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FLUORESCENCE TITRATION OF SOKE PURINES 
DETERMIITATION OF LQ'WEST EXCITED-STATE I O N I Z A T I O N  CONSTANTS 

Key w o r d s :  6-methyl purine,  xanth ine  

Mehmet Balcan and Aysel Temlzer 
Eee u n i v e r a l t e s i ,  Facul ty  o f  Science Chemlstry Department ,Bornova 

Izmir  TURKEY 

ABSTRACT 

Exci ted-s ta te  I o n i z a t i o n  e q u i l i b r i a  of 6-methyl purine and 

6-Methyl purine is  known t o  have t w o  i o n i z a t i o n  e q u i l i b r i a  
r a n t h i n e  were I n v e s t i g a t e d  in a wide range of pH. 

in i ts  ground-state .  It was found t h a t  i t  had one more i o n i z a t i o n  
6qul l ibr ium in s t r o n g l y  a c i d i c  reg ion .  I n  t h e  e x c i t e d  s t a t e ,  f o u r  
i o n i z a t i o n  e q u i l i b r i a  wera observed. The pK' va lues  o f  t h r e e  of 
them were determined by means of f luorescence  t i t r a t i o n .  

I n  the  case o f  xanth ine ,  t h e r e  e x i s t  t h r e e  ground-state  equi-  
l i b r i a .  I n  t h e  e x c i t e d - s t a t e ,  f o u r  e q u i l i b r i a  were observed. The 
pK* va lues  of t w o  o f  them were determined by means o f  f luoreacence  
t it  r a t  ion.  

Appl ica t ion  o f  n u c l e i c  a c l d e s  in biochemistry and c l i n i c a l  
chemistry hao increased  t h e  i n t e r e s t  In t h e  photochemical proceoses  
o f  t h e s e  compounds and the  e x c i t e d - s t a t e  p r o p e r t i e s  o f  purine d e r i -  
v a t i v e s  have been t h e  objec t  o f  a number o f  I n v e s t i g a t i o n s .  There 
have been fevi s t u d i e s  upon t h e  exc i ted-o ta te  i o n i z a t i o n  e q u i l i b r i a  
o f  purine d e r i v a t i v e o ,  and t h e y  have been undertaken w i t h i n  l i m i t e d  
pH range('-'). I n  t h i s  s tudy ,  t h e  f i r s t  e x c i t e d - s t a t e  i o n i z a t i o n  
cons tan ts  o f  6-methyl purine 
in Q wide ranee o f  pH. 

and xanthine have been i n v e s t i g a t e d  
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316 BALCAN AND TEMIZER 

TABLE 1 

f o r  absopt ion 

4 40 3 90 

a )  The va lues  e x i s t  a l s o  in l i t e r a t u r e ( 2 ) .  
b)  This  an ion  doesn ' t  occur  in ground-state in t h e  pH range inves- 

t i g a t e d .  

EXPERIXEIJTAL 
Chemicals: 6-methyl purine was f r o m  Fluka(purum), xanthine was 

from IQerck(pure). D i d i s t i l l e d  vrater used a3 s o l v 5 n t .  Buffer  s o l u t -  
ions (pH range 2-12) nere  prepared by adding t h e  necessary amounts 
of IJaOH e o l u t l o n  i n t o  I i  PO 
\*:ere used t o  prepare s t r o n g l y  Rcid ic  and b a s i c  s o l u t i o n s .  

Unicnm SP 000A spectrophotometer .  Fluorescence s p e c t r a  were mea- 
nurod by a Pica 55 spec t rof luorometer .  Radiometer 26 pli meter  was 
used f o r  memuring t h e  PI! va lues  of b u f f e r  s o l u t i o n s .  A l l  measure- 
ments viere mede n t  room temperature .  Optimum concent ra t ions  of 
6-methyl purine and xanthine v:ere determined a s  2.10-5 M and 4.10-5 
M r e s p e c t i v e l y  f r o m  the  r e l a t i v o  f luorescence  i n t e n s i t y  versus  
concent ra t ion  p l o t s .  

CH CO H-H BO 

Jnstrumentat ion:  Absorption s p e c t r a  vere  obta ined  uaing an 

mixture .  H2S04 and NaOH 3 4 - 3 2  3 3  

RESULTS 
A) 6-Methyl purine 

Absorption and f luorescence  s p e c t r a  of 2.10-5 6-methyl purine 
oolu t lons  a t  d i f f e r e n t  pH va lues  nere obtained (pH d i f f e r e n c e s  were 
approximately 0.5 u n i t ) .  Absoption s p e c t r a  showed t h a t  f o u r  d i f f e r -  
e n t  p r o t o l y t i c  s p e c i e s  e x i s t  i n  gound-state in t h e  pH range inves-  
t i q a t e d .  Fluorescence s p e c t r a ,  on t h e  o t h e r  hand, showed f i v e  d i f f -  
e r e n t  p r o t o l y t l c  s p e c i e s  i n  e x c i t e d - s t a t e .  Absorption and fluores- 
cence band maxima a r e  summarized i n  t a b l e  1 (6-methyl purine i s  
shown a s  HMePu). 
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FH3 

31 7 

6-methyl purine 

6-Methyl purine is known t o  have two i o n i z a t i o n  e q u l l i b r i a  in 
its &round-state .  They can be w r i t t e n  a s  f o l l o w s :  

HPePu+ + H20-HfdePu + H 0' pK = 2.6 3 (1) 

(11)  HMePu + H20- MePu-+ H30+ pK = 9.02 

In t h i s  w o r k ,  one more equi l ibr ium which o c c w s  in 2.5 M 
H2S04 s o l u t i o n  was found. Th ie  equi l ibr ium can be shown a s  f o l l o w s :  

(111) H3MePu++ + H 2 0 M H 2 M e P u +  + H30+ pK p -1.8 

The pK value was d e t e n i n e d  u s i n g  f o l l o w i n g  equat ion  (13) 

Ho = pK + lo 

Ho I s  the Hammot+. n c l d l t y  funation. 
I n  t h e  e x c i t e d - s t a t e ,  one more equi l ibr ium which doesn ' t  occur  

in grOUnd-Qtat8 was observed i n  t h e  SOlutiOn a t  pHz12.6 . 
(IV) (MePu-)* + H 2 0 e ( M e P u a ) *  + H30+ 

I n  o r d e r  t o  determine t h e  e x c i t e d - s t a t e  pK* ( e x c i t e d - s t a t e  ion- 
i z a t i o n  c o n s t a n t )  va lues ,  r e l a t i v e  f luorescence  i n t e n s i t y  versus  
pH curves were obtained.  

rim ( I ) .  

rim (11). Thie  value m u s t  correspond t o  the  ground-state  pK= 9.02 . 
pK*= 7.4 had been es t imated  from f luorescence  band s h i f t s  w i t h  pH(12) 
(If f luoreocence emission i R  f a o t e r  t h a n  t h e  entebl iehment  o f  t h e  
exc l ted-o ta te  equi l ibr ium f luorescence  t i t r a t i o n  g i v e s  t h e  ground- 
s t a t e  PK value (10)- 

From 31'2.1, t h e  value o f  pK* = 3.6 was found f o r  the  e q u i l i b -  

Prom FIC.2, t h e  value o f  pK"= 9.0 was f o u n d  f o r  t h e  a q u i l i b -  
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318 BALCAN A N D  TEMIZER 

FIG.1. Fluoreecsnce t i t r a t i o n  curve 
for 6-Mothyl purine a t  370nm. 

FIG. 2. Fluorescence t i t r o t i o n  curve f o r  6-methyl purino 
a t  3 4 5 m  

FIC43. Fluoreeoence t i t r a t i o n  curve f o r  
6-methyl purine at  370nm. 
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FLUORESCENCE TITRATION OF P U R I N E S  319 

From FIC.3, t h e  value o f  pK*=1.8 was found f o r  t h e  e q u i l i b -  

Equi l ibr ium (IV) couldn ' t  be i n v e s t i g a t e d  by t h i s  method be- 
rium (111). 

caune of t h e  over lapping  of t h e  f luorescence  bands o f  the  r e l e v a n t  

spec ies .  The pKR value had been es t imated  f r o m  t h e  f l u o r e s c e n c e  
band s h i f t 0  wi th  pH a s  approxlmately 12.6 (12). 

B) Xanthine 
Fluorescence s p e c t r a  of 4.10-5 N xanthine s o l u t i o n a  a t  d i f f e r e n t  

pH va lues  were obtained ( pH d i f f e r e n c e s  were approximately 0.5 
u n i t ) .  Four d i f f e r e n t  p r o t o l y t i c  spec iee  o f  xanth ine  e x i s t  i n  i t s  
ground-state .  Only t h r e e  o f  them emit ted.  

below. 
>max values  of absorp t ion  and f luorescence  bands a re  summarized 

TABLE 2 

i o n  o r  molecule 

F luo re 8 cenco 

a) This anion doeen ' t  occur  in eround-state  I n  t h e  piI range 

b )  Fluorescence emission is weak. 
invos t iqo ted .  

Xant h i  ne 

Xanthine is known t o  have t h r e e  i o n i z a t i o n  e q u i l i b r i a  i n  i t s  
&round-state .  They can be w r i t t e n  a s  followo ( n e u t r a l  xanthine is  
abbreviated a s  H3Xa). 

(1) H4Xa+ + H20-H 3 Xa + H30+ pKS.O.8 

H Xa + H20-H$a- + H30+ pK-7.44 3 (11) 

(111 1 H g a -  + H 2 0 w H X a  + H30+ pKol1.12 
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320 BALCAN AND TEMIZER 

0 1 2 3 4  pH 

FIC.4. Pluorescence t i t r a t i o n  curve 
f o r  xanthine a t  440nn. 

FIG.5. Pluoreucence t i t r a t i o n  curve 
f o r  xanthine a t  440nm. 

In the e x c i t e d - s t e t e  one more equi l ibr ium which doesn ' t  occur 
i n  Cround-state was observed In the s o l u t i o n s  e t  pH112.6 . This  
equil ibrium can be s h o w  eo f o l l o w s .  

(IV) ( H X ~  = x  ) + H ~ o & ( x ~ ~ - ) *  + H ~ O +  

In order t o  determlne the e x c i t e d - s t a t e  pKs va lues ,  r e l a t i v e  
f luorescence i n t e n s i t y  veraus pli curvea are obtained.  
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FLUORESCENCE TITRATION OF PURINES 321 

pK* v a l u e s  f o r  t h e  e q u i l i b r i a  ( I )  and (IV) were found  8s 2.2 
and 12.15 r e s p e c t i v e l y  from F I C . 4  and FIC,5. The pK* v a l u e s  o f  t h e  
e q u i l i b r i a  (11) and (111)  c o u l d n ’ t  be i n v e s t i g a t e d  by t h i s  method 
due t o  o v e r l a p p i n g  o f  t h e  f l u o r e s c e n c e  bands  o f  r e l e v a n t  s p e c i e s .  
These  v a l u e s  had been  e s t i m a t e d  a s  4.2 and 9.4 f r o m  f l u o r e s c e n c e  
bsnd  s h i f t s  w i t h  pH(12).  

nI SCUSSION 
It h a s  been  found  t h a t  in t h e  p u r i n e  d e r i v a t i v e s  s t u d i e d ,  t h e  

i o n i z a t i o n  e q u i l i b r i a  in t h e  e x c i t e d - s t a t e  s h i f t  t o  t h e  a c i d i c  r e -  
g i o n  for t h o  p r o t o n  d i s s o c i a t i o n  f r o m  molecu le s .  However, for t h e  
p r o t o n  b i n d i n g  t o  t h e  molecu lps ,  t h e  r e v e r s e  h a s  been  obse rved .  
Tha t  is, t h e  e x c i t e d - s t a t e  e q u i l i b r i a  s h i f t  t o  t h e  b a s i c  r e g i o n .  
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