
Joc~r~al of 
I I - IOIU~tENINI t lY  

AND 

A: (?HI'~| ISTRY 

E L S E V I E R  Journal of Photochemistry and Photobiology A: Chemistry 108 (1997) 215-220 

The photoreduction of acetylene by band-gap irradiation of Ti02 using 
Mo204 (diethyldithiocarbamate) 2 as a catalyst 

Robert R. Kuntz 
Department of Chemistry, UniversiO' of Missouri, Columbia, MO 65211, USA 

Received 3 June 1996; revised 10 December 1996; accepted 30 January 1997 

Abstract 

The photoreduction of acetylene is catalyzed by Mo204(dedtc)2 (dedtc, diethyldithiocarbamate) in the presence of 5-8 nm diameter 
colloidal TiO2. This photocatalytic process exhibits optimum activity at pH 6 and a loading of 30 catalyst molecules per TiO2 particle. The 
same catalytic site(s) are responsible for C2H2 reduction to Cell 4 and C2H 6 and H + reduction to He. The overall photonic efficiency is 1.3% 
for the transfer of reducing equivalents to products at full lamp intensity, and increases with decreasing intensity. The effects ofpH, temperature, 
intensity and loading on the catalytic process are consistent with a mechanism in which the catalytic site associated with the TiO2 surface 
promotes the transfer of H atoms or electrons to the bound substrate. The photocatalytic properties of this neutral molecular complex are 
compared with those observed for other Mo-containing catalysts. © 1997 Elsevier Science S.A. 
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1. Introduct ion 

The study of light-induced redox reactions on semicon- 
ductor surfaces is a very active area and has been the subject 
of  recent reviews [ 1-4] .  Colloidal TiO2 is often the semi- 
conductor of choice because of its high surface area and 
resistance to photocorrosion. Band-gap irradiation of  TiO2 
leads to electron-hole pairs which are trapped at the surface 
of  the small particles. The holes are thought to be initially 
trapped either as subsurface oxygen anion radicals [5] or on 
surface OH groups [6] ,  and have the capability to oxidize 
many organic species. In the presence of sacrificial electron 
donors which remove the trapped holes, electrons accumulate 
on the particle surface. Both bulk and surface modifications 
to the semiconductor can enhance the efficiency and rate of 
charge separation following light absorption [ 3 ]. 

Molybdenum-based compounds are effective catalysts in 
many redox processes and have the potential to induce mul- 
tielectron reduction processes, such as N2 fixation. We are 
particularly interested in exploring the utility of Mo-based 
compounds as catalysts for interfacial electron transfer from 
irradiated colloidal TiO2, The catalytic photoreduction of 
acetylene in colloidal aqueous suspensions of TiO2, and the 
accompanying reduction of  H20, have been used to examine 
the capabilities of  several ionic molybdenum species in this 
regard [7-12] .  Tetrathiomolybdate and other thio anions of 
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molybdenum are nearly as effective as Pt for transferring 
photoproduced electrons to water ( H  2 production) [ 10] or 
to alkynes and alkenes [9] .  

Due to the nature of  the reaction medium (dilute aqueous 
solutions), direct characterization of the catalytically active 
species is very difficult or impossible, and inlorrnation about 
the process comes from comparative studies Earlier studies 
have found that ionic compounds of  Mo are much better 
photoreduction catalysts than oxo ions [9]. However, 
because of the tendency of  Mo compounds to polymerize, it 
is not known whether the effective catalyst should be iden- 
tified with the monomeric precursor or an aggregate of the 
starting materials. Stable molecular complexes, such as 
[ MoOCi (dppe) ~ ] + C1 - ( dppe, 1,2-bis ( diphenylphos- 
phino) ethane ), which are expected to maintain, at least qual - 
itatively, their structural integrity during the catalytic process, 
help to overcome this tendency to form polynuclear species, 
and this complex has been shown to retain catalytic activity 
[12].  

The study described here is a continuation of  the exami- 
nation of  molybdenum complexes as photoreduction cata- 
lysts. In particular, this study focuses on the reasonably stable 
[ Mo20]  + ] core which has been complexed to diethyldithio- 

carbamate (dedtc) to form the neutral complex MozO4- 
(dedtc)2. This ligating system was chosen to determine 
whether a significant increase in catalytic efficiency of  the 
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[Mo254(S2C2H4)2 ]  2 -  ion [9] over the Mo20] + aquo ion 
[ 8 ] requires the presence of S in the Mo2S 4 core  or whether 
the presence of S in the ligating system is adequate. 

over long periods of use. No correction was attempted. Blank 
experiments with missing TiO2, but otherwise identical com- 
positions, gave no detectable products. 

2. Experimental section 

Preparation of transparent sols of TiO2 and their charac- 
terization have been described previously [7,8]. To 8 ml of 
a stock solution containing 5-8 nm diameter TiO2 particles 
at pH 1.6 was added 3 ml of 2% polyvinylalcohol (PVA), 4 
ml of H20 and 3 ml of MeOH and the pH was adjusted with 
NaOH or HC1. Because of the limited solubility and instabil- 
ity in air-saturated solutions, the catalyst, Mo2Oa(dedtc) 2, 
was prepared daily by dissolving the appropriate amount of 
weighed solid in a minimum amount (less than 0.2 ml) of 
CHzCI2,  and then diluting with 2 ml of MeOH. This solution 
was added dropwise to the TiO2 solution during deaeration 
and saturation with the appropriate gas. The final solution 
had a volume of 20 ml and contained the appropriate amount 
of catalyst (1.0 g dm --~ TiO2, 3.0 g dm -3 PVA in a 5 : 15 
(v /v )  MeOH-H20 solution). PVA served as a colloidal sta- 
bilizer and sacrificial electron donor. Solutions were 
deaerated and saturated with C2H2, C2H 4 or N2 by bubbling 
for 30 min, and placed in a thermostatically controlled irra- 
diation cell. Irradiations were carried out with a 200 W high 
pressure Hg lamp filtered with water and a 320 nm cut-off 
filter. The intensity available to the sample in the 320-385 
nm range, at which the TiO2 sol absorbs most of the radiation, 
was 0.79 × 10 3 einsteins h -  ~. A few experiments to deter- 
mine the photonic efficiency were carried out with a Coming 
7-60 broad-band filter with a peak transmission of 68% at 
360 nm and a measured bandwidth (FWHM) of approxi- 
mately 30 nm. Neutral density filters were inserted in the 
lamp beam for intensity dependence measurements. The lamp 
intensities were determined by ferrioxalate actinometry. 

C2H2 was prepurified by bubbling through three water traps 
prior to introduction into the reaction vessel. All other rea- 
gents were of the highest purity commercially available, and 
were used without further purification. 

Mo2Oa(dedtc)2 was prepared by reaction of MoC15 with 
diethyldithiocarbamate as described by Schultz et at. [ 13]. 
Minor impurities were removed by silica gel column chro- 
matography using CH2C12 as eluent. 

Product formation was monitored by analysis of the head- 
space gases in the photolyzed vessel. The vessel was equipped 
with an evacuable calibrated sampler into which aliquots of 
the headspace gases could be expanded without contaminat- 
ing the photolysis mixture with 02. Aliquots were withdrawn 
from the sampler by gas syringe and analyzed chromato- 
graphically. A 6 ft × 1/4 in Porapak N column was used for 
hydrocarbon products (He carrier, TCD) and a 5 f t×  1/4 in 
Molecular Sieve 5A for H2 analysis (N2 carrier, TCD). 

Duplicate experiments performed several months apart 
typically reproduced the yields to within 10%-15%. This 
fluctuation was primarily due to drifts in the lamp intensity 

3. Results and discussion 

The absorption of Mo204(dedtc)2 in methanol shows a 
/ ~ m a x  value at 270 nm with a weak shoulder at 320 rim. In the 
presence of TiO2, this absorption is completely obscured by 
the band-gap absorption of the semiconductor and no correc- 
tions were made for direct light absorption by the catalyst. 

In acetylene-saturated solutions containing the standard 
reactant mixture, but without catalyst, C2H4 is the only reduc- 
tion product observed. In the presence of catalyst, C2H 6 and 
H2 are also produced (Fig. 1). A chromatographic search 
reveals no heavier hydrocarbon products. After an initial 
"catalyst preparation" period, the yields of all products 
increase linearly with time over at least the 8 h irradiation 
period used for most of these studies. A linear least-squares 
fit of the production data after the preparation period was 
used as the effective photocatalytic rate for a comparison of 
the factors affecting the catalytic process. CH2C12 is an excel- 
lent electron trap, and its presence even at the low concentra- 
tions necessary for solubilization of the catalyst would be 
expected to decrease the efficiency of the photoreduction of 
acetylene. However, the reproducibility of the yields over 
several months indicates that either the CH=,C12 interference 
is reproducible or that it is destroyed during the "catalyst 
preparation" period. 

3.1. Effect of pH 

The bulk pH of the mixture was determined to remain 
within 0.3 pH units of the initial preparation during photolysis 
due to the natural buffering action of titania. The formation 
rates of the reduction products as a function of the initial pH 
are shown in Fig. 2. Within experimental uncertainty, ethyl- 
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Fig. 1. Yields of H 2 ( • ) ,  C2H4 ( • )  and C2H6 ( • ) as a function of irradi- 
ation time. Irradiations were performed using a 200 W high pressure Hg 
lamp filtered below 320 nm. The available intensity was 0.79 × 10 -3 ein- 
steins h-  i in the 320-385 nm region. All solutions were at pH 6 and con- 
tained 30 catalyst molecules per TiO2 particle. 
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Fig. 2. Effect of pH on the rates of product formation: H2 (O)  ; C21-14 ( • )  ; 
C2H6 (A).  Error bars represent plus or minus one standard deviation of the 
production rate determination. 

ene formation is relatively constant below pH 6, and then 
decreases in more basic solutions. Ethane production is rel- 
atively constant over the pH range, but appears to maximize 
at around pH 6. Hydrogen production is significant in acidic 
solutions, but decreases to near zero in basic solutions. The 
total rate of C2H2 photoreduction, evaluated as electron 
equivalents from the product yields, is relatively constant 
over the low pH range, and then decreases above pH 6 
(Table 1). Even if He is not included in the counting of 
electron equivalents, these data show that photoreduction 
proceeds more efficiently at pH 6 and below. Similar systems 
with anionic or cationic catalytic species also exhibit a max- 
imum photocatalytic efficiency in this pH region [7-12].  

In order for electron trapping by the catalyst to compete 
with electron-hole recombination, intimate contact between 
the catalyst and the colloidal surface must be achieved. The 
surface charge of colloidal TiO2 is sensitive to the pH and 
impurities and should have a Point of zero zeta Potential 
(PZZP) around pH 4.6 [14]. Neutrally charged 
Mo204(dedtc)2 would not initially be expected to interact 
strongly with the colloidal surface, but partial reduction dur- 
ing the preparation period could provide for either electro- 

Table 1 
Effect of pH on the rate of photoreduction a 

pH R ( electrons ) b R (electrons) c 

3.0 0.18 0.15 
4.5 0.19 0.16 
5.9 0.17 0.16 
6.0 0.18 0.16 
7.0 0.13 0.12 
8.0 0.12 0.11 
9.9 0.12 0.12 

~All solutions contain a ratio of 30 catalyst molecules per TiO2 particle. 
Photoreduction rates are reported as micromoles of electron equivalents per 
minute produced by irradiation by an Hg lamp with an average intensity of 
0.79 × 10 -3 einsteins h ~ in the 320-385 nm region. 
~Total electron equivalent rates calculated as: (R(H2) ×2+R(C2H4) 
X 2 + R(CeH6) X 4). 
CAcetylene electron equivalents calculated as: (R(C2H4) X 2 + 

R(CaH6) x 4). 

static interaction or partial ligand exchange with surface 
T iO- ,  T iOHf  or TiOH groups. The redox potential of the 
conduction band electrons also increases linearly with pH 
[ 15 ], and thus electron transfer should become more favor- 
able at higher pH values. A combination of these factors may 
account for the relatively flat pH profile of the catalytic action. 
Subsequent studies were conducted at pH 6, since this region 
gives optimum yields of acetylene photoredttction products. 

3.2. Effect of loading 

The effect of catalyst concentration on the rate of photo- 
catalytic reduction is shown in Fig. 3. Because of the uncer- 
tainty in the degree of attachment of the catalytic species to 
the TiO2 surface, data are presented as the ratio of the number 
of catalyst molecules to TiO2 particles, where the TiO2 par- 
ticle concentrations were calculated from an average diameter 
of 6 nm [7,12], a density of 3.8 g c m -  3 and a concentration 
of 1.0 g 1- t. Even low concentrations of catalyst lead to the 
evolution of H2 and C2H 6 and greatly increase the rate of 
production of C2H4, with a maximum efficiency attained at 
approximately 30 molecules of catalyst per TiO2 particle. The 
study was terminated at loading numbers above 40, since the 
limited solubility of the catalyst led to partial precipitation 
from solution at this loading. At optimum loading, C2H4 

yields are approximately three times greater than those 
obtained from the bare TiO2 surface. The change in reduction 
efficiency and the appearance of new reduction products 
clearly implicate a new catalytic site(s) derived from the 
presence of MO204 ( d e d t c )  2. 

3.3. Effect of intensity 

Decreases in lamp intensity increase the photonic effi- 
ciency for the production of CzH 4 and C2H6 and decrease the 
H 2 production efficiency. Fig. 4 shows the normalized rate of 
production as a function of the percentage of full intensity of 
the lamp. Hoffmann et al. [ 3 ] describe the effect of intensity 
on interfacial charge transfer as being due to two competitive 
processes: a rapid competition between charge carrier (h +, 
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Fig. 3. Effect of catalyst loading on the production rate: H 2 ( O )  ; C2H 4 ( • ); 

C2H6 (A).  The loading is calculated as the number of moles of catalyst per 
mole of TiO2 particles as described in the text. 
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Fig. 4. Production rates as a function of the lamp intensity: H2 (O); C2H 4 
( • )  ; C~I-16 ( • ) .  The lamp intensity was modified with neutral density filters. 
The rates at the lower intensities were normalized to those at full intensity 
( i.e. observed rate / fractional intensity). 

e -  ) recombination and trapping, followed by a slower com- 
petition between trapped carrier (ht + , e,~- ) recombination and 
interfacial charge transfer, with the recombination processes 
being favored at higher intensities. The increased efficiency 
seen here as the intensity is lowered undoubtedly results from 
the second process. In a previous study using 
[MoOCl(dppe)2]  + C I -  as a catalyst, with essentially the 
same system configuration and lamp intensity, the photored- 
uction yields varied linearly with intensity [ 12], suggesting 
that the removal of e , ,  either by direct transfer to the catalyst 
or through H,r precursors, competes favorably with h~-et~- 
recombination. Thus the intensity data suggest that the rate 
of this transfer limits the efficiency of the catalyst in this 

study. 

3.4. Effect o f  temperature 

The approximately 40% reduction in intensity occasioned 
by the use of  the 7-60 filter was expected to show only modest  
changes in ~'r for all products (see Fig. 4) ,  However,  the data 
show an enhancement for C2H 6 only, with ~'r decreasing for 
C2H 4 and H2. This effect is attributed to the different wave- 
length distribution in the filtered beam. Such differential 
effects between 313 nm and 365 nm excitation have been 
reported previously [ 12]. The 7-60 filter removes most light 
below 330 nm, while the full output of  the lamp with a 320 
nm cut-off filter has a significant intensity between 320 and 
330 nm. The cause of this effect has not been identified, 
although we can speculate that irradiation in the band-gap 
region (360-380  rim), as favored by the 7-60 filter, may 
selectively excite larger TiO2 particles, and their photocatal- 
ytic activity may be somewhat size dependent. 

The photonic efficiency is quite modest, utilizing just  over 
1% of the absorbed light to result ultimately in separated 
reduced products at full intensity, and increasing to an esti- 
mated 3% at the lowest intensity studied. A comparison of  
the photonic efficiencies observed for C2H2 reduction with 
molybdenum oxo ions on TiO2, collected in the same appa- 
ratus with similar intensity and wavelength conditions, is 
given in Table 3. The overall efficiencies of the Mo-based 
catalysts are quite comparable. The two dimeric Mo(V)2  
species have nearly identical overall efficiencies, but 
Mo204(dedtc)2 favors two-electron reduction to a greater 
extent than Mo204 +. It is possible that sulfur-containing 

Table 2 
Photonic efficiency of the photocatalytic reduction of C2H~ 

Product Rate PE (%) Rate PE (%) 

Coming 7-60 filter b Full intensity" 

The similar effects of pH, loading and intensity on the 
production of ethylene and ethane suggest a common cata- 
lytic precursor. The production rates of all products increase 
with temperature over the range 26--45 °C with apparent acti- 
vation energies of  12-15 kJ mol-1 .  Due to the uncertainty of  
the mechanism, it is not possible to assign the origin of these 
low barriers. 

3.5. Photonic efficiency 

The photonic efficiency ~'r [ 16,17 ], describing the effect- 
iveness of light conversion to product in heterogeneous, light- 
scattering systems, is directly proportional to the quantum 
yield, and may be considered to be a lower limit to this more 
commonly used measure of  light efficiency. An estimate of  
the photonic efficiency of the present system utilized a Com- 
ing 7-60 broad-band filter, which was chosen to narrow the 
excitation wavelength regime while trying to mimic the full 
spectral absorbance of the reaction mixture. The results of 
these measurements are given in Table 2. For comparison, 
the production rate and photonic efficiency calculated from 
full-band irradiation in the 320-385 nm region are included. 

H2 0.024 0.005 0.41 0.05 
C2H4 1.07 0.22 3.24 0.41 
C2H6 0.64 0.13 0.71 0.09 
Electron 4.74 0.99 1 (1.5 1.33 
equivalents d 

%olutions were at pH 6 with a loading of 30. Rates are reported as microm- 
oles per hour. 
blntensity determined to be 0.48× 10 -s einsteins h -~ by ferrioxalate 
actinometry. 
~lntensity is 0.79 × 10 -~ einsteins h m based on an average wavelength of 
350 nm. 
OElectron equivalents defined in Table 1. 

Table 3 
Comparison of the photonic efficiencies of several molybdenum species" 

Catalyst C2H 4 C2H 6 Total Reference 

MoO ] 0.30 0.43 0.5'3 [ 11 ] 
Mo2042 + 0.52 0.60 1.12 [ 11 ] 
MO3 O4+ 0.30 0.28 0.58 [ 11 ] 
Mo,_O4 (dedtc) 2 0.82 0.36 1.18 This work 
PtCI~ 0.52 0.72 1.24 [ 11 ] 

"All data are reported as electron equivalents for each product found with 
optimum loading at pH 6 with full light intensity. 
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ligands create a more favorable pathway for the two-electron 
process. However, the dedtc ligands do not promote the 
nearly twofold enhancement of the photonic efficiency 
observed when sulfur is present in the Mo(V)2 core (e.g. 
Mo2S4(S2CzH4)~- ) under similar conditions [ 11 ]. The total 
efficiency depends not only on the catalyst, but also on the 
efficiency of the hole scavenger. For example, Pt deposits, 
produced from the in situ photoreduction of PtC162- on TiO2 
(Table 3), are excellent electron traps, but are not much more 
effective at reducing C2H2 than the Mo-based catalysts. How- 
ever, the reported study did not quantitate the concurrent H 2 

production from the Pt systems which later studies demon- 
strated to be significant [ 10]. Increasing the effectiveness of 
hole scavenging through the addition of ethylenediaminete- 
traacetic acid (EDTA) can increase the overall reduction 
efficiency by a factor of two or three [ 10]. 

3.6. Turnover studies 

A long-term (68 h) irradiation was performed to ensure 
that the process was catalytic rather than stoichiometric, and 
to determine the catalyst stability. These data, shown in 
Table 4, indicate that the catalytic activity decreases by 50%- 
65% in 68 h. The total number of acetylene molecules con- 
verted to ethylene or ethane (T) was approximately 40 over 
this period, verifying the catalytic nature of the process. 

3.7. Reactions involving other substrates 

Saturation of the sol with C 2 H  4 o r  N 2 instead of C2H 2 also 
results in photocatalytic reduction with H2 as the principal 
product (Table 5 ). N 2 and C2H4 exhibit similar overall reduc- 
tion rates, measured as electron equivalents, which are some- 
what lower than those observed for C2H2. In the presence of 
C2H4, the low yield of CzH 6 indicates that C2H4 is not reduced 
at the catalytic site. Thus unbound C2H4 is almost certainly 
not the precursor for CzH 6 formation when CzH 2 is the sub- 
strate. The rates at which electron equivalents appear in the 
reduction products are nearly substrate and product inde- 
pendent. Since H2 and CzH 6 are not formed in the absence of 
catalyst, these results appear to suggest that the transfer of 

Table 4 
Turnover studies ~ 

Product Initial rate Average rate T b 

28 h 68 h 

H 2 0.007 0.004 0.003 5 
C2H4 0.054 0.026 0.019 32 
C2H6 0.012 0.007 0.005 8 
Electron 0.16 0.089 0.064 110 
equivalents ~ 

~Initial and average rates are reported as micromoles per minute. 
bT refers to the number of moles of product per mole of catalyst initially 
present. 
CDefined in Table 1. 

Table 5 
Comparison of substrate efficiencies a 

Product\substrate C2H2 C2H4 N2 

H2 0.007 0.069 0.066 
C2H 4 0.050 - n.d. h 
C2H6 0.012 0.00087 n.d.b 
Electron equivalents ~ 0.18 0.14 0.13 

~Studies were conducted under identical conditions of pH 6 and a loading 
of 30. Rates are reported as micromoles per minute at a full intensity of 
0.79× 10 3 einsteinsh-~. 
hNone detected. 
CDefined in Table 1. 

the reducing species to the catalytic site precedes product 
formation in these systems. 

3.8. Mechanistic considerations 

Hydrogen appearing in the reduction products originates 
from the solvent mixture. The higher photoreduction yields 
below pH 6 (where the TiO2 surface would be heavily pro- 
tonated) are consistent with the formation of trapped H atoms 
(H~r) at the TiO2 surface. The presence of H~r may explain 
the photoreduction of CzH 2 to CzH 4 at the TiO2 surface in the 
absence of catalyst. When catalyst is present:, spillover of H~r 
from the support to the catalytic site may lead to either recom- 
bination to form H2 or sequential reduction of bound C z H  2. 

This spiliover mechanism has been suggested in the forma- 
tion of molybdenum bronzes on TiO2 [18,19]. With this 
mechanism, the efficiency of photoreduction would be lim- 
ited, in part, by access of Htr to the catalytic site. Surface 
migration of Htr is apparently limited, since recombination to 
form H2 is not detected in the absence of catalyst. Conse- 
quently, the low photoreduction efficiencies may result from 
the required close proximity of the catalytic site and Htr. An 
alternative mechanism involving direct transfer of etr from 
TiO2 to the catalytic sites has been detailed earlier [ 12]. 
Either mechanism can explain the observations of this study. 

There is no direct evidence that the catalytic species are 
bound to the colloidal surface, and it is possible that they 
exist in dynamic equilibrium with the solution. The strongly 
p e a k e d  C2H 4 production at a loading of approximately 30 
M0204 (dedtc) 2 per TiO2 particle is consistent, however, with 
a more constant surface population. We suggest that 
M o 2 0  4 ( d e d t c ) 2  becomes attached to the TiO2 surface during 
the induction period, either by reduction or partial ligand 
exchange, and remains on the surface throughout the irradi- 
ation period. The catalyst, depicted generically as TiO2/ 
Mo2L2 (L =- dedtc) 

TiO2 +xht,( + PVA) + Mo204(dedtc) 2 

--* TiO2/Mo2L2( +PVA °x) (1) 

serves to transfer electrons or hydrogen atoms to bound sub- 
strates, or facilitates recombination to form H2. H2 production 
by oxidative elimination from methanol or PVA 
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TiO2 (2h ÷ ) + CH3OH ---> CH20 + H2 + TiO2 (2) 

should occur with equal efficiencies in all preparations, which 
is inconsistent with the absence of He when no catalyst is 
present. Saturation with Nz or C2H4 leads to similar H2 yields, 
indicating that neither of these substrates prevents the for- 
mation of H2 at the catalytic site. In the presence of C2H2, the 
photoreduction is dominated by the transfer of reducing spe- 
cies to C2H2 giving, formally, both two-electron and four- 
electron reductions. Since the catalytic site is ineffective in 
transferring H to C2H4, it is unlikely that C2H4, once released 
from the catalytic site, is the precursor of CzHt. Therefore 
intermediates in the C2H 6 formation process must be retained 
at the catalytic site during the reduction process. A mecha- 
nism consistent with these observations is given below. 

TiO2/Mo2L2 + C2H2 ~ TiO2/Mo2L2 ( C2H 2) (3) 

TiO2/Mo2L2(CeH2) + 2(H)  + PVA 

TiO2/MoeL2(C2H4) + PVA °x (4) 

TiOJMo2L2(C2H4) ~ TiO2/Mo2L2 + C2H4 (5) 

TiO2/Mo2L2(C2H4) + 2(H)  + PVA 

--* TiO2/MozL2 + C2H 6 + PVA °x (6) 

This mechanism, utilizing a common catalytic site for all 
photoproducts, is consistent with the pH, loading and tem- 
perature data for the C2H 2 reduction products. The decrease 
in photonic efficiency above pH 6 is due to the decreased 
availability of H +. The increase in photonic efficiency as the 
intensity is lowered is consistent with an increasing proba- 
bility of interfacial electron transfer to H + or the catalytic 
site. The mechanism does not explain, however, why H2 
shows a decrease in photonic efficiency as the light intensity 

decreases, whereas Cell 4 and C2H 6 show an increase in pho- 
tonic efficiency. One possibility is that He production is a 
light-assisted process requiring the photochemical 
elimination of H or He from the catalytic site. Further inves- 
tigations of these observations are underway. 

4. Conclusions 

Mo204(dedtc)2 is a relatively stable neutral molecular 
complex of molybdenum which, like most other molybdenum 
compounds, serves as a catalyst for the reduction of C2H2. 
The product mix and photonic efficiency afforded by this 

found for the Mo204-  aquo catalyst are very similar to those 2 

ion. Consequently, it appears that the Mo(V)2 core is pri- 
marily responsible for the catalytic activity, and this activity 
is not greatly affected by the sulfur content of the ligands. 
Although the efficiency of the process is de~termined as much 
by the rate of hole removal by the sacrificial electron donor 
(PVA) as by the capture of conduction band electrons either 
by surface H + or the catalyst, a threefold increase in the 
photonic efficiency as the light intensity is reduced suggests 
that the transfer of the reducing species to the catalyst is 
inefficient compared with trapped charge carrier 
recombination. 
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