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electrophilic. 
case of H F  catalysis 

This is most simply illustrated for the 

(6 ) 

For the case of catalysis by the Lewis acids BF3 and 
AsF5, low-temperature complexes with CIF have been 
reported by several workers. Though the descrip- 
tions vary concerning the exact form of these complexes, 
there is general agreement that the chlorine bears 
enhanced positive charge.*-l0 

In any case, the Lewis acid interaction would be ex- 
pected to occur much more readily in the case of the 
more polar (and more polarizable) chlorine mono- 
fluoride than in the case of fluorine. This description 
provides a satisfactory explanation of our observation 
that the acids effectively promoted chlorofluorination 
but failed to  catalyze fluorination. 

The use of the volatile Lewis acids as catalysts for 
Rf OCl synthesis presents advantages over the earlier 
use of metal fluorides. Considerable simplification is 
effected in manipulation of reaction systems, Le.,  
drybox techniques and catalyst activation are not 
required,'-3 and in the separation of less volatile hypo- 
chlorites2 from the catalyst. 

6 +  8-  66' 6- a- 
C1-F + H F  + C1. *Fa * *He * *F  

(8) M. Schmeisher, paper presented a t  the Symposium on Inorganic 
Fluorine Chemistry, Argonne, Ill., Sept 1963; summarized in Scieiace, 149, 
1058 (1964). 

(9) K. 0. Christie and W. Sawodny, Inovg. Chem., 8, 213 (1969). 
(10) R. J. Gillespieand M. J. Morton, abid., 9, 811 (1970). 
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The oxidation of transition metal ions by oxygen 
poses basic questions that have been succinctly formu- 
lated by T a ~ b e . ~  It is conceptually feasible to  obtain 
information bearing on the question of a 1- and/or 2- 
equiv reaction step when Np(II1) is used as the reduc- 
tant. The products of such reactions, Np(1V) and 
Np(V), may be readily identified spectrophoto- 
metrically and do not undergo any additional mutual 
redox reaction. The reaction bewteen Np(II1) and 
Np(V) proceeds at  a measurable rates4 

This communication reports the results of a study of 
the products obtained when Np(II1) is oxidized by 
oxygen and hydrogen peroxide in acidic perchlorate 
media. 

Experimental Section 
Reagents .-The preparation and standardization of perchloric 
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Commission. 

sity. 

(1967), and earlier references therein cited. 

acid, lithium perchlorate, Xp(IV), and Np(V) solutions have been 
previously de~cribed.~ Hydrogen peroxide solutions were pre- 
pared from Mallinckrodt AR 30% solutions and standardized 
with ceric sulfate. Np(II1) solutions were prepared by Zn 
amalgam reduction as well as by electrolysis. The concentra- 
tion of Np(II1) and the total reducing power of the reaction mix- 
tures were determined using a modification of the ceric sulfate 
titration procedure described by N e ~ t o n . ~  The oxygen was 
obtained from the Liquid Carbonic Corp. 

Procedures.-In the reactions with 0 2 ,  an aliquot of the re- 
ductant was injected by a syringe into a well-stirred 02-saturated 
aqueous solution through which oxygen was vigorously bubbled. 
The reactions with hydrogen peroxide were studied in spectro- 
photometer cells using the familiar syringe-serum cap technique. 
The spectrophotometric analyses were performed with a Cary 
Model 14 MR recording spectrophotometer. 

For the Np(III)-02 reaction, the acidity of the spent reaction 
mixture was determined by titration of an aliquot with 0.1086 M 
sodium hydroxide. Another aliquot of the spent reaction mix- 
ture was added to an absorption cell containing enough 2 or 4 
M acid to bring the acigty to ca. 1 M .  The absorbances mea- 
sured at  9805 and 9605 A were corrected for the presence of nep- 
tunium(1V) peroxide complex, whose apparent molar absorptivi- 
ties in 1 M acid a t  these wavelengths are 143 and 86 AI -1  cm-1, 
respectively. The reducing power of the cell solution was deter- 
mined at  3600 A by ceric sulfate titration. 

Results and Discussion 
The results obtained in preliminary experiments to 

determine the products of the reaction between Np(1II) 
and O2 were internally inconsistent based on the as- 
sumption that such products were solely Np(1V) and 
Np(V). Evidence of a reaction between Np(IV) and 
H202 led to an explanation of this inconsistency. 

The spectrum of Np(1V) in perchloric acid is dras- 
tically altered upon the addition of hydrogen peroxide.6 
In  Figure 1 the spectra of the hydrated Np(1V) ion and 
of the complex are presented. 
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Figure 1.-Spectra of Sp(1V) (--) and the complex ( .  * . )  in 
0.1 M HClOd at  25'. [Np[IV)] = 1.67 X M in both sys- 
tems; 2-cmcell; [HzOz] = 0.01 M .  

Values have been calculated for the equilibrium con- 
stant 

K = [CI / [NP(IV)I~[HZ~ZI  (1) 

from spectrophotometric measurements.' At 25",  1.0 
M HC104, [IVI4 = (0.66-1.70) X M ,  and [H202l0 

(5) T. W. Newton and N. A. Daugherty, J .  Phys. Chem., 71, 3768 (1967). 
(6) (a) R. Sjoblom and J. C. Hindman, J .  Amev .  C h e w  Soc., 78, 1744 

(1951). (b) It is important to  note that under the concentration conditions 
employed for these spectrophotometric studies the oxidation of Np(IV) to  
Np(V) is negligible. For example, the Ce(1V) titers of aliquots of an NP- 
(IV) and HzOz stock were 5.26 X 10-2 and 2.37 X 10-2 ml, respectively. 
Similar titers of mixtures (irrespective of order of addition) were 7.56 X lo-% 
ml. 
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= (0.53-10.9) X M values were computed from 
eight data sets, each set containing from five to seven 
observations. The results were (3.28 f 1.70) X lo4 
and (3.43 f 0.87) X lo4, respectively, from observa- 
tions a t  7240 and 9605 A. 

The reaction of 0 2  (saturated solution in 1.0 M 
HClOl a t  25') with Np(II1) (ca. 2 X M )  is com- 
plete within the 10-sec time of mixing and initial ob- 
servation. The reaction of Np(1V) with 0 2  is mea- 
surable but orders of magnitude slower. For example, 
after ca. 16 hr (concentration of 0 2  kept constant a t  
saturation in 0.01 M HCQ, 25") a solution originally 
9.81 X lo-* M in Np(1V) decreased to 5.92 X 
M NP(IV).~ 

Table I contains a summary of pertinent experimental 

TABLE I 
PER CENT Np(V) PRODUCED FROM THE 

REACTION Np(II1) 4- Oza 
Exptl Calcd 
redn redn 

1 0 4  [NP- power power 
[HCIO4], (111) I? x 100, x 10*,6 

M I C  M % N P ( V ) ~  ml/mequiv ml/mequiv 
0.029 0.029 19.3 43.71.0.05 3.84 f 0.15 5.33 
0,015 0,015 11.6 40.0f0.6 2.26f0.15 2.70 
0.0076 0.0076 5.32 36.0 f 0.1 1.32 i 0.05 1.39 
0.0070 1.0 5.55 29.2 f 2.5 1.30 f 0.09 1.39 
0.121 1.0 5.29 19.0 & 0.3 1.33 i 0.03 1.39 
0.714 1.0 5.61 16.0 i 0.1 1.56 zt 0.01 1.50 
1.1 1.1 4.36 17.5 f 0.2 1.24 & 0.01 1.27 
1.1 1.1 5.15 18.0f 0.1 1.39 f 0.01 1.39 
1.1 1 . 1  14.7 21.6 f 0.1 4.70 f 0.07 5.33 
4.4 4.4 20.5 2.14f 1.4 4.80&0.04 5.33 

a Average of two or three determinations; uncertainty is 
average deviation from mean. Initial concentration in reaction 
vessel. Maintained with LiC104. % Np(V) = [Np(V)]/ 
([Np(IV)] + [Np(V)]) X 100. e Based on calculated initial 
[Np(III)J, in sample titrated. 

results. It is of interest to note that (a) the major 
product is Np(IV), (b) the most important path that 
results in the production of Np(V) is not strongly de- 
pendent on hydrogen ion concentration, and (c) for 
initial concentrations of Np(II1) less than 9 X lo-* M 
the reducing power of the spent reaction mixture is the 
same as that of the original solution. 

The last point noted, as well as the spectrophoto- 
metric observations, is consistent with the interpreta- 
tion that hydrogen peroxide is produced in the course 
of the reaction between oxygen and Np(II1). A fur- 
ther implication is that hydrogen peroxide does not 
compete favorably as an oxidant with oxygen under 
these experimental conditions. 

A summary of the results obtained from some obser- 
vations on the reaction between Hz02 and Np(II1) is 
presented in Table 11. It should be noted that it was 
not possible to describe either the rate of disappearance 
of Np(II1) nor the rate of appearance of Np(V) by 
simple first- or second-order rate laws. The concen- 
tration of Np(V) as a function of time (monitored a t  

(7) The data were not consistent with a model based on the formation 
of a 1:l complex. Indirect support for the  formulation advanced is pro- 
vided by analogy with the Pu(IV)-HzOz system as  discussed by R. E. 
Connick and W. H. McVey, J .  Amev. Chem. Soc., 71, 1534 (1949). 

(8 )  It should be noted tha t  although ca. 40% of the Np(IV) was oxidized, 
the reducing powers of aliquots of the initial and final reaction mixtures 
(measured by Ce(1V) consumption) were identical. 

TABLE I1 
THE N~(III)-HzOZ  SYSTEM^ 
[Np(IV)I/ [HaOal/ 

104 ([Np(III)I + ( [Np(I I I ) I  + Kd 
[NP(III)I, M [NP(IV)I) [Np(IV)I) % NP(VY M-1 sec-1 
~ l . 2 8 ~  0.363 0.520 6 0 . 5 i  1.1 36,31e 
3.12-4.90 0.2604.530 0.530 1 4 . 1 +  1 . 5  38 
1.26-6.63 0.023-0.530 1.06 23.4 i 1.8 35,34" 
4.  23b 0.530 1.06 78.3 i: 3 . 1  

25O, 1.0 M HClOd; uncertainties are average deviations from 
mean. Initial concentrations of Np(III), Np(IV), and HzOz 
were used in calculation of ratios. In 0.10 M HC104. yo 
Np(V) = ([Np(V)l formed)/([N~(III)I + [Np(IV)I) x 100. 

Rate parameters are 
defined as (d[Np(V)] /dt)t=o = ~[HzO~] = - (d[h'p(III)] /dt)t,o. 
Uncertainties of 10% associated with these rate constants: see 
A. Zielen, J. C .  Sullivan, D. Cohen, and J. C. Hindman, J .  Amer. 
Chem. Soc., 80, 5632 (1958)' for vicissitudes encountered in the 
calculation of rate parameters from limiting slopes. e Calcu- 
lated from limiting slopes at 2670 A. 

9805 A) increased to a maximum value before reaching 
the final value. 

The salient points to be noted from these data are 
(a) the percentage of Np(V) formed is not directly 
proportional to increased ratio of peroxide to  initial 
concentrations of Np(II1) and Np(IV), (b) the per- 
centage of Np(V) formed is not dependent upon the 
mole fraction of Np(1V) originally present, and (c) the 
initial rate parameters for the disappearance of Np(II1) 
or appearance of Np(V) are the same within the limita- 
tion noted. 

The data that have been presented are consistent 
with the following comments. (1) The oxidation of 
Np(II1) by oxygen can be described in terms of either 
an initial 1- or 2-equiv change. There is no compelling 
evidence presented that would serve as a basis for 
discrimination between these mechanisms, ( 2 )  The 
oxidation of Np(II1) by hydrogen peroxide may in- 
volve a minor path of sequential 1-equiv changes. The 
major path may well be 

Calculated from limiting slopes a t  9805 A. 

ki 
Np(II1) + HzOz + Np(V) + 2H' 

Np(II1) f Np(V) -% 2Np(IV) 
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