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Figure 4. SF-RS spectra for the C10~-Cu2+ system. Each spectrum 
is the average of the first three to five consecutive scans. Scan rate: 190 
nm/100 ms. Dashed line: 0.500 M NaCIO,. Dotted line: 0.157 M 
CU(CIO,)~. Solid lines: CCq- = 5.01 X IW3 M and C,z+ = 6.97 X 
1.39 X 6.97 X IO-,, 0.105, and 0.157 M in the  order 
of increasing absorbance. CH+ = 7.0 X 104-1.1 X IO-' M. 
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experiments clearly prove the formation of a new species. 
The data, evaluated by using Job's methodzz (Figure 3), are 

consistent with the formation of a complex with 1:l stoichiometry 
for CIO; and Cu2+ (reaction 2). The evaluation of the data based 
on the Coleman-Varga methodt3 led to the same conclusion. 

cu2+ + clot- = CUC102+ 

At higher reactant concentrations, and a t  longer times, the 
spectra seemingly were somewhat corrupted by the formation of 
CIOz. Considering the applied experimental conditions (pH = 
2.5-3.5), this observation indicates that Cu2+ slightly catalyzes 
the decomposition of chlorite ion. 

The SF-RS measurements were performed by varying the Cu2+ 
and CIOT concentrations in the range of 1.39 X 10-3-0.157 and 
1 .OO X 10-3-0.500 M, respectively. The acid concentration of these 
samples was 5 X 104-l.0 X IO" M. In general, the rate of the 
complex formation reactions with Cu2+ is close to the diffusion- 
controlled limit.24 Accordingly, the formation of the CuCIOz+ 
complex was completed in less than the dead time of the SF-RS 
measurements. No apparent change was observed in the con- 
secutive rapid-scan spectra, even when the fastest available scan 
rate (190 nm/2 ms) was applied. A few representative spectra 
are shown in Figure 4. A similar concentration dependence was 
observed with chlorite ion. 

The data for 15 wavelengths in the 360-480-nm wavelength 
range were evaluated with the program PSEQUAD.2s In these 
calculations, the pK, of HC102 and the spectrum of the chlorite 
ion were included as known parameters, and the stability constant 
as well as the spectrum of the CuC102+ complex were simulta- 
neously evaluated. The Job's curves calculated with the fitted 
parameters are in excellent agreement with the experimental data 
from standard spectrophotometric measurements (Figure 3). 

The calculated stability constant for the CuCIOz+ complex is 
1.04 f 0.07 M-I. The molar absorptivity of this species a t  the 
maximum wavelength, 387 nm, is 1990 f 120 M-' cm-I. As 
expected, a relatively weak complex is formed with Cuz+, although 
its stability is considerably higher than that of the uranyl complex? 
The complex formation is associated with the appearance of an 
intense, presumably charge-transfer, band in the near-UV-visible 
spectral region. The main implication of these results is that the 
complex formation can be part of any reaction system including 
a transition-metal ion and CIOz-. Most likely, these complexes 
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are rapidly formed at even relatively low concentration levels. 
However, they may be of crucial kinetic importance in the oxi- 
dation-reduction and catalytic decomposition reactions of chlorite 
ion. The results also indicate that proper characterization of these 
complexes requires the application of fast spectrophotometric 
methods. This subject has been addressed in our ongoing equi- 
librium and kinetic studies. 
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The large range of uranyl bond lengths is a classical problem.' 
We present here an a b  initio study of the underlying mechanism, 
supposing it to be an intramolecular one, taking place inside an 
axial + equatorial, [(O,,UO,,)(O ) (n = 4) distorted octa- 
hedral model cluster, including the go:"'+ (m = 0-2), "antiuranyl" 
U04*-(D4J and cubic U06" limits. 

The quasirelativistic pseudopotential of Hay et al.2 and Gaussian 
903 were used. The oxygen basis is described in ref 4. For a 
possible explanation as to why structural calculations on highly 
charged anions work, see ref 5.  The calculated bond lengths and 
breathing frequencies are given in Table I .  

The free U02'"+ bond length and its charge dependence re- 
semble earlier studies and are for uranyl near the low end of the 
experimental range of about 150-208 pm.ls The U042- one is 
a little below and the UOsb one a little above experiment. Taking 
then U-0, as the independent variable and optimizing U-O,,, 
we find the results shown in Figure 1. They nicely parallel the 
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Figure 1.  Optimized R,, as a function of R,  for U06+  clusters. The 
experimental points are taken from refs Id and IO. 
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Figure 2. (a) Experimental geometry for (ONPO+)~ in Na4(Np02)2- 
Ci2012~8H20.'2 (b) Calculated geometry in a (0U0t)2 model dimer (S 
= I ) .  Only the dimer parameters 02-U2 and O2-UI-03 are optimized. 

experimental trend. The intramolecular total energy changes only 
very little over the range given." Thus we interpret the large 

Table 1. Calculated Relativistic U-0 Bond Lengths, R (in pm), and 
Breathing Frequencies vl(ai) (in cm-') 

species method R "I ref 
uop HF 162.5 1216 

MP2 173.2 922 
H F  163 a 
H FS 170.0 b 
exptl ca. 830 c 

u02+ HF 171.2 1031 
MP2 177.0 1074 
exptl 808 d 

MP2 179.7 
H FS 187.3 f 
H FS 183.4 b 
exptl 765 i? 

uo2 H F  181.8 e 

uot- H F  187.3 872 

U 0 6 +  H F  214.8 592 
exptl 199 h 

exptl 208-209 I 

exptl 797 j 
U N 2  H F  181.8 783 

MP2 191.1 816 

'Reference 4.  bReference 6. C A  typical value for U-O,, around 
170 pm.ld "Reference 7 (average). CPurposely omitted for this sin- 
gle-configuration open-shell q91Sl triplet state. f Reference 8. 
EReference 9 .  "n Na4U05 and Li4UO5.Io 'See Figure I .  ,Reference 
I c. 

range of U-O,, distances as a soft eg vibrational mode (axial 
in-equatorial out, or vice versa) of the cubic UO,+ cluster, which 
is frozen in by the lattice forces, totally neglected here. 

For Np, a peculiar ( O N P O + ) ~  dimer was found by Cousson 
et al.I2 (Figure 2a). For a dimer of linear, symmetrical (OUO+) 
groups (R = 171.2 pm) we indeed find the stable geometry in 
Figure 2b. Hence also this structure could be explained by in- 
tramolecular interactions. 
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Additions and 

( I  I )  The cubic symmetry is an energy minimum. The force constant 
d2E/dRq2 for the minimum-energy path in Figure 1 at R 
214.4 pm is only 0.14 au ,  compared to 1.31 au for the b r e a % l F ( i , j  
mode. 
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Corrections 
1990, Volume 29 

S. K. Xi, H. Schmidt, C. Lensink, S. Kim, D. Wintergrass, L. M. 
Daniels, R. A. Jacobson, and J. C. Verkade*: Bridgehead-Bridgehead 
Communication in Untransannulated ZP( ECH,CH,),N Systems. 

Pages 2215, 2216, and 2219. The oxygens in structure 8 should be 
replaced by nitrogens, the captions for Figures I and 2 should be inter- 
changed, and the nitrogen in structure 16 should be replaced by a 
phosphorus.-J. G .  Verkade 


