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In a recent investigation of the electron-transfer 
quenching of the UO:’ luminescent state by metal 
ions [I ] , Burrows et al. found that the Stern-Volmer 
constant for the Ag’ quencher (@5) is a function of 
ionic strength (r_c) and of uranyl ion concentration 
([U]). The P dependency was attributed to salt 
effects, while the variation with [U] was suspected to 
result from the formation of a non-emitting excimer 
[II * 

More recently, we observed dual luminescence 
from IO-’ M nitric acid solutions of UO;’ and gave 
evidence that the second component is the emission 
of the uranyl (Uz04H4’)* exciplex, formed and 
being degradated according to [2] : 
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Moreover, in a &, vs. [UO;‘] study of self- 
quenching, very significant dependencies of the 
apparent luminescence efficiency of the linear uranyl 
ion Gru upon ionic strength were revealed and it was 
definitely shown that I#+~ is effectively a function 
of uranyl ion activity (U), owing to path (4) [2]. 
Excimer (U,Oi’)* formation could, of course, also 
account for this result, but kinetic schemes assuming 
this formation were unable to fit our experimental 
data [2]. 

In [2] , Burrows et al. data of k&?, for different 
low [UOZ’] and various p, were briefly argued to be 
consistent with the above (1) to (5) processes and 
with the eru expression derived from the above 
scheme. It was then of interest, since the dependence 
of kt$ upon [UOZ’] was shown to be due to 
(U204H4+)*, to check the ksv variations in the case 
of another perturber, quenching the luminescent state 
of UO;+ by a different mechanism. 

Methanol was chosen as quencher, since in 
contrast to Ag+, the result of the collisional process 
gives a net chemical change which must enhance the 
yield of (U02H2+)*. 

Table I gives the SV data, obtained by exciting (at 
406 nm) the uranyl solutions with a very low 
intensity in order to avoid distortion of the hv(1) 
radiation intensity by hv (2) (see [2] ). Figures 1 a and 

TABLE I. Stern-Volmer data for MeOHsb. 

[uo:‘] x lo2 cuo;+,c x lo3 b&m) rd ye + I& 

0.5 2.64 544 0.999 0.98 + 10.44 
0.8 3.85 544 0.997 1.04 + 9.65 
1 4.56 544 0.998 1.03 + 9.23 

478 0.998 1.02 + 9.43 

1.5 6.10 488 0.999 1.00 + 8.35 
2 7.39 544 0.998 0.99 + 8.42 

488 0.998 1.03 + 8.06 
2.5 8.50 544 0.998 1.07 + 8.23 
3 9.48 544 0.998 1.02 + 7.65 

478 0.998 1.04 + 7.83 

4 11.10 544 0.997 1.06 + 7.97 
478 0.999 1.00 + 7.90 

5 12.46 544 0.996 1.00 + 7.60 
488 0.996 1.00 + 7.49 

% 10m2 HN03. b Fifteen different concentrations from 2 X 10m2 to 3.2 X 10-l. ‘Calculated as in (21. dLinear regression coef- 
ficient.%tercept. fFrom thirty independent determinations. 
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Figure 1. k$ VS. uranyl activity. la, Q = MeOH (pH = 1.94); 
lb, Q = Ag+ (Burrows et al. data, pH - 2 [l] ); exe: 406 nm; 
em: o - 544, 0 - 488, A - 478, l - 510 nm. lc and Id, 
linearisation of the functions (17) (see (19)) (linear regression 
coefficient lc: 0.954, Id: 0.901). 

lb show the variation of ksv with (U) in the case of 
MeOH and Ag’ (Burrows et al. data). 

There are four interesting features in these varia- 
tions: (i) in both cases ksv is a decreasing monotonic 
function of uranyl activity (U) a$tdii for any (U), 
k&? is far more important than ksv . For low (U), 
(iii) dk&?/d(U) is greater than the corresponding 
slope for MeOH and (iv) as (U) decreases, the increase 
in dk&?/ d (U) (in absolute value) is more important 
than the increase of dkpGoH/d (U). 

All the above features can be explained by the 
scheme (1) to (5), completed in the presence of Ag’ 
by: 

(UO:3* 
kAg Ag+ 
2 UO;’ (6) 

and by: 
kMeOH 

(UO$+)* + CH30H ’ + (uo*H~+)* + ~H,OH (7) 

(2CH20H - CHzO + CH,OH), 

in methanol/water. 
In fact, and as already reported in [2], (UOzH23* 

suffers hydrolysis and recent results [3] strongly 
suggest this path, so that the scheme (1) to (5)must 
be completed by: 

kx 
(U02H2+)* + 

kxy (‘Of)* + H+ 

(UO;)* k= uof 

(2’) 

(2”) 

Also recent data [3] further support a U204H4+ 
composition of the emitting exciplex, since its 
emission (observed for [UO:‘] > 10e2 in 10e2 HNOJ 

and high excitation intensities) is found, under 
exactly the same conditions, to be considerably 
reduced when Hz0 is replaced by D20. 

In the absence of quencher and according to the 
photophysical and chemical processes (1) to (5) and 
(2’), (2”), .the concentrations of species of interest 
and the emission intensity IL of the linear uranyl 
unperturbed by the (U204H4+)* emission (present 
experimental conditions) are: 

[U”] = I, [A +kEKE(U)] /D (8) 

IX”] = kxuDJ*l/A+WWJ) (9) 

[E*l = LkxuWWD (10) 
IL = qkru I, [A + kEKE(U)] ID (11) 

with I,: absorbed intensity, q : an apparatus 
constant, 

KE = k,x /kxE +k, ,KY =kyx/kxy +knry, 

A = kux + k,, + kn,Ky [H’] -’ (12) 
B = knrx + knrYKY[H+]-1 (13) 
D = kuA + kxuB + (k, + kXu)kEKE(U) (14) 

IL/If takes then the form: 

l,/lFeOH = 1 + [B t kEKE(U)] kyeoHD-’ [MeOH] 

(15) 

IL/Iig = 1 + [A + kEKE(U)] k,AgD-’ [Ag'] , (16) 

and for either quencher (see (14)): 

k&, = [m t m’(U)] [d t d’(U)]-’ (17) 

Also, as [E*] = KE(U)[X*](see also (15), (16), (10)): 

k&, = [m + m’(U)1 (Lkx~)-’ [X*1 

which, for low uranyl concentrations and constant 
excitation intensity, becomes: 

k& z [m + m’(U)] [Gkxu(U)]-’ [X*] 

= p [x*](U)-’ t g[X”] (18) 

where p and g are constants. 
Figures lc and Id show that relation (17), taken in 
the form: 

k& - (md-‘) 

(U) 
= Y, = m’d-’ - d’d-1 k!& = f(k!&), 

(19) 

is satisfied for both quenchers, thus further suggesting 
(see [2]) that the monotonous decrease (see also 
(18)) of k% with (U) comes from the E* exciplex 
formation between uranyl species. 

Parameters m/d and m’/d’ in (19) or p and g in 
(18) are of course much higher for Ag’ than for 
MeOH, the former being, as is well known, a far more 
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effective quencher (kp >> kyeoH) of the uranyl 
luminescent state. 

It is our opinion that both quenchers form 
transient exciplexes with the linear excited uranyl 
and that the primary act is a simultaneous overlap of 
the n, M.O. and of one of the virtually atomic com- 
ponents (f,,,,z or fi(x2_jr2) <of the u‘, M.O. of 
(UOz’)* n: (.5f, uu)‘, by an appropriate orbital of the 
quencher (i.e. d,,, of Ag’ or the group M.O. ITCH, 
[4] of MeOH). The efficiency of quenching must 
then be controlled by the expansion and energy (E) 
of the overlapping orbital of the quencher. 

For Ag’, radius (r&l of d maximum density is 
0.25 a.u. and E = -0.756 a.u. while for MeOH E 
(ran,) = -0.624, E (a&,) = -0.669 a.u. and rm 
must be much higher than that of Ag’. Nevertheless, 
in the case of MeOH, the primary act is followed by 
H-abstraction and obviously MeOH behaves as a far 
less effective quencher. 

Parenthetically, it is interesting to note that 
hydroxylic H-abstraction would require overlap of 
(UO:‘)* ‘IT,, (Sf, a3 M.O.‘s by some appropriate COH 
M.O., but in this case the closeness of the methanolic 
oxygen to that of (UOi’)* and, therefore, the O-----O 
repulsion would make this overlap small. 

In fact, hydroxylic H is inaccessible to (UOz’)*, 
not only in the case of alcohols but also in that of 
carboxylic acids [S] . Significantly enough, the 
hydroxyl radical abstracts H from alcohols in the 
same position [6] as (UO:‘)* does. 

From the same point of view, one would also 
expect the quenching efficiency of alkyl halides to 
decrease with increasing halogen electronegativity. 
Indeed k&RX): n-CaH,I: 670, n-C4HgBr: 84, 
r&H&l = 10.8, while assuming (as in [S]) charge 
transfer by Sf, rr, overlap with a X non bonding n 
orbital or some other group M.O. containing a n 
component, the same order could be argued, but 
unfortunately ksv : CzHSBr: 105, CHBra: 87 and 
CC14: 1.25. 

It is, therefore, our impression that collisions for 
efficient overlap between (UOz’)* and quencher 
M.O.‘s require special orientations, with the (UO$‘)* 
oxygen (the axial extremity where rrr, is practically 
delocalised) avoiding highly negative centers and 
preferring troH, manifolds. 

For halides X-, (UO:‘)* has no sterical choice and 
quenching efficiency has to be ruled by expansion 
and energy of the overlap ing M.O. of the quencher. 

Considering, now, dks /d(U), one obtains from < 
(18), with ka.!& = f((U), [X*1) and [X*1 = v((U)): 
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dk%ld(U)=p ](U)[X*ll-‘([l +idWF’I 
[X]*d[X*]/d(U)-(U)-1)=-p(U)-2[X*]-1 

(20) 

so that at anL!g; (U) dk$G/d(U) > dkr$$oH/d(IJ), 
since pAg > p (Figs. la and lb). 

It is, moreover, noteworthy that, as (U) decreases 
(low (U)), dk.$v/d(U) (in absolute value) increases 
more rapidly in the case of Ag’ than of MeOH, for 
which the enhancing X* step (7) slows down this 
increase in accordance with (19). This indicates that 
chemical quenching by MeOH is far more important 
than its physical one, since otherwise curve la should 
parallel curve 1 b. 

Finally, it has to be noticed that, according to 
processes (1) to (5) and (21, (2”) photoexcitation of 
(UO;‘) in aqueous acidic media must produce U(IV) 
species by UOf disproportionation (see (2”) and (5)): 

2UO; +4H+- UO;’ t U4+ t 2Hz0 

and, very interestingly, recent results [7] revealed 
that photoexcitation of UO:’ in concentrated phos- 
phoric acid and phosphate glasses leads indeed to U4’ 
species formation. 
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