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A STUDY ON TI53 INTEMCTIOI~  EETWEZIi 6-METWL PURIliE IHD CYTOSINE 
BY MEMS OF A3SOEPl‘ION AND FLUORESCEECE EMISSION SPZCTROSCOPY 
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Ege h i v e r s l t e e i ,  Facul ty  of Science Cheml8t1-y Departsent  , Bornova 

fzmir  TURMY 

XBSTMCF 

The hydrogen bond format ion  betv;een 6-methyl purine and cyto- 
eir.e ~ E E  been s t u d i e d  et room t eapere ture .  The a b s o r p t l o n  end fluo- 
rescence e s i s s i o n  s p e c t r a  of 2.10-5U 
coritainiLg C i f f e r e n t  mounts o f  cy tos ine  In t h e  range o f  2.10’4- 
3,5.lO-k r:ere i n v e s t i g e t e d .  The Essoc la t ion  cons teq t  f o r  hyrogen 
Sonded complex f o r c e t i o n  between 6-=ethyl purine and cy tos ine  was 
f o m d  t o  bc l , l .103  LI-’ f r o m  abaorp t ion  d l f f s r e n c e  s p e c t r a .  The 
s i r e  eeeocia t ion  constant  I n  t h e  e x c i t e d  s t a t e  was found t o  be 
a#&. 7 0 1 ~ 3  K-’ f r o l r  f luorescence  s p e c t r a .  

6-methyl purine solutions 

In termolecular  hydrogen bcud formst ion cen be s tudied  by 
c e m s  o f  absorTtion end f luorescence  e z i s e i o n  nethods. Ground s t a t e  
eqllilibrium conatanta  of hyrogen bond formation can be found f r o c  
absorpt lcn A new end d i f f e r e n t  equi l ibr ium can be 
reached dar ing  t h e  l i f e t i m e  of t h e  exc i ted  s t a t e ,  if t h e  e e t a b l i s h -  
m n t  of  exc i ted  a t a t e  e q u l l i b r i u s  I s  f a s t e r  enongh then  fluores- 
cence e ~ i s s i o n ( ~ ) .  I n  t h i s  case,  e x c l t e d  s t a t e  equi l lbr ium c o r s -  
t a n t s  cen be c a l c u l a t e d  f ron f lLorescence s p e c t r a ( 1 8 4 8 5 ) .  I n  t h i s  
s tudy ,  the hydrogen borid formation between 6-nethyl purine ard cy- 
toa lne  lies been i n v e s t i g a t e d .  
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324 BALCAN AND TEMIZER 

6-methyl purine Cytosine 

The hydrogen bond. formation betbeen 6-methyl purlce (6-2Pu) 
and cyroaine ( S )  In ground s t a t e  is m i t t e n  as fol lows:  

6 - w ~  + S = 6-Mpu....S 

The essoc ih t ion  constant  o f  t h i s  equi l ibr ium can be given as 
f o l l w e  

K =  l6-IiP~. . .SI 
( 6 - t i 4  IS] 

( 2) 

K can be determined from equat ion  ( 3 )  with t h e  a i d  of absorp- 
t i o n  s p e c t r a .  

Khere, AA: The d l f f e r e n c e  In o p t i c a l  d e n s i t i e s ,  K: The e q u l l i b -  
riuz constent  o f  t/he hydrogen bonded complex forffietion i n  ground 
s t a i e ,  C8: Tne cytosiEe concent ra t ion ,  A h a x :  The maxlnum d l f f e -  
rence i n  o p t i c a l  d e n s i t i e s .  

On the  o t h e r  hand, the  a s s o c i a t i o n  r e a c t i o n  and t h e  e q u l l i b -  
riw constent  i n  exc i ted  s t a t e  can be given as: 

(6-1:h)' + s ( 6 - m . . .  .S)' ( 4 )  

Ey u i n g  f luorescence  ePlss lon  method t h e  K" value cen be es t imated  
f rcx  the  fol1ov;icg equation. 

(I/Io 1-1 = o t K  ' - K*(I/Io) 
[ S J  

\ .here ,  I,Io: The f luorescence I n t e n s i t i e s  o f  6-methyl purine I n  
2reser;ce aat  e b s e x e  of cytos ine  r e s p e c t i v e l y ,  [ ~ ] : ~ y t o s i n e  concen- 
t r e t l o i ,  u : a constmt,  K' : The equl l ibr iuui  cons tan t  of t h e  
hybogen bozded coljpiex forsetion in e x c i t e d  s t a t e .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE E M I S S I O N  SPECTROSCOPY 325 

F I C . l .  The absor2t ion s p e c t r a  o f  t h e  2.10’6 L1 

(-)xithour cytosiLe,  (~++)2.10% cytos ine ,  
( . . . ) 2,5.10-% cytosine , ( -. -)3.10’% cytosine , 
(---)3,5.10’% cytosine.  

6 - n ~  a o l u t i o r s  xh ich  c o r t e i n e d  d i f f e r e n t  
amsucts o f  cytosine.  

EDERIIENTAL 
C r e d c a k :  6-nethyl purlne and cy tos ine  Kere from Fluka(pI;Pun), 

I r s r r u z e n t E t i o n :  Absorption e p e c t r s  viere obta ined  using a 
b i d i s t i l l e d  vas te r  T;&E used aa eolvcnt .  

V E r i e n  3Y.S 53 W-Yiaible spec t ror re te r ,  f luorescence  s p e c t r a  were 
r e a w e d  by a F i c e  55 s2ectrof luorometer .  

ESULTS 
1- Tie  i n 7 e s t i g e r i o n  c f  t h e  hydrOgeE bond format ion  by 

The sbsor?ticjn s p e c t r a  of  t h e  2.10-5 li 6-methyl purine solu- 
Z ~ E U  o f  Ebsorpt ion spec t ra :  

: I o n s ,  vkich  c o r t e l n b i  d i f f e r e n t  mounts o f  cy tos ine  between 
2. ! .c4  X - 3,5.10-4 li were o b t a i n e d  (FIG.1). 

The d i f fe rences  i n  o p t i c a l  d e n s i t i e s  ( AA) a t  d i f f e r e n t  wave- 
lengthe and d i f f e r e n t  cy tos iue  cancent ra t ions  were c a l c u l a t e d  and 
p l o t t e d  egainet  w6velength(FIC. 2). 
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326 BALCAN AND TEMIZER 

PIG 2. The absorp t ion  d i f f e r e n c e s  
s p e c t r a  of the  2.10% 6 - w  
80 l u  t 1 om whi c h co ct sine d 
d i f f e r e n t  amounts o f  cytoeine.  

(+++)2.lO-% c y t o s i n e , (  .. .)2,5.10-% 
cytos ine ,  (-.-)3.10-% c y t o s i n e ,  
(---)3,5 .lo'% cytos ine ,  

cB(bt) A A  l./cs /IAA! 

2.10-4 -3,69 50,OO.lO 4,271 
2,5.10-4 -4,56 4 0 , O O . l O  4 , 2 1 9  
3.10'4 -5,26 33,33.10 -0,190 
3,5'.10'4 -5,57 28,57.102 -0,179 

The chenge o f  AA values  with cytosine concent ra t ion  (C,) 
6t 260 1131 Ere g iven  i n  TABLE 1. 

The greph or'  equat ion  ( 3 )  , p l o t t e d  by t h e  method of l e a s t  

The e q u l l i t r i m  conatant  o f  the  hydrogen bond formation i n  
eraund s t e t e  v.h6 c a l c u l a t e d  t o  be X- l , l . 103  K-' from FIC.3. 

equares is s h o r n  FIG.3. 

2- The i n v e s t i g a t i o n  of t h e  hydrogen bond format ion  by meana 

Fluorescence c d s s i o n  s p e c t r a  of 6-methyl purine s o l u t i o n s  of 
of f luorescence emlss ion  method: 

v.hich absorp t ion  s p e c t r a  had been measured before,were obtained.  
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FLUORESCENCE E M I S S I O N  SPECTROSCOPY 

CS(!3 - 10-4 2.10'4 2,s. 3,5, loe4 

I: r e l e t i v e  

l n t e n s l  t y  
a t  ?70 nr 

(I/Io)-l/Cs 

f luorescence 40 29 25 19 

- -0,334.104 -0,258.104 -0,233.104 -O,1y5.1O4 

32 7 

6 

c 

j 
f 21 

TIC.4. T!ie f luorescence  s p e c t r a  o f  t h e  2.10-5Y 6 4 %  s o l u t i o n s  
Rhicn contained d i f f e r e n t  amounts of cy tos ine .  
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328 BALCAN A N D  TEMIZER 

Keletlve f luorescence  i n t i m i t i e s  of each s o l u t i o n  a t  370m 
e r e  giver; in TLBLZ 2. 

Fmz the d a t a  in TABLE 2, ( I / Io)- l /Cs veraua I/Io p l o t  
~ 6 s  obteined (FIC.5). 
From the graph 12 FIC.5, t h e  equi l ibr ium cons tan t  o f  t h e  hydrogen 
bond f o r a t i o n  i n  exc i ted  s t a t e  was C6lCul6ted t o  be K"=3,9.103 
1L-l  eccori ing t o  t h e  equat ion(6) .  

DISCUSSIOB 
The hydrogen bond format ion  conatant  in t h e  ground and 

exc i ted  a t a t e a  h a w  been f o u n d  t o  be K = l , l . ? 0 3 r 1  and  K"=3,g.1O3 
It-'. It appear8 t h a t  Dydruen  bond between 6-methyl purine end 
cytosine b e c a e a  s t r o n g e r  when 6-methyl purine molecr?le l a  e x c i t e d .  
This  r e s u l t  is i n  agreement wi th  t h e  f I ~ d l n g ( ~ )  t h a t  6-nethyl 
purine l a  more a c i d i c  wi th  r e s p e c t  t o  proton d i e a o c i a t i o n  and Dcore 
b e s i c  s i t h  respec t  t o  p ro toa  binding i n  e x c i t e d  s t a t e .  
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