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Abstract 

The semiconductor TiO2 assisted photo-oxidation of uracil, thymine and 6-methylm'acil has been carried out in aqueous suspension with 
an excitation wavelength of 365 nm. The rate and quantum yield (0 )  of this heterogeneous photoprocess were measured based on the 
disappearance of the pyrimidiue bases spectrophotometrically (265 nm) and hence the quantum yield (O) has been evaluated as a functh~ 
of concentration of the substrate (pyrimidiue bases), weight of TiO_, and pH. The reaction rates are found to conform to the Langmuir- 
Hinshelwood isotherm and the k and K values thus determined are reported. The influence ofpH on the O values re,.eals a varying l~roportion 
of contribution of h + ~t, and "OH on the reactivity of the substrate biomolecules, and the effect of [ Ag ÷ ] o on O points to a decreased h + - e -  
recombination with a concomitant increase in h ~ capture by the substrate biomolecules, leading to an enhancement of the reaction rate. A 
mechanism consistent with the observed data is propo~d. © 1997 Elsevier Science S.A. 
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1. Introduction 

Photocatalytic investigations on the degradation of a num- 
her of organic compounds have been extensively carried out 
[ I--4]. The utility of the photocatalytic methods in waste 
water treatment processes [5,6] and solar energy research 
[7] has been well explored. Hence increasing interest in 
semiconductor mediated photocatalysis continues to grow 
due to the versatile possibility in the utilisation of semicon- 
ductor photoproduced efficient redox equivalents, h + vb and 
e -  ~b, for various reactions. The role of surface modification 
of various semiconductor materials (TiO2. CdS, ZnS, ZnO) 
has been studied and improvement in photocataiytic effi- 
ciency reported [8-12]. Of the various available semicon- 
ductors, TiO2 appears to he the most widely employed due 
to its photostability (against corrosion), non-toxicity and 
insolubility in water [ 13]. 

Photoreactions of certain inorganic compounds [ 14] and 
transition metal complexes [ ! 5-17 ] sensitised by TiO2 have 
also been carried out. There have been ouly a few studies on 
the TiO., assisted photoreactions ofbiomolecules. The present 
work plays a vital role in understanding the photo-oxidation 
ability of certain biomolecules (uracil, thymine and 6-meth- 
yluracil) in a heterogeneous environment similar to biologi- 
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cal interfaces. A study of this nature may be extended to 
provide information on the electrostatic and electronic inter- 
actions with the metal. Different photosensitisers, e.g. pof- 
phyrins, acridines and metal polypyridyl complexes were 
used to enhance the cleavage of DNA. One drawback in the 
use of such photosensitisers to initiate cleavage is that they 
remain present and may subsequently react with the DNA 
base or sugar radicals in the secondary steps [ 18]. In respect 
of this, a semiconductor photocatalyst approach may prove 
to he a simpler and nearer method of photogener, aing the 
potential oxidising intermediates ('OH, h~) [ 19]. As a part 
of our investigations, we report the TiO2 mediated photo- 
oxidation of uracil, thymine and, 6-methyluracil. It may be 
noted that a part of our proposed work involving the TiO2 
mediated photo-oxidation of thymine carried out under dif- 
ferent experimental conditions from those in the present work 
has been reported by us [ 19]. 

2. Experimental details 

The pyrimidines, namely uracil, thymine, and 6-methyl- 
uracil, NaOH, HCIO~ and all other chemicals used were of 
AnalaR grade. Water, distilled from a Kilburn still, was redis- 
tilled over alkaline permanganate in an all-glass vessel and 
used for solution preparations. The titanium dioxide photo- 
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catalyst was Degussa P-25. This material is mainly anatase. 
and has a Brunauer-Emmett-Teller (BET) surf'ace area of 
50 m-" g -  ~ and a mean particle size of 30 nm. 

Irradiations were performed with a medium pressure mer- 
cury pencil lamp (Spectronics Corporation, USA ) emitting 
nearly 100% at 365 nm. Aqueous suspensions of TiO_, con- 
taining the pyrimidine base in a polymerization tube, with an 
inlet for O2 and with constant magnetic stirring, were irradi- 
ated for different intervals of  time. All the experiments were 
carried out in the pres::nce of O, as a scavenger for e -  ~,. The 
pH of the solutions was measured wi:h a Toshniwal CL 46 
pH meter. The progress of the reaction was followed by 
monitoring the disappearance of the pyrimidine base at 265 
rim. The amount of the pyrimidine base decomposed witL 
respect to time was calculated. The rate constants k ( s -  ~ ) 
were evaluated from plots of log(ab.~orbance) vs. irradiation 
time, and the initial rates of decomposition of the pyrimidines 
were calculated by multiplying the rate constants with the 
appropriate initial pyrimidine concentrations, I pyrimidine ],. 
Quantum yield ( ~ )  was calculated based on ferrioxalate 
actinometry 1201. 

2.1. Product  analysis 

The product, pyrimidine glycol, was identified as follows: 
The irradiated solution was centrifuged and extracted with 
dichloromethane, it was then evaporated. The resulting solid 
was recrystallised from ethanol. The Fourier transform infra- 
red (FTIR) spectrum of the product obtained in the case of 
umcil/TiO 2 after centrifugation, as a typical example, run in 
KBr pellet on a Bruker IFS 66v FTIR Spectrophotometer. 
showed a broad absorption peak centred around 3470 cm = 
corresponding to OH-stretching vibration. The spectrum also 
showed strong absorption bands in the region between 1550- 
1740 cm-~ which corresponds to the carbonyl and amide 
region. It was found to be in good agreement with that oftbe 
5,6-dihydroxyuracilglycol. The UV spectrum of the product 
imlated from urucil/TiO.,, run in doubly distilled water on a 
Hitachi U-3410 Spectrophotometer, was also very similar to 
that of the authentic sample of 5.6-dihydroxyuracilglycol. it 
was also found that there was no overlapping interference 
from the FTIR and UV spectra of the reactant with the prod- 
uct. The~  facts thus lend support to the formation of the 
corresponding pyrimidine glycol as a product in our studies. 

3. Results and discussion 

Results pertaining to the effects of (i) concentration of 
pyrimidine base, (ii) weight of TiO,, (iii) pH and (iv) 
lAg + ] on the photocatalytic degradation (oxidation) rate 
are presented and discussed. It must be pointed out that the 
degradation of the pyrimidines, under the conditions used 
here. is a light induced reaction mediated by illuminatedTiO2, 
as no change was observed under direct irradiation (no TiO_,) 
or with TiO_, in the dark. Moreover. the possible formation 

of one or more photointermediates, which could in principle 
thermally participate in the degradation of the pyrimidines in 
a secondary path, is also excluded as no postirradiation effects 
were observed. 

3. I. Effect o f  [pyrintidine baselo 

The effect of various initial [ pyrimidine base ] on the pho- 
todegradation rate was studied at a fixed weight of TiO2 and 
pH. A plot of log (ubsorbam'e) vs. irradiation time from these 
experiments yielded straight lines (Fig. I), and from the 
slopes, the rate constants k ( s - ~ ) were evaluated. The above 
figure is a typical example for the case of uracil/TiO2 and it 
is to be noted that a similar behaviour was exhibited by the 
other two systems studied ( thymine and 6-methyluracil ). The 
corresponding [pyrimidine base]o vs. rate data are given in 
Table I. The rates were computed as: r a t e = k  (s -~) × 
[ pyrimidine base ]o- Experiments performed with various ini- 
tial concentrations of the pyrimidine bases (0.5 × 10 "* mol 
dm -~ to 3.5× 10 -4 mol dm -3) at the natural pH of the 
solution indicate that the rate and hence the quantum yield 
( ~ )  of degradation (Table I) initially increases with an 
increase in [pyrimidine base], and then levels off beyond a 
certain point ( Fig. 2 ). indicative of Langmuir kinetics [ 21 ]. 
This is confirmed by the linear plot of rate - i vs. [ pyrimidine 
base 1o ~, with an intercept on the ordinate (Fig. 3), in con- 
fortuity with the equation: 

kK[ pyrimidine I, 
rate 

I + K[ pyrimidine ], 

0 3 6 9 t2 15 18 21 0 4 
0 d B 12 ]G ~ A , B , C , D , E  

~ F  

I t vodn  Time (rain) 

Fig. I. Typical plot: influence o f  l urac i l l ,  on phot¢~atalytic degradation 
rate; O.(X)5 g T i O J 4 0  ml. pH: 6.5. A: I uraci l l :  0.52 x 10 4 mol dm ': B: 
luraci l ] :  1.0× 1 0  "~ m o l d m -  ~:C: [uraci l ] :  1.Sx 10 4 mo ldm ~:D: lura- 
cil I: 2.0 × l0  "= mol dm ', E: I uracil I : 2.5 × I 0 - ~t mol dm - ~: F: [ uracil I: 
3 .0× 10-'~ mol dm ~. 
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Table I 
Inlluence of I pyrimidine base I .  on the phott~atalytic degradation rate and 

( i ) Uracil ~ ( ii ) 6-methyluracil" ( iii ) Thymine" 

I uracil ] x 104, Rate× I() 7, ~ X  102 [ 6-methyl Rate× 107, 
mol dm - ; mol dm + s- ~ uracil I × 104. mol dm a s 

mol dm - a 

~ x  10: IThymine I x IOL RateX l07. ~X  10 -~ 
real dm ~ mol dm ~ s - 

0.5 1.72 0.85 0.5 1.35 
1.0 2.49 1.21) 1.0 1.72 
1.5 3.07 1.60 1.5 2.47 
2.0 3.45 1.70 2.0 2.87 
2.5 4.15 2.10 2.5 3.66 
3.1) 4.19 2.10 3.0 3.82 
3.5 3.81 1.89 4.0 4.16 

0.68 1.0 2.23 I. ! 0 
0.85 1.5 2.53 1.25 
1.22 2.0 3.18 1.57 
1.42 2.5 3.58 1.77 
1.81 3.0 3.89 1.92 
1.89 3.5 4.12 2.0,1. 
2.06 

TiO,: 0.005 g; pH: 6.5: vol.: 40 ml: L: 12.04 X II) TM photons s *. 
h TiO_,: 0.01 g; pH: 6.1); wfl.: 50 ml: I~: 12.04× 10 *~ photons s-*. 

4 

4, 

i: 
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1'5 t _ _  
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,a: Thymlno ( 0 0 t o T i O z / S O m l )  

0 0-5 I0 i 5  20  25 30  $.5 4.0 

[P'/ftmidine base] a 104, mol dn~ 3 

Fig. 2. Degradation rate vs. [ pyrimidine base l,,: © uracil (0.005 g TiO,/ 
40 ml I : • 6-methyl uracil ( 0.01 g TiO.,/50 ml ); A thymine ( 0.01 g TiO.,/ 
50 ml ). l! 

/ -  . l 

' o 

F 
o o 3 o6 o9 ,?~ ,'5 ,'.8 zlL 

( ,  ] [py.,ma,.. ~o . . ] ) .  ,o+.mor ' am" 
Fig. 3. Langmuir adsorption isotherm: © uracil (0.005 g TiO_,/40 ml); • 
6-methyluraeil (0.01 g TiO,/50 ml): A thymine (0.01 g TiO_,/50 ml). 

hence.  

! I I + -  
rate kKlpyr imid ineh)  k 

where k is a proportionality constant  and K is the equil ibrium 
adsorption coefficient. The  values a r k  ( mol dm -~ s - ~ ) and 
K ( m o l - ~  dm 3) obtained from the intercept and slope o f  
these plots for all the pyrimidines  studied are depicted in 
Table 2. The Langmui r -Hinshe lwood  ( L - H )  kinetic model  

as proposed in this work has  often been used to describe 
semiconductor  photocatalysis  [ 22,23 !. The  h igher  values o f  
k and K obtained for 6-methyluracil  ( than for uracil and 
thymine)  indicate that it adsorbs relatively more  onto TiOz 
leading to an enhanced photodegradation.  

Band gap irradiation o f  the semiconductor  TiO., leads to 

the generation o f  valence band holes and conduct ion band 
electrons [24] .  Due to the presence o f  O,  in the reaction 
solution, scavenging o f  the conduct ion band electrons is 
envisaged as [ 251: 

TiO2 -* h,~-. + e ~  

O_, + e~--*  O~- 

Hence it is clear that the recombinat ion o f  h ~ , ,  and e - ~ ,  is 
prevented, enabling h + vh to oxidise the pyrimidine base. Fur- 
thermore, importantly the "OH produced (s tep 2) is a pow- 
erful oxidant  1261 and hence can oxidatively degrade the 

pyrimidines.  
The "OH induced oxidation o f  thymine by pulse radiolysis 

in homogeneous  solution has  been reported [ 271. In the pres- 
ent  work, the corresponding pyrimidine glycols  were found 

Table 2 
Langmuir isothenn 

k (moldm-~ s -t ) K (mol- ~ dm +~) 

Uracil O. 171 0.209 
6-mcthyluracil 0.196 0.295 
Thymine 0.164 0.200 
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Table 3 
Dependence of photocatalytic degradation rate on the amount of TiO_, and O 

( i ) UraciP ( i i )  6-methyluracil ~ ( i i i )  Thymine" 

Wt. of TiOz. g Rate × 107, ~ x 102 Wt. of TiO 2, g Rate × 107, O X 10 z Wt. ofTiO z. g 
tool din-3 s -I tool din-3 s - '  

Rate × 107. 
mol dm -3 s- 

I~X 10: 

0.005 2.49 1.2 0.010 1.72 0.85 0.010 
0.010 3.58 1.8 0.015 2.45 1.21 0.015 
0.015 3.95 2.0 0.020 2.96 1.46 0.020 
0.020 4.72 2.3 0.025 3.10 1.53 0.025 
0.025 4.57 2.3 0.030 3.07 1.5 | 0.030 
0.030 4.75 2.3 0.035 

2.23 
2.46 
2.71 
3.02 
3.10 
3.10 

1.10 
1.22 
1.34 
1.49 
t .53 
1.53 

"luraeil]: 1 × 10 -4 mol dm-";; pH: 6.5: vol.: 40 ml; l~; 12.04 x 10 Is photons s- J. 
t, [6-methyluracil]: I x 10 -4 mol din- ~; pH: 6.0; vol.: 50 ml: I~: 12.04 x 10 ~K photons s- '. 

[Thymine]: 1 x 10 -4 tool din- ~; pH: 6.0 vol.: 50 ml; i~: 12.04 x 10 '8 photons s- i. 

to be the products formed. Thymine glycol was also identified 
as a product in the "OH induced oxidation of thymine [ 271, 
indicating that a similar mechanism occurs in both cases. 

The mechanistic scheme in the present work can be 
described as follows 191: 
I. TiO2-*h + + e -  
2. h ÷ + H z O ~ ' O H + H  ÷ 
3. O 2 + e -  --,O',- 
4. O:,- + H  + ---,HO', 
5. HO~ + HO~'-~ HzOz + O 2 
6. HzO2 + O'C ~ OH" + OH - + 02 
7. h ÷ + O H -  - ,OH" 
8. H 2 0 2 + e -  ~ O H ' + O H -  
Pyrimidine glycol can originate from the attack on the C5-C6 
double bond by "OH (step 2). This has been well established 
by electron spin resonance (ESR) studies [281. Indeed, it 
has been reported that "OH is the main active species causing 
damage to the pyrimidine base [291. Two isomeric radicals, 
namely 5-hydroxy-6-yl, A, and 6-hydroxy-5-yl, B, of thy- 
mine are the expected intermediates. These radicals differ in 
their redox properties [30].  In an earlier study using pulse 
radiolysis, it was observed that the 5-yl radical is oxidising 
and the 6-yl radical is reducing in nature [ 301. Hence, in the 
present work, of the primary redox equivalents generated, 
namely h~b and e~,  it is reasonable to foresee the oxidation 
of the 6-yi thymine radical by the powerful oxidant h +. This 
is in accord with the enhanced reducing power of the 5- 
hydroxy-6-methyluracil-6-yl radical (towards h ÷ ) due to the 
presence of an electron releasing methyl group at C6. It is 
also possible that, based on the comparable oxidative ability 
of h ÷ and SO4-, the oxidation of the pyrimidine bases by the 
loss of an electron from the C5-C6 double bond to give the 
corresponding radical cation intermediates, leading finally to 
the pyrimidine glycols (by subsequent reaction of the radical 
cation with water), may occur [ 31 ]. Indeed, the involvement 
of such radical cations in the reaction of thymine with SO~- 
has been documented [311. Finally, it may be interesting 
here to make a comparison of the K (adsorption coefficient) 
values of the present work with the K value for the degrada- 
tion of methylene blue on TiO2 [4].  The very high K value 

(1 .79× 104 dm 3 mol -~) with the methylene blue system 
indicates that the photoadsorption of it on TiO2 involves a 
hydrophilic controlling factor [4].  The very low value of K 
(0.2 dm 3 m o l - ' )  observed in this present work shows that 
for the TiO2 powder, the hydrophilic surface (bound with 
hydroxy groups) makes it difhcuit for the pyfimidines to be 
adsorbed, i.e. the pyrimidines favour hydrophobic adsorp- 
tion. Such a similar behaviour has also been reported with 
the adsorption of dichlorophenol onto TiO2 [ i 21. 

3.2. Effect o f  o~'3'gen 

in the present work, the photocatalytic experiments were 
also carried out in the absence of oxygen (i.e. using de- 
aerated water by purging with nitrogen) and the results thus 
obtained were compared with those in presence of oxygen, 
other conditions being the same. It was noticed that initially 
the rate of photocatalytic oxidations was the same, irrespec- 
tive of the presence or absence of oxygen in the aqueous 
solution, while at higher conversion the rate decreased in the 
absence of oxygen. This is indicative of the participation of 
lattice oxygen in the reaction. In view of the observed fact 
that the oxidation of the organic substrate occurs at a higher 
rate even in absence of oxygen in the initial stages of the 
reaction, it is envisaged that the surface bound O H -  partici- 
pating in reaction step 7 may be available from the following 
reaction involving lattice oxygen (oxide ion) as 

O~- + I + H20 --~ OLH - + 1 -- OH - 

where I is an adsorption site on the catalyst. 

3.3. Effect o f  catalyst 

The effect of the amount of catalyst TiOz on the photo- 
degradation rate was investigated. At a fixed pH and initial 
concentration of the pydmidines, experiments were per- 
formed with varying amounts of TiOz (0.001 to 0.035 g per 
50 ml). The rate and the corresponding O values of the 
photodegradation obtained from such experiments are 
depicted in Table 3. It is clear from this table that for all the 



M.R. Dhananjeyan et aL /Journal of Photochemistry and Photobiology A: Chemist~" 109 (1997) 147-153 

Table 4 
Effect of pH on the photocatalytic degradation rate and 

151 

( i ) UraciP (ii) 6-methyl utaciP ( iii ) Thymine" 

pH RateX 107, mol OX 10-" pH RateX 107. tool ~X 10 z pH 
dm-.a s -  I dm-  3 s--I 

Rate x 10 ~. tool 
d m - 3 s - ~  

4 2.57 1.3 4.5 2.30 1.13 4.5 
7 2.49 1.2 6.0 1.72 0.85 6.0 
9 2.91 1.4 8.0 1.88 0.93 8.0 

1.91 
2.23 
2.18 

0.94 
1.10 
1.06 

[ Uracil l: I x 10- "~ tool d m -  ~; TiO,: 0.005 g; vol.: 40 ml; !,: 12.04 x 10 ~s photons s -  ~. 
i, [ 6-methyluraeil I: I x 10-'t tool din-3; TiO2:0.01 g; vol.: 50 ml" I~: 12.04 × 10 ~ photons s -  i. 

[Thymine I: I × 10 -4 mol dtn-  3; TiO_,: 0.01 g: vol.: 50 ml; i~: 12.04 × 10 m photons s -  L 

pyrimidine bases, the rate initially increases with an increase 
in the amount of catalyst and then attains a plateau (levelling 
off) above a certain point (Table 3). This is attributed to the 
contribution of two main factors. It is envisaged that the 
decrease of catalytic effect at relatively higher proportions 
(Table 3) is due to inner filter effect and scattering. 

As the amount of catalyst is increased, the number of 
photons absorbed and the number of pydmidine molecules 
adsorbed are increased due to an increase in the number of 
catalyst particles. The density of particles in the area of illu- 
mination also increases and so the degradation rate is 
enhanced. At a certain level, the number of available substra~e 
molecules is insufficient for adsorption by the increased num- 
her of TiO2 particles, that is, although more area is available, 
for constant [pyrimidine]o, the number of sub~trate mole- 
cules present in the solution remains the same. Hence, above 
a certain level, additional catalyst amount is not involved in 
catalysis and thus the rate levels off. 

3.4. Effect of pH 

The influence of pH on the photocatalytic degradation rate 
was studied at pH values acidic (4-4.5), neutral (7), and 
slightly alkaline (8-9) for the pyrimidines used. This study 
was carded out at constant [pyrimidine baselo ( I × 10 -4 
mol dm-3)  and weight of TiO2 (0.01 g) (Table 4). In the 
case of uracil the initial rate was almost constant at all pH 
values. With 6-methyluracil, the initial rate showed adecreas- 
ing trend from the acidic pH with increase in pH. It has been 
mentioned above that the photodegradation of the pyrimidine 
bases is mainly initiated by the attack of "OH and h~. This 
type of pH dependent behaviour indicates a varying degree 
of contribution by "OH and h~b on the pyrimidines studied. It 
is already known that the 5-hydroxy radical adduct of 6~ 
methyluracil is a better reducing agent than are those of uracil 
and thymine [301. The maximum degradation rate at acidic 
pH region for 6-methyluracil is due to the preponderance 
of the oxidation of 6-methyluracil-6-yl radical by h~ 
(Scheme 1) compared to the "OH mediated attack 
(Scbeme2) on 6-methyluracii. The slower initial rate 
observed at acidic pH for thymine is attributable to the pre- 
dominance of 'OH mediated attack (against the h~ induced 

O 0 

. ;  + - - - 4 -  ~ [z-oH]" 
oa'- ~-~L-~ o~L.~ 

(P} ( I )  0 R 

[ I -OH]" h~,_~ [ t - 0 H ] "  H._20 ' HN R~, 

0 OH 
H 
(C) 

Scheme I. 

0 R 

o F- 

H - I O R '" ] 
~Hc,L :R,=. R j-.~...KOH 
THYMINE : Rl =CM3: R2= H (B) 
6-METHYL URACIL : R I = H R2= CI'~ 

Scheme 2. 

oxidation of the corresponding 6-yl radicals in conformity 
with the better reducing ability of 6-methyluracil-6-yl radical 
over those of thymine) on this pyrimidiue base [30]. The 
increase of initial photodegradation rate for uracil and thy- 
mine with pH from 4 to 7 is due to a great extent to surface 
coverage by O H -  ions, which in turn can be converted into 
"OH and ultimately lead to the degradation of the substrate 
molecules. However, the increased reactivity of uracil over 
thymine at all pH values may be attributed to the enhanced 
probability o f 'OH attack at C~ (Scheme 2) of uracil due to 
the absence of any steric hindrance unlike the C5 of thymine. 

The decrease in initial degradation rate observed with 
increase in pH for all the three pyrimidiue bases suggests that 
the pHz~ of TiO2 plays an important role Hence, as the 
pyfimidine bases become liegatively charged (due to N( 1 )H 
and N(3)H deprotonation), there is a decrease in the extent 
of adsorbability leading to a decrease in the rate. Further, it 
is also possible that a fraction of ,he 5-hydroxy-pyrim~diue- 
6-yl radicals (reducing) are converted into oxidising radicals 
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at alkaline pH 132.33 l. Such a redox inversion phenomenon 
has already been documented in a study of the properties of 
these radicals using pulse radiolysis. Moreover, the reaction 
of 02 with the pyrimidine-5-hydroxy radicals forming the 
corresponding peroxy radicals followed by their OH - cata- 
lysed decomposition 134] could also account for the 
observed rate decrease at higher pH. As a consequence of this 
competition for 02 by the organic radicals, the efficient scav- 
enging of e - by 02 decreases, resulting in enhanced e - - h  * 
recombination, which also accounts for the observed initial 
rate decrease. The decrease in initial rate at higher pH is also 
due to Nernstian shift of the band edges of the semiconductor 
to more negative values with increasing pH 135J, leading to 
a decreasing oxidation potential of h ~ ,t, at high pH. 

3.5. Effect o f  lAg ÷ ] 

The role of Ag ÷ as an additional electron acceptor ( in 
addition to 02 ) in semiconductor mediated photoreactions of 
certain organic compounds has been reported, in the TiO2 
assisted photodecomposition of monochlorophenol, a 
detailed report concerning the effect of Ag * on the initial 
degradation rate has been made [361. In the present work. 
the influence of Ag ÷ has been studied and the results are 
indicated in Table 5. For uracil and 6-methyluracil. it is 
observed from this table that the initial rate increases with 
increase in I A g * l  up to a point and then decreases with 
further increase in i Ag ÷ I. The results on the effect of [Ag * I 
on thymine are not included in this work due to some dis- 
crepancy observed in the behaviour of this system. The rate 
enhancement is due to the increased capacity for electron 
capture at the illuminated microinterfaces 137 ] which leads. 
by virtue of reduced electron-hole recombination, to a cor- 
responding increase in the possibility for hole capture by the 

Table 5 
Influence of I Ag' I. on photocatalytic degradation rate and 

I i t Uranil 
IAg'h,×10"~.moldm ~ Rate×107. moldm ~s ' ~ × l n  2 

I i .83 u.9 
2 2.66 1.3 
3 3.14 1.6 
4 2.15 I.i 
6 i .70 (i.8 
8 i .87 (i.9 

(ii) 6-Methyluracil 
[Ag~h,×t0~.moldm ~ Ratcxl07moldm ~s t Q× 

i .0  i .7 0 . 8 5  
i .5 1.8 0.89 
2.0 2.0 i).99 
3.0 2.2 1.08 
,1..o i .9 0.94 

~ IUracill: I×10 4 mol dm ~ TiO_,: 0.005 g vol.: 40 ml pH: 6.5 I.,: 
12.04 X l0 'X photons s t. 
"[6-Meuracill:lXl0 a tool dm -~ TiO2:0.01 g vol.: 50 ml pH: 6.0 
1~:12.04.× 101~photonss ~. 

pyrimidines. The rate enhancing effect of [ Ag ÷ ] is reported 
to be dependent on the photon flux [ 37 ]. At low photon flux 
the electron-hole recombination is expected to be less [37 ]. 
Hence. the effect of added [Ag ÷ ] on initial rate will be 
marginal. In the TiO2 mediated photodecomposition of 
monochlorophenol the effect of [ Ag ÷ ] on initial rate was 
studied at high ( / . = 2 . 1  × 10 TM photons min -~) and low 
( Io = 1.7 × 10 I~' photons min - t) photon fluxes, it was found 
that the rc.le of IAg*]  in enhancing the reaction rate was 
only marginal at low photon flux and was attributed to 
decreased electron-hole recombination at low photon flux 
137]. From the high photon flux used in this study 
(I, ,= 12× 10 TM photons s -~) .  the effect of [Ag + ] on the 
initial degradation rate is expected to be appreciable. How- 
ever only a marginal influence is noticed (Table 5). This 
could be due to the lower concentration of the pyrimidines 
( I × I 0 -  4 mol d m -  -~) employed in these experiments as it is 
natural to expect a need for appreciable concentrations of 
the substrate molecules to take full advantage of the added 
possibility for hole capture. A possible alternative origin of 
increased rate in presence of added Ag + could probably 
involve synergistic effects between dioxygen and Ag + at 
UV-illuminated aqueous solution TiO~_ interlaces, whereby 
blockage of photoactive sites by peroxy species derived from 
02 may be removed by autocatalytic interaction with Ag +, 
as has been hypothesized in the literature 138 ]. Photoelectro- 
chemical evidence exists tbr peroxy species at snch interfaces 
[39]. The decrease in initial rate observed at higher l a g  ÷ ] 
(Table 5) may be attributed to a possible scattering of the 
incident light by the silver precipitate formed (due to reduc- 
tion of Ag ~ by e I progressively in the suspension. 

4 .  C o n c l u s i o n  

The semiconductor TiO2 promoted photo-oxidation of 
three pyrimidine bases, uracil. 6-methyluracil, and thymine 
carried out in aqueous suspension reveals certain character- 
istic features: 
I. The photoprocess conforms to a Langmuir-Hinshelwood 

isotherm. 
2. The dependence of initial photocatalytic degradation rate 

and ~ depend on the weight of TiO 2 exhibiting a satura- 
tion type behaviour. 

3. The dependence on pH of the photocatalytic degradation 
rate and ~ is contributed by a varying magnitude of 'OH 
and h,+h attack according to the nature of the pyrimidine 
bases studied. The rate of two isomeric hydroxy adduct 
radicals of the pyrimidine bases with differing redox prop- 
erties is discussed. The redox inversion phenomenon of 
the radicals at alkaline pH (8) ,  followed by their reaction 
with 02 yielding the corresponding peroxy radicals, thus 
leading to an increased e - - h  + recombination and hence 
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result ing in a decrease o f  the rate and O o f  the photopro-  
cess.  has  been observed,  

4. The role o f  the additional electron acceptor,  Ag +. on  the 

degradat ion rate and O has  been studied. The  rate and 

hence f~ enhanc ing  effect  o f  l A g  + ]o is attributed to the 

increased possibi l i ty o f  h + capture  by the substrate  mol-  
ecules,  Despi te  the p ronounced  effect  o f  [ A g  + In on  rate 
and Q~ at the high photon  flux employed  in this work ,  the 

only  marginal  influence observed  is attributed to a lower  

range o f  [pyr imidine  based used,  which  thus results  in an 

inefficient h + capture  by  the substrate  molecules .  

5. A compar i son  o f  the K (adsorp t ion  coefficient)  values  o f  
the present  work  wi th  that o f  T i O , / m e t h y l e n e  blue in 

aqueous  suspens ion  indicates a sort  o f  hydrophob ic  
adsorpt ion in the fo rmer  versus  the hydrophi l ic  one in the 

latter, based  on  the surface charge  o f T i O ,  and the substrate  

molecules .  
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