This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L W NSO
= |3 S (]
SRCGEHOSCO DA
L4” L5 8
ErMor Robyer® L. Mchel

Fluorescence Titration of Some Purines Determination of Lowest Excited-

State Ionization Constants
Mehmet Balcan®; Aysel Temizer®
2 Faculty of Science Chemistry Department, Ege Universitesi, Bornova Izmir, TURKEY

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Balcan, Mehmet and Temizer, Aysel(1989) 'Fluorescence Titration of Some Purines Determination of
Lowest Excited-State Ionization Constants', Spectroscopy Letters, 22: 3, 315 — 321

To link to this Article: DOI: 10.1080/00387018908053880
URL: http://dx.doi.org/10.1080/00387018908053880

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018908053880
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04: 04 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 22(3), 315-321 (1989)

FLUORESCENCE TITRATION OF SOME PURINES
DETERMINATION OF LOVWEST EXCITED-STATE IONIZATION CONSTANTS

Key worda: 6-methyl purine, xanthine

Mehmet Balcan and Aysel Temizer
Ege Universitesi, Faculty of Science Chemistry Department,bornova
{zmir TURKEY

ABSTRACT

Excited-state jonization equilibria of 6-methyl purine and
¥anthine were investigated in a wide range of pH.

6-Lethyl purine is known to have two ionization equilibria
in its ground-state. It was found that it had one more ionization
equilibrium in strongly acidic region. In the excited state, four
ionization equilibria were observed. The pr values of three of
them were determined by means of fluorescence titration,

In the case of xanthine, there exist three ground-stats equi-
libria. In the excited-state, four equilibria were observed., The
pr values of two of them were determined by means of fluoreacence
titration.

Application of nucleic acides in biochemistry and clinical
chemistry has increased the interest in the photochemical processes
of these compounds and the excited-state properties of purine deri-
vatives have been the object of a number of investigations. There
have been few studies upon the excited-state ionization equilibria
of purine derivatives, and they have been undertaken within limited
pH range(l_g). In this study, the first excited-state ionization
constants of 6-methyl purine and xanthine have been investigated
in a wide range of pH.
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TABLE 1

ion or molecule HBMePu*+ H;_,MePu+ HiMePu MePu~ MePu~

N max{m) 263 2658 2612 | 2718 b
for absoption

™ nax(nm) 440 39 " 380 364 | 361
for fluorescence

a) The values exist also in literature(z).
b) This anion doesn't occcur in ground-state in the pH range inves-
tigated.

EXPERINMENTAL

Chemicals: 6-methyl purine was from Fluka(purum), xanthine was
from lerck(pure). Bidistilled water used as solvent, Buffer solut-
iong (pH range 2-12) were prepared by adding the necessary amounts
of NaOH solution into H3P04-CHBCOEH-H3BO3 mixture, H2804 and NaOH
were ugsed to prepare strongly aclidic and basgic¢ solutions.

Instrumentation: Absorption spectra were obtained using an
Unicam SP 800A spectrophotometer. Fluorescence spectra were mea-
sured by a Fica 55 spectrofluorometer. Radiometer 26 pH meter was
used for measuring the pl values of buffer solutions. All measure-
ments were made at room temperature. Optimum concentrations of
6-methyl purine and xanthine vere determined as 2.107° M and 4.107°
M respectively from the relative fluorescence intensity versus
concentration plots.

RESULTS

A) 6-Methyl purine

Absorption and fluorescence spectra of 2.10'5 M 6-methyl purine
solutions at different pH valuesg were obtained (pH differences were
approximately 0.5 unit). Absoption spectra showed that four differ-
ent protolytic epecies exist in gound-state in the pH range inves-
tigated. Fluorescence egpectra, on the other hand, showed five diff-
erent protolytic epecles in excited-state. Abgsorption and fluores-
cence band maxima are summarized in table 1 (6-methyl purine is
shown as HMePu).
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6-methy1 purine

6-Methyl purine is knovn to have two ilonization equilibria in
its ground-state., They can be written as follows:

(1) HMePu® + H,0 =====HlePu + H30+ K = 2.6
(1I) HMePu + H0 === MePu + H30+ pK = 9.02

In this work, one more equilibrium which occurs in 2.5 M
H2804 golution was found. This equilibrium can be shown as follows:

(111) HJMePu'H + Ho===HtePu" + H30+ K = -1,8

The pK value was determined using following equation(13)

[H e Pu*]
Ho = pK + lo o
PﬁMePu ]
Ho is the Hammett acidity funetion,
In the excited-state, one more equilibrium which doesn't occur
in ground-state was obgerved in the solution at pH=12.6 .

(Iv) (MePu™)™ + HoT==2 (MePu™)™ + H30+

In order to determine the excited-~gtate pK' (excited-state ion-
ization canstant) values, relative fluorescence intensity versus
pH curves were obtained.

From F1G.l, the value of pr = 3,6 wag found for the equilib-
rium (I).

From F1G.2, the value of pK‘- 9.0 was found for the equilib-
rium (II), This value must correspond to the ground-state pK= 9,02 .

= T.4 had been estimated from fluorescence band shifts with pH(12)

(If fluorescence emiseion is fapier than the eptablighment of the
exclted-gtate equilibrium fluorescence titration gives the ground-
state pK value (10).
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FIG.l. Fluorescence titration curve
for 6-Methyl purine at 370nm.
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FIG:3., Fluorescence titration curve for
6-methyl purine at 370nm.
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From FiG.3, the value of pK!=1.8 wag found for the equilib-
rium (III).

Equilibrium (IV) couldn't be investigated by this method be-
cauge of the overlapping of the fluorescence bands of the relevant
gpecies, The pK! value had been estimated from the fluorescence
band shifts with pH as approximately 12.6 (12),

B) Xanthine

Fluorescence spectra of 4.10'5 M xanthine solutions at different
pH values were obtained ( pH differences were approximately 0.5
unit). Four different protolytic speciles of xanthine exist in its
ground-state. Only three of them emitted.

5‘max values of abgsorption and fluorescence bands are summarized
below,
TABLE 2
+ cn™ = 3=
ion or molecule H4Xa HBXa sza HXa Xa
A max(nm) (1,4.5) 260 267 | 240;277 | 283 a
Absorption® '™
A max(nm)
Fluorescence b 440 450 440 b

a) This anion doesn't occur in ground-state in the pH range
inveatigated.
b) Fluorescence emigsion is weak.
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| “ C—H p—— Hzxa
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[
Xanthine

Xanthine 1s known to have three ionization equilibria in its
ground-state. They can be written as follows (neutral xanthine is
abbreviated as HJXa).

(1) HyXa* + Hy0==—=H,Xa + 330* pK=0.8

- -+ o
(1I) H3Xa + HZO—“‘——I{ZXa + HJO pK=7.44
(II1) HXa™ + HOS=—=HXa + H30+ pK=11,12
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FIG.4. Fluorescence titfation curve

for xanthine at 440nn,
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FIG.5. Fluorescence titration curve

for xanthine at 440nm.

In the excited-state one more equilibrium which doesn't occur
in ground-state was observed in the solutions at pH=12.6 . This
equilibrium can be shawn sg follows.

(IV)

(HXa™)™ + H20~.=‘(X53')x + H

3

o+

In order to determine the excited-state pK* values, relative
fluorescence intensity versus pH curves are obtained.
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pK™ values for the equilibria (I) and (IV) were found ss 2.2
and 12.15 respectively from FIG. 4 and FIG,5. The pK* values of the
equilibria (II) and (III) couldn't be investigated by this method
due to overlapping of the fluorescence bands of relevant species.
These values had been estimated ams 4,2 and 9.4 from fluorescence
band shifts with pH (12),

DISCUSSION
It hag been found that in the purine derivatives studied, the
ionization equilibria in the excited-state shift to the acidic re-
glon for the proton dissociation from molecules. However, for the
proton binding to the molecules, the reverse has been obgerved.
That 1s, the excited-state equilibria shift to the basic region.
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