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The chloro complexes existing in the pC1- range from 0.28 to 3.84 in KAlC1, at 300" were found both by potentiometric 
and spectrophotometric measurements to be TeC1,'-, TeCl;, TeCl,, and TeCl,'. The pK values based on  molar concentra- 
tions for the reactions TeC1,'- + TeC1,- + Cl-, TeC1,- + 'reC1, + ClF, and TeC1, + TeC1,' + Cl', were found to be in the 
regions 0.68-0.82, 2.13-2.32, and 3.66-3.92, respectively. The spectra of TeCl,*-, TeCl,., TeCl,, and TeC1,' were calcu- 
lated on the basis of the found equilibrium constants. Assuming that the composition of the precipitate a t  low pC1- is 
K,TeCl,, the concentration of TeCl,*- in a KAlC1, melt saturated with this precipitate a t  300" was calculated to  be in the 
range 0.159-0.177 M. 

Introduction 
Some predictions about the possible cliloro complexes of 

tetravalent tellurium were given earlier. '~~ Since then it has 
been shown that it is possible with the use of a chlorine-chlo- 
ride electrode to treat quantitatively what are essentially acid- 
base equilibria in a chloroaluminate melt .' 
this electrode and by means of spectrophotometric measure- 
ments it has been possible to identify and describe some of 
the chloro complexes formed. 

Not much is known about tellurium complexes in melts, 
but by means of conductometric titrations4 a 2 :  1 compound 
of KC1 and TeC14 in molten SbC13 has been shown to exist. 
This is consistent with the formation of a TeC162- ion. From 
phase diagrams of MC1-TeC14 (M = Li, Na, K, Rb, Cs), the 
solid compounds with overall composition M2TeC16 (M = K, 
Rb, Cs) and MTeC1' (M = Rb, Cs) are known to exist.' The 
phase diagram of the TeC14-A1C13 system shows that a 1 : 1 
compound is formed.6 Raman spectra of both the liquid 
and the solid state indicate that the compound formed con- 
sists of TeC13' and A1C14'.7 Also, compounds like (TeC13)- 
AsF6 are known to exist and the molecular weight of this 
compound in high dilution in nitrobenzene agrees with the 
above formula.' The structure of molten TeCI4 is still un- 
known although several proposals have been put forward. 
However, solid TeC14 is knowng to consist of Te4C1,, units. 
From this it was anticipated that both monomeric and 
polymeric tellurium complexes might be present in the chloro. 
aluminate melt. 

By means of 
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Experimental Section 

metal (99.999%) and HCI gas (electronic grade from Matheson). 
KC1 (analytical reagent from Riedel-de Haen) was purified by first 
passing HC1 gas over the solid and then through the melt, flushing 
with pure N,, and finally filtering the melt.'"'" The TeC1, was made 
by reaction between tellurium (99.999%) and chlorine (Fluka, 

Materials and Measurements. AlC1, was made from the pure 

> 9 9.9%). 
The experimental techniques used in the present work are almost 

the same as those described The electrode cells were 
made of Pyrex with vitreous carbon rods from Carbone-Lorraine 
fused into the bottom. Chlorine (Fluka, >99.99%) was added under 
a known pressure to the cells, which were sealed vacuum-tight. A 
sintered disk from Radiometer separated the two cell compartments. 
This disk consisted primarily of a-Al,O,; it was considered to be 
satisfactorily mounted if the leak under a water pressure of 300 mm 
did not exceed 0.2 cm3 of water over a 12-hr period. In order to 
secure the same pressure over the melt in both compartments they 
were connected by a small tube. The internal resistances of the 
operating cells were usually in the range 100-500 C l .  Furthermore, 
the electrodes had completely recovered within the experimental un- 
certainty of kO.1 mV within about 30 sec after a removal of poten- 
tial of 20 mV applied for 1 min. On the basis of this the electrodes 
were considered to be reversible. 

The temperature of the main part of the potentiometric furnace 
was controlled by a Eurotherm regulator, Type LP96/CR/DHS/PID/ 
FC, connected to  a platinum resistance thermometer. The top and 
bottom heating elements were controlled by a simple regulator, Type 
LP96/MK2/PID/FC, operated by the small temperature difference 
measured by thermocouples placed on the middle and end part of 
the furnace. The temperature could be controlled within i O . 1 "  in 
the range 100-500". The temperature variation over the middle 200 
mm of the furnace was less than 0.3". The temperature of the fur- 
nace was measured by a calibrated chromel-alumel thermocouple 
connected to  a Type DIv12022S digital voltmeter from Digital Measure- 
ments Ltd. with a built-in standard cell. The same instrument was 
also used for the potentiometric measurements. 

The optical cells were of fused quartz (Ultrasil from Helma) and 
had a fixed path length in the range 10-1 mm. A path length around 
0.1 mm could be obtained by placing a precision-ground fused-silica 
insert into a 5-mm cell. Absorption spectra were measured with a 
Cary 14R spectrophotometer equipped with a furnace regulated by 
an Eurotherm regulator, Type LP96/DHS/PID/P. The spectro- 
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Table I. Values of Cell Potential and Composition for Molten Electrolyte at 300” 

0.10 F TeC1, 0.20 F TeC1, 0.30 F TeC1, 

Mole fraction Mole fraction Mole fraction 
- A E ,  mV KC1 AlC1, -AE, mV KC1 AlC1, -AE, mV KCl AlCl 

389.0 
313.1 
300.5 
222.6 
161.9 
161.0 
116.8 
90.7 
59.4 
47.8 
38.6 
21.4 
18.5 
10.2 

0.49505 
0.49652 
0.49659 
0.49828 

0.50004 

0.50364 
0.50657 
0.50845 
0.50924 

0.51364 
0.51601 

0.50026 

0.50206 

0.5 1278 

0.49821 
0.49676 
0.49669 
0.49502 
0.493 19 

0.49140 
0.48985 
0.48678 
0.48499 
0.48415 
0.48066 
0.47987 
0.47752 

0.49328 

404.8 
349.0 
295.7 
216.7 
151.7 

71.6 
35.7 
21.5 
14.9 
13.1 
8.5 
6.1 
5.4 
3.0 

0.48998 
0.49191 
0.49369 
0.49717 
0.50013 
0.50657 
0.51183 
0.51457 
0.5 1760 
0.51727 
0.51930 
0.51893 
0.52020 
0.52011 

a Melt saturated with K,TeCl, 

photometer was equipped with a Datex digital system for punching 
out  spectral data o n  paper tape. 

Methods of Investigation 
General Considerations. The initial molar amount of one 

of the added substances (in the present work KC1, A1C13, or 
TeC14) dissolved in 1 1. of the melt is defined as its formality. 
The formal absorptivity is defined by A/c‘ where A is the 
absorptivity (absorbance divided by the path length) corrected 
for the absorbance of cell and solvent, and c’ is the formality 
(in the present work of TeG14). The densities of the KC1- 
AlC13-TeC14 solutions were calculated assuming ideal mix- 
tures of TeC14 and KC1-KAIC14. This assumption will only 
give rise to a small error, as the amounts of TeC14 added were 
small compared to the amounts of KC1-KAlC14. The den- 
sities of TeC14 and of KC1-AlCl3 were obtained from the work 
of S i m o n ~ ’ ~  and of Morrey and Carter,14 respectively. In 
the present work, pC1- is defined as the negative logarithm 
of the chloride concentration. 

The potential of the cell used is generally given by” 

(1) 
1 

F r  
AE =-.f1”.ZtL(-~i-’ dpi + zc1w-l dpcl-) 

(at constant T )  since the chlorine pressure and hence the 
chlorine activity are the same in both cell compartments. ti, 
zi, and pi are the transference number, charge, and chemical 
potential for the ith ion. respectively. 

In the spectral work the Bouguer-Beer law as well as the 
law of additive absorbance was assumed to be valid. The 
total absorbance at a given wave number could then be de- 
scribed by 

A(v1’) = pj (v”)zc i  1 (2) 

whereA(vl’) is the total absorbance at the wave number vl’, 
ei(vl ’) is the molar absorptivity for the ith complex at wave 
number (vl  ’), 1 is the path length, and ci is the concentration 
of the ith complex. 

has been neglected. Due to lack of data it is impossible to 
make an exact calculation of this change. However, if we 
assume that we are dealing with a regular solution of two 
components, the activity coefficients can be calculated from 
the relation RT In y = kN2’, where y is the activity coeffi- 

In the present work the variation in the activity coefficients 
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0.49673 
0.49466 
0.49279 
0.48941 
0.48652 
0.48025 
0.475 13  
0.47247 
0.46919 
0.46984 
0.46753 
0.46822 
0.46666 
0.4 67 07 

383.2 
346.1 
298.0 
252.6 
21 1.3 
175.4 
156.1 
141.8 
113.5 

84.3 
68.0 
61.0 
49.0a 

0.48568 
0.48794 
0.49052 
0.49305 
0.49580 
0.49836 
0.50021 
0.50085 
0.50369 
0.50678 
0.50852 
0.5 1000 
0.51202 

0.49413 

0.48929 
0.48685 
0.48421 
0.48176 
0.47963 
0.47937 
0.47630 
0.47333 
0.47189 
0.47024 
0.46826 

0.49178 

cient for one of the components, k is a constant, andN2 is 
the mole fraction of the other component. The magnitude 
of k is usually less than +3 kcal mol-’ .16 At low pC1- we 
are dealing essentially with a mixture of KA1C14 and K2TeC16. 
If a value of 23 kcal is used for k ,  it is found from the 
present measurements that the maximum variation of the 
activity coefficient is 20.4% for KA1C14; this variation is 
negligible. By contrast, the maximum variation under the 
above assumption for K2TeC16 is ea. +20%. As we shall see 
later this variation is comparable to the variation calculated 
from the experimental data. 

Cell Potentials. It can be shown’ that under the present 
circumstances it is reasonable to give eq 1 the form 

where to K t  and to A 1 ~ l ,  - are the transference numbers in pure 
KAlC14 and kcl- is a constant such that tcl = kcl-[Cl-] at a 
low concentration of chloride ions. By assuming the mobili- 
ties of the ions considered to be inversely proportional to 
their ionic radii (an assumption which fits reasonably well 
for a number of molten salts, where the anions and cations 
are well defined”), it has also been shown that the last three 
terms in eq 3 for a 0.3 F solution of a metal salt have a 
maximum value of -0.8, $0.2, and +0.4 mV, respectively. 
These values are small compared to the maximum iAE I 
values encountered in these systems; furthermore the three 
terms cancel each other partially. On the basis of this they 
were neglected in the calculation of the chloride activity in 
the melt. The potential of the cell will then be given by 

which at 300” becomes 

-AE 
113.7 

pc1- = - + 0.284 

(4) 

since under the present circumstances the chloride activity 

(16) G. J .  Janz, Ed., “Molten Salts Handbook,” Academic Press, 
New York,  N .  Y., 1967, p p  206-211. 

(17) See ref 16, pp 344-345. 
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is assumed equal to  the chloride concentration. The last 
term is the pC1- of KA1C4 saturated with KC1 at 300" re- 
ported earlier.' 
have been 113.7. This error is, however, within the experi- 
mental uncertainty for the final data. It is worthwhile to 
mention here that eq 5 is only valid under the circumstances 
mentioned above and is probably not valid over much wider 
KC1:A1Cl3 proportions than used in the present work. From 
the obtained chloride activities the equilibrium constants for 
the different proposed equilibria in the melt can be calcu- 
lated. 

spectra can give information about equilibrium constants, 
about spectra of individual species, and indirectly also about 
chloride concentrations. Equation 2 can be given the 
following form for each wave number measured 

The value 113.0 given previously' should 

Spectra. It will now be illustrated how the measured 

This can be written in the following way 

(7) 

If we now deal with m different compositions, a general equa- 
tion involving three matrices can be put forward 

where cim is the concentration of the ith species for the mth 
composition and A,(v,') is the total absorbance of the mth 
composition at the wave number vn' .  This formulation is in 
principle identical with the formulation used by Lieto.18 
From the equilibria put forward to explain the behavior of 
the melt and on the basis of some arbitrarily chosen equilib- 
rium constant, the concentration of each species ci is calcu- 
lated. This (together with the measured absorbances at 
different wave numbers and different compositions) is now 
put into eq 8 and the deviation (least squares) is calculated. 
By varying systematically the equilibrium constants the devia- 
tion is minimized to obtain the "best" equilibrium constants. 
This procedure can be applied to  any equilibrium and the 
results used in a model discrimination. From the derived 
equilibrium constants the spectrum of each individual species 
can be calculated. It is, of course, also possible to calculate 
the chloride concentration on the basis of the composition 
and the equilibrium constants. 
Results 

Measurements and Calculations for Cell Potentials in the 
KC1-AlCl3-TeCl4 System. In Table I are shown the values 
of aE in terms of mole fractions of KC1 and A1C13 for 0.10, 
0.20, and 0.30 F TeC1,. The measurements for 0.30 F 
TeC1, could not be performed at low pC1- due to precipita- 
tion of a yellow compound believed to be K2TeC1,. A plot 
of the average coordination number (E) as a function of pC1- 

(18)  L.  R .  Liero. Thesis. 1969 ;  Report  ORNL-TM-2714, Oak 
Ridge National Laboratory, Oak Ridge, Tenn., 1969. 
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Figure 1. Average experimental coordination number for Te(1V) as 
a function of pC1.: (A) 0.10 F Te(1V); (B) 0.20 F Te(1V); (C) 0.30 
F Te(IV), compared with calculated values (full lines). The vertical 
dashed lines show the limiting pCl-, due to saturation with KCl. The 
horizontal dashed lines show the limitation due to precipitation of a 
compound assumed to be K,TeCl,. The solvent was KAlC1, at 300". 

calculated from Table I is shown in Figure 1 .  In order to 
make such a plot accurately, the pK region for the self- 
dissociation reaction for the solvent, 2A1C14- = A12C17- + Cl-, 
of 7.78-7.81 (earlier' erroneously given as 7.83 k 0.02) at 
300" was used. From this figure it can be seen that at the 
present temperature it is not possible to reach the average 
coordination number 6 even at the lowest possible pC1- (indi- 
cated by a vertical dashed line) obtained by saturating the 
melt with KC1. The horizontal dashed line shows the limita- 
tion due to precipitation of the yellow compound. A closer 
inspection of the plot reveals that the curves are almost iden- 
tical. This can only be explained if tellurium is present 
mainly as monomeric entities and little polymerization occurs. 
If only monomeric entities are present, the numerical treat- 
ment of the data is straightforward. As can be seen from 
Figure 1 ,  the highest coordination number must be 6 and in 
the measured range the lowest 3. This leads to  the equilibria 

TeCl,*-= TeC1,- + C1- (9) 

TeCl ,- =e TeC1, + C1- (10) 

TeC1, + TeC1,' + Cl- (1 1) 

A computer program which could handle these three equilib- 
ria was set up. The iteration process to get the least-squares 
estimation of the nonlinear parameters was based on a pro- 
gram by M a r q ~ a r d t . ' ~  When the data from Table I were 
treated with this program, the pK regions shown in Table I1 
were obtained. The regions are for nonlinear one-parameter 
confidence limits of 95%. As can be seen from this table 
the pK regions obtained at different concentrations agree 
very well with each other. For each concentration two 
columns are given, one obtained from data where pC1- is 
>0.75 (high pCl-) and another obtained where pC1- is >0.28 
(low pCl-). This is done in order to compare pK values for 
the three different Te(IV) concentrations measured in the 

(19)  D. W. Marquardt,  IBM Share Library, Distribution N o .  
309401, Aug 1966.  
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Table 11. Results for Te(1V) Equilibria in KAlC1, Based on Cell Potentials 

pK regions in 0.10 F TeC1, pK regions in 0.20 F TeCl, pK regions in 0.30 FTeCl, pK regions for all data 
Processes High pC1- Low pC1- High pC1- Low pCT High pC1- Low pC1- combined 

TeC16*-+ TeCI,-+ Cl- 0.66-0.92 0.56-0.85 0.59-0.94 0.60-0.85 0.82-0.92 , . . 0.68-0.82 
TeC1,- + TeCl, + C1- 2.03-2.27 1.99-2.40 2.08-2.35 1.99-2.47 2.16-2.26 . . . 2.1 3-2.32 
TeC1, + TeCl; + Cl- 3.60-3.96 3.47-4.11 3.69-3.99 3.58-4.12 3.70-3.86 , . , 3.66-3.92 

same pC1- range. Due to precipitation of the yellow com- 
pound in 0.30 F TeC14 it is not possible to obtain pC1- 
values lower than about 0.75. The last column in Table I1 
shows the pK regions when all data are combined. This 
should be the best way to describe the behavior in the mea- 
sured range. The good agreement between the obtained pK 
regions at different concentrations is, of course, a strong 
support for the above model. 

The KCl-AICl3-TeCl4 System Saturated with KzTeCl6. As 
mentioned above, in a 0.30 F solution of TeC14 in KAlC14 a 
yellow precipitate separated at low pC1- values. With the 
present technique it was not possible to  obtain this compound 
in a pure form. However, the phase diagram for KC1-TeC14’ 
shows K2TeC16 as the only intermediate compound and we 
therefore believe that the compound is K2TeC16. 

There are two experimental problems in obtaining the 
compound in a pure form. In order to press the melt 
through the filter in a reaction tube, different temperatures 
had to be developed alternately on top and bottom of the 
reaction tube. The other problem was to eliminate the sol- 
vent, which always adheres to the precipitate even after a 
filtration, but this can be overcome by centrifugation. In 
the present case a modified Christ centrifuge (Type UJ 111) 
was used, so that the filtrate (placed in a small cell, which 
contained a filter) could be centrifuged at cu. l500g at a 
temperature about 300’. This process removed the adhering 
solvent but the precipitate still contained KC1. This KCl is 
probably formed during the filtration, since the composi- 
tion of the saturated melt is such that a small decrease in 
temperature will cause KC1 to precipitate together with the 
yellow compound. In order to  solve the problem a better 
temperature control of the filtration and centrifugation 
process as well as another method of applying suction in the 
filtration process will be required. 

Since the potassium concentration in the melt is almost 
constant, the concentration of TeC162- in the saturated melt 
may be taken as constant. A visual inspection showed that 
at a ~ e ~ 1 ~ ’ -  concentration of 0.1 59 M no precipitate was 
present, whereas at the concentration 0.177M the yellow 
compound had precipitated. From this the concentration 
of TeC162- in the saturated melt was estimated to  be in the 
range 0.159-0.177M. This range is in agreement with the 
values calculated from the cell potentials of a saturated melt 
with an initial Te(1V) concentration of 0.30 F, even if the 
variation in the calculated concentration is rather large. The 
results are shown in Table 111. In this table the mean value 
of the pK for the reaction Tee&’- 2 TeC1,- + C1- obtained 
at low pC1- and 0.20 F Te(1V) is used except for the first 
calculated concentration, where the mean value obtained at 
high pC1- for 0.30 F Te(IV) is used. 

Measurements of Spectra for the System KCl-A1Cl3-TeCl4. 
In Figure 2 the spectra of a series of melts with a Te(1V) con- 
centration of 0.10 F a r e  shown. The variable is the chloride 
concentration. Te(1V) concentrations much higher than 
0.10 F could not be examined due to the high value of the 
extinction coefficients for TeC16’- in the measured range. 
From the spectra it can be seen that at low pC1- a well- 

Table 111. TeC1,’- Concentrations in KAlC1, Saturated 
with K,TeCl, at 300” 

Initial mole fraction 

-AE, mV KC1 AlCl [ TeC1,2-] , M 
49 .O 0.51202 0.46826 0.182Q 
34.6 0.51460 0.46582 0.155 
34.5 0.51414 0.46613 0.179 
25.5 0.51636 0.46400 0.185 
15.4 0.51941 0.46120 0.171 
11.0 0.52040 0.45 997 0.205 

a Calculated from high pC1- value of pK. 

WAbE NUMBER ikK1 
Figure 2. Series of spectra of O.lOFTeC1, m KC1-AlC1, at 300’. 
Mole fraction of KC1 and AlC1, respectively: A, 0.50918, 0.48423; 
H,50714,0.48625;C, 0.50391,0.48944;D, 0.50018,0.49312; E, 
0.49969,0.49365; F, 0.49740,0.49584; G, 0.49662,0.49663; H, 
0.49561,0.49768; I ,  0.49448,0.49879. 

defined band is located at about 26.5 kK. The spectrum at 
the lowest possible pC1- (melt saturated with KCl) has pre- 
v i ~ u s l y ~ ? ~  been attributed to TeC162-. In the light of the 
present potentiometric measurements it is clear that we are 
dealing not with pure TeC16’- but with a mixture of TeC16’- 
and TeCl,-. The band at 26.5 kK, however, is due to the 
TeC162- ion. From these spectra the equilibrium constants 
for the consecutive processes (9), (1 0), and (1 1) could be 
calculated by using all the shown spectra and the method 
outlined under “Methods of Investigation.” The absorbance 
was measured for each wavelength in the range 332-420 
nm. The calculated regions for the equilibrium constants 
are shown in Table IV. The regions are based on nonlinear 
confidence limits of 95%. As can be seen from this table the 
regions agree very well with the regions based on cell poten- 
tials. However, the regions are much larger in the latter 
experiments than in the former. Furthermore it should be 
noted that the regions are calculated from all the measured 
values of absorbance and wave number. This is appropriate 
as the uncertainty is mainly in the measured spectra and not 
in the composition of the melt. Finally, the spectra of each 
of the individual chloro complexes are shown in Figure 3. 
Here the equilibrium constants found by the potentiometric 
measurements for a 0.10 F Te(1V) solution have been used to  
calculate these spectra. 
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Table IV. Results for Te(1V) Equilibria in KAlCl, Based o n  
Spectrophotometric Measurements 

Watkins, Sullivan, and Deutsch 

pK regions in 
0.10 FTeC1, 

Processes soln 
TeC1,2-Z TeCl,-+ C1- 0.17-1.06 
TeCl , -Z  TeC1, + C1- 1.10-3.25 
TeC1, TeC1,’ + C I  2.92-4.62 

Discussion 
As the measurements and calculations show, there seems to  

be a well-established case of stepwise chloro complex forma- 
tion for Te(1V) in KA1C14. In the present work it was im- 
possible to detect any special trend in the calculated pK 
regions as a function of concentration. However, if it is 
assumed that the difference between the pK regions calculated 
at 0.10 and 0.30 F Te(1V) for the reaction TeC162- f: TeC1,- + 
C1- is due to  a variation in the activity coefficient for K2TeC16, 
a change of ca. 17% in the activity coefficient will bring the 
mean values to  coincide. This change is, as mentioned above, 
comparable to  the maximum variation expected for the 
activity coefficient. 

to perform measurements at pC1- values higher than those 
used here. If linear extrapolation is valid for the pK values 
for the formation of TeC122+, a value of about 4.3 is ob- 
tained. This value is still much smaller than the pK found 
for the self-dissociation of KA1C14 mentioned above. There 
are therefore reasons to  expect that TeC12’+ can be found in 
solutions. Contrary to this, Raman spectra of the A1C13- 
TeC14 system” do not indicate any formation of TeC12’+, 
but it is of course possible that TeClzZ” is only present in 

As an extension of the present work it would be important 

(20) F. W. Poulsen, N. J .  Bjerrum, and 0. F. Nielsen, to  be sub- 
mitted for publication. 
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Figury 3.  Calculated spectra: A ,  TeCl,‘.; B ,  TeCl,-; C, TeC1,; D, 
TeC1, . The solvent was KAlC1, at 300”. Each spectrum was calcu- 
lated on the basis of nine measured spectra by use of the pK values of 
0.71, 2.19, and 3.76 for the reactions TeClb2- + TeC1,- + Cl-, 
TeCl,-+ TeC1, + Cl-, and TeC1, P TeC1,’ + C1-, respectively. 

small concentrations. In another experiment we intend to 
measure the values of the pK’s as a function of the reciprocal 
value of the absolute temperature. Here a linear dependence 
would only be expected, if the above models are correct. 
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Kinetic Study of the Reaction Np(VI1) + V(1V) -+ Np(V1) + V(V) in 
Aqueous Perchloric Acid Medial 
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The title reaction has been investigated by the stopped-flow technique as a function of acidity, ionic strength, and tempera- 
ture. At constant [H+]  the empirical form of the rate law is -d[Np(VII)]/dt = k”[Np(VII)][VO’+] where k” exhibits only 
a slight acid dependence most conveniently expressed as log k” = log k t n log [ H+]. At 25“ and p = 1 .OO, with k” ex- 
pressed in units of F-’ sec-’, log k = 3.159 i 0.005 and n = -0.1 12 * 0.076. The temperature dependence of k over the 
range 2.7-25” results in a value of 7.3 i 0.9 kcal/mol for the Arrhenius activation energy. Rate parameters for the title re- 
action, which is of one-to-one stoichiometry, are compared to the corresponding parameters governing the two-to-one oxi- 
dation of Hg, ’+ by Np(VII), as well as to the corresponding parameters governing the one-to-one oxidation of VOZf by the 
relatively weak oxidant Mn(II1). While the relative rates of these reactions are reflected primarily in AH*, the importance 
of considering S* as well as AS* values is pointed out. It is also qualitatively noted that of the reported oxidations of 
VO“, that by Np(VI1) is the most rapid and Np(VI1) is the most powerful oxidant. 

Introduction 

and reaction dynamics of the extremely powerful 1 -equiv 

oxidant Np(VI1) have utilized the multiequivalent reductants 
H20,@ T1(I)?b and Hg(I).4C l h s e  reactions Proceed at rates Our previous studies designed to  characterize the chemistry 
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