 1o'ns.

D A T E / F I L E Cone. * sum;sq.b P k . l P* a2 Pk. 3

AUG10001 0 .0 24 9 5 9 3.0* 2 . 5 4 ( 3 ) ° ' d 6 . 6  9 ( 2 ) 8 . 0 9 ( 1 )

AUG19004 0 . 0 2 4 7 6 2 . 7 2 . 7 8 ( 3 ) 6 . 7 7 ( 1 ) 8 . 0 3 ( 1 ) °

AUG23003 0 . 0 2 4 5 6 3 . 6 2 . 6 7 ( 3 ) 6 . 7 1 ( 2 ) 8 . 0 8 ( 1 )

AUG23005 0 . 0 2 4 7 2 6 . 0 2 . 6 8 ( 3 ) 6 . 7 1 ( 2 ) 8 . 0 7 ( 1 )

AUG24002 0 . 0 2 4 2 1 1 . 8 2 . 7 3 4 ( 5 ) 6 . 7 6 8 ( 3 ) 8 . 0 8 5 ( 2 )

AUG24004 0 . 0 2 4 2 8 2 . 7 2 . 7 3 9 ( 7 ) 6̂ . 7 6 4 ( 4 ) 8 . 0 8 7 ( 3 )

AUG2S002 0 . 0 2 4 3 1 2 . 5 2 . 6 9 ( 1 ) 6 . 7 4 3 ( 6 ) 8 . 0 6 8 ( 4 )

SEP 15001 0 . 0 2 4 0 4 7.1 2 . 7 4 3 ( 1 ) 6 . 7 6 8 ( 7 ) 8 . 0 8 4 ( 4 )

WT'D AVERAGES*- 0 . 0 2 4 4 ( 2 ) m m m m 2 . 7 3 ( 1 ) . 6 . 7 6 ( 1 ) 8 . 0 8 ( 1  )

* U n 1 t s  o f  c o n c e n t r a t  1 on a r e  mmoles p e r  gram s o l u t i o n .  

b1 08 x s u m  o f  s q u a r e s  o f  t h e  r e s i d u a l s ,  d e f i n e d  1 n  t e x t .  

cVa1ue r e j e c t e d  by t h e  Q t e s t  ( 6 8 ) .

d V a l u e s  I n  b r a c k e t s  r e p r e s e n t  s t a n d a r d  d e v i a t i o n s  1n t h e  

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

*From e q u a t i o n s  27 and 2 8;  e q u a l  w e i g h t i n g  r e d u c e s  

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  t o  s i m p l e  meair and s t d .  d e v .



s i mu l - t a n e o u s  1 y w1 1 h a f a i r  1 y <high' d e g r e e  o f  r e  1 1 *b  1 i 1 t y .
' ' ■ '

The d a t a  c D l T e c t e d  f rom t h e  a l a t n s  t i t r a t i o n  e x p e r i m e n t s  was 
*  *

^ r e p r o c e s s e d  w i t h  ACBA t o  o b t a i n  t h e  a lah-1s  pKa 's and

c o n c e n t r a t i o n  s1mu1 t a n e o u s l y .  The r e s u l t s ,  shown I n  T a b l e
<•

, 1 2 ,  compare f a v o r a b l y  W i t h  t h o s e  o b t a i n e d  w i t h  MINI t )UAD81.

A c o n c e n t r a t i o n  o f  0 . 0 2 4 4 ( 2 )  m o l a l  a l a h i s  was o b t a i n e d  w i t h  

MJNIQUA081 w h i l e  0 . 0 2 4 4 ( 1  ) m o l a l  was o b t a i n e d  w i t h  ACBA, th 'e  

numbers i n  b r a c k e t s  b e i n g  t h e  a v e r a g e  d e v i a t i o n  o f - t h e  l e a s t  

s i g n i f i c a n t  d i g i t s  o f  t h e t r e s u 1 t .  S i n c e  ACBA 1s a much 

e a s i e r  progr am t o  use t h a n  ' MINIQUADP1 f o r  t h i s  p u r p o s e ,  i t  

was used i n  f u r t h e r  a p p l 1 c a t  1ons o f  t h i s  k i n d ,  and 0 . 0 2 4 4  

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

Z n (1 I ) - a 1 ah i s  f o r m a t i o n  c o n s t a n t  d e t e r m i n a t i o n s .  T y p i c a  1 

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

f r om t‘he f i n a l  p r o t o n  d i s s o c i a t i o n  c o n s t a n t s ,  a r e  d i s p l a y e d  

i?i F i g u r e  15 .

■ |
b .  The F o r m a t i o n  C o n s t a n t s  o f  L - A I a n y l - L - H 1 s t i d l n e  

Complexes o f  Z1nc

i . 1H NMR E x p e r i m e n t s  *
n *

* * .

The e x p e r i m e n t s  wer e  c a r r i e d  o u t  I n  t h e  sane manner  as

d e s c r i b e d  e a r l i e r  f o r  t h e  z 1 n c ( I I ) - g l y h i s  sys t em.  S o l u t i o n s

w i t h  1 1  ga nd t o  m e t a l  r a t i o s  o f  2 : 1  and  1 : 1  /  nd h a v i n g '

l i g a n d  c o n c e n t r a t i o n s  o f  b e t w e e n  0 . 0 0 5  m o l a r  and 0 . 0 1 0  m o l a r
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„

1

T a b l e  1 2 .

t

-

D e t e r m i n a t i o n  o f  L - A l a n y l - l - H 1 s t l d l n e P r o t o n  D i s s o c i a t i o n

i  • C o n s t a n t s and C o n c e n t r a t i o n w i t h  A C M

*

. '

"

O A T F / F I L E Co ne . *  !S t d . 0 e v . b p k j  j P*a2: * a 3

AUG10001 0 . 0 2 4 5 7 1.8 2 . 6 5  5 ( 3 ) f 6 . 7 2 4 ( 4 ) * * 8 . 0 7 7 ( 5 )

AUG10004 0 . 0 2 4 2 3 1. 1  ' 2 . 7 0 6 ( 4 ) 6 . 7 3 7 ( 7 ) 8 . 0 4 9 ( 7 )

AUG23003 0 . 0 2 4 3 7  , 1 . 5  2 , 6 5 6 ( 6 ) 6 . 7 2 ( 1 ) 8 . 0 7 ( 1 )

AUG 2 3 ^ 5 0 . 0 2 4 4 8
i

1 . 8  2 . 6 5 4 ( 6 ) 6 . 7 2 ( 1 ) 8 . 0 6 ( 2 )

AUG?4002 0 . 0 2 4 3 0 1 . 0  . 2 . 7 0 4 ( 2 ) . 6 . 7 5 5 ( 2 ) 8 . 0 8 1 ( 3 )

AUG24004 0 . 0 2 4 3 4 1. 1 * 2 . 6 9 9 ( 2 ) 6.  7 4 8 ( j | ) 8 . 0 7 5 ( 4 )

AUG25002* 0 . 0 2 4 5 4 1 . 6  2 . 6 6 5 ( 4 ) 6 . 7 3 1 ( 7 ) 8 . 0 7 6 ( 8 )

SEP 15001 0 . 0 2 4 1 7 1 .1  2 . 7 0 8 ( 2 ) 6 . 7 5 7 ( 3 ) 8 . 0 8 5 ( 4 )

WT10 AVERAGES* 0 . 0 2 4 4 ( 1 ) -------  2 . 6 6 7 ( 3 ) * 6 . 7 5 ( 1 ) - 8 . 0 8 ( 1 )

. • C o n c e n t r a t i o n I n  u n i t s  o f  mmoles p e r  grpm
»

s o l u t i o n .

>

b St a nd a rd  d e v i a t i o n  I n  r e s u l t * c a l c u l a t a d  by ACBA.

c 0 i * 1 t t e d  f r o m  a v e r a g e  • ' n o t  enough d a t a  a t  I om pH.

^ Va l u e s  I n  b r a c k e t s  a r e  s t a n d a r d  d e v i a t i o n s  I n

t h e  l e a s t  s i g n i f i c a n t  d i g i t s  6 f  th'e I n d i v i d u a l  > e s u 1  t s .  
■ • - . * 

*F ro m e q u a t i o n s  27 and 2 8 ;  e q u a l  w e i g h t i n g  r e d u c e s  ' 
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  t o  s i m p l e  mean and s t d .  d e v .

V V



0 .2  0 .4  0 .0 *  0 .0  ,  1.0 *  1.2• 4 '

TITRANT VOLUM(k,mL

Figure 15. Typical  experimental (A *p )  titratiOn^curves anti* 

corresponding theoretical (-»-) t i t r a t i on  curves catCulatec^ 

using the pK 's shown in Table 12 fdr solut ions contaiM'ng' : 

0.010 to 0.024 molal ,1,-alanyl-L-bi.st idine. Every second-data 

point is p l ot t ed. '  ' '» . •



. and met a l  1on c o n c e n t r a t i o n s  o f  O.on? t o  0.010 m o l a r  were
J

^ us ed .  The t e m p e r a t u r e  o f  t h e  p r o b e  was ?5 ( ± 0 . 1 )  ° C,  and

t he  pH of  t h e  t e s t  s o l u t i o n s  was changed w i t h  c o n c e n t r a t e d

NaOH. . v , ; •* .*
Oual  i t a t i v e l y , t he .  same o b s e r v a t i o n s  were made i n  t h i s  

chemi ca l  syst em as were made 1n t h e  z1 nc(  1 1 ) -g l yh i s system.  

Two a d d i t i o n a l  s i n g l e t  resonances were seen in t h e  i m i d a z o l e  

r e q i o n  of  t h e  s p e c t r u m  a f t e r  a pH of  about  7 was r eached.  • 

One was l o c a t e d  upf  i e l  d o f  t h e  f r e e  0 j,H. imi  dazo 1 e r esonance,  

d p f i n e d  i n 'Chapter^ I 1, and t h e  o t h e r  u p f i e l d  of  t h e  f r e e  C4 H 

' r e s o n a n c e .  Agai n,  t he  chemi ca l  s h i f t s  of  t hese  new peaks 

remai ned f a i r l y  c o n s t a n t  o v e r  t h e  pH range s t u d i e d  w h i l e
<r ,

t h o s e  of  t he  normal  i m i d a z o l e  peaks s h i f t e d  w i t h  pH as was 

obser ved i n  t he  ZnH I l - o  l yh i s e xpe r i ment .  T y p i c a l  *H HHR 

s o e c t r a  a t  s e v e r a l  pH v a l u e s  a r e  shown i n F i q u r e  16.

I n t e n s i t y  measurements were not  made on t h i s  system but  

t h e . q u a l i t i t i v e  t*rend o f  i n t e n s i t y  w i t h  pH was v e r y  s i m i l a r  

t o  t h a t  seem wi t h  t h e  Z n ( I I ) - g l y h i s  s o l u t i o n s .  The 

i n t e n s i t y  o f  t he  complexe-d 1 i gand resonances i n c r e a s e d  w i t h  

pH w h i l e  t h a t  o f t h e  ’f r e e ’ 1 i qand resonances decr eased  

u n t i l  abqujt pH <1 where a 1 1 r esonances became q u i t e  broad,  

t h e p  t h e  compl ex l i g a n d  r esonances began t o  d i s a p p e a r  and
• v - ‘

t h e  I n t e n s i t y  of  t h e  ' f r e e *  l i g a n d  resonances began, t o  be 

r e s t o r e d .  . A s  wi t h  t h e  z 1nc ( T l  ) - g l y h i  s compl exes ,  t h e  

i n t e n s i t y  o f  t he  ' f r e e '  l i g a n d  resonances n e a r l y  d i sappe a r e d  

on r e a c h i n g  pH 7 f o r  1:1 l i g a n d  t o  met al  s o l u t i o n s .
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pH

• .7 2

i

7.47

•  42

7.6 7.0

CHEMICAL SHIET, ppm.

F i g u r e  1 6 .  H NMR s p e c t r a  o f  a s o l u t i o n  o f  0 . 0 0 5  m o l a l  

z i n c ( I I ) and 0 . 0 0 5  m o l a l  L - a l a n y l - L - h i s t i d i n e  a t  s e v e r a l  

p H - v a l u e s .  Resonances  l a b e l l e d  * f ' a r e  due t o  ' f r e e '  

L - a l a n y l - L - h i s t i d i n e ,  d e f i n e d  in t h e  t e x t .

I



1 1 .  P o t e n t l o m e t r l c  T i t r a t i o n  E x p e r i m e n t s

These e x p e r i m e n t s  wer e  p e r f o r m e d  as O u t l i n e d  I n  C h a p t e r

I I  o f  t h i s  t h e s i s .  A l l  s o l u t i o n s  c o n t a i n e d  0 . 3 0 0  m o l a l

[K + ] N 0 3 * and I T  D?0 as 1n t h e  t h e  Z n ( 1 1 ) - g 1yh1s  e x p e r i m e n t s .

The l i g a n d  t o  m e t a l  r a t i o s  1n s o l u t i o n  were  b e t we e n  1:1 and

3:1 . *  The c o n c e n t r a t i o n  o f  z i n c  I n  s o l u t i o n  was be t ween
/

0 . 0 0 0 8 9  and 0 . 0025 R m o l a l  w h i l e  t h e  a l a h l s  c o n c e n t r a t i o n  

r a n g e d  f rom 0 . 0 0 1 8 4  t o  0 .00547- 'mo 1 a 1. The t l t r a n t  was 1 . 0 1 0 5  

♦ 0 . 0 0 0 5  m o l a r  KOH. The d a t ^ w e r e  c o l l e c t e d  1n mV mode and  

o n l y  t h a t  b e t w e e n  pH 4 and 9 . 5  ( 2 0 0  to.  -  2 0 0  mV ) was u s e d  I n
4

d e t e r m i n i n g  t h e  z 1 n c ( 1 1 ) - a  1 a h l s  f o r m a t i o n  c o n s t a n t s .  The  

o n s e t  o f - z i n c  h y d r o x i d e  p r e c i p i t a t i o n  was c l o s e l y  m o n i t o r e d ,  

t h e  t i t r a t i o n  b e i n g  t e r m i n a t e d  1 f  t h e r e  were  l on g  

e q u i l i b r a t i o n  t i m e s  o r  d r i f t i n g  pH m e t e r  r e a d i n g s ,  which  

i n d i c a t e d  such precT pi  t a t  1 on.

P r o t on  b a l a n c e  c a l c u l a t i o n s  were d o n *  t o  s e e ; . i f  t h e  

number of  p r o t o n s  b e i n g  t i t r a t e d  f rom t h e  l i g a n d  was t h e  

s a m e • f i  t h a t  e x p e c t e d  and t h e  r e s u l t s  a r e  p r e s e n t e d  in* T a b l e
•f

13.  As o b s e r v e d  I n  t h e  Z n ( 1 1 ) - g 1yh1s s y s t e m ,  an a v e r a g e  o f  

a p p r o x i m a t e ! y  one a d d i t i o n a l  p r o t o n  was t i t r a t e d  f rom t h e  

l i g a n d  per  z 1 n c ( I I )  1 on 1 n s o l u t i o n .  .

The d a t a  was t h e n  p r o c e s s e d  t o  d e t e r m i n e  t h e  Z n ( I I ) -  

a l i h 1 s f o r m a t i o n  c o n s t a n t s .  T h i s  was done I n  t h e  same 

ma n ne r  as f o r  t h e  d a t a  i n  t h e  z 1 n c ( 1 1 ) - g l y h 1 s s y s t em ,  u s i n g  

MINIQUAD81 f i r s t  1n model  s e l e c t  mode,  t h e n  u s i n g  COMIX t o  

d e t e r m i n e  t h e  r e l e v a n t  c h e m i c a l  s p e c i e s .



I

* P r o t o n  B a l a n c e  C a l c u l a t i o n *  f o r  t h a
* w

Z n ( 1 1 ) - L - A 1 a n y  1 - L - H I » t 1d1ne C h a o l c a l  S y s t e n

DATE/ F I l E l : M *
RATIO

TITRATABLEb 
MMOLES H

MMOLES H * c 
TITRATEO

4

DIFFERENCE MMOLES Zn2+ DIFFERENCE/  
MMOLES 2n‘ *

A U 6 1 0 0 0 2 5 . 5 : 2 . 6 2 . 6 3 7 2. 756 0 . 1 19 0. 1323 • 0 .899

AU610005 2 . 1 : 2 .3 1 . 8 2 6  „ ‘ 1 . 985 0 . 1 5 9 0 . 1 5 6 2 1 . 0 1 7

AU623004 2 . 0 : 1 . 8 1 . 2 8 6 1 . 3 84 0 . 0 9 8 0 . 1 1 5 8 0 . 8 4 6

AUG23006 1 . 8 : 0 . 9 1 . 4 1 6 1 . 4 9 2 0 . 0 7 6 0 . 0 6 7 5 1 . 1 2 6

AU624003 3 . 3 : 1 . 1 1 . 8 8 2 1 .9 86 0 . 1 0 4 0 . 0 9 4 7 1 . 0 9 8

AU62S003 2 . 2 : 1 . 2 1 . 5 6 9 1 . 6 95 0 . 1 2 6 0 . 0 9 9 2 ‘ 1 . 2 7 0  '•

• R a t i o *  o f  M o i a V  c o n c e n t r a t i o n *  o f  l i g a n d  ( I )  and M t t a l  ( H ) .  

^ E q u a t i o n  48.  

c E q ua t 1 o n  4 9 .

4



I I P

Agai n,  t h e  dat a was t hen r e r un^us i ng  MINIQUAP81 wi t h  

o n l y  t h e  spec i es  ob t a i ne d  f rom t he above a n a l y s i s  t o  

d e t e r mi ne  the, best  c o n s t a n t s  f o r  t he  system.  T a b l e  

H  shows t he  f i n a l  f o r ma t i o n  ' c o n s t a n t s  ob t a i ne d  f rom the  

c a l c u l a t i o n s  and Ff our p  17 shows t y p i c a l  e x p e r i me n t a l  

t i t r a t i o n  c ur ves  and t he c o r r e s p o n d i n g  t h e o r e t i c a l  t i * t r a t i o n  

cur ves  p r e d i c t e d  us i ng t he f i n a l  MINIQI IApPl  c ons t ant s .  A 

t y p i c a l  spec i es  d i s t r i b u t i o n  p l o t  c a l c u l a t e d  f rom t he f i n a l  

f o r ma t i o n  cons t a n t s  eo r  a s o l u t i o n  of  a l a h i s  and z i nc  i n a 

1:1 r a t i o  i s shown i n f i g u r e  TP.
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Fig ure  17. Typical  exper imental  ( • )  t i t r a t i o n  curves and
;  • ■ ■ #  

corresponding theoret  i ca l  ( — ) ,  t i t r a t  ion .curves c a lc u la te d
’  k

from the format ion constants  shown in Table  14 for  solut ions  

cap ta in in g  L-a  la ny1- L - h i s t i d i n e  and z L n c ( I I )  in r a t i o s  of  

( l e f t  to r i l j h t )  2 :1 ,  2:1 and 1 :1 .  Each s o l u t i o n  contains  

a d i f f e r e n t  amount o f  f r e e  a c id  and every second data  point  

is p l o t t e d .
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F i g u r e  18 .  T h e o r e t i c a l  Z n ( 11) - L - a l a n y 1 - L - h i s t i d i n e  s p e c i e s  

d i s t r i b u t i o n s  c a l c u l a t e d  by COMIX u s i n g  f o r m a t  io n  c o n s t a n t s  

shown in  T a b l e  14 f o r  a  s o l u t i o n  c o n t a i n i n g  0 . 0 0 5  m o l a l  e a ch  

o f  L - a l a n y l - L - h i s t i d i n e  and z i n c ( l l ) ,  r e p o r t e d  as  p e r c e n t  

t o t a l  L - a l a n y l - L - h i s t i d i n e .  The  c u r v e  l a b e l s  d e s i g n a t e  t h e  

s p e c i e s  by t h e  s u b s c r i p t s  o f  t h e i r  MINIQUAD8I  f o r m a t i o n  

c o n s t a n t s ,  d e f i n e d  in  t h e  t e x t .
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3. G1 ycy 1-1 - Hi s t  i dy 1 -L - l.y s i ne Complexes 
#

a.  The Acid D i s s o c i a t i o n  Const ant s '  of
— ......................1  ............................................. -  m.............................. ........................... ---------------------------------------------------------

51y c v l - L - H i s t i d y 1 - L - L y s 1 no ,
  — —  —  * *

. Wh en f  u 1 1 y p r o t  on a t ed , g 1 ycy 1 -L - h i st  i dy 1 - L - 1 y s i ne i s a *  "

t e t r a b a s i c  ac i d .  One t i t r a t a b l e  prot on r e s i d e s  on t he  amino 

orcfup of  t he  q l v c i n e  r e s i d u e ,  one on the amino group § f  the  

l y s i n e  r e s i d u e ,  one on T h e  i m i d a z o l e  r i n g  of  t he  h i s t i d i n e  . 

r e s i d u e ,  and one o'n t he  t e r m i n a l  car boxy l  group of  the  

T .y s i n« res i due. •»  ̂  ̂ v

T h i  a c e t a t e  s a l t  o f  q l y . h i s l y s  was used i n  t h i s  s t u d y .
, .  ■ *0

G1y h i s 1y s - a c e t a t e  d i s s o c i a t e s ,  i n s o l u t i o n  t o form p r o t o n a t e d

g 1 y h i s 1 y s « nd acetat . e ani on.  Si nce a c e t a t e  has no

a p p r e c i a b l e  c o mp l e x a t i o n  wi t h  z i nc  in compar i son

wi t h .  t h a t  between g l y h i s l y s  and z i n c ,  Z n ( I l J - a c e t a t e  „ »

. compl exes were not cons i der e d  i n t r e a t  1 ng' th*e t i t r a t i o n  d a t a  

t o  o b t a i n  f o r ma t i o n  const ant s !  A l s o ,  t he chemi ca l  s h i f t  of  

t he met hyl  r esonance of  a c e t i c  a c i d  was i d e n t i c a l  t o t h a t  of
»

f r e e  acet i . c a c i d ,  c o n f i r mi n g  t h a t  t h e r e  was no c o mp l e x a t i o n  

o f 7 n ( I I )  i n  t he  pr esence of  g l y h i s l y s .

The g l y h i s l y s  mo l e c u l e  can be d e s c r i be d  by the  

- fo 1 1 owing macroscopi c  a c i d  d i s s o c i a t i o n  e q u i l i b r i a :

' AH4 3+ - AH;,?+ + H+ (50)  •

" AH3?+ ■ ' " AH2+ + H+ ( $ 1 ) ,

AH?+ f -  —► AH + H+ ’ (52)

* '  ’ ' ■'
4, '

' . r  ■. ■
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AH 3 = = £  A" + H+ (5 3)

where 'A'  i s  t he  f u l l y  deprot ' onat  ed g l y h i s l y s  m o l e c u l e  shown 

f o l  1 owi ^g.

0 0 o
J T  h9n c h 9&nm chcnhchco~

4 h 2 c h 2
# c s CH2 •

HC N CH
\  H V m2

HN-CW CH2
/  NHa

.The a c i d  d i s soc-i at  1 on . const ant  s are^cfbf i ned as f o l l o w s :

r h ] r a h  ̂* 

T a h 4 3+]
Kal  ' =  - 7 : -----------    ̂ (5431 r m  3 +

r h ■*■ ] r AHo+ ]

.

Th + ] [ a h ]
Ka? -     (56)

r a«h p ]

Y dfi -  -r - T  - r -  ... (57) '
[A Hi •

Aq’a i n ,  t hese  c o n s t a n t s  Were de t e r mi ned t  i t  r ime't r i ca 1 1 y ,
■ • • .

hut owinj] t o  t he cost  of  t he  l i g a n d ,  t he  exper i ment  was 

p e a l e d  down about  f i v e  f o l d .  A smal l  t i t r a t i o n  c e l l ,  5 to  

?0 ml c a p a c i t y ,  was h u f l t  and; used fo»r t hese  e xpe r i ment s .

I t  c o n s i s t s  of  two compar t ment s j o i n e d  by a porous f r i t .

One compar tment  h e l d  the t e s t  s o l u t i o n  w h i l e  t he  o t h e r  h e l d  

a r e f e r e n c e  s o l u t i o n  whi ch,  i n t h i s  case,  was s o l v e n t ,  

f a r t h e r  d e t a i  l s  of  i t s  des i gn a n d ‘ t e s t i n g  ar e  found i n  .



Chapt er s  I I  and I I I of  t h i s  t h e s i s .  The c o n c e n t r a t i o n  of  

g l y h i s l y s  su$ed i n t hese  t i t r a t i o n s  was about  0. 014 mol aV,  

s t a n d a r d i z e d  as w i l l  next  be d e s c r i b e ^ .  The KOH t i t r a n t  

c o n c e n t r a t i o n  was 0.7503 M w i t h  an' aver age  d e v i a t i o n  of  

0.0001 K. A l l  s o l u t i o n s  were ma i n t a i ne d  at  a t e mp e r a t u r e  o f  

75° C e l s i u s  t hr oughout  each t i t r a t i o n  and each c o nt a i ned  

0.30 mol a l  f ^ l N O - ^ '  and 1 pe r c e n t  DpO, t he l a t t e r  f o r  

c o n s i s t e n c y  wi t h  NMR exper i ment s .
t

Because* t he  a c e t a t e  s a l t  o f  g l y h i s l y s  was used,  tfi  e 

p r o t o n  d i s s o c i a t i o n  b e h a v i o r  of  t h i s  mo l e c u l e  in s o l u t i o n s  

of  0.30 M [ K^NO- j *  and 1% DpO needed t o  be de t e r mi ne d .  A 

s o l u t i o n  of  a c e t i c  ac i d  was pr epar ed in s o l v e n t ,  and 

t i t r a t e d  w i t h  KOH.' The t i t r a t i o n  dat a 'was processed w i t h  

■A, op A- t o  d e t e r mi ne  t he  a c e t i c  ac i d  pr ot on d i s s o c i a t i o n  

c o n s t a n t ,  pKa. A - r e s u l t  of  4.50^ wi t h  a s t a ndar d  d e v i a t i o n  

O'.Ol? was ob t a i n e d  and used as a const ant  in subsequent  

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

ACBA was th.en 'used t  b. s imu 1 t a neou s 1 y d e t e r mi n e  t he  

. c o n c e n t r a t i o n s  of  l i g a n d  and a c p t a t e  i n  t he  st ock s o l u t i o n , -  

as w e l l  as t he i o n i z a t i o n  c ons t an t s  of  g l y h i s l y s .  The 

r e s u l t s . a r e  pr esent ed  *i n Tab 1 e 1 5, The pKa used f o r  

a c e t a t e  was kept  cons t an t  at  4.509.  T y p i c a l  t i t r a t i o n  

c u r v e s ,  both e x p e r i me n t a l  and c a l c u l a t e d  f rom t he  f i n a l  

pKa - s,  a r e  s h own i n, F i g u r e 19.  T

I t  was f'bund t h a t  t he  pr ot on on t he  amino group of  t he
'  . •• t

l y s i n e  r e s i d u e ,  whose pKa was found t o  be 1 0 ;482 w i t h  'a 

s t a ndar d  d e v i a t i o n  of  0 . 0 OR, “was not  c o m p l e t e l y  t i t r a t e d



D e t e r m i n a t i o n  o f  t h e  P r o t o n  D i s s o c i a t i o n  C o n s t a n t s  

and C o n c e n t r a t i o n  o f  G l y c y l - L - H 1 s t 1d y l - I - l y s i n e *

D A T E / F I L E  Conc.b p * a l ________ pIC ^_______ P * a 3 _________pK>4

F EB 2 9 0 0 j  0 . 0 1 3 6 0  2 . 9 2 6 ( 7 ) c 6 . 5 1 3 ( 4 )  7 . 8 7 9 ( 4 )  1 0 . 4 8 2 ( 8 ]

• FEB29005 0 . 0 1 3 5 9  2 . 8 0 ( 4 )  6 . 5 0 ( 4 )  7 . 8 5 ( 4 )  [ 1 0 . 4 8 2 ]

FEB29008 [ 0 . 0 1 3 6 D ] d 2 . 7 9 ( 5 )  6 . 4 9 ( 5 )  7 . 8 3 ( 4 )  [ 1 0 . 4 8 2 ]

M A R0 1 0 0 2  [ 0 . 0 1 3 6 0 ]  2 . 4 9 ( 2 )  6 . 4 9 ( 2 )  7 . 8 6 ( 2 )  [ 1 0 . 4 8 2 ]
_  . .  _

HT'O AVERAGE* 0 . 0 1 3 6 0  2 . 9 1 ( 1 )  6 . 5 1 ( 4 )  7 . 8 8 ( 1 )  1 0 . 4 8 ( 1 )

‘ C a l c u l a t i o n s  done u s i n g  ACBA.

C o n c e n t r a t i o n s  a r e  I n  u n i t s  o f  mol es p e r  gram s o l u t i o n .

c V a l u e s  I n  c u r v e d  b r a c k e t s  a r e  t h e  s t a n d a r d  d e v i a t i o n s  In  

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

^ V a l u e s  I n  s q u a r e  b r a c k e t s  w e r e  k e p t  c o n s t a n t  d u r i n g  pH,  

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

‘ From e q u a t i o n s  27 and 2 8 ;  s i m p l e  a v e r a g e  f o r  c o n c e n t r a t i o n  

r e s u l t .  ,  ' ' .
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Figure 19. Typical experimental <•) t I t r a t io n  curves and 

corresponding theoretical ( - )  t i t ra t io n  curves calculated 

using the pK^'s shown in Table 15 for solutions containing

0.008 to 0.01* molal g lycyl-L-h istidyl-L-lysine. Every 

second dat# point is plqtted. ,



u n t i l  a f t e r  a b out  pH 1 1 ;  -we 1 1 p a s t  t h e  r e g i o n  o f  Zn^ + -
' <  « ' V '• '  ' '

‘ . '
g l y h i s l y s  compl exat i on. ;  Thus,  i t  was c ons i de r ed  t.o be a

n o n - t i t r a t a b 1 e pr ot on a n d " i t s  d i s s o c i a t i o n  e q u i 1 i br i urn was
* • . * '

e l i m i n a t e d  f rom t he chemi cal  model  and i t s  c omp l e x a t i o n  

cal  c u 1 a t  i on s. '

Th i s  not  on l y  a i ded the'  cal  cu 1 at  i ons ' by s imp 1 i f y  i ng . the
■ • •

ch emi c a 1 mode 1 -but h e l ped  i n  pe r f or mi ng  t he  t i t r a t i o n s .  The

7 n ( 1 I } - g 1 y h i s 1ys exper i ment  was per f ormed by addi ng measured

amounts of.  a c i d r c o n t a i n i n g  njefal  s o l u t i o n  t o  t he  t i t r a t e d

l i g a n d  s o l u t i o n ' a n d  t hen r e t i t r a t i n g  t he  c o mb i n g t f - s o l u t i o n ,

a s . h a s - been d e s c r i b e d  i n  Chapt er  I I .  s I f  t he  l i g a n d  was

c o m p l e t e l y  t i t r a t e d ,  i n c l u d i n g  t 4t . rat i . on of  t he  l y s i n e .

r e ^ f d u e  ami no ’ pr o t on ,  t h b j r e s u l t a n t  s o l u t i o n  pH was so hi gh

t n a t  a d d i t i o n . o f  normal  amounts of  z i nc  s o J u t i o n  and s o l v e n t

were n o t  enaugh t o  f o w e r  t h e  pH o f  t h e  s o l u t i o n  t o  an

a c c e p t a b l e  l e v e l .  Adding excess so 1 v e n t „ 1 owered t he

c o n c e n t r a t i o n s  of  met a l  and 1 igand.  t o  bel  ow mmol a 1 range. *

Si nce t i t r a t i o n  dat a  f o r  t he  e v a l u a t i o n , o f  Tn{ 1 1 ) - g l y h j s  1 ys
•  * , *

f o r ma t i o n  cons t an t s  o n l y  needed be c o l l e c t e d  between p̂H 4 

and about  9,  and s i n ce  t he l y s i n e  pr ot on had a pKa o f  l ( \ ,4n? 

+0.OPP, ,>al l  l i g a n d  t i t r a t i o n s  a f t e r  t he  f i r s t  one were  

t e r m i n a t e d  a t  about  pH 9.



/

b. The f o r ma t i o n  Const ant s  of

G1 ycy 1 - L - H i  st  i dy  1- L - t y  si  ng-Compl  exes of  Zinc.

i .  J h NMR Fxper i ment s  "

' *

 ̂H NMR t i t r a t i o n  e x pe r i ment s  were p e r f  ormed -as

d e s c r i b e d  in Chapt er  I I .  The c o n c e n t r a t i o n s  of- m e t a |  and

l i g a n d  were between P.OOJ79 and 0 . 00403 mo 1 a 1 2 i he and

between 0.001P0 and 0.00523 mol a l g l y h i  s l y  s. Aga i n ,

s o l u t i o n s  were o f  0.300 mol a l  i f K^l NO^- and were made 1% in

0<>b t o  p r o v i d e  a l ock s i g n a l  f o r  t h e  spec t r ome t e r .  The
*

t e mp e r a t u r e  o f  t h e —e p e c t r o me t e r  probe was 25 t O . l 6 C e l s i u s . '

A b e h a v i o r ‘ simi  1 a r . to t ha vt seen i n t he  Z n ( 1 1 ) - g 1y h i s  

and Zn(  1 I ) - a l a h i s  syst ems was a l s o  seen i n  t h e  1 H NMR 

s p e c t r a  of  t he se  s o l u t i o n s .  The b e h a v i o r  of  the i mi f yazol e  

CpH and C4 H . resonances dur i ng  t h e  t i t r a t i o n  of  l i g a n d  

• s o l u t i o n ’ alone. ,  i . e .  t h e  ' f r e e '  i m i d a z o l e  r esonances ,  was 

i d e n t i c a l  to t h a t  seen f o r  g 1 yhi  s and a l a h i s .  Simi  1 ar  i 1 y f *  

at  about  pH 7 and in t h e  presence of  z i nc *  a d d i t i o n a l  

r esonances were d e t e c t e d  in t he  i m i d a z o l e  r e g i o n  o f  the

'■spectrum. _  However ,  u n l i k e  t he  Z n f I I ) - g l y h i s  and Z n ( I I ) -

a l a h i s  s i t u a t i o n s ,  twb new p a i r s  o f  resonances were observed

for .  t he  C?H and C^H pr ot ons of  t he  i mi dazol  e group.
’■ ' • ' • * 

Fach resonance of  one p a i r  of  r esonances was l o c a t e d
1

about  0.4 ppm u p f i e l d  o f  t h e  ' f r e e '  i m i d a t o l e  r esonances ,
V , ; -

j u s t  as was. - the . case w i t h  t he  Z n ( I l j - a T a h i s  and Z n ( 11) - 

ql yh. i s  ^  NMR s p e c t r a .  Each resonance of  t he  second set  was



1? 1

l o c a t e d  about  0.5 ppm u p f i e l d  of  t hose  o f  t he  f i r s t  set .

The chemi ca l  s h i f t  of  t hp  ' f r e e '  r esonances moved u p f i e l d  as 

t h e  pH 1n c r e a s e d , • as expect ed,  but t h a t  of  both p a i r s  of  

compl exed resonances remai ned c o n s t a n t  o v e r  t he  pH range  

s t u d i e d .  Ty p i ca l  *H NMR s p e c t r a  -sh owi ng t he  chemi ca l  s h i f t  

b e h a v i o r  of  t h e  i mi dazo. l e  resonances w i t h  pH i s  shown in 

F i gur e  ?0.  , Gr a p h i c a l  r e p r e s e n t a t i p n  of  t he  change i n  

chemi c a l  s h i f t s  of  t h e s e  resonances,  ' f r e e '  and compl exed,  

wi t h  pH i s  dpp i c t e d  i n  F i g u r e  ?1.

The r e l a t i v e  ar eas  of  t he  v a r i o u s  resonances f o r  ‘ f r e e ’ 

and compl exed g 1y h i s l y s  .were d e t e r mi n e d  usi ng t h e  cut  and 

' wei g*  methnri  and t y p i c a l -  p l o t s ' o f  t he  r e s u l t s a r e  shown in 

F i gur e  ??. As the.  pH was i n c r e a s e d ,  t h e  i n t e n s i t y  of.  t he
* -

' f r e e '  i m i d a z o 1 c . pe a k s  decr eased w h i l e  . that  of  t h e  compl exed  

i m i d a z o l p  pea l s  i n c r e a s e d .  ' The i n t e n s i t y  of  t h e  second s e t "  

of  .comp 1 pxedl  im1 dazo 1 e peaks was a l ways  about  30% of  t h a t  o f  

t h e  f i r s t  set  of  compl  exed i mi dazol  e peaks ,  u n t i l  about  pH 9 

when a l l  peaks became t oo  broad t o  a c c u r a t e l y  measure.

A l s o ,  i n  s - o l u t i . o n s o f  a ?:1 me t a l  t o  l i g a n d ' r a t i o ,  t h e  

f r a c t i o n  of  t h e  l i g a n d  seen t o  be i n t h e  ' f r e e '  f orm never
v

f e l l  s i g n i f i c a n t l y  be 1 ow 50%, wi t h i  n t h e  accur acy  o f  t he  

ar e a  d«»tenni nat  i on (♦!  due t o  we i g h i n g  and i n s t r u me n t

e r r o r s ) .  At pH g r e a t e r  t ha n  about  pH 10. ?,  t he  r esonances
* • *•

f o r  compl exed g l y h i s l y s  d i sappear ed and t he  r esonances  f o r  

' f r e e '  g l y h i s l y s  r e a p p e a r e d ,  p r o b a b l y  due t o  

d i s p l a c e me n t  of  t he  l i g a n d . f r o m  t he  m e t a l .  D l s p l a c e me f y  o f  

t h e  1 i g a n d  by h y d r o x i d e  i o n  has been r e c o r d e d  i n  t h e
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Figure 20. V NMR spectre of e solution of 0.005 mol el ^
0

z in c ( lf )  end 0.005 mol el g lycy l-L -h ls t id y l- l - lys in e  et' 

severel pH velues. Resonences lebelled *f* end ‘c* are due 

to 'free* end 'complexed' glycyl-L^histidyl-L-lysine,  

respectively, defined in the text.
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Figure 21. Chemical sh ift  of the imidazole CjH and Ĉ H 

resonances of glycyl-L?hlstl.dyi-L-lysine (glyhislys) as a 

function of pH in a solution of 0.005 molal glyhislys and 

0.005 moial zinc(11) ' compared with those of a solution of 

glyhislys alone; glyhislys alone(B), complexed glyhislys 

(•a ) , and 'free ' glyhietysftit)', defined in the text.
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Figure 22. Frection (4) of the g lyey l-ir ’h istidy l-L-lysine  

(glyhislys) imidazol£ CjH resonances In the ' f re t *  ( • )  and 

complexed (%>) form as a function of pH for solutions of 

0.005 molal glyhislys and 0.005 molal z in c ( l l )  (top) and 

0.010 molal glyhislys and 0.005 molal zinc ( I I )  (bottom)
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l i t e r a t u r e  f o r * p t h e r  z i n c - 1 i g a n d  systems,.

i i .  P o t e n t i o m e t r i c  Fx oer i ment s

On c o mp l e t i o n  of  each p o t e n t i o m e t r i c  t i t r a t i o n  o f

g l y h i s l y s  and subsequent  dat.a p r ocess i ng  by t h e  program

ACBA, enough s t a n d a r d i z e d  z i nc  s o l u t i o n  was added t o  t h e

t i t r a t e d  l i g a n d  s o l u t i o n  t o  reach a p r e de t e r mi ne d  l i g a n d  t o

metal  r a t i o .  S o l v e n t  s o l u t i o n  was a l s o  added i f  necessar y

t o  f u r t h e r  l o we r  t he  pH t o  about  4.0 and t o  a d j u s t  .t’he

component  c o n c e n t r a t i o n s .  . E f f o r t s  were made t o  c l o s e l y

appr ox i ma t e  t he  c o n ce nt r a t i o r t s  used i n  t h e  NMR

e x pe r i ment s .  Thus,  l i g a n d  t o  met al  r a t i o s  were e i t h e r  2:1  
* . * 

or  1:1 w i t h  t h e  f i n a l /  l i g a n d  concent  r a t  1 ons - bei  ng between

n . m i g ?  and n . 004 f h  mo l a l  arvd met a l  c o n c e n t r a t i o n s .  of
*  •

bet ween O.nni f to and 0 . 00350  mol a 1. A l l  s o l u t i o n s  were 0. 300  

mo l a l  i n  and were measured a t  25°  C e l s i u s .

T i t r a t i o n  dat a  col  l ec t ed-  between pH 4.0 and 9.5 ( bet ween 200 

and - 2 0 0  mV) was u s e d -1 n d e t e r mi n i n g  t he  Z n ( I J ) - g l y h i s l y s  

f o r m a t i o n  c o n s t a n t s  w i t h  t he  program MINIQUAD8 .

' Tabl e I f  shows t h e  r e s u l t s  o f  t he  pr o t on  b a l a n c e  

c a l c u l a t i o n s  done us i ng e q u a t i o n s  43 and 49,  j u s t  as wene 

done f o r  t he  Zn( I  I ) - g l y h i  s and Zn( l  I ) - a  1 ah.1 s systems.

Agai n ,  t he  ba s i s  f o r  t he s e  c a l c u l a t i o n s  was t h a t  t h e  mnio 1 es
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o '  base'  u s e d . i n  a t i t  r a t i o n  s h on 1 d> be t  h e same a s t  h e mmo 1 e s
\ « ** *

o '  l i g a n d  t i me s  t he  number of  t i . t r a t a b l e  pr ot ons  per  l i g a n d

m o l e c u l e ,  wh i ch ,  as was d i s c u s s e d ,  ‘i s  threfe f o r  g l y h i s l y s .

R e l e v a n t  i  i rvc ( I l ) - -q 1 y li i s l y  S' compl exes wer,,e de t e r mi ned  
* * * 

by r u n n i n g  MINIOUAhf ’ l w i t h  t he  t i t r a t i o l p  dat a  j n  model
' . , v • * I

s e l e c t  mode as has bcefT' dr .scr i  bed p r e v i o u s l y .  Speci ps
* t , .

t hought  t o  be r e l e v a n t  i p t i h r  Z n ( I I ) - g  1 y h i s  and Z n f l l ) -

a . l a h i s  systems were a l s o  found t o  be i mp o r t a n t  i n t he
\ '

Znf I I ) - g  l 'yhi  s l y s  syst em,  aVj>ng w i t h  a Zn(g 1 y h i s 1 y s) ( OH) ? o r  

Zr (g l yh  i s l ysH_ i  )nif,  and a Zn(g 1 yh i  s l ys ) oH^ s p e c i e * .  The 

h y dr ox i de  s pec i e s  Zn(OH)*  and Zn(0H)j> were a l s o  i n c l u d e d  i n  

t he  mode l ,  us' ing t he;  v a 1 up s * of  6 . 6 ? ( 1 )  and 1 1 . 4 4 ( f )  

de t e r mi ne d  e a r l i e r  $s t h e i r  MI.MIQl'APFT f o r m a t i o n  c o n s t a n t s .

Va l u e s  f o r  each of  t he  f o r ma t i o n  c o n s t a n t s  were  

o b t a i n e d ,  but  spec i e s  Z n ( g l y h i s l y s )  and Z n ( g l y h i s 1y s )  ̂ were  

o f t e n  r e j e c t e d  by MIN1QUAPP1, maki ng t h e i r  v a l i d i t y  h i g h l y  

q u e s t i o n a b l e .  The a ve r a ges  of  t h e  rough v a l u e s  f o r  t he  

f o r m a t i o n  c o n s t a n t s  of  t he s e  spec i es  o b t a i n e d  in t h e  model  

s e l e c t  runs were used i n t he  program CflM IX t o  d e t e r m i n e ^
' • t „

v . . .
t h e i r  appr ox i ma t e  r e l a t i v e  d i s t r i b u t i o n s  over  t h e  pH range  

s t u d i e d .  Any spec i es  not  f o r mi ng  a t  l e a s t  5 ^ . o f  t he  t o t a l  

compl ement  of  spec i e s  at  some pH was r e j e c t e d  f rom t he  

mode 1.

Of t he  above ,  Z n ( g l y h i s l y s )  and Z n ( g 1y h i s 1ysH)  were t o '  

be e i  i m i n a t e d • by t h i s  t e s t ,  but  were r e t a i n e d  because
4 a.

a l  t h o u g h  t h e y  may n o t  be ver y ,  a b u n d a n t  I n  t h e  s y s t e m ,  t h e y  

were t hought  t o  be necessar y  t o  c o mp l e t e  t he  system-mode 1.



Th (' spec i es  Z n ( g 1y h i s 1ys H) p , t hought  to hr  a mi nor  s o l u t i o n
U

component ,  ne ve r  reached g r e a t e r  t han 2 . ° *  ô f t he  t o t a l

p o 1u t i o n  c ompos i t i on  at  any pH and was r e j e c t e d  f rom f u r t h e r

kjojws i d e r*at ion.  The sppci es Zn(g 1 y h i>s 1 y s ) ( g 1 y hrt s 1 y sH_ j )

s h o w e d  a maximum abunda nce  o f  j u s t  o v e r  5 p e r c e n t  and so was

r e t a i n e d  ’hut  i t  was viewed wi t h  some s c e p t i c i s m.  T h e r e f o r e ,  
* ■ - 

th^ spec i es  found t o  he i mpor t ant  were

Z n f q l y M s l y s M g ’ y h i s l y s H . i ) ,  7n( n 1 y h i s 1 y sH._ j ) ,

7n(g l y h i  s l ys  ), Zn ĝ 1 y h i s 1 y sH) , / 7n (g 1 yh i s i  y sH_ j  )0 H, and
V *•

7n(g 1 y hi  s 1 y s.) <>. , Agai n,  the» spec i es  

7n(g 1 y h i s 1 y s ) (g 1 yh i s 1 y sK_ j ),  Z n ( g l y h i s l y s ) ,  and 

7 * n ( g l yh i s l ys H!  worp i n c l u d e d  to m a x i m i z e t h e  f i t  of  t he  data

t o t he  t h e o r e t i c a l  t i t r a t i o n  cur ves  and t o  compl e t e  t he  

snec i e s  d i s t r i b u t i o n s .  Though t hey  were not  abundant  hy t he  

f O MIT c a 1 cu 1 at  i on s , t hey  w <*re necessar y  f o r  a good f i t .  

However ,  due t o t h e i r  Tow abundance,  on l y  an appr ox i mat e  

v a l u e  f o r  t he f o r ma t i o n  cons t an t  was ob t a i ned  as i"s 

i n d i c a t e d  hy t h e . r a n g e  of  v a l u e s  l i s t e d  in T a b l e  17.

MI NIQUAOP1 was then r e r u n  wi t h  o n l y  t hese spec i e s  t o  

o b t a i n  t he  best  c ons t an t ’s p o s s i b l e  f o r  t h i s  chemi ca l  model  

and t he  dat a  c o l l e c t e d .  T a b l e  17 shows t he  f i n a l  r e s u l t s  

and F i g u r e  2? shows, t he e x p e r i me n t a l  t i - t r a t i o n  cur v e s ,  and
Y

cor r es pond i ng  cur ves  p r e d i c t e d  hy t he above c o n s t a n t s  f o r  '

one 1:1 data,  set  and one 2:1 dat a set .  T y p i c a l  spec i es  .

d i s t r i b u t i o n s  f o r  t hp 1:1 m e t a l : l i g a n d  system are shown i n
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F i g u r e  2 3 .  T y p i c a l  e x p e r i m e n t a l  ( ▲ • ■ )  t i t r a t i o n  c u r v e s  and

c o r r e s p o n d i n g  t h e o r e t i c a l  (— ) t i t r a t i o n  c u r v e s  c a l c u l a t e d
' *

f r o m  t h e  f o r m a t i o n  c o n s t a n t s  shown in  T a b l e  17 f o r  s o l u t i o n s  

c o n t a i n i n g  g l y c y  1 —L ~ h i s t  idy l~ L * *  1 ys i n e  and z inc ( I I ) in  r a t  ios  

o f  ( l e f t  t o  r i g h t )  2 : 1 ,  2 : 1  and 1 : 1 .  Each s o l u t i o n  c o n t a i n e d  

a d i f f e r e n t  amount  o f  f r e e  a c i d ,  e v e r y  second  d a t a -  p o i n t  i s  

p l o t t e d .  -

< •
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F i g u r e  2A.  T h e o r e t i c a l  Z n ( 1 1 ) - g I y c y I - L - h i s t i d y I - L - l y s i n e

( Z n ( I  I ) - g l y h i s l y s )  s p e c i e s  d i s t r i b u t i o n s  c a l c u l a t e d  u s i n g

th e  f o r a m t i o n  c o n s t a n t s  shown in  T a b l e  17 f o r  a s o l u t i o n

c o n t a i n i n g  0 . 0 0 5  m o l a l  each  o f  g l y h i s l y s  and z i n c ( l l ) ,  •
.  \

r e p o r t e d  as p e r c e n t  t o t a l  g l y h i s l y s .  The c u r v e  l a b e l s  

i d e n t i f y  s p e c i e s  by t h e  s u b s c r i p t s  o f  t h e i r  MINI0.UAD81

f o r m a t i o n  c o n s t a n t s ,  d e f i n e d  ’i n  t h e  t e x t .



c.  (‘ omparis'on of  PMT* and Pot ent  i omet r i  c Resu 11 s

The Z n ( 1 1 ) - g 1y h i s 1ys f o r m a t i o n  cons t an t s  de t e r mi ned in

t-hjp p r e v i o u s  s e c t i o n  were used i n  t he  program COMIX t o

o b t a i n  t h e o r e t i c a l  r e l a t ^v - e  di  s t r i  hu t i  ons o f - t h e  f ree*  and

compl exed l i g a n d  as a f u n c t i o n  of  pH. Free and compl exed

ar e  d e f i r e d  in t he  same way as t hey  were d e f i n e d  f o r  t he

7n( I I ) -g l y h i  s and Zn( 11 >-a 1 ahi  s- systems.

Comparison o f  t he f'MR and pot  ent  i omet r i t  r.esu'l ts_ was 
‘ , * .

not  as s t r a i g h t  f o r war d  as i t  was f o r  t he  Zn( I  I ) -g 1 yh i s  

comp 1 ex system hecauso t h e r e  are  two addi  t*i o n a l ‘-compl ex
i • ’ v

resonances and t h ^ r e  appeared t o  be some exchange between  

t he  two new compl ex t y pes ,  i n d i c a t e d  by hro.$den. ing -and 

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

T a b l e s  1 P and 1°. and w i t l  be d i s c u s s e d  i n  a l a t e r  s e c t i o n
/

In T a b l e  1 ° ,  where t he  s o l u t i o n s  s t u d i e d  c o n t a i n e d  z.inc and 

l i g a n d  i n a 1:1 r a t i o ,  t he  f r e e  l i g a n d  resonances c o m p l e t e l y
• ! w 4F

d i sappear ed  on r e a c h i n g  pH 7. •,



Compar i son of  Observed*  and P r e d i c t e d ^  
Per cent ages  of  Fneec G l y h i s l y s  - 

i n  S o l u t i o n s  C o n t a i n i n g  G l y h i s l y s  and Z i n c ( I I )

CASt 1 CASE ?.
pH Observed P r e d i c t e d  Observed P r e d i c t e d( <■

6 . SO .05 7.8 0?
71

- - - - -  -6 . 65 71 69 .

6 . hi 60 * 50 ’ 48 51

7 . 0 0 p‘ ?1. 46

*From NMR e x p e r i me n t s .
b From COMIX t r e a t m e n t  of  f o r m a t i o n  cons t an t s  shown in  

Tab 1 e 17.  '
bDe f 1ned 1n t e x t  .
d Equi mol a l  met al  and l i g a n d ;  CASE 1 , 0 . 0 0 ?  tno 1 a 1 each: :
* CASF. / 2, 0. B04 mol al  each.
e No f r e e  l i g a n d  de t e r mi ne d  i n  NMR s pec t r a  above t h i s  pH.
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Ta b l e  19,

Compar i son of  Observed and P r e d i c t e d  
Per cent ages  of'  F r ee  G l y h i s l y s  

i p  S o l u t i o n s  C o n t a i n i n g  G l y h i s l y s  and Z 1 n c ( I I ) a

CASE 1 CASE 2
pH Observed P r e d i c t e d  Observed P r e d i c t e d

 ......................    I. ........................................

6 . 5 0 9? 83

6 . 6 0

A. 6 * * 79 77

A . 79 . . 75 73

6 . 8 5

6 . 95 71 69

• 7 . 3 5

7.51 46 60

*  ,
7 . 6 0

f 7.  e 5

1 *8.141 •

R. 20 44 54

P.  35

- P . 55
■VS

8 . 6 5 47;* * 5?

8 . 8 0

9 . 1 0

V $ . 4 0 63 ‘ 51

«
*» «■

d e f i n i t i o n s  as f o r  Tab l e 17.

96 78-

•' •

84 72

5? 63

43 60

36 57

4? 55 .

4? 53

44 52

47 ’ 52

49 51

53’ 51

S o l u t i o n  g l y h i s l y s : Zn ( 1 1 ) 
c o n c e n t r a t i o n s  a s * f o l l o w s ;  CASE 1 ,  0 . 0 0 4 : 0 . 0 0 2  mo l a l :

... CASE 2 , 0 . 0 0 5 : 0 . 0 0 2 1  mo l a l .



C .  n i  s c f u s s i o n

T.he. purposes of  t he exper i ment s  de s c r i b e d  i n  t h i s ,

. chapter ,  were (a)  t o de t e r mi ne  i f  z i n c ( I I )  bi nds s t r o n g l y  t o
• *

s ma l l  p e p t i d e s  in which h i s t i d i n e  i s t he  second amino a c i d  

f rom t h e . f l - t  e rmi na 1 end and (b)  t o  t r y  t o  e l u c i d a t e  the  

n a t u r e  o' 1 t he  compl exes whi ch do form.  I t  has b>en r e por t e d  

(1 t h a t  z i n c ( l l )  h i nds t o  g 1 ycy 1 - L * h i  St i di  no w i t h  a

proposed l i g a n d  denrotona. t  i on at  t he  amide n i t r o g e n ,  as has 

been est  ah-1 i smM f o r  s e v e r a l  o t h e r  me t a l s  wi t h  t h i s  l i g a n d  

( I f  -»^1). By compar i ng t he  r e s u l t s  of  f.'MR v d  

p o t e n t i o m e t r i c  e x p e r i me n t s ,  i t  was hoped t h a t  t h i s  

r e l a t i o n s h i p  between z i n c ( I I )  and smal l  h i s t i d i n e - c o n t a i n i n g  

p e p t i d e s ,  which mi ght  model  t he  . .N-termi  na 1 end of  the be t a  

c h a i n  of  t he hemogl ohi n mol ecu 1 e,  c ou l d  he f u r t h e r  v e r i f i e d .

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

pr o t on  i s  bei ng t i t r a t e d  per  q l y h i s  for.  each z i n c ( I l )  i on  

pr e s e n t .  In s o l u t i o n s  of  Tpss t han 1:1 mol e r a t i o  of  g l y h i s  

t o  z i n c ( I I ) ,  t he  f r a c t i o n  of  excess prot ons t i t r a t e d  f rom 

the complex i s ' b e t w e e n  f>.7R and 0.?1,  which cor r esponds  t o  

t h e  t i t r a ^ t i o n  of  an a d d i t i o n a l  pr ot on f rom t he l i g a n d  per  

z i n c H  l )  atom p r e s e n t .  The f a c t  t h a t  t h e .  f r a c t i o n  of  excess  

pr ot ons  i s l e s s  t han P I T - o f  t he  t o t a l  l i g a n d  p r e s e n t  mi ght  

be dup t o  t he  f o r ma t i o n  of  z i nc  hy dr ox i de s  b e f o r e  c o mp l e t e  

zi  nc( I I ) -  1 i ga nri comp 1 exat  i on can t a k e  p l a c e .  The r e s u l t s  .of 

t hese  c a l c u l a t i o n s  are  c o n s i s t e n t  w i t h  t he  h y p o t h e s i s  t h a t  

t h e  amide pr o t on ,  not  n o r m a l l y  t i t r a t a i l e  under  t he  ‘



c o n d i t i o n s  o f  t he e xp e r i me n t ,  i s  be i ng r e l e a s e d  on b i n d i n g  

t o z i n c ( I I ) .

D u r i n n  t he  p o t e n t i o n e t r i c  and MMR t i t r a t i o n s ,  

p r e c i p i t a t e  is seen above. -pH r . 5  i n s o l u t i o n s  c o n t a i n i n g  a 

] -1 mol p rat. io.  of  g*l ynTi s or  a 1 ah i s t o  zi  nc( 1 I ) ,  i n d i c a t i n g  

t h a t  some form of  ^i - rc hydroxi .de or  ano t he r  i n s o l u b l e  z i nc  

compl ex i s be i ng f ormed/ '  Al so ,  t he same iprec i pi t a ’t p  is seen 

i n  any Zn( 1 I ) -1 i gand s o l u t i o n  of  mole r a t i o  l e s s  t h a n  1:1

hut  not  in t hose when t.he mole r a t i o  i s even s l i g h t l y  above
0 ,

1:1.  The same i s obser ved i n p o t e n t i o m e t r i c  t i t r a t i o n s .

F i t h e r  t h«  mol e r a t i o  i s a c t u a l l y  somewhat l e s s  t han 1:1 and

f r e e  z i n c ( l l )  i s *ormi  n n i t s  hy dr ox i de  or  hydr ox i de  i s be i ng

i n c o r p o r a t e d  i n t o  t he 7 n ( l l ) - g l y h i s  or  Z n ( I I ) - a l a h i s

compl ex.  The l a t t e r  woul d not  l i k e l y  be i n s o l u b l e  s i nce  i t

is'  d o u b t f u l  t h a t  t he compl ex cou l d  a c h i e v e  e 1 e c t r o n e u t r a  1-i t y

at  a pH a b o v e 0. 5 where t he p r e c i p i t a t e  i s seen.

Pecause t he  above p r e c i p i t a t e  a ppear *  in s o l u t i o n s  at  a

f a i r l y  low pH, C O M I X - c a l c u l a t e d s p e c i e s  d i s t r i b u t i o n s  f o r

t he  7 n ( I I ) - l i g a n d  systems were r e c a l c u l a t e d  usi ng p u b l i s h e d

2 n ( 0 H ) x c ons t a n t s  ( M ) ,  and ttoe spec i e s  7n( 0H) + and Zn(OM)?
•  *

were found t o bp abundant  o v e r  t he  pH range of  i n t e r e s t .  

These f o r ma t i o n  c o n s t a n t s  were t hen de t e r mi ned  i n our  

l a b o r a t o r y  f o r  t he  i o n i c  c o n d i t i o n s  of  the Zn ( 1 1 ) - 1 igand 

exper i ment s .  They compared w e l l  w i t h  t hose of  t he  

l i t e r a t u r e  and were us.ed in f u r t h e r  c a l c u l a t i o n s .  T h e i r  ' 

i n c l u s i o n  in t he  chemi cal  model f o r  t h e  sys t em' i mpr oved t h e  

f i t s  o f  t he  dat a  t o  t he  t h e o r e t i c a l  c ur ve s , s ome t i mes  by as



much as a f a c t o r ,  o f  t e n  ,1 n t h e  sum o f  s q u a r e s  o f  t he  

r e s i d u a l s .

The c h e m i c a l  mod e l ’s d e t e r m i n e d  hy t h e  p o t e n t  1 o m e t r i c  

t i t r a t i o n  r e s u l t s  a r e  shown 1n F i gur e ' s  25 t o  27.  S t r u c t u r e  

I V  i l l u s t r a t e s  t h e  p r opos e d  n a t u r e  o f  t h e  b i n d i n g  o f  Z n ( ' I l )  

t o  t h e s e  l i g a n d s  i n  t h e - c o m p l  exes  wher e  t h e  ami de n i t r o g e n ,  

i s  d e o r o t o n a t * » d ,  i . e .  i n t h o s e  c o mp l e x e s  ha v i ng . f o r ma t  i on 

c o n s t a n t  d e s i g n a t i o n s

In t h i s  f i g u r e ,  Pj  i s  a p r o t o n  f o r  t h e  m o l e c u l e s  Z n ( I I ) -  

r l y h i s  and Z n ( I I ) - g 1y h i s 1ys and CH3 * o r  Zn ( I  I ) - a  1 a h i s .  

S i m i l a r i l y ,  R,  i s  t h e  c a r b o x y l a t e  g r o u p ,  -COO" f o r  t h e

g l y h i s l y s .  I t  was d e t e r m i n e d  t h a t  t h i s  p r opos e d  s t r u c t u r ^

1 s f e a s i b l e ,  s i n c e  t h e s e  c o mp l e x e s  can be c o n s t r u c t e d  w i t h<

S p a c e - f i  1 1 i n g  m o l e c u l a r  model  s.

n e i t h e r  t h e  r e s u l t s  o f  t h e  p o t e n t l o m e t r i c  e x p e r i m e n t s  

n o r  t h e  *H NMR e x p e r  1 me n t s * c a n  e x c l u d e  t h e  e x i s t e n c e  o f  2 : 1  

c o mp l e x e s *  t hou g h  such c o mp l e x e s  wher e  bot h  l i g a n d s  h a v e  had 

an e x c e s s  p r o t o n ,  I . e .  t h e  ami de p r o t o n ,  t i t r a t e d  f r o m t hem 

i s  e x t r e m e l y  u n l i k e l y .  I n d e e d ,  t h e  r e s u l t s  o f  t h e

IV

N n o l c c t j l e s  Zn(  11 ) - q  1 y h i  s and Zn( 11 ) - a  1 ah i  s ant i  i s  t h e  l y s i n e  

r e* s1due( - cr i NHCH( l CH2 ) 4f!H3 4 ) C00" )  i n  t h e  m o l e c u l  e Zn{ I  I ) -
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p o t e n t i o m e t r i c  e xpe r i ment s  i n d i c a t e  a d e f i n i t e  presence of

?; 1. comp 1 e x e s , e s p e c i a l l y  s o 1 ut  i ons,  cont  a i ni  ng at  l e a s t
. 1
t w i c e  as muc'h l i q a n d  as meta. l .  Sti .  1.1 t h e  pr ot on b a l a n c e  

c a l c u l a t i o n s  show t h a t  o n l y  one of  t he  1 i gands may be amide  

d e r r o t o n a t e d  on b i n d i n g  t o  z i n c ( I I ) . '  Even wi t h  t he  l i g a n d  

n l y h i s l y s .  where t he  p o s s i b i l i t y  e x i s t s  of  t i t r a t i n g  two

■amide, prot ogs on a s i ngl . e  m o l e c u l e ,  on 1 y ' one add i t  i ona 1 -
' * * *

pr ot on i s  t i t r a t e d .  Thi s 1s f u r t h e r ,  s u b s t a n t i & t e d  by the
I  '  ■■ ' ’

t i t r a t i o n  r e s u l t s  i n t h a t  s o l u t i o n s  cont a ' i nt ng t w i c e  as
a

much l i q a n d  as met a l  ne v e r  show s i g n i f i c a n t l y  more thap^j ia' l  f  

of  th? i mi d a z o l e  resonances i-n t he  compl exed,  s l o w l y  - 

exchangi ng form.  Thus,  t h e r e  i s p r o b a b l y  l i t t l e  T*:l  complex

of  t h i s  na t ur e  bei ng formed.  1 \  ;•
' ■ '  ' \  . . . »  '' ■ * . '

Thi s  proposed amide d e p r o t ona t e d  s pec i es  seems t o be
i ?

q u i t e  s t r ong.  I n * t h e  JH r?R e xper i ment s  wi t h  s o l u t i o n s  of  ’
" • . . .  * J l

' e q i i i mo l a l  met a l  and l i g a n d ,  i n c r e a s e s  i n  pH above about  7 

r e s u l t e d  i n t h e  ma i o r i t  y o f  t h e  1 i ga n d b e i n g  i n t h e  ^  

> t n e t i c , a l l y  s t abl e ,  compl exed *prms.  A.l so,  t he  forntet . ion 

. c o n s t a n t s  and P j ? _ | frre q u i t e  hi  gh wi th l o g  va 1 lies of
t-

about  - ? . l  and 1.4 r e s p e c t i v e l y ,  i r r e s p e c t i v e  of  t h e  l i g a n d ,

✓  and COM IX-ca 1 c u l a t e d  spec i es  d i s t r i b u t i o n s  show t h a t  t he  -

s p e c i e s  wi t h  f or mat  i o‘n . const ant  j i s  e s p e c i a l l y

predomi nant  i n  s o l u t i o n  o v e r  t he  pH range s t u d i e d .

I t  has been suggest ed (fi-3) t h a t  I n c l u s i o n  of  a speci es

of  t he  type Z n ( g 1y h i s H . j ) 0 H  or  7 n ( g l y h i s H _ 2 ) i s  necessar y  t o

c o m p l e t e l y  d e s c r i b e  t he  7 n ( 11 ) - g  1 yh irt system.  Our a n a l y s e s$ (

show t h a t  t h e  a bundance  o f  t h i s  s p e c i e s  o v e r  th'p c o u r s e  o f  a



normal  t i t r a t i o n  (pH 4 t o  9.5)  does not  exceed 5 p e r c e n t  o f  

t he t o t a l  s pec i es ti i  st  r i but  i on and so may be cons i der ed
i

n o n e s s e n t i a l .  The same i s  t r u e  f o r  t h e  Zn( I  I ) - a 1 ah i s✓
system,  but  the abundance of  t h i s  spec i es  t y p e  in t he  

* Zn( 11 ) -q 1 yh i s 1 ys ,sy st  em i s  s u f f i c i e n t  t o  me r i t  i t s
r

c o n s i d e r a t i o n .

Co n s i d e r ,  now, more r e s u l t s  of  t h e  NMR s t u d i e s .  In 

a l l  i n s t a n c e s ,  t h r  chemi cal  s h i f t s  o f  the f r ee '  i m i d a z o l e
i ,l

resonances of  l i g a n d s  in s o l u t i o n s  c o n t a i n i n g  z i n c ( I I )  are  

somewhat u p f i e l d  of  t hose  in s o l u t i o n s  of  l i g a n d  a.l one at  

t he  same pH. Thi s i n d i c a t e s  t he  presence of  some Zn( I I ) -  

1 i .gand compl .exat  i on. The f a c t  t h a t  t h e  chemi cal  s h i f t  of  

t he s e  resonances f u r t h e j ” changes w i t h  pH i n d i c a t e s  t h a t  

t h e r e  e x i s t s  a f a s t  e x c h a n g e  o f  l i g a n d  on t h e  m e t a l  w i t h  

t h a t  in s o l u t i o n .  However ,  t he  appearance of  the a d d i t i o n a l  

resonances in t he  i m i d a z o l e  r e g i on  i n d i c a t e  t h a t  i n t“he pH 

range 4 t o  9 compl exes f orm which a r e  k i n e t i ^ a l l y  s t a b l e  on 

the NMR t i me s c a l e ,  ' i . e .  t he l i g a n d  i s  not exchangi ng  

between t h e  f r e e  and compl exed forms.  The chemi cal  s h i f t s  

of t he  compl exed i m i d a z o l e  resonances do . no t  change 

a p p r e c i a b l y  wi . th pH f o r  t hese  compl exes.  Thi s  is c o n s i s t e n t
r  . ^

wi t h  t he  proposed s t r u c t u r e  i n v o l v i n g  d e p r o t o h a t i o n  of  t he  

a m i d e - n i t r o g e n  w i t h  c o mp l e x a t i o n  of  z i n c ( I I )  at  t h a t  s i t e  in 

a d d i t i o n  t o  b i n d i n g  at  t he  g l y c i n e  amino and i m i d a z o l e  N- l  

n i t r o g e n .  A * i v e  or  s i x  membered r i n g  i s formed when 

zi  ncf  I I )■- hi  nds t o  t hpva bove  s i t P S ,  and Such r i n g s  a r e  knowh
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t o bp f a i r l . y  s t a b l e  s t r u c t u r e s .

I n t  h e c a s. e of  g I y h i s'l y s , t h e r e  wpre no-t j u s t  t ’wo 

a d d i t i o n a l  i m i d a z o l e  resonances obser ved but f o u r ,  

c o r r es pond i ng  t d  two a d d i t i o n a l  Cj>H and two a d d i t i o n a l  C^H 

^r esonances ,  which sugopst s the f o r ma t i o n  of  two uni que new.,  

compl exes.  . The fa’c t  t h a t  t he  r p - l a t i v e  i n t e n s i t i e s  of  the  

t-wo set s  of  a d d i t i o n a l ,  peaks remai ned * a i r l y  c o n s t a n t  w i t h  

changes in pH i n d i c a t e s  t h a t  th^e second set  of  resonances  

a r e  due t o  a c o mp l e x  d i f f e r e n t  f r o m t h e  t y p e  d e s c r i b e d  by 

S t r u c t u r e  I V and not  s i mpl y  a spec i es  formed f rom t he  f i r s t  

compl ex by t i t r a t i o n  of  a n o t h e r  amide pr ot on or  a d d i t i o n  of
i «

a hydr ox i de  i-on. A l s o ,  c o n s i d e r i n g  t he  absence of  pH 

dependence of  t h e  chemi cal  s h i f t s  of  t he  second set  of

- c o m p l e x e d  i mi dazol . e  r esonances,  t he b i n d i n g  of  t he  second
*

group i s  p r oba b l y  f a i r l y  s t r o n g ,  a ga i n ,  p o s s i b l y  i n v o l v i n g  
* * ‘

d e p r o t o n a t  i.on at  th.e l y s i n e  amide n i t r o g e n .

The Znf I I ) -g 1 y h i s t y  s compl exes were i n i t i a l l y  t h o u g h t' . J  *
t o  be much s t  r o n<^er t  han t h o s e  o f  g l y . h i s  or  a l a h i s ,  s i n c e  

- t h e r e  was a t o  t i l  a b s e n c e  o f  f r e e  C o H and C 4  H r e s o n a n c e s  

a f t e r  r e a c h i n g  a pH o f  a b o u t  7 i n t i t r a t i o n s  o f 1' S o l u t i o n s  o f  

a l i g a n d  t o metal  r a t i o  o f  l t o  1. However ,  t he  f o r ma t i o n  

• const ant s  f o r  spec i es  t hought  t o  be amide d e p r o t o n a t e d ,  i . e .  

t hose  ha v i ng  f o r ma t i o n  c o n s t a n t s  S j j . j  and B j \ i and t hought  

t o  g i v e  r i s e  t o  t he compl exed i m i d a z o l e  r esonances ,  were 

det er mi ned by p o t e n t i o m e t r i c  t i t r a t i o n  and di d pot  d i f f e r  

greeyt l y f rom l i g a n d  t o , l i q a n d .  From t h i s ,  i t  was l a t e r  

surm' ised t h a t  t he absence of  t h e  f r e e  i m i d a z o l e  r esonances

• 4



at  pH's above 7 r e s u l t e d  f rom t h e  f o r ma t i o n  of  two d i f f e r e n t  

' amide depr o t ona t e d  tZnI I  I ) - q 1 yhi  s 1 ys comol exes and t h a t  ^ 

pxchanqe between them anj i f ' the f r e e  l i q a n d  caused br o a d e n i n g  

and t he  d i sapoeara'nce of  t h e  ' f r e e '  r esonances.

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

f o l l o w i n n  was cons i der ed .  Throughout  t he  c.ourse of  t he  

7n( I 11-g 1 vh i s 1 y s ’ h NMR- t i t r a t i o n ,  t he  r a t i o  of  t he  

i n t e n s i t i e s  of  t he  two set s  o f  compl exed i n j i da z o l e  

resonances i s a f a , i r l y  c o n s t a n t  3:1,  sugge s t i ng  t he '

compl ex 0  ̂ t he  f i r s t  t vpe  i s somewhat more t her modynami ca 1 1 y 

s t a b l e  t han t he  second.  .Assuming . t h a t ,  t he  f i r s t  t ype  of
t

c one 1 ex i s t hat  i n v o l v i n g  d e n r o t o n a t i o n  of  t he  amide 

n i t r o g e n  of  t he  h i s t i d i n e  r e s i d u e ,  as has been suggest ed and  

wi 1 l.,,f u r t h p r  he d i scussed,  one mi ght  c o n s i d e r  t he Second 

t ype  of  compl ex t o  i n v o l v e  a simi  1 a r  d e p r o t o n a t i o n  of  t he  

a mi ' 1'’ n i t r o g e n  o f t h e  l y s i n e  r e s i d u e  t o  f o r m a 7 memfcered 

r i r g  wi t h  -the ,meta 1 . and i m i d a z o l e  qroup.  S t r u c t u r e s  V and 

VI  a r e  p o s s i b l e  r e p r e s e n t a t i o n s  f or  t hese  compl exes.
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♦
This ,1 arge.r r i n g  woul d be somewhat l e s s  t her modynami cal  l y  

s t a b l e  t'fian t he propos&d 6  membered r i n g  i n v o l v i n g  

c omp l e x a t i o n  at  t h e  g l y c i n e  s i de  of  t he  h i s t i d i n e  r e s i d u e .  

T h e r e f o r e ,  t h i s  compl ex woul d be expect ed t o  be l e s s
• 4

abundant  t han  t he  o t h e r  and would e x p l a i n  t he  3:1 r a t i o  

obser ved.  * .

There  seems t o  be some exchange between t he  two 

7 i n c ( l I ) - q 1y h i s l y s  compl exes s i n c e ,  as t he  pH i s  r a i s e d ,  t h e  

compl ex resonances d i s t o r t  and broaden.  Perhaps t h e r e  i s _ 

exchange between s t r u c t u r e s  V and V I ,  or  t hese  s t r u c t u r e s  

may a l s o  exchange between bei ng amide n i t r o g e n  de p r o t o n a t e d  

and bei ng w i t h o u t  amide d e p r o t o n a t i o n .

I t  m i g h t  a l s o  be c o n s i d e r e d  t h a t  t h e r e  may be some 

o t h e r  donor group i n v o l v e m e n t  t o  form t h i s  s t a b l e ,  f a i r l y  

non- exchangi ng compl ex.  The s t r u c t u r e  of  such a compl ex  

mi ght  be l i k e  t h a t  o f  V o r  V I  bu t  w i t h  tTie l y s i n e  ami no o r  

i t s  c a r boxy l  group bound to t he me t a l .  Usi ng m o l e c u l a r
A

model s ,  a mo 1 e c u l e  wi t h  s t r u c t u r e  V I I  was b u i l t .  A l s o ,  a 

s t r u c t u r e  o f  t h i s  s o r t  hav i ng  t h e  l y s i n e  amide n i t r o g e n  

de[ f rot onat pd i n s t e a d  of  t he  h i s t i d i n e  amide n i t r o g e n  was 

f ound t o  he p o s s i b l e  u.s i ng mol ecu 1 a r model s.  The f a c t  t h a t  '
. ■ *v-;/

the l y s i n e  amino p r o t o n ,  hav i ng  a pKa of  g r e a t e r  t ha^- t T ! ,  

w o u l d  f i r s t  have  t o  be t i t r a t e d  f r o m t h e  r e s i d u e  f o r  t h e  

c o mp l e x a t i o n  t o  occur  i n  t h i s  manner woul d t end t o  d i s p r o v e  

t he  e x i s t e n c e  of  t h i s  compl ex i n t he  pH range s t u d i e d .  ‘

Al t hough i t  has been l ong e s t a b l i s h e d  th.,at many met al  i o n s ,

/



1 4 6

i n c l u d i n g  Z n ( I T ) ,  have t he  e f f e c t  of  reducin-g t he pKa ' s of  

l i q a n d s  i n . t h e i r  presence i t  i s  u n l i k e l y  t h a t  t he l y s i n e  

amino pka cou l d  be reduced t p  a v a l u e  v a l u e  1 ow enough t o *  

a l l o w  t h e  f o r m a t i o n  o f  S t r u c t u r e  V I I  a t  a pH o f  b o U t 7. '

> " 1 . 0  

irV e lfV
NH2

* •  V I I ' '  . '

,   ̂ t  ; * ■
4

• *
Other  s t r u c t u r e s  were a l s o  b u i l t  where t h e r e  was * 4

b i n d i n g  by t he l y s i n e  car boxy l  group but  t h e y  were^too* y

s t r a i n e d  t o  be r e ^ l i s t i - c .  S i m i l a r i l y ,  a s t r u c t u r e  l i k e  VI  

hut  where t he g l y c i n e  amino n i t r o g e n  was bound was a l s o

s t r a i n e d .  «. * ,

In c o n c l u s i o n ,  i t  woul d seem t h a t  - Zi 00 ( 41 )  fprms q u i t e  

s t r ong  compl exes wi t h  hi  st  i di n e - c o n t a i  ni og pf f pt i de l i g a n d s  

h a v i n g  amino a c i d  sequence*  s i m i 1 a r  t o  t h a t  found at  t he N-

t er mi naf ^  end of  t he  bet a  cha i n  o f  hemogl obi n .  The s t r e n g t h
•*. * *

o f  t h i s  compl  e xa t i on may l i e  1 n t  he b i nd i hg o f  t h e  ami de
/ ' •' „ 

n i t r o g e n  t o  t he met a l  w i t h  d e p r o t o n a t i o n  a t  t h a t  rv i t rogen t o
* « *

form f> and 7 membered r i n g s  as i n s t r u c t u r e s  IV t o  V I .  I f

\



tfre 1 i gands used here t r u l y  model t hose  of  t he  N - t e / m i n a l

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

t h i s  st udy Suggest  t h a t  t he  N - t e r mi n a l  errd of  t he  bet a cha i n

' c o u l d  be’ t h e  s i t e  of  thp b i n d i n g  of  z i n c ( I l )  t o  hemogl obi n.
. •  t
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20 ’ »  *  *

30 ’ » TI IRATE. BAS by A.Arnold A S.Jlaignault *
40 ’ A ■ Departaent of Cheaistry »
50 » University of A lbert* *
60 ' t  -• EHoontoflj Alberta T66 212 Canada *
70 ’ * t
80 ’ m t t t m t m l t m H t i m m t H m m t t m M t m t m t m m m m m t t m  
9̂0 ’ - i
100 CLEAR ’ dear th» dot* space
110 POKE IH5B, 1 tot top of Kroon scroll to lino  1
120 DEFDBL A-H.0-Z ’ *11 non-integers arc double precision
130 PPA6EX*0 ‘ paraaeters are on p *f*  0
i40 DPA6EIM * ’data is on page 1
ISO TPA6EW 'ph aetor tost data is  on ppge 2 »
160 DISK!®’ * : ’ ' ’ in it ia l is e  nor king dnyo to a: for error checkin
170 SCREEN 0 .0.PPA6EX, PPA6EX, ’ set up parameter screen 0
1B0 VPA6EX*PPAttX:APA6EI*PPA6EI keep track of v irtua l and active pages
190 ON ERROR SOTO 4330 ’ errbr trapping routine
230 FA13E>0:TRUE*N0T FALSE ’ define true and false
210 TEST*FALSE . ’ in it ia l is e  the test flag
213 SPIKE*FAISE ’ in it ia l is e  the spike flag
220 ClSiKEY OFF
230 DIN PHl1000),VOLl1000) 'set up arrays for oiniguadBl data presentation
240 1(300i ,BETA(20I,JPOT(20),JBR1(20,S).1KEYI20),TOTCIS),ADDC1(S)
250 OlSklv’ b :’ ’ change norimg drive to b:
260 ENDV0L=l1 ’ aaxisue voluse delivered by the burette
270 DEF FNIC0NVXlJ)=»-6»(r,16i’ converts deciaal to BCD 
280 DEF FNTinE(Xt)>3600eVAL(L^FTt(Ii;2))rEOtVAL(NIDIIII,4,2))^AL(R16HTt(X«,2)) 

'converts tise  to seconds.
2’ 0 REN »»»»»»a»*a»»»i insert a ll introductory teat here
300 PRINT • i  1BH f t  T itration  Prograo’
310 PRINT * A.Arnold I  S.Oaignault*
320 PRINT , .

.330 PRINT ’ * (last revision Oct.3,1984)*
340 PRINT’.PRINT’.PRINT ’ v
350 PRINT ‘ This- prograa is  for use uith an Orion 701A pH a*t e r . ’
332 NETERk’ o’ '
353 REN th* follouihg fee lines cere useful ehen th * prograe eas run eith
354 REN either the fisher 520 or orion 7Q4a ph eeter and th e # * t * r  used eas
355 REN at th* operator’ s discretion.* these lines are kept her* in case the
356 REN titra t io n  systea is restored to .th a t s ta te ..
360 REN INPUT ’d i l l  a-Fisher or Orion pH ester be used H /o>’ 5HETER»
361 REN NETERt*NID»<HETERI,1.11
362 REN IF NETERI*’F» THEN KTER k’ f ’ .
363 REN IF N£TER»*’ 0* THEN NETER*»V
364 REN IF NETER4*’ f ’ 0R NET£RI«’ o’ THEN 60T0 370 ELSE LOCATE CSRL1N-1.P0SI0)
365 REN SOUND 300,S:60T0 360 .
370 DREADY*AH40 ’data rdady for Orion 701A
375 IF NETERI*’ o’  THEN HASK>hH14 ELSE HASK*4H5 casks for aV/pH actor aodts
380 IF NETERI^o* THEN PLUSNV*(HI4 ELSE PLUSNV«4H0 ’ *aV indicator , ;
382 IF NETER«>aoa THEN NINUSHV*»H4 ELSE HINUSNV*IH4 ’ -*V indicator 
384 IF HETSRIhV THEN PLUSPH-6H10 ELSE PLUSPH»6H1 ’ »pH indicator 
390 IF NEJ|Rt*!oa THEN 0NEMIH1 ELSE 0NEK«bH40 ’ NSD indicator 
410 ,IF NETffi»*’o’ THEN NTINESI*30 ELSE’NTINESXMOO ’ nuaber of tiaes to read th* 
aeter

420 PRINTlPRINT ’ K hil* running this prograa, the operation of the optoisolator a 
Qd pH-aeter can be checked by pressing F3.
430 PRINT:PRINT ’ Pleas* turn up the sound to a reasonable leve l, because th* pro 
graa ’  >  *
440 PRINT ’m i l  p o lite ly  ’ beep’ at ypu i f  m  aak* a a i i t a k * 1’
450-PRINT ’ And pleas* take not* of ahy aalfunctions and report thee to us.’
460 PRINT
470 REN s s a a ie ie titie e a ti end of introductory test lea ttiaeeeta te tesei*
480 PRINTjPRINT ’ Aid data ’and paraaeters a i l i  be stored on disk ’ IDISKI

I  ' ' ' ' ' "
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490 PRINT:INPUT 'Do you uant a hard copy of this t itra t io n ’’ (y /n )‘ ;HARD!
900 HMD4«HIDt (HARD*: 1,1) hardcopy ilag. .

S2 IF HARD»*'Y* THIN HARD*»'y*
4 IF HMD!1'!) ' THEN HARD*s'n '

510 IF HARD»*'n' OR HARD»**y* THEN 6070*550 ELSE LOCATE CSRLIN-2,POS(O)
520 SOUND 500,5: WTO 490 
550 CLS
540 PRINT CHR* (201) rSTR IN6* (77,205 > +CHR4(187)
550 PRINT CHR4(1 Ml♦SPACE*(771 aCHR*(1841: PRINT CHRK184F;
540 IF HARD**V THEN WTO 580.
570 LPRINT STR1NM(79,95I ’ p rin t a lino  across tha paga 
580 COLOR 15,0 .
590 IF NETER»*'o' THEN PRINT ‘ IIN  PC /Orion T itration  Prograt ' !

ELSE PRINT '  IBH PC/Fithtr T itratioP Prograa
400 IF HARD*«*n' THEN 60T0 450
410 LPRINT CHR»l27)i'E* 'turn on taphatiztd print
420 IF HETERP’ V  THEN LPRINT '  IW  PC /Orion T itration  Proqraa ' i

ELSE LPRINT * IOR PC/Fnhtr T itration  Prograa
450 LPRINT DATE*!' ';TIHE«
440 LPRINT CHR*l27)i*F* ’ turn of4 oophanztd print 
450 PRINT DATE*!' 'iT IHEt;
440 COLOR 7.0
470 PRINT SPACEt (12 > ♦CHR* (184): PR I NT CHR*(184)tSPACE*l77DCHR»<lB4)

» PC   • .  '
700 COL(PPA6EXI*POS(Ni:RON(PPA6tX)*CSRLlN ’ s to rt currant cursor p o u t ior,
710 SCREEN 0.0.DPA6EX.PPA6EX ’ display kov on data paga only
720 VPA6EX*PPAo£X:APA6EX*DPA6EX ’ kaap t a c U f .  v irtua l I  a rfiva  pagts
750 CLS
740 LOCATE 25,1 ’print tha kay in to natio n
750 COLOR 0,7:PRINT '  FI '}:C0L0R 7,0:PRINT • Pautt ’ !
740 COLOR 0 ,7 :PRINT' ■ F2 'CCOLOR 7,0:PRINT 1 Paraoater.Ravition ’ i
770 COLOR 0,7:PRINT R F5 MCOLOR 7,0:PRINT ■ Stop T itration  *;
780 COLOR 0,7:PRINT ■ F4 'i:C0L0R 7,0:PRINT • Scnen '(
790 COLOR 0.7:PR1NT * F5 MCOLOR 7.0:PRINT '  Tait 'S
800 SCREEN 0.0,PPA6E1,PPASEX : VPA6EX*PPA6EX:APA6EX>PPA6EX ’
810 LOCATE RDNIPPA6EZ1,CDLIPPA6EX)
930 REH
940 NUHB£RX*1 ’ in i t ia l i * a  data counter.
950 60SU8 3310 ’ antar tha titra t io n  paraoatari
940 REH ■
970 PRINT:IN^UT ‘ H ill  this data ba proctstad uith HINIQUADSf; or in aitothar ■ay’’ 

(a or ol'lDPANSt 
980 DPANS**N1Dt(DPANS4,1 .1 ) ’rui tha Himquad Flag 
990 IF DPANS**'H' THEN DPANS»*V
tooa if DPdWdSds-o' then
1010 IF DPANSfs'a* OR DPANS»*V THEN 1030 ELSE LOCATE CSRLIN-2,POS(OI
1020 SOUND 300,5 :60T0 970
1030 IF OPANSt'V THEN SOTO 1100 *
1040 IF PAR»*V THEN SOSUB 4440
1050 IF PAR*«'y' ANO’EOF(l) THEN PRINT 'No HIN10UAD paraaatars in  ’ fPARFILEft :60 
SUB 4440 .
1040 IF  PARt*'y' AND NOT EOF!I) THEN WSUB 5240 
1070 REH
1080 REh i t  ainiquad lt.baing uaad, ta t tha tab according to hoa aaoy raactants 
tharp ara ,
1090 IF DPANS**'H' THEN !TAB*4*((|MBE-I)*10> ELSE ITADpO
1100, PRINT:INPUT 'Nhat is  tha w ajtia l bun t voluaa (usually 0.0000,of co u n t)';V
OLID
1110 PRINT
1120 COLOR 31.0 i
1130 PRINT SPACEII19D'HAKE SURE THAT THE l.OOOaL BURET IS R£ADY'*SPACEt(l4>
1140 IF HARD**'y* THEN PRINT SPACE»(23D'AND THAT THE PRINTER IS TURNED ON'
1150 COLOR 7.0 
1160 PRINT SpACEP(80)
1170 PRlNTiPRINT*'Pratt any kay to start tha t i t r a t io n . . .
11 BO IF 1NNEY**." THEN 1180
1181 REH ta t up function kays for prograa interrupts
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1182 Oft KEYI1) BOSUI 2950:KEY(1) ON Ipausb interrupt -
1183 ON KEY(2) GOSUB 3110:KEY(2) ON 'paraaeter revision interrupt
1184 ON KEY 13) GOSUB 2540:KEY(3) ON ’ stop titra tio n
1185 KEYI4) OFF '
1114 ON KEY(5) GOSUB 5500:KEYI5) ON ’ test pH aeter,.
1187 KEY(4) QFF:KEYI71 DFF:KEYI8> QFF:KEY<9.) DFF:KEYI10) OFF
1140 OUT 831,155 ’ set up control'port in node 0 a l l  24 'b its  input
1200 LOCATE 12.1 * ■ . . *
1210 FOR 11*1 TO 12IPRINT SPACE*<79):NE(T I I  
1220 LOCATE 13,1
1230 ON KEY(4) GOSUB 5440:KEY(4) ON' ’ screen togqle . .
1240 COL(PPAGEI1*POS(N1 RON < PP A6EX) *CSRLIN . ’ stare current cunor position
1250 SCREEN 0,0,DPA6E1,DPA6EI :VPA6EX>DPA6EI:APA6EI*DPA6EI'
1240 LOCME 1,1 -  ,
1270 REfl prograa the 8522 parallel ports tor da'ta acquisition
1280 REH
1240 1CIMNPIB30) ’ read port C~,lst d ig it aqd aeter aodes
1300 REH print out the lis tin g  headings ,
1310 PRINT • ’ •
1320 PRINT’ VOLUME
1330 IF I IC I  AND HASK)*PLUSPH THEN PRINT’ pH . *;CHR«(235i; * (pH)*i

ELSE PRlNT’ aV ’ ;CHR*t235>S’ <aV>’ ; .
1340 PRINT ’ SLOPE DELAY"
1350 PRINT’ aL - , / am . " ' .'a

■ .

i340 PRINT:PRINT STRJN64179,194)
1370 IF HARD»*’ n’ THEN GOTO 1440 .
1380 LPRINTaPMNT *
1390 LPRINT’ . VOLUHE
1400 IF (ICX ANO BASK)*PLUSPH THEN LPRINT’ pH ’ jCHRillOOIS’ IpH)”, -

ELSE LPRINT’aV. ’ SCHRIUOOipMaVCi -
1410 LPRINT’ SLOPE BELAY’ •
1420 LPRINT1'  . *  aL ■ /a m . •
j  • » \

1430 LPRINT STRlNSIt79,95) ’ p rint a line  across the page 
1440 REfl ‘ • .
1450 REVISE*FALSE ’ reset the revision flag

1490 STARTTIHE*FNTlflE(TIHEt) ’ store tiae  at start of read loop
1495 SPIKE*FALSE ’ reset spurious reading flag
1500 REH read ports1 A and 8 NTIHESX tiaes i f  aeter is  ready (port C b i f ’6 *l)
1510 IF NOT TEST THEN BEEF
1520 FOR 11*1 TO NTIHES1
1530 IF TEST- THEN SOUND 500.1 \  - '
1540 !CI*INP(83W:rF HETER**’ f*  THEN 1540
(550 IF I IC I AND DREADYIXDREADV THEN 1540
1540 IAX»n*BCONVZ( INP(828)> ’ read port A ,5th and 4th -d ig its
1570 1BX*rflBCONVXIINP1829)1 ’ read port 8 ,3rd and 2hd d ig its  • -
1580 IDATAX*1AX*100tIBX ’ coabine the last four d ig its
1590 IF (ICX AND ONEK)*ONEK THEN IDATAMDATAIMOOOO-’ add HSD i t  >*1000
1400 IF (ICX AND HASK)*H1NUSHV THEN IDATAX*-IDATAX 'negate i f  {0
1410 IF (ICX AND HASK)*PLUSPH THEN I(IX)*I1>ATAX/1000I ELSE X(IX)*IDATAX/10«
1420-IF HETERI*’ f ’ THEN 1440 ^
1430 ICX*1NF(G301:IF (ICX AND DREADY1*DREAQY THEN 1430 ’ wait u n til pH changes 
1440 NEXT IX ,, \  -
1450 REH - .
1490 REH ststssssst linear least squares to deteraine equilibriua «*»♦*»*»» 
1700 S I6I*0: SI6Y*0: SI6IY*0: S IS II*0 : SI6YY*0 
1710 FOR 11*1 TO NTIHESX
1720 SIGY*SIGYU(II) :S 1 6 I*S I6 W I :S I6 IY *S 1G IY M H I(II) :S I61I*S16IM XslX  
1P30 SIGYY*S1SYY*X‘I IX ) » I ( I I )
1740 NEXT IX
1750 A*(S16USI6Y-NTIHESXiS]6IY)/ISlGItS16I*NTIHESXsSI6n) ’ slope
1740 8 * iSIGY-AtSlBll/NTIHESX 'intercept
1770 PH(NUNBERZ)*S16Y/NTIHESX ’ aean value o f pH or aV
1780 n iI*S I6 (I-S I6H S I6I/N T inE S X  .

1440 REH ******************** aain prograa loop
1470 REH 
1480 DELAY*0> ’ set t ia e  delay to (5 at start o f readings



I

/

1790 VVVY-SI€YY-SI6y*S16Y/NTlNE51 
1800 WY*Sl6XY-SI6l»SlfY/NTlHESZ
(810 IF VYYY<A*IIVY THEN SC-©' ELSE SE-SOR( ( YYYY-MXIYY)/ (NTIHESZ-2>) •
1820 SI6SL*S£/S8Allm) ’ std.error of slope ■

" 1822 ENDTIHE*FNTlNEtTMEt> ' i t o f *  tiae  i t  tnd of read loop
1824 IF ENDTIHE<8TAfiTTIHE THEN ENDTI HE*ENDT I Iff *864001 ’ in case o fa idn igh t 
1.826 ELAPSEDT II^-EMOT I HE-ST ARTT1 HE ’ t in *  for 1 sot of readings
1828 DELAY-DELrAŶ ELAPSEOTINE . ’ to ta l tioc since f irs t  reading

“— 1830 SI6SL-S16SL»NT1NESZ*60‘ YELAPSEOTIHE ’ s t.ekr. of slope per t in  
1840 SL0PE-A*NT1HESZ*60'/ELAPSED? ME ’ change in pH (or aV> per ainute
1850 SUHSD*0'
1860 f 08 11*1 TO NTIHESX .
1920 SUHSO*SUHSO*(X( IX ) -PH(NUHBERZ ) I ♦ (1 111>-PH(NUHBERZ))

NEXT nI I
1890 SD*S8R(SUHSO/(NTIHESX-1)) ’ id . devn of NTIHESX readings
1900 REH i f  not stable and s t i l l  tioe,go back tnd get 30 oore readings
1910 IF TEST THEN RETURN ’ to subroutine 5790
1920 IFHbBS(SLOPE)>SDPHHAX-SIGSL AND DELAY<HAXDELAY THEN SOTO 149.0 ’ read the set 
er again
1930 IF A8S(SLOPE)<SDPHHAI-S16SL THEN GOTO 2020
1940 REH reoove Outliers due to spikes i f  SDPHHAX exceeded and DELAY>HAXDELAY
1950 N-0: SUH*0'
I960 FOR IX*1 TO NTIHESX
1970 IF ABSIXtlll-(B*A«lX>> >4tSE THEN 60T0 1995 ’ spike i f  >4*se froo best lm t  
1980 SUH-SlWe-X (IX)
1990 N*N*1
1992 SOTO 2000 \
1995 SPIKE*TRUE *
2000 NEXT 1Z . -
2010 PH(9IHBERX)>SUH/N ’ nee aean value
2020 REN calculate next t itra n t  addition i f  not the f i r s t  or second point
2040 IF NUNBERZ* 1 THEN SOTO 2080 ’ do not c’alculate slope on f ir s t  point
2050 DELTAPH*PH(NUHBERX)-PHINUHB£RZ-1) ’ change in ph or av *
2060 D6LTAV»V0L(NUH8ERX>-V0l(NUHBEftt-lt ’ change in volute
2070 SLOPE*DELTAPH/DELTAV ’ slope *
2080 IF INCRt**p’ OR IN C R **V  THEN SOTO 2100 \
2090#IPULSISZ*CINT(10000*ASTEP): SOTO 2230 ’ constant volute increaents \
2100 IF NUH8ERX>2 THEN SOTO 2130 ’ • - \  ,
2110 IF NUHBERZ*2 THEN TN0INC*0NEINC»ASTFP/D£LTAPH ’change 2nd step \  
2115 IF TNOINC>2tONEINC THEN 0N£INC*2»0NEINC* -  . '
2120 NPULSESX-CI NT 110000*0N|INC): SOTO 2230 ' f i r s t  and SKond increaents 
2130 REH this part calculates the next .volute incfesent,based on the algontha  

in Anal.Chia.Acta <1431 p69 (1982)’ • - 
2132 (NJH*NUNBERZ ’ '
2136 H0*NUH’. NMNUH-l: N2*NUB-2
2140 VI-(VOL(NO)-VCN.(N2>> /(VOL(Nil (N2>) '
2150 E-(PH(NO)-PH(N2)) / tPUfNl1 >* .
2160 BD*V1»I1-E)/(E-Vl) t
2170 AA--BB*(B8e1)
2180 Tl-AA*(PH(N1)—PH(N2))
2190 T2*ASTEP*(D8*V1) . •
2200 V2-(Tlavi-T2»D»»7(Tl*T2>
2210 NPULSESX-CINT(10000*<V2*(VOL(N1) -VOL(N21) *V0L(N2>-VOL(NO)))
2220 IF NPULSESKl THEN NPULSESXM ’ ainiaua of 0.0001 at
2230 IF (NPULSESZ HOD 2)*1 THEN NPULSESZ*NPULSESX*1 ’ only even, pulses a liened,
2250 REH »#»»»#***»»**#*f#***»«#*t«**»h*t«*t»**t*****«*«f«««ttf»«♦»♦«§*♦
2330 IF NOT SPIKE THEN PRINT .* • ;  ELSE PRINT * # » • ;
2335 PRINT US1N6 1 I M ’ lNUHBERXi
2340 PRINT USIN6 ’  l i l t ;  1141 *! VOL(NUHBERX),Ptf(NUHBERZ) .Al
2350'IF NUHBERZn THEN PRINT USINS ’ • • • • • * • © . •  *iSLOPE; ELSE PRINT SPACEYdX);
2360 PRINT USM©- , Iltl'iDELAY -
2370 IF HARDt*an* THEN SOTO 2420
2380 IF NOT SPIKE THIN LPRINT '  ’ i ELSE LPRINT * t * C i
2385 LPRINT USINS * IIIM M IBERXt
2390 LPRINT USING ‘ ,  M I8 . I I 8 I  VOL (NUflBERX). PH (NUHBERZ), A;
2400 1F.NUHBERZ> 1 THEN LPRINT USINS ’ 'M 8 I M I M  NSLOPEJELSE LPRINT SPACE©(12):

Jt1-



2410 LPRINT USING ' INI*;DELAY
2420 REN tcra in a tt tha titra t io n  i f  necessary
2430 REN coaparison of the f irs t  reading and ENDPH deteraipes trend of curve 
2440 IF PHUKENDPH AND PH(NUHBERZ)>ENDfH THEN SOSUD 2540
2450 IF PH(1)>ENDPH AND PHINUHIERXKENDPH THEN 60SUD 2540 .
2460 REH
2470 VOL(NUHBERZ*!) *V0L(NUHBERZ)*NPULSESZ/10000
2471 IF V0L(NUHBERX*1)<* ENDVOL THEN GOTO 2490
2472 ENDVOL-VOL(NUHBERZ*!)*11
2473 COLOR 31,0 ’ flash the r e f i l l  aessage
2474 PRINT* —  The buret needs to  be re f ille d *
2475 60SUB 2950
2476 COLOR 7,0: LOCATE CSRLIN-1,P0S<0> ’ overante the r e f i l l  aessage
2477 REH
2490 NUHBERX*NUHBERX*1
2500 60SUB 3990 ’ add the t itra n t  .
2510 60TO 1460
2520 REH ♦»♦*♦«»»»*♦♦»»»♦ t itra t io n  teraination s i* * * * * * * * * * * * * * * * * * * * * *
2530 REH
2540'COL(DPA6EZ>-POS(1>:RON(DPA6EZ) -CSRLIN ’ store current cursor position
2550 LOCATE 25,l:PRINT SPACE!(79)i.LLOCATE 25,1

<2560 PRINT 'Do you REALLY uant to stop the titra tio n ?  <y/n)‘ ;
2570 ANSI*INKEYi : IF ANSI*" THEN 2570 
(2580 ANSI*HIDI (ANSI. 1,1)
2590 IF (ANSI*'y* On ANSI*'Y') THEN SOTO 2600 ELSE 60$U8 3130 
2600 LOCATE 25,1 ’p rin t the key*inforaation
2610 COLOR,0,7:PRINT * FI MCQLOR 7.0:H8JNt» Pauge ",
2620 COLOR 0,7:PRINT * F2 'ilCOLOR im m P  '  Paraaeter Revision

.2630 COLOR 0,?:PR1NT * F3 *i:COLOR 7, o9 B T  * Stop T itration  *i '
2640 COLOR 0,7:PRINT * F4 'ilCOLDR 7 ,oiPllNT * Screen *;

1650 COLOR 0.7IPRINT * F5 *j:COLOR 7 ,0:PRINT * Test *5
2660 LOCATE RON(DPABEZ),COLIDPAGEZ)
2670 RETURN
2680 LOCATE RON(OPAGEX>.COl(DPASEX)
2690. FOR IZ*1 TO NUHBERX-2
2700 IF DPANSI**H* THEN PRINTI2, * ",
2710. PRINTI2, TAB(ITAB);
2-720 PR1NTI2, USING * I I I I J I H ' ;  VOL( IX ), PHIIZ)
2730 NEXT IZ
2740 IF DPANSI**H* THEN PRINTI2, * - l * i  
27SO PRINTI2 TAB( I TAG)*
2760 PRINTI2,’ USING '  l i l t . t i l l * i  VOL(NUHBERZ-l) ,PH(NUHDERZ-1)
2770 PRINTI2.*
2730 PRINT’.PRINT ‘ T itration  terainated at "TIRE!
2790 IF  HARDl**n* THEN SOTO 2810 
2800 LPR1NT:LPRINT *T itration.terainated  at 'iT IHEI 
2810 HEY OFF 
2820 PRINT
2830 PRINT 'The t itra t io n  data is  stored in 'iDATFILEIi* using paraaeters in 
ARFILEI
2840 PRINT: PRINT 'Press F2 or type RUN to res ta rt..................'
2850 OUT 820,4 
2860 OUT 821,128 
2870 CLOSE I I  
2880 CLOSE.12
2890 IF HARDI*‘ n* THEN 60T0 2910
2900 LPRINT 'The t itra t io n  data is stored in  'jDATFlLEIi' using paraaeters in 
PARFILEI
2910 POKE IH5D.1 ’ return top of scrpH screen to lin e  1 
2920 ON ERROR GOTO 0 ’ disable error trapping 
2930 END 
2940 REH
2950 REN * * * * * * *  subroutine to teaporarily  halt tha t itM tio n  **♦*»♦*••»»**»*
2960 COL*POS(N):RON*CSRLIN ’ store current cursor position in active page
2970 LOCATE 25 ,l:PRINT SPACE!(79)5:LOCATE 25.1
2980 COLOR 0,7:PRINT * Fl 'CCOLDR 31,0:PRINT * Pause *1
2990 COLOR 7.0:PRINT 'Press the space bar to  resuae the t itra t io n  . . . "
5000 IF 1NKEYIXCHR!(32) THEN 3000 
3010 LOCATE 25,1



5020 COLOR 0,7:PRINT ■ FI -;:COLOR 7,0:PR1I*T * Pause * i
303(1 COLOR 0,7:PRINT ■ F2 MCOLOR-lJOlPRINT * Paraaeter Revision ‘ i .
3040 COLOR 0,7:PRINT ■ F3 * ; : COLOR 7,0:PRINT 1 Stop T itra tion  *5
3050 COLOR 0,7:PRIRT * F4 ‘ ;:CQLQR 7,0:PRIRT * Stroon •;
3000 COLOR 0.7:PRINT * F5 ‘ SlCOLOR 7,0:PRINT ‘ Test *i
3070 LOCATE Mtl, COL
3080 RETURN •
3070 END 

^lOO^tEH
3110 RER e » tm m e e e e  subroutine for paraacttr rov iiion  »«»•#»»«»♦###♦♦♦*
3120 COL(DPA6EII«POS<Or.RON(DPA6£XI*CSRLlN ’ store current cursor position 
3)30 SCREEN 0.0,PPABEI,PPA6EX :VPA6EX*PPA6E«APA6EI*PPA6EI 
3140 LOCATE 25,1 . /
3130 COLOR 0,7:PR1NT * FI NlCOLOR 7,0:PR1NT ‘ ftauk *  ’
3160 COLOR 0,7«PRINT '  F2 * ; : COLOR 31.0:PRINT '  Paraieter Rtvision
3170 COLOR 0,7:PRINT ■ FJ MCOLOR 7,0:PRINT * Stop T itration  ■;
3180 COLOR 0.71PRINT ■ F4 ‘ ;:C0L0R 7,0:PRINT * Screen •;
3190 COLOR 0.71PR1NT • F5 ‘ LlCOLOR 7,0:PR1NT * Test *5
3200 LOCATE ROW 1PPA6EX >,COL f
3210 REVISE*TRUE
3220 60T0 3650 #
3230'SOSUB 2950 '
3240 REVISE=FALSE
3250 SCREEN Q.0,DPA6£I,DPA6EX:VPA6El«DPA6EX:APA6EI*DPA6EI *
3260 LOCATE RuN(DPA6EXi,C0LIDPA6iEX) ’ go to'previous position,on dah^page 
3270 RETURN ’ •
3280 END -
3290 REH ;
3300 REH
3310 REH m o m i m m #  paraaeter input subroutine M M H m m » n i H i » »
3320 PRINT: INPUT ’ Are the titfa tfo n  PARAHE'TERS already stored in a disk f ile ?  (y 
/n l ’ iPAR*
3330 RARUHIDKPARl.l, I) 
3340 IF PAR»*‘ N‘ THEN * "PARI*‘ n* ' % ,
3350 IF PftRS^Y1 THEM PMUs*y* »
*360 IF PARITY OR PARI*‘ n‘ THEN BOTO 3380 ELSE LOCATE BBALIN-2,PO$<0) 

emiun in n  <! - e n in  TT?n '..70 SOUND 300,5 1B0T0 3320 
3380 IF PAR«*Y THEN INPUT ‘ Enter the hate of th is  f i l e : ‘ ,PARFILE« -ELSE SB
TO 3580 • ' • • \
■3390 PARFILEI*D1SKI+PARF1LEI ' V
3400 OPEN PARFILEI FOR INPUT AS I I  \
3410 INPUT!1,1NCRI.ENDPH,ENDVOL,ONEINC.ASTEP.RAIDELAY, SDPHHAI.NODE! » '
3440 PRINT:INPUT ‘ Enter a short, descriptive t i t l e  IN CAPITAL&YITLEllPRINT 
3450 IF HARDI*‘ y‘ THEN LPRINT ‘ *4TITLE*
5460 PRINT ‘ The folloeing t itra t io n  pafaneters u i l l  be used;".PRINT 
3470 IF HQD£l*‘ e‘ THEN PRINT ‘tnd nV * ;ENDPH ELSE PRINT ‘ enNpH ‘ iENDPH ,
3480 PRINT ‘ aauaua voluae'of. t i t r a n t ’ lENOVOLj* eL .‘  • ’ v
3490 IF INCRI**e" THEN PRINT ‘ eV increaent ‘ i1»TEP:G0T0 3510 *
3500 IF lNCRI*'p‘  THEN PRINT ‘ pH increaent *;ASTEP ELSE PRINT ‘ voluae increaent
■JASTEP .  r • •
3510 IF IN C R I*V  THEN 60T0 3520 ELSE PRINT ‘ the f i r s t  tao voluae additions u il l  

be “,0NEINC;‘ el pach.*
3520 PRINT -------
3530 
3540
3550 PRINT ‘  per ain . for■ equi'li br i ue *iSDPHHAI 
3560 BOTO 3900
3570.REH * • • •  entry to paraaeter revision i f  no f i l e  already exists eeeaeee
3580 PRINT:PRINT 'then enter the paraaeters nou......*:PR IN T
3590 PRINTrINPUT ‘ Enter a short, descriptive t i t l e  IIJ R P ll» L S :‘ }TITLEl:PRINT 

. 3600, IF HARD»*‘ y* THEN LPRINT ‘  t *iTITLE! M f  .
13610 INPUT 'b i l l  the aeter readings be in aV or pP W )pH )M M D E t 
*3620 NODE!*NIOt(HOK!,l,l>

3622 IF H0DEI*‘ H‘ THEN HODEO’ V  •
3624 IF H0DEl*‘P‘ THEN HODEt'Y
3630 IF NOOEI*‘a‘ OR HOD£l«‘ p* THEN 3650 ELSE LOCATE CSRLIN-l.POSIO)

PRINT ‘ rtafaue w i l l  brat ion delay ‘ {HAXDELAY;* saconds* 
PRINT ‘ a n r iu a  alloued.charfge of *i 
IF HODEM'p* THEN PRINT ‘ pH1? ELSE PRINT ■*»“,



jo * v  avm w  J W ia . w iu  a « iv  s.
*650 IF HODEI* e* THIN INPUT ’ end aV *5ENDPH ELSE. INPUT, ‘ and pH *iENDPH 
3660 IF HODEU'a' THEN INPUT ‘ N ill th is  t itra t io n  be in>constdnt dV or'voluae in 
creaents (aV /vol)’ ;INCR* ELSE SOTO 3700 
3*70 IN C R M IID tllN C R I.l.I)
3672 IF INCRt*’ H* THEN lN C M «V
3674 IF INCR**’ V* THEN M C R I»V
3680 IF INCR»*V OR I*CR«‘ ‘ v* THEN 3740 ELSE LOCATE CSRLIN-l.POSIO) '
3690 SOUND 300,3: GOTO 3660 •
3700 IF HOOEf^b* THEN INPUT ’ N ill t h u  titra t io n  Da in ’ constant pH or «oluae in 

-creaents *;INCR4 \ — ■
3710 INCR$«HID»IINCR»,1,1)
3712 IF INCRH’ P* THEN !NCR»«’ p’
3714 IF INCRt**V’ THEN INCR4**v*
3720 IF INCRt>’pa OR INCR*«V THEN 3750 ELSE LOCATE CSRLlN-I.POSlO)
3730 SOUND 300,5: SOTO 3750 ,
3740 I f  INCR4*t|’  TH|N INPUT ’ aV increaent *!ASTEP:SOTO 3760 .
3750 IF INCR»>T THIN INPUT ’ pH incraaant ’ iASTEP ELSE INPUT ’ voluaa incraaant
’ IASTEP . • . .
3760 IF LNCRIO V AND NUHSCRZ«1 THEN INPUT ’ Nhat da you uant the F irst tuo volu 
aa additions to D>'iONHNC
3770 INPUT 'aaaiaua equilibration daisy (seconds> ’ JHAIDELAY
37JB0 PRINT ’ aauaua allowed chanse oF i
3790 IF H0DE»«V THEN PRINT ’ pH*! ELSE PRINT ’ aV’ !
3800 INPUT '  par ain. For* equihbriua ’ iSOPHMI 
3810 PRINT -  * '  >
3820 R0N(PPA6EZ)»CSRLIN: C0L(PPASEZ)»P0S<0> 'store (flKtion on paraaeter pane
3830 IF REVISE*TRUE THEN S0TO 3230 .
3840 INPUT ’ M at is  the F ile  in which these PARAMETERS u ilh b e .s to red ’ FPARPlLE* 
3850 IF PARFILEIO”  THEN SOTO 3870,ELSE LOCATE CSRLIN-i.PQSlOi 
3860 SOUND 300,5:GOTO 3840 .

• 3870 PARFILE**DISK4+PARFILEI „ »
3880 OPEN PARFILEA FOR OUTPUT AS I I
3890 PRINT.I1,INCRIi'.*iENDPHrENDVOL;ONEINC;ASTEP)NAIDELAY,SOPHHAI,HODEt 
3900 PRINT:INPUT’ Nhat is  the F ile  in  which the DATA is  to  be stored’ lDATFlLEI 
3910 IF DATFILEIO" THEN 60T0 3930 ELSE LOCATE CSRLIN-2,P0S(0). '
3920 SOUND 300,5: 60T0 3900 > "
3930 DATFILEI*DISK 4+DATFILEA .
3940 OPEN DATFILE* FOR OUTPUT AS 12 *
3950 RETURN . .
3960 END-
3970 REH . • ’
3980 REH saataaaiaatfaatsfttaaiftefs taaatasaataasaatsttsattttia tsattttaH tat
3990 REH* subroutine to put out a tra in  oF TTL pulses Froi Lp5I pin 10 .

1 (9513 tiae r OUTj) every 20asec
4000 REH .  >
4010 KEYI1) STOP:KEY(21-STOP:KEY(3) ST0Ri«EY(4) STOP:KEY(5) STOP ’ disable keys 
4020 OUT 825,208 /  ’ disara counter 5 L101 0000 ■
4030 OUT 825,23 - ’ data pointer' sat to aaster soda resistor 0001 0111
4040 OUT 824,0 ’ low byte , * „  0000 0000
4050 ’ FOUT seurce*Fl . . .  ,
4060 > ’ coaparators disabled
4070 ’ tiaa-oF-day disabled-. '
4080 OUT 82ffl92 ■ t i t y  byte / l i f t  0000.
4090 . ’ scalar control in BCD .
4100 ’ enable incraaant

*4110 ’ 8 b it  bus *  ; 4 9
S i 20* *  ’ FOUT on ■ ‘

4130 ’FOUT divide by 1
'4140 FOR IZ*1 TO NPULSESZ ■ , , < /
4150 OUT 825,5 'se t date pointer to couater 3 aode rea is tsr 0000 0101 -
4160 OUT 824,84. ’ low byte- ^  ,  * 01010100
4170 ’ ’ disable special eate
4180 'reload Froa load or hold -
4190 ’ count down once in ICO j
4200 (HIT 824,15 ■ ’ hioh btfe WOO 1111
4210 REH use oF F5 sets saallest t ia e  interval oF 0.01 sac 
4220 OUT 824;10 Ilou  byte oF counter 5 load register

. 42J0 OUT 824,0 *hi«h byt*



4240 'no gating
4250 ’ count on ru in g  edge of F3
4260 OUT 825,112 ’ load and'are counter 5 0111 0000
4270 OUT 825,237 ’ w t  QUTS high 1110 0101
4280 NEIT I I  •
4290 OUT 825,229 ’ » t i  OUTS lou * 1110 1101
4300 KEYIII DN:KEYI2) Oh:KEY(3) 0N:KEY(4) Oh:KEY(5) Oh ’ re-enable koy> 
4310-RETURN
4320 END .
4330 REN eFror trapping subroutine t t t t t t t t e i t i i l m t t t m t *
4341 SOUND 300,5 •
4350 IF ERR*27 THEN PRINT 'Th» printer, n  out ol paper,':60SU8 2950:fi£3UN£

' 4360 IF ERR*50 THEN PRINT 'F ie ld  overfloa'lRESUHE 2490.
4370 IF ERR»24 THEN PRINT *A device, probably the printer, hat shut o ff — turn,
i t  back on. ' : 60SUB 2950:RESUME '
4380 I f  ERR*53 THEN PRINT ‘ F ile  'iPARFILEII* not found *:FILES D IS K * r 't . f  :R£SU
WE 3380 .
4390 IF ERR*52 AND ERL*3940 THEN PRINT 'T h u  f i l e  naae i t  in v a lid ...u ie  a -d iffe r
ent f i l e  naae' :RESUHE 39.00 'cheeks for
4400 IF ERR*52 AND ERL-3880 THEN PRINT 'This f i l e  naae i t  inva lid ...u se  a d iffe r
ent f i le  naae' :RESUIf 3840 ’ cheeks .for ■

^4410 IF ERR170 THEN PRINT 'Disk 'tO IS K t;' i^ a r i t e  protected -  use another or re
aove the urite-protect tab':609UB 2950: RESUNE 3900 . * •
4420 IF ERR*71 THEN PRINT 'Put t ie  disk in l!':60S U I 2930:RESUME 3S4Q 
4430 POKE IH5B,1 . . '

. 4440 ON ERROR 60T0 0 
4450 END
4460 REH a m e a e ia m d a ta  input fproatyfor RINIBUADBI ittteeaaa te ie tiea *
4470 LARS*1 'every point i t  used x  • ,
4480 INPUT ‘ Hou'tany foreat ion constants a rt there in th is  systee *;NK 
4490 INPUT 'Ho»,eany of these a il  1 be deterained with HINIBUAD81 ‘ IN 

*450^ NAXIT*50 ’ aanaua nuaber df iterations  
4510 IPRIN*0 ’ iterations are not eonitorid
4520 PRINT:INPUT 'Nhat is  the nuaber of reactants (east balance eguations*lligan
ds+taetalsM) 'iNRK • . -
4530 NC*NHBE-1 ’ nuaber of unknoan free  conct. per data*point ‘  ■
4540 W CAL*!!/ • • „
4550 IF HODEy'a' THEN INPUT 'Do you'aant to refine Eo (Yes/No) 'iANSI 
4360 IF HODElf'p' THEN INPUT 'Do you aant to refine pHcal (Yes/No) 'SANS*.
4570 ANSf*HIDwANSt, 1,1)
4580 IF ANS»*Tf' OR ARSI*'y' THEN IREF*1 ELSE IR£F«0 - * #
4590 TEI#: 25'/degrees C. . . ,

J 6 0 0  PIINTI1 JLARS.NK.N,HAXIT, IPRIN.NHIE.NC,PHCAL, 1REF.TEHP 
4610 PRINT:PRINT:PRINT 'No* start'entering  the IK S  of thg foraatiqn constants, 
or estiaationV of such:* r
4620 FOR 111*1 TO NK '
4630 PR I NT: PR I NT: PRINT 'Constant nuaber ' H U ; '  INPUT) IL6C0NST
4640 JPOT(IlI>*INT(XLSCONST) ’
4650 BETA 1111) * 10'A (1LSC0NST-JP0T ( I I I ) )  > -
4660 PRINT. 'Rhat are the r d iet ant s to ich ioaetrit coeffs at .th is  pK ',in  tile order;
of eetal 4 if  presentLligaiid Is),than protons... ’ * *

4670 -PRINTI1 ,JrQT( 111) , BETA! 111)
4680 FOR JJJ*1 TQ.NIftE y. ,
4690 P R Ih r'.a  t —  of-reactant ,'iJJJ;
4700.INPUT JBRKlir.JJJ) * >'■ •
4710 PRINTD1, JQR1.414 
4720 NfXT J J i .
4730 INPUT 'N i l l  th is foraation constant be refined (Yes/No) ';ANSt - 
474Q AhS4*HID4LAhSt,l,'l>
4730 IF i i S l W *  OR ANSI*'y' THEN IK EY(III)«1 ELSE IK fY lII!)« 0  
4760 PRUfUljlKEYTHl) •
4770 NEXT I I I
4780 IF HODEJRV THEN JEL-I ELSE JEL*0 ,
4790 PMNTW.JEL .. • ' ' *
48Q0 PRINT:PRINTi'Noa -enter in the in i t ia l  nuaber of aaoles each reactant Inegat* 
ive i f  OH-) -in  the TITRATE:' * .
4810'REN > . * -

• 4820 FOR IFK*1 TO WISE , .  1
4830 PRINT \  - —  aaoles reactant 'jlK K ; ,
4840 INPUT TQTCUKK) f  • '



4850 PRINT81,T0TC(IKK>
4880 NEIT IKK •
4870 IF J£L*1 THEN INPUT 'Nhat i t  the Eo value 'iEO ELSE E0«0'
4880 PRINT81.E0
4890 PRINT ‘ m at are the concentration* of each reactant in the TITRAHT ‘ (neaati
e i ♦ OH- ) : •  k
4900 FOR ILI«1 TO NNBE • .
4910 PRINT * - - -  of reactant 'ILLL;
4920 INPUT ABDClJLLl-) . . (
49J0 PRINT81,ADDCIIILL)
4.940 NEXT LLL *
4950 INPUT ‘ Nhat n  the in i t ia l  volute of the solution taLl'jV IN IT  
4960 PRINT81.VINIT ‘ ..
4970 PRINTlPRlNTlPRINTlPRINT ‘ HASN'T THAT EASY^'lPRINTlPRINT 
4980 REN formatting the in i t ia l  data for oimquad 
4990 JtEN ’
5000 FOR 1*1 TO 10:PRINT82,1NEIT I 
5tllO PRINTI2," 'iTITLE*,DATE*
5Q20 PRrlNT82. USING '  81*4LARS,NK,N,NAIIT,IPRlN,NNBE,NC
5030 PRINT82, USING *S.8S8*;PHCAL;
5040 PR1NT82i  USING* 8 ‘ ilREFl
5050 PRINJ82,* 0‘ . ,
5060 PRINTI2, USING * 8888.8‘ lTENP
5070 FOR NWM TO NK
5080 PR1NT82, USING ‘  88.88888*iRETAINNN);
5090 PRINT82, USING ‘ BSS'iJPOKNNN);
5100 FOR HHN*1 TO WISE 
5110 PRINT82.USING''  888*1JQR1INNN,NHRIS 

•5120 NEXT HHH ' .
5130 PR1NT82.US1N6 \  888‘ ilKEYMNN)
5140 NEIT NNN
5150 PRINT82; USING' fSiJEL „
5160 FOR 111*1 TO NNBE
5170 PRINT82. USING '8188.88888TIT0TCIIII);
5180 NEIT I I I  ' ,
•5190 PRINT82.* '  . . .
5200 PR1NT82, USING '  8888.888'SEO . '  * •
5210 FOR JJJ*1 TO NNBE . v
5220 PRINT82. USING ‘  8888.888.8'iAOOCMJJJ);
5230 NEXT Hi v.
5240 PRINT82,USING '  88881.I8 I'!V IN IT  ,
5250 RETURN 1090
5260 REH subroutine to oet oihi quad paraaeter* froa p arfile *
5270 INPUT81.LARS.NK,N,RAIIT,IPTiN,IW8E,NCi PHCAL,1REF,TEW'
5280 PRINTlPRlNT 'There are *}N K r for pat ion constant*. ‘ jN i'- to  be re fin e d ...

. 5290 PRINT: PRINT '  lop (beta) , • re fin e d ? 1
5300 FOR 1*1 TO NK
5310 I88POT8J, JPOT < 1), BETA ( L) - JL
5320 PRINT UStNG *88.8888 E*; BETA11>;:PRIMT USING' ‘ *88 . A O T I I ) ,  .
5330 FOR > 1  TO NNBE W k
5340 IKPUT81,J0R1I1,J) .
5350 PRINT Jtmi ( I ,J ) ; . * . W . •,.■■■
5360 NEXT J .
53-70 iRPUTBUKEYtlT' ^ . t
5380 IF IK E fr il* !  THEN PRINf ^*Yes* ELSE PRINT /N o *
5390 NEIT I ' ■
5400 INPUTS 1, JEL v -
5410 GOTO 4$00 - '  ' ‘  .  *
5420 GOSUB 4990 • ■ \  .
5430 RETURN - r
5440 END . *
5450/REN aeeetamaaea# subroutine to  f lib o a o e * O'end 1 # » « ♦ •♦ •*» *•« * •*
5460 IF VPA6El*tfPA6EZ> THEN SCREEN 0,0.888X120 ELK SCREEN 0,0,APAGEi,l 
5470 IF VPA6E1-1 THEH VPfSEl-O ELSE • ' a,
5480 RETURN " • * . . *
5490 END, .  ♦ .
5500 REN tttM^aaapubroutine to continuously read the pH aeter »•»♦»••»♦«#»♦» 
5510 T tS M R w  • ’ seE the test flap

.5520 KEY(l) OFF:KEY12) OFF ’ teuaorarily turn key* o ff ‘  '
-5530 KEY<-3) OFFlKCYM) OFFJKEYlS) OFF *■
.5540 ON KEY 16) GOSUB 5850:KEY(6) STOP ’ proqrau kay F6 to (e t out of th is



potition  on data paga
5570 CIS •
5580 LOCATE 25.1 ’ ta t up l in t  25
5500 COLOR 23f OlPRINT * Hatar Tant M C O LM  7.0
5400 PRINT* p ra tt *5 ‘.C0L«R 0,7:PR1NT • F4 *}:C0L0R 7,0:
5410 PRUT' to  raturn*
5420 LOCATE 1,1 •
5630 PRINT ’ > •♦CHR4I179) ••
5440 FOR 1*1 18 10:PAIAT • "♦CHROtlOSltNESI I ' .  ‘ '
5450 PRUTX  •♦CHR8ll95)tgTRINS*l7G.I9A> ,
5640 FOR TO 10:PRINT * •♦CHR4I1«):NI1T 1 .
5A70 PRWT * . •♦CHRK179) . ■
5680 KE9(4)‘ ON ■
5490 60SU8 1440 ’ go and road' tha a tta r  -
5700 KEY(4) OFF • - .
5710 LOCATE 12.1 ' ’ i ta r t  p rin tin g  ph a tta r  rta d ing i .  .
5720 IF H 0 D E t*V  THEN PRINT USING *88.8888*1 PH tNURRERl”  .
5730 IF HO»E»**a* THEN PRINT USIN6 *8888.88.*lPH(NUHSEAt) ,*
5740 FOR 11*1 TO NTIHESX •
5750 IF H E T M 8 -V . THEN 1C0L*1I ELSE IC 0 L *I*1 I\3  . .

■3760 irNO SE»Vpa THEN IR0N *l2-(I(ll)-M 1IN U H »ER l)I/.061 ELST IR 8N *12-(I( ! I l r PHlN 
UMER311/.1 • . - - • ' ■ ^  .
5770 JF IR0N<f THIN IRONM-
5780 IF IRON>23 THEN TRt»-23
5790 LOCATE IRDN,2»IC0Lr9 ;PRINT CHRI1254)
5800 NEIT IX *
581Q LOCATE'25,40: PR I NT USING ‘ RR.RitO'lSLOPEl 
5820 PRINT • W ’.P IIN t USING *'RG.8RRt*5Sl8SLt:PRlNT * )*
5830 FOR 1*1 tfl 4000:NEIT I v ✓  . ' '
5840 GOTO 5570, .  ,’ raad tha a tta r  contrououtly o n lt t t  F t i t  p r ttta d  
5850- REN* raturh Froa t a i t  ro u tfn a .,

140 SCREEN <M,'TPAGEX,0PA6EX: ’ F lip  back to  data pagt - ,  «
170 KEY14I 0J( - . .
MO TEST*FALSE ’ raaat tha ta t t  Flag

5890 SCREEN 0 .0 ,DPA6E1,BPA8E13!?? LOCAIE ^i.j^ ^  'iat_u|_oId^lint^25t4ay again
S print ■
7 ,OlPRINT •
7 o:print •
/daPRINI *

RON(DPA6EX) , CM.(DPAGEZ) ’ >  to  praviooi poaition on 
m:KEY(2)’ 0N:KEYI3) ONlKEYllrON ’ turn fcayt on again 

l§ f  GOSbl 5500: KEY (5) ON

5910 COLOR 0,7:PRl*T * FI *i:C0LDA 7 ,OlPRINT * P m »  * |
5920 C0L«,0,7:PRINT * F2 ,.|:COLOR 7,0:PRINT * Pariaatar I
5930 COLOR 0,7tfRINT * F3 *|:C0UJR 7 ,OlPRINT * Stop T it r i
5940tflLOR 0,.7:rRINT * F4 *}:CQLOR ? OlPRINT * Scrttn *»
5950 COLOR 0,7:PRINT * F5 MCOLOR 7,R:pRlNT * Tait *1
m ia  i nriTc dnutnDAcru rnt /maactt 6.
rfTjpv wwkwn w . / . r r t i H F  r j  laUVWWn / . I f t r i W W I  I V » l  >
5940 LOCATE R0N(DPA6EX),CQL(DPAGEX) *oo to  praviooi poaition on data paga
59.70 KEY11) - t - — "  — . — . I . - -
5980 ON KEY I 
5990 RETURN



Sample h r w t U r  iet-uos

H # 4

UN  PC T l t r i l f o n  P r o ^ B K -  0 7 - J 1 -1 *83 12:39.37

• ' . ' ‘ c ' V
A re  t h e - t i t r a t i o n  f i r i t t t i r i  . a l r e a d y .  s to re d  In  •  d is k  f i l e  ( y / n ) 7 no 
t h e n  e n t e r . t h e  p i r u e t n r i  n o w . . . . . .

E n t e r  a she^rt', d e s c r ip t i v e  t i t l e  IN  CAPITALS: T IT R A T IO N  1 * ;  »,

W11 1 t h i s  th e  m e te r  re a d in g s  No 1m drv o r  pH ( m r /p H ) 7 nv  
end mV7 -4 0 0
Ml 1 1 t h i s  t i t" ra t .1 o n  be In  c o n s ta n t'm V  o r  vo lum e 1 n c re m e n ts (m V /p H )’ mv 
mv in c r e m e n t7 , -1 0
M hat do you w ant th e  f i r s t  tw o  vo lum e a d d i t io n s  to  b e 7 0 .?
maximum e q u l l I b r a t l o n  d e la y  (s e c o n d s )7 ,1 2 0
maximum a l lo w e d  change o f  mV p e r  M in . f o r  e q u l 1 1 b r lu m 7 0 .1

What 1s th e  f i l e  1n w h ic h  th e s e  PARAMETERS w 1 11 be S to r e d 7m v m v l0 .p a r
* •

W hat Is  th e  f i l e  1n w hfch  th e  OATA 1s to  be s to re d ?  J u l^ lO O J .d a t
W i l l  t h i s  d a ta  be p ro c e s s e d  w ith  M1NIQUADN1, o f  1n a n o th e r  way (m /o )7 o
W hat 1s th e  I n i t i a l  b u r e t t e  vo lu m e  ( u s u a l l y  O .o f  c o u rs e )7 1 .2 3 4 5

HAKE SURE THAT THE 1.00.(Jml tU R ETTE IS  READT • • • • * , .  . .
>» !_____ ,....»—........   :_I_______ :______  > ~ • • -

V •
. . . T  * - - •  - V .  

• .12. . UsImi-'parame.Tars already stored,

/  ;   :   1 ,
Are the titration PARAMETERS a.lready stored 1n a disk 'ffl e 7
Enter the name of this flic’: mvmvlO.par 

* *’Enter a Ihort, descriptive title CAPITALS: TrTRATION a2
The following titration* parameters will be used:,; A'
end aV -#00 ’ *. 1 '
maximum*volume of tltrait 1 ml. 
aV increment -10 - 1’ 'the first.two volume aifttlons w111 be 0*2 aL each
maximum equl 11bratlon delay 120 seconds-
maximum allowed change of aV per a1n. for equilibrium. 0.1 I
What’ls the file 1n which the DATA 1s to be stored! Ju11l002.dat ,
Will thls-dete he processed with M1N1QUAD81, or In another way (m/o)? o 
What Is the Initial burette volume (usually 0, of course)7 0.0000
**••• MAKE SURE THAT THE l.OOOMl IURETTE* I S AEADT •*•••

% /  * * *  *

 ---------- :------------— -r— ----------------   £-r -------:— ------ r --------



4

If H1N10UAD81 1s to b« used for Oata Processing; *

muiOHADSl calculates the overall association constants 
called a’s, according to tire fol lowing’ relationships:

166

pH ♦ qL ♦, rH <- V q " r

rn. LqHr]
’ p q r [M2p[n « rH ]r

where H, | and H represent natal* ligand and protons, 
respectively with'the St 1ochlonetrl c coefficients p, q and r.

The program will foraiat the data for direct use with 
HlNIQi)408l (HIN1QB1D0PTH) 1f specified. What follows 1s a 
listing of the prompting forsettlng the Initial program 
parameters .- how many constants arc to»be determined.
Initial nmoles reactants, etc..- with saaipl e“retponses - 
Included. •    .._

f t̂i 1 l this dAd^be-processed with miNlQUAQgj, or In another way* n 1
If the>se parameters have already been stbred In the 

parameter file opened for this titration they will be yrltten 
to the terminal screen for-gou to tee. Otherwise, you will 
enter them 1n as follows: “

How many formation con 
How many of these will

is system ! 2
UQUM81 7 1

Uhat.lv the number of reactants (mass bala 
ame^ls*l)? 3

/•Do you wadt to ^flne Co (fes/ho)? yes - or PMCAl If 
pH mode

Now start eptertng the LOGS of the format1 on * constantg, 
estimations of such: “t: *

♦
Constant number 1 ...... . 10.74 5
What are the reactant stoichiometric coefficients at- this - IgpgK, 
1 n the order of metal (HVpo-tten^), 1 igand(s), then protons (If 
OH-, enter a. negatlv'e coe'ff.)....? m .  ' <

'--- of reactant .1? 1 eg. for MLH2 complex
—  of reactant 2 1 1 then 112:
■ of reactant 3 ( 2  

Will this formation constant be refined (Yes/No)? no

Prompting for entering formation coifstants w111 continue 
until the number of formation constants for the experimental 
system specified above Is reached (here, 2).

. .< ««

Now enter the Initial numberfef mmoles or each reactant (negative 
1f OH -) In the T i m m  J

* ---mmoles reactant 11 0.4573 ^
... mmoles reactant 27 0.475089
••• mnolft reactant 37 1.45384

What Is the Co value 7 440.5 - not asked If urUg #H .
What aHe the concferfTrbtl ons of each Yeactant 1 n tiee 71T8ANT 

.(negative 1f 0H-) : . ' _ l. •
—  - of reeetanf !•* 0 / ^
... of reactant 27 0 . \ *

of reactant 37 ' -1.0034 . * /
What ts th# Initial vol ume of-the soJ,et1on(mt|j 24.504 ' ^

_    •mTr--

r


