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Abstract 

The electronic spectra of hydroxo or 0x0 complexes of the sz metal ions Tl+, Sn2+ Sb3’ BP+ and Te4’ in alkaline soh&ns display 
absorption bands in the W region which are assigned to metal-centered sp transitions:ln &case of TI+ and Sn*’ &zse sp-excited states 
are also luminescent. TlOH is photooxidized to Tl,O, by molecular oxygen while the photooxidation of Sn(OH),- to Sn(OH),*- is even 
achieved by water which is reduced to hydrogen. 30th complexes produce hydrated electrons upon 266 nm laser excitation- No e 
ejection can he observed for the hydroxo or 0x0 metalates of Sd’, B?+ and Te4’. which undergo a photoreduction to the metal&c state with 
a concomitant oxidation of hydroxide to hydrogen peroxide and/or oxygen. 
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1. Introduction 

Main group metal cations with an s2 electronic configura- 
tion are well known to form a variety of hydroxo or oxome- 
talates in alkaline solutions [ 11. Relatively little attention has 
been paid to excited state properties of these complexes 
although initial observations on the electronic spectra and 
photochemistry of TlOH [2,3], Sn(OH)3- [4] and 
Pb( OH), - [S] have been reported. The present work was 
based on our previous experience with halide complexes of 
s2 metals [6-l 1 ] in general and Pb( OH) 3- [ 5 f in particular. 
We have now extended these investigations to hydroxo or 
oxometalatesofTl(I),Sn(II),Sb(lII),Bi(III)andTe(IV). 
These complexes are accessible by simply dissolving the 
corresponding halide or oxide in alkaline solution. Unfortu- 
nately, their exact composition is not always clear. Accord- 
ingly, some conclusions are tentative. However, the general 
diversity in the photochemical behavior of this important 
family of coordination compounds is well documented and 
justifies this preliminary communication. 

2. Electronic spectra 

In alkaline solution Tl+ ion exists as TlOH which shows 
an absorption at A,, =236 nm (c= 1550 M-’ cm-‘) [2] 

* Corresponding author. Tel.: +49-WI-943 44 85; fax: i-49-941-943 
44 88. 

0020-1693/97/$17.00 Q 1997 Elsevier Science S.A. All rights nzserued 
fIISOO20-1693(97)05522-9 

and an emission at A-=450 nm (&=240 run) [3]. In 
air-saturated solution the relative quantum yield of this emis- 
sion was about 10% lower than in a &aerated system+ S&l, 
dissolves in alkaline solutions with the of 
Sn(OH)3- [ 121. The absorption spectrum 13- 

displaysabandat&=231 nm (e=7270M-3cm-‘) a& 
shoulders at &=26O nm (e=l6Q M-’ cm-‘) 
~=278nmn(E=60M-‘cm-‘).SnQOH)p-ernitsa~~ 
luminescence at &=47O nrn (&=250 nm). 
solution of SbOs contains presumably Sb(OH),- orSb&- 
[ 131. The absorption spectrum of this solution shows a 
which starts to absorb at approximately 280 nm. The 
tion maximum is located around or below 200 ~ilft (At 
h=2~nmtfremolarabsoabanceisc=82QM-~cm-’.)Thc 
solubility of B&O, even at relatively high concentration of 
NaOH was very low. Such solutions which contain 
entlyBi(OH)4- [ 141 show anabsorptionbandat~=247 
nm (i=810OM-‘cm-‘) andashoulderat295nm(e=210 
M-‘cm-‘).Themolarm wssde~bycorr- 
verting bismutate(III) to BiCl.+- (A,-=319 nm, 6=51OO 
M-‘cm-‘) [8] withconcentratedhydrocbloricaci&Alka- 
line solutions of TeQ do not contain a hydroxo complex such 
asTe(OH),2- butteIhuate(lV) astheoxometalateTeC&*- 
E1a.p. 1011; 1b.p. 526; lc, p. 532j.Thesesolutiunsshowa 
shoulder at A,, = 247nm (r=53OM-‘cm-‘).Tbeabs~~~- 

tion maximum is apparently located u&r the abso@on of 
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the solvent. Irrespective of the composition of these metala- 
tes, their electronic spectradisplay along-wavelength absorp- 
tion in the UV which is assigned to the spin-forbidden metal 
centered sp transition ‘So + 3P,. This assignment is based on 
our previous studies of the electronic spectra of halide com- 
plexesofs’metalions [6-11,151 andPb(OH)3- [5]. 

3. Photochemistry 

’ Transient absorption spectra were determined by laser flash photolysis 
system of ns time resolution. Pulse energy of 12 mt at 266 nm with a width 
of about IS ns was used. Samples wire irradiated in I cm quartz cells with 
right angle monitoring of the transient absorbance. For determination of the 
quantum yield for the formation of hydrated electron, hexacyanoferraret 11) 
was utilized as a standard reference having a 4 = 0.52 at 265 nm excitation 
1181. 

hu 
M”+ +M(“+‘)+ +e- 

WJ (11 

If the products of the primary photoreaction (Eq. ( 1)) do 
not undergo a back reaction the hydrated electron can react 
with the ground-state complex being the only efficient scav- 
enger in this system (Eq. (2)) and the M(“+‘)+ speciescan 
dismutate (Eq. (3) ). The latter species can also recombine 
(synproportionate) with the reduced complex (MC”- ’ ) - ) 
formed in reaction (2) to give the original compound (Eq. 
(4)). 

ehid+M”+ +M(“-‘)+ (2) 
2M(“+1)+ +M”+ +M(nf?)+ (3) 
)#“-I)+ +M(“+‘)+ +2M”4 (4) 

While in argon-saturated solution of TlOH reaction (4) 
closes the photoinduced cycle, resulting in no permanent 
chemical change, the Sri(I) species may reduce water, 
according to the overall reaction (Eq. (5) ). 

hv 
Sn(OH)3- +2H20+OH- -+Sn(OH),‘- +H, (5) 

In an air-saturated system, oxygen can react with both 
e& and Tl(0) formed. 

ehyd + o2 + 02- (6) 
Tl(0) +O,*Tl(I) +O; (7) 

The subsequent dark reactions of 02- generate peroxide, 
while T&O5 (the other final product) is produced from 
Tl( III) formed via dismutation (Eq. (3) ), according to the 
overall reaction (Eq. (8) ). 

2T10H+20z-1-2H,0fl:Tl,0,+2H,02 (8) 

The photolysis ot Sb(OH),-, Bi(OH)4- and Te09*- in 
argon-saturated 1 M NaOH solution led to the formation of 
elemental metal, which increased the apparent optical density 
(due to opacity) over the entire long-wavelength region 2. 
Simultaneously, a decrease of the absorbance was observed 
at shorter wavelengths (below 230-240 nm) due to the dis- 
appearance of the original complexes. These two changes 
were proportional to each other (and, thus, to the turnover). 
The approximate quantum yields for the reduction were 0.05 
for Sb(OH).,- at A,=240 nm, 3~10~~ and 0.11 for 
Bi(OH)4- and Te03*-. respectively, at Ai,= 254 nm. As 
furtherproductH2O2wasqualitativelydetectedinallthreesys- 

* Since under our experimental conditions this increase of absorption was 
nearly proportional to the degree of photochemical conversion, quantum 
yield determinations were based on absorption measurements. A calibration 
yielded the following apparent extinction coefficients of the colloidal ele- 
ments at A-350 nm: e-520 M-t cm-’ for Sb. r=7250 M-t cm-t for 
Bi. r=2660 M- ’ cm-’ for Te. In the case of antimony the degree of 
photochemical conversion was 51~0 determined by a different procedure. 
The- colloidal antimony was first removed by centrifuging the photolyzed 
solution. The loss of Sb3’ was then determined by measuring the decrease 
of the optical density of the remaining solution at 240 nm (r-820 M-’ 
cm-‘forSb’+). 
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terns. Upon stirring overnight, the suspensions of metallic 
bismuth and tellurium redissolved in the photolyzed solu- 
tions This reoxidation was prevented when the irradiated 
solutions were flushed with argon or nitrogen. No inteme- 
diates were detect4 by Rash-photolysis experiments with the 
0x0 or hydroxo metalates of Sb3+, Bi3+ and Te4’. 

The overall stoicbiometry of these photoredox reactions 
can be described by the fo!!owing general equation: 

hu 
M”+ +nHO- +M”+n12H203 (9) 

Although the electronic spectra of the metalates of sz ions 
do not contain LMCT absorptions, Pbf II), Sb( III), Bi( III) 
and Te( IV) in alkaline solution are reduced to Pb( I), Sb( II), 
Bi( II) and Te( III), while hydroxide is oxidized to its radical 
in the primary photochemical step. The formation of the 
metallic state must then take place by subsequent thermal 
processes such as disproportionation or intramolecularredox 
reactions of the metalates generated by the initia1 electron 
transfer reaction. In the case of bismuthate(II1) and tellur- 
ate( IV), the reoxidation of the free metals as photoproducts 
by O2 or H202 in a dark reaction seems to be facilitated by 
the small size of the metal particles. 
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