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Abstract

Hydrogen productions were achieved by irradiating ethanolic
aqueous solutions (20%. v/v) containing mixtures of the ligand 2.4-
dimethoxybenzylidene-2-hydroxy aniline (HL) or one of its
complexes (ML) with the following divalent ions: Mn (II). Fe(ID).
Ccr(ll ), Ni(I), Cu(Il) and Zn (II), as photosensitizers, methy! viologen
MV} as electron acceptor, ethylene diamine {letraacetic acid
disodium salt (EDTA) as a sacrificial electron donor, in presence of
platinum poly (vinyl alcohol) (Pt-PVA) or platinized Ti0O, (PUTIO,).
(200 and 45 micron) as reduction catalysts, using white light from 250
W xenon arc lamp at room temperature 2542 °C. Oxidation Potentials
of the ligand and its complexes were determined by ecyclic
voltammetry. The efficiency of the photorcduction of MV and
hydrogen production by HL and metal complexes was mainly
depnndant on pH, type and particle size of catalyst, as well as metal
ion in case of ML;. Best perlormances were recorded by the free
ligand.

Introduction

C ertam metal complexes such as ruthenium (I1) trisbipyridyl Ru
(hip)y" metal phthalocyanines (MPc) and metal porphyrins (MP)
were reported to be more eflicient photosensitizers than the original
ligands in light induced electron transfer reractions leading to
hydrogen production (1-12).
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11 the present work a comparison 1s miade hetween using the Schill
base 2.4- dimethoxybenzylidene — 2 hydroxy anilne (HL). and s
complexes  (ML2) with some bivalent fons Scheme 1)
photosensitization ol hydrogen production trom 20%, vy ethanolic
AUEO LS solutions in presence of MV*T ax an electron aceeptor, FTA
aw a sacrificial electron donor and PU PVA or PY 1100 as reduction
catalysts. Neither the ligand nor its complexes have been studied
helare in such photochemical applications,
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Experimental

The preparation  and characterization of the ligand und s
complexes were reported ina previous work (] 3). Collmdial platinum
(PL-PAVigwn) and platiniized TiOy (PYTi0s) were prepared  as
reported earlier 1280 Anodic oxidation ol these compounds (4. 8X10°
IV were carried aut In agueous sthanolic solutions (20%) containing
potassium sulphate (U, iM) as a supporting electrolyte. Measurements
were recorded by using a three clectrode system with d CN-27 BAS
qeanmiiiy petentiesiat supplied with & cell stand wype C1B-240 and an
Y- Y recorder Ommigraph louston Instrument. scan rate OV s,
Irradiation expermmernts were preformed with a 250W xenon are lamn
(Applied Photophysics  Lid.). connected o a thermostatic  wntt
Photareduction, Of MVS was ¢arried out in 5 ml guartz cell. ited
with a lem irradiation window. Hydrogen production reactions were
carried out in a 30 mi irradiatic Ceih Iixed witlya water caphing jackel.
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and a 2em diameter quartz sradiation window. The following reactant
concentrations were used : L or M1 ... 3.4x10™: MV~ 3.4 x 0™ and
LDLA. 10~ M with different concenirations and loadings ot P-PVA
and PE/TiOs respectively at different pH and al room temperatire
(252 °C). Intensity of Incident light (150+£3m Wient ) was measurcd
by using a Centronic Optical system pholometer radiometer model
210, Detection of hydrogen gas evolution was recorded on a Pyc-
i nicam 304 gas chromatograph supplied with carbosicve 3. column
| inch in diameter and 3ft length with a thermal conductivity detector.
column temperature 607C. injection temperaturc 100°C" and a Now
cate 20 mi min ' U, v- visible spectra of irradiated solutions with time
were recorded on a Cecil type Cl 509 and Lambda 9 Uv-visible-Nir
spectrophotometer

Results and Discussions

- Cyclic Voltammetry

Table (1) describes the peak potentials (1:P} and peak current (1p)
rosulted {rom anodic oxidation of HL and M1,; molecules. The Ligand
exhibited two irreversible oxidation peaks Fig. (1) The lirst peuk
([pi) may be attributed to axidation of HL {orming a radical cation (1)
thiroueh one eleciron process (14.15). In presence of traces ol acid. | 15
converted to the species [ (Scheme-2). The second oxidation peak
(Tip:) was assigned to further axidation of both species | and 11,
leading to the formation of 2 A-dimethoxy benzaldehyde and 2-
aminophenol as final products through one cleCtron process (14.15).
The whole mechanism is shown in Scheme -2,
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{Scheme~1) Anvdjg oxidution ol HL
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Vetal complexes. in general. showed two oxidation peaks. the
positions of which were metal dependent. The first peak (bp1)
appeared at the region 1150 — 1,290 V may be attributed to an
clectron loss from the coordinated azoethine moiety, depending on
nature of bonding with the metal 1on, giving the dicationic radical [
(Scheme-3). The second peak (Lips) appeared at the region 1,403 -
1,658V may be atributed to further oxidation of Ml to the
corresponding aldehyde and two phenoxyamino fragments honded to
the metal 1on (1V).

A third oxidation peak (Ep:) was exhibited by €. Ca. Crand Cs.
These were attributed 1o the oxidation of Net; in C) and Cs (13), and
(o irreversible oxidation ot metal ions in Cx and s (15-18).
Vollammograms of TIL, Cy. ('3 and Cy are shown 1n Fig. (1).
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Schemeé—3  Amodie oxldution of Schilf base ietal compleves

- Photochemical Reactions
a. Photoreduction of methyl vielogen

Fig. (2a) shows the variation of u. v-visible spectra with time on
irradiating mixtures of HIL. or Ml.a. MV and EDTA in 20%
othanolic solutions at pH=3 for 30 min. Build up of reduced acceptor
molecules was detected by the gradual appearance of the blue colour
characterstic of MV, radical cations and by the increased appearance
of their characterstic absorption peak at 601 nm (6.12.19-22) with
Gme ol irradiation. [he photoreduction of MV by LIl and ML:
refers Lo the occurrence of electiron transler reactions. mediated by
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light. from photoexcited ligand or complex molecules to MV -
molecules to form the blue radical cations. Such reaction could not
proceed in the absence of EDTA. Leaving the irradiated mixtures in
the dark. gave the original spectra before trradiaton. Irvadiating the
ligand or its complexes in absence of MV and EDTA showed no
change in the spectra for 6h, which refers to their stability towards
licht and hydrolysts. The presence of the twe methoxy groups at 2-
and 4- positions plays a4 good role iy stabilization of the irradiated
molecules. The electron (ransfer reactions oceur when the molecules
(HI. or ML) absorb light energy that leads to on cxcited siglet or
triplet state and when the latter aguires a redox potential that allows
for reducing the suitable clectron acceptor. The photoreduction of
MV by TIL and ML refers to the existence of such properties. As a
result, the excited sensitizer i1s oxidized. The presence of the methoxy
oroup will help in spreading the positive charge along the exidized
species (23) and hence increasing their stability. The presence ol Ol
aroup in 1L at the erthe position of imino group offers further
contribution to resonance structure stabilization comparcd with metal
complexes (24-27).

The presence of EDTA is very impartant in providing clectrons to
the oxidized photosensitizers and in inhibiting hackward reaction. The
mechanism ol light-induced photoerduction of MV=" by HI. may be
summarized by the following equations (22.28,29). |

1l i HL'
HL MV == HL MV’

HL Y EDTA — TILHEDTAK

Rate constants of photoreduction (k) for HI. arc listed in Table (2).
Values were found to fit first order reactions (30) and were pll
dependent. The build up of MV™ radicals sensitized by metal
complexes was observed after the complete disappearance ol the
absorption bands located mainly in the visible region at (410-480 nm)
(13). Fig. (2b.c). In spite of their stability towards hydrolysis. metal
complexes showed lower photoreduction efficiencies than the original
ligand, with best performance exhibited by Cy and C; . this may be
attributed to the overlapping of the lone pair an imino nitrogen of HL
with the empty orbitals of metal ions which decreases the donation
property of the melecule 1o MV moleeules. The degree ol inhibition
of clectron transfer depends directly =n polarization ability applicd by
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the metal lons on the imino mtrogen (31). Accordingly. the
photosensitization process by ML was suggested to proceed through
two slages. Stage | may include the formation ol an excited L}'Id]LL
ransfer complex between the excited metal emplex and MV~
molecules (32) as shown in the following equations :

e

ML, == ML,

K|
ML, + MV? == [ML, . MV Stage |
Kz

The second stge (stage 2) may include the formation of ion pairs
lcading to the build up of MV radicals in presence of EDTA (29,32-
34,

MLa MV Ky [MLy ..MV Stage 2
+_I
Ky

EDTA + [ML:' ... MVT| 7 MLyt MV'+EDTA,,

The rate constants (K, K») and Ks for stage 1 and 2 respectively
were found to fit first order reaction (30) Table (3 and 4 respectively)
while those of Ky represent sccond order reactions (19, 33.34). Fig. (3)
shows the linear relationship for first order kinetics using Cs as a
nhotosensitizer. Better performances were exhibited by the ligand and
its complexes in alkaline pH than in acidic media. This may be
attributed to decrease of electron donation property ol both the
photosensitizer and EDTA as a result ol protonation ol both
molecules. which inhibits the forward electron transter reactions
(12.22). Whereas in alkaline solutions the electron donor activity of
PDTA is increased for being converted to a strong reducing carbon
centered radical (EDTA)Y (12.22). as a result ol lwdrf}g.n abstraction
irom EDTAox. and hence additional reduction of MV by EIYTA will
take place as shown by the following equations:
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alkaliow pl ]

ED T Aox > [EDIA -H

MV*® + EDTA » MV + Products

h. Hydrogen Production
i. Catalysis by Pt-PVAA:

Table (5) describes the yields, and turnover numbers (TN} of
hydrogen gas evolution on irradiating the previously specified
ethanolic aquecus solutions of 1L and MI.; in presence of MV-" | and
LDTA with white light for Sh at pH=5 at room (emperature usimg
dilferent concentrations ol Pt-PVA (13) as a reduction catalyst.
Resulls were directly related to those obtained in the photoreduction
of MV*', Ligand molecules exhibited higher performance than metal
complexes, which were metal dependent. Best results were recorded
by Cy and C, Optimum yields were observed at [P-PVA[=3.2 ¥ 107"
and 2.6 x 100°°M for HI. and ML; respectively. The photochemical
processes may be summarized by the following equations (22.35-57).

=Py A

MV HL0 > MV = 1/2H.- O

PPV A

MV? = CH:CH-O1H —» MV + 1/2 11, + CHiCLLO

ii. Catalysis by Pt/Ti0);

[he same previously mentioned irradiation processes  and
conditions were repeated but instead of Pt-PVAL two mesh sizes of
PUT10- particles were used for catalysis: 200 micron, and 45 micron
with diflerent loadings at pH=5. the vields were much higher than
those catalyzed by Pt-PVA, especially with mesh size of 45 micron.
[he TiO» particles offer more efficient charge separation through
formation of holes and electrons which provide more active centers
for photoelectron transfer reactions towards hydrogen production
(14.28). In this process electrons are injected from MV radicals mto
conduction band ot Ti(), particles to form the electron carriers 110
(o1 (10.28.38-40). The latters transfer their electrons to deposited
platinum 1o achieve hydrogen production as illustrated by the
[ollowing eguations.
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MV = T10, > MV - TiOs (€)
|*1 [l )2
Ti0s (e) + H-0 » L Ho+ TiOs + OH
Pre 12
TiOs (¢) + CaHsOH > 45 Hot TiOs = Cal O

Smaller particle sizes of TiO: (45 micron) provide more active
centers and bigger surface area for charge separation and hence lead 10
higher vield of hydrogen molecules than bigger paricles. Results
obtained from both particle sizes 200 and 45 miicron are described in
L'ables 6 and 7 respectively, Optimum yields were obtained on using
50 me. and 30 mg of catalysts respectively. Resulls were closely
similar to those obtained in presence ot Pt/PVA. as HI. gave the
highest yield of hydrogen evolution whileCy and Cq showed the best
vields among metal complexes. The amount of hydrogen gus was
recorded after abstracting the amount of gas cvolved in absence of 111,
and metal complexes.

Conclusions

Because of their stability towards light and hyvdrolysis m 20%
agqucous ethanolic solutions HL and MIl.a can be recommended as
photosensitizers in photoproduction of hydrogen. 'I'he presence ol
clectron donating groups such as OCIly and OH inereased the donor
activity of HI. in the process. The performance of metal complexes
was lower than that of HI. and was inversely proportional 1o the
degrec of polarization exerted by metal ion on the lone pair of imino
nitorgen.
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Table (1) Anodic oxidation potentials (Ep, volt)and peak currents

(ip, mA) of HL and its metal complexes by cyclic voltammetry in

20%, V/Vaqueous ethanol containing 0.1 M of K>50,
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Table [2) Rate constant values K (57') uf photoreduction of MV’
(3. 4110 M) sensitized by HL (3. 4x10™ M) in presence of EDTA
(lﬂ M) in aqueous cthanel (20%) at different pH

- pH _ ) Kis x 107 - g
R 2.00
5 . 266 |
7 _ 3.'_{8
0 . 3.40

% calculated according to the fo]lnmng equation

n (Ao -AD=InA oo -kt
o = Absorbance of MV att = oo
A, — Absorbance mf MV" at irradiation time intervals t=t
K= rate constant (s ), = il‘lddidlif}]‘l interxal ()
Table (3) Rate constant values' (s') for phntnmduced charge
transfer complex formation (k) between ML, and MV'- and their

decay (ky) at pH=5 (stage 1)

Comp No. K/s x10* __ Ki/s x10”
C [Mn(ID)] 5020 15.30
Cy[Fe(ID)]  4.80 B 0.82

Gy Coln)] | 43.00 11,20
C4INi(I] @3.[}[} D 6.6 _
Cs[CugIl)) B 5.33 4
CofZn(I])] ; | 00.00 5.0l ]

L] .':| .I

fRate constant was calculated ..1LL0H:1111H (o the following equations
In {A x-A)=InA 22-Ki
InA, = InA.- kt
where Aoo= Absorbance of MV al t = <
A, = Absorbance of MV at irradiation timie mtervals 1 -t
A= initial absorbance of MV at t <0

Table (4) Rate constant values (K5 , ') for photosensitized
reduction of MV through charge trausfer complexation with
excited ML; (C,-Cg) at differe... pH(stage 2)

Complex | Rate constant Ki(s) _
no. (PH =3)x 107 (PH =5)x107 [ (PH=7)x10" | (PH =9)x 10~
"¢, L 58 .4 2.0 i
¢, | 4.7 .19 1,98 g |
C, 0.0 120 ) 2.3
C. 10.1 | 1.58 24 2.6
e, B0 . 4 | ASY 24
€, | 131 160 2.0 2.8
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Fig. (1) Cyclic voltammograms of compounds HL,
Cy, Csand Cgin 20% aqueous ethanolic solution
contaiing 0.1 M K, SO, at pH=5
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Fig. (2) Photoreduction of MV ™ by a) HL b) C4 ¢) Csand d) C; in
aqueous ethanolic solution at pH=5
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Fig. (3) The lincar relationship for first order kinetics
using Cj3 as a photosensitizer in the photoreduction
of MV** in aqueous ethanolic solutions
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