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The chemical consequences of neutron capture by iodine in various inorganic forms have been investigated. Activation of 
solid iodates causes the majority of the 11** atoms to  appear in a reduced chemical state. The retention as iodate increases, 
however, when the solids are subjected to elevated temperature or ionizing radiations after bombardment. Neutron bom- 
bardment of aqueous iodate yields active iodine in reduced form. The retention in neutral solutions is 20%. This can be 
decreased to 6a/, by small additions of reductant and increased to 40% by additions of oxidant. The observed variations 
in retention can be treated semi-quantitatively by a simple kinetic scheme involving iodite as a reaction intermediate. Neu- 
tron bombardment of aqueous periodate yields active iodate and reduced forms. Again the distribution between iodate and 
reduced forms is influenced by solution composition. Similarities in behavior to the iodate system are noted and a unified 
mechanism indicating the energy spectrum of the recoil atoms is suggested. 

The production of separable activity by neutron 
bombardment of the central atom of an oxygenated 
anion has been demonstrated in several instancesa 
and the behavior of iodates in these circumstances 
has been qualitatively determined. Since isotopic 
exchange between iodate and reduced forms of 
iodine (iodide, iodine and hypoiodite) occurs a t  an 
appreciable rate only in strongly acid solutions,4 
there is a wide range of experimental conditions 
under which the yield of activity in the reduced 
forms may be determined after bombardment of 
iodate. Isotopic exchange of iodine between perio- 
date, iodate and reduced forms is equally slow and 
if the range of acid concentration where oxidation 
of iodine to iodate by periodate occurs is avoided, 
a change in the chemical form of the target iodine 
atoms is possible. In the present study, quantita- 
tive determinations have been made of distribution 
of 1128 activity between the various valence states 
of iodine (taking the reduced forms as a group, 
since isotopic exchange among them is rapid5) 
after neutron bombardments of various solid in- 
organic compounds and solutions of pentavalent 
and heptavalent iodine. 

Experimental Procedures 
Bombardment.-The neutron bombardment of the 

samples was performed by two general methods: (1) The 
solid samples were placed in silica test-tubes and immersed 
in a tank of water a t  a distance of approximately one inch 
from a 300-mg. Ra-Be neutron source. (2) The solutions 
were placed in a wide-mouth bottle and the Ra-Be neutron 
source placed in a central silica test-tube. Bombardments 
were continued for at least one half-life of iodine (25 min.) 
but no attempt was made to reproduce the bombardment 
conditions with precision, since the activity distribution 
between the various states was presumed to be independent 
of the amount of activity produced. 

A few experiments were performed using neutrons pro- 
duced by the action of X-rays from a Van de Graaf gen- 
erator on metallic beryllium. Appreciable changes in the 
composition were produced during bombardment by the 
great X-ray intensity, and therefore this procedure was 
abandoned. 

Separation from Iodate Samples.-To the neutron bom- 
barded solid, after dissolving in water, or to the neutron 
bombarded solution, 5 ml. of 0.1 M sodium iodide was 
added as a carrier for the lower valence states of iodine. 
Silver iodide was precipitated by the addition of a slight 
excess of 0.05 M silver nitrate solution. Collection, treat- 
ment and counting of precipitates is described later. 
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The iodate fraction was precipitated by the addition of a 
slight excess of barium nitrate solution to  the filtrate from 
the preceding operation. The order of these two precipita- 
tions had no effect on the observed activities. 

In  a few cases, periodate carrier was added to the bom- 
barded solution and isolated as potassium periodate. No 
activity was found in these fractions. 

Separation from Periodate Samples.-To the neutron 
bombarded solid, after dissolving in water, or to the neutron 
bombarded solution, carrier amounts of iodate and iodide 
were added, the latter in an amount corresponding to  only 
a few per cent. of the periodate present. The reaction 

21- + 2Hf  + 10,- + Iz + 10,- + HzO 

occurs rapidly and the iodine produced was isolated by ex- 
traction into carbon tetrachloride, from which i t  was re- 
turned to aqueous sodium bisulfite and precipitated as silver 
iodide. It has been shown6 that when active iodide is 
added to inactive periodate, no activity appears as iodate. 
However, in these experiments a small correction must be 
made to the observed periodate and iodate activities subse- 
quently observed, due to the reduction by iodide. In the 
data reported, these corrections have been made. 

After removal of the reduced forms of iodine, the aqueous 
solution was treated with a slight excess of 6 M potassium 
nitrate and the precipitate of potassium periodate collected. 
The iodate fraction was isolated from this filtrate by pre- 
cipitation as barium iodate. 

Collection and Counting of Precipitates.-An adautation 
of the methods of Armstrong and Schbert’  was used-in pre- 
paring precipitates for activity determinations. A cup 
of filter paper was prepared with the aid of a filter plate and 
plunger. This cup, together with a second circle of filter 
paper used below the cup for support on the filter plate, was 
weighed in a small aluminum dish. After weighing, the 
paper cup and its support were replaced in the filter plate, 
the precipitate was collected, washed with water and ace- 
tone and dried for 7-10 min. in air, using a water aspirator. 
Previous tests had shown that constant weight was reached 
by this procedure. 

The precipitates were next counted as collected by placing 
the filter plate in a standard shelf arrangement in front of a 
mica-window Geiger tube surrounded by a cylindrical lead 
shield. Where the procedure permitted, the filtrate was 
examined for activity in a liquid counter to  confirm the 
efficiency of separation. Radioactive decay corrections, 
using a value of 25 min. for the half-life of I ’m,  were applied 
in comparison of samples counted a t  different times. 

After counting, the precipitates and filter papers were 
dried in air a t  110’ to remove moisture accumulated while 
counting and again weighed for determination of the chemi- 
cal yield in each fraction. The observed activities were 
corrected by the ratio of iodine added for that fraction to 
iodine collected for that fraction. 

The weights of the silver iodide precipitates were approxi- 
mately 100 mg., and since this material was spread as uni- 
formly as possible over the area of the filter paper cup 
(approx. 13 cm.2) no correction for self-absorption was neces- 
sary. However, the weights of the barium iodate and po- 
tassium periodate precipitated amounted to several grams, 
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and therefore a correction curve for self-absorption was 
constructed and used. 

Experimental Results 
Solids.-The retention of activity by the target com- 

pound after neutron bombardment has been measured for 
several crystalline iodates and the results are given in Table 
I. Each value reported for the untreated salts (items 1, 13, 
25-28) is the average of at least two independent experi- 
ments, except in the case of LiIo3, where only one deter- 
mination was made. As stated in the preceding section, 
experimental tests indicated that no periodate activity is 
formed in the bombardment of iodates, and therefore the 
results represent the distribution between the two fractions 
iodate and reduced forms (iodide, iodine a r i d  hypoiodite I ,  

T A B L E  I 
RETEXTION OF SOLID IODATES 

Treatment  after 
bombardment 

None 
Iione 
Heated a t  80", 10 min. 
Heated at 80°, 17 min. 
Heated at 80", 17 min. 
Heated a t  116', 10 inin. 
Heated a t  l lBo, 20 niiii. 
Heated a t  110", 60 miri 
Heated at  l'io", GO min 
$50 Kv. X-rays, 15 miii. 

50 Kv. X-rays, 60 min. 
.W Kv. X-rays, 60 min 
None 
Sone 
Heated at 65", 10 min. 
Heated at 65", 20 min. 
Heated at 80", 3 min. 
Heated a t  80". 10 min. 
Heated a t  8O0, 16 min 
Heated at 80", 20 min 
50 Kv. X-ray\, 5 inin 
50 Kv. X-rays, 15 min. 
50 Kv. X-rays, 20 min. 
50 Kv. X-rays, 60 min. 
Sone 
None 
Sone 
Sone  

Retention, 
70 
67" 

69 
73 
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87 
Xti  
Rl  
75 
82 

22 
31b 
31 
31 
3 <5 
31 
31 
.'i 5 
3 0 
35 
3 4 

e 35' 
6 7 
66 
t i  0 
52 

73b 

- -  
10 

- - c 1  
l i )  

a 7 expts., average deviation from mean, 0.6%. iieu- 
tron bombardment was by Van de Graaf X-Rays on Be. 

The X-irradiation preceded neutron bombardmen t , which 
was as in b .  

The effect upon retention of heat treatment of the crys- 
tals after bombardment has been observed through the 
following technique: The irradiated crystals were quickly 
dropped into a small mineral oil-bath surrounded by a boil- 
ing liquid. After the desired period at this elevated tem- 
perature, the boiling liquid was removed and an organic sol- 
vent was added to the oil and crystals to  quickly lower the 
temperature. The crystals were washed with organic sol- 
vents to  remove oil and then dissolved in water for the usual 
analysis. Results of this treatment €or two compounds are 
shown in Table I .  

The effect upon retention of X-irradiation of the crystals 
.ifter neutron bombardment has also been observed. The 
exposures were made with the solid sample uniformly 
spread in the circular depression of a lucite plate of the same 
dimensions as the filter plate. This sample holder was 
clamped in a reproducible position approximately one-half 
iuch from the window of a Machlett AEG 50T X-ray tube, 
operated at 50 PKV and 20 ma. (ca. l C J  R./min.). The 
results of these experiments are given in Table I. 

Iodate Solutions.-The retention of activity was deter- 
mined for solutions of sodium iodate in concentrations of 

0.01 to 0.5 -11 adjusted to PH values from 1 to 12 by use of 
dilute iodic acid and sodium hydroxide. In  seven such de- 
terminations, the mean retention was 20% and the average 
deviation 1%.  All experiments on retention in aqueous 
solutions were performed with the Ra-Be neutron source, 
since it was observed that higher and irreproducible reten- 
tions were obtained when bombardments were Kith neu- 
trons generated by Van de Graaf X-rays on Be. Simul- 
taneously, a microscopic oxidation of iodide to iodate was 
ohscrved, indicating that the radiation decomposition effects 
were superimposed on the nuclear effects. S o  such indi- 
cations were present i n  the work with the Ra-Be neutron 
source, which h;ii ;I much lower radiation to  neutron inten- 
sit!. ratio. 

The retention by  iodates in aqueous solution may be 
altered by the addition of small amounts of oxidizing and re- 
ducing agents prior to bombardment. The same reagents 
Lidded after bombardment have no effect on the retention. 
The results of these experiments using the reductants iodide 
ion and methanol, and the oxidant periodate ion, are shown 
in Figs. 1, 2 and 3 .  In each case the retention is found to  
be a regular function of the ratio of reductant (or oxidant) 
to i?date, rather than the absolute concentrations of these 
species. Data to illustrate this point are indicated in the 
figures. 

\{'hen the added reagent is an iodine compound the con- 
tribution of radioactive iodine arising from capture by iodine 
atoms in the additive must he considered. In the case of 
iodide, neutron capture wits found to produce onl>- reduced 
forms of iodine activity and the amounts used are small. 
The correction to the obscrved iodide activity was therefore 
simple and usuali>- small. I t  will be shown later that neu- 
tron capture by periodate yields chiefly iodate activity and 
un appropriatc correction on the observed iodate activity 
was made. 

The effcct of periodate upon the retention by iodate was 
found to he a function of the pH of the bombarded solution 
(see Fig. 4).  Considerable difficulty was experienced in 
obtaining reproducible results in the critical region of PH. 
After many experiments it was found that added methanol, 
equivalent to two mole per cent. of the iodate present, per- 
mitted the desired reproducibility. As seen from Fig. 2 ,  
this amoiirit b y  itself would not be expected to affect the re- 
tcntion. 

The retention was also measured for several solutions of 
iodate containing both ail oxidiziug and a reducing additive. 
The observed values are given in Table 11, together with 
values calculated from the behavior of each additive by it- 
self i i i  :t f:ishioii described in the Discussion. 

TABLE I1 
RETESTION BY IODATE IN THE PRESESCE OF BOTH 

PERIODATE AND METHASOL 
Retention, % Concn. MeOH Concn. 101-  ___- 

Concn. IO+- c o n c n  1 0 3 -  X 103 Obsd. Calcd. 

I )  985 
985 
983 
985 

.192 
497 
693 

1 482 

22 
24 
26 
25 
30 
28 
26 
22 

18 
23 
26 
28 
31 
27 
25 
20 

Periodate Solutions.-Using the analytical procedure 
previously described, the distribution of activity between 
three fractions, periodate, iodate and reduced forms, was 
measured after neutron bombatdments of periodate solu- 
tions. The reducing effect of methanol was studied and 
the effect of pH observed (Table 111). 

Other Experiments.-A few qualitative tests were per- 
formed in an attempt to cast some light on the nature of 
possible intermediates in the reduction reaction brought 
about by neutron capture. 

Vinyl iodide may,be an efficient exchange reagent for io- 
dine atoms in the same manner as the bromoolefins.E As 
:L test for the existence of iodine activity in atomic form sub- 



Sept. 20, 19.52 SZII,.ZRD-CI-IALMERS REACTION WITH INORGANIC COMPOUNDS OF IODINE 16 77 

2 4 6 8 
(1--)/(103-) x 102. 

Fig. 1.-Retention by aqueous iodate with iodide: 0, 
iodate = 0.42 M; a, iodate = 0.25 M; 4, iodate = 0.10 M; 
0, iodate = 0.05 M. Solid line corresponds to  kr /kr  = 5 X 
102. 

r) 1 Y 3 4 
(MeOH)/( IOs-). 

Fig. 2 -Retention by aqueous iodate with methanol; 
0, iodate = 0.42 M ;  gi, iodate = 0.25 JI; solid line corre- 
\ponds t o  k7/ka = 8.1. 

2 4 6 8 10 
( I O ~ - ) / ( I O ~ - )  x 103. 

Fig. 3.-Retention by aqueous iodate with periodate: 
0, iodate = 0.25 AI; a, iodate = 0.10 X. Additional 
points not shown at  ( 1 0 4 - ) / ( 1 0 3 - )  2 10-I: 40, 39, 40, 
40,41% retention. Solid line corresponds to k s l k c  = 2.5 X 
10-3. 

sequent to  neutron capture, small amounts of vinyl iodide in 
alcohol solution were added to  solutions of sodium iodide and 
sodium iodate. After neutron bombardment of these solu- 
tions, carbon tetrachloride extracts were made to  remove or- 
ganic iodides, but these extracts were inactive, indicating 
failure of this test. 

Possible importance of the form hypoiodite was tested as 
follows: A solution of sodium hypoiodite was bombarded 
with neutrons a t  -3' ( to  suppress chemical reaction) and 
from this solution barium iodate was precipitated and found 
to  be inactive, indicating no oxidation by neutron capture 
in hypoiodite. In a second experiment molecular iodine 
was added to a solution of sodium iodate of pH 12, con- 
taining I1S1. After 15 minutes iodine was extracted with 
carbon tetrachloride, returned to  aqueous solution with 
thiosulfate and precipitated as silver iodide. This prepara- 

2 3 4 5 n 
PH. 

Fig. 4 -Retention by aqueous iodate (0.36 M )  with perio- 
date (0.031 M) a t  various acidities. 

tion was inactive, indicating lack of rapid isotopic exchange 
between hypoiodite and iodate a t  pH 12. 

TABLE I11 

PERIODATE SOLUTIONS 
nISTRIBUTION OF ACTIVITY I N  XEUTRON BOMB.4RDMEXT OF 

Artivity 
distribution, yo 
_____I_ 

Concn. MeOH -. ___ 
Concn. 101- Concn. 101- p H  101- 1 0 3 -  I- 

0.187 0 6 8 85 7" 
~ 187 0 1.8 5 91 4 
,124 1 .33  6-7 5 75 20 
,124 2 .66  6-7 5 60 35 
.124 5.31 6-7 8 41 51 
,187 14.8 1 . 8  5 30 65 
,187 15 .8  6-7 9 28 63 
,187 26 .7  6-7 5 26 68 

7 24 69 ,187 39.7 7 
,045 82 2 . 0  5 28 67 

Two independent experiments giving the same result. 

Retention in Solids.-The data reported in 
Table I may be summarized as follows: Retention 
is high and experimentally constant in the crystal- 
line alkali metal iodates. It is successively less in 
iodic acid, potassium biniodate and ammonium 
iodate. Heat treatment or the absorption of 
ionizing radiations after bombardment causes some 
increase in retention. This effect appears to be 
greatest in the substance of highest retention 
(sodium iodate) and in this case a limiting retention 
of approximately 90% seems to be reached after 
extensive heat treatment. This is an increase of 
approximately 23y0 in retention, while the corre- 
sponding increase for ammonium iodate isonly about 
10%. These effects correspond qualitatively to 
the retention changes studied by Boyd, et nl.,9 
in solid sodium bromate. 
Retention in Solution.-The retention in aqueous 

iodate solutions is independent of concentration 
and @H at  a value of 20 f 1%. In Figs. 1 and 2, 
data are given which demonstrate the decrease in 
retention brought about by the reducing agents 
iodide ion and methanol. The limiting lower value 
of retention appears to be 6% for both reagents. 
The retention by sodium iodate may also be in- 
creased above 20% by addition of periodate (see 

Summary and Discussion 

(e) G. E. Boyd, J. W. Cobble a n d  S. Wexler, THIS J O U R N A L ,  7 4 ,  
1282 (1952) .  



Fig. 3). The upper limit of retention appears to 
be 40%. 

The data summarized above indicate that neu- 
tron capture by iodate ions in aqueous solution 
produces at  least three distinguishable products. 
A small fraction (0.06) of true retention appar- 
ently occurs. I n  this fraction of events the struc- 
ture of the ion may not be destroyed, possibly 
through extensive cancellation of gamma recoil 
momenta. It should be noted that a similar lower 
limit of retention occurs in the case of periodate 
bombardment, which strengthens the hypothesis 
that this value is largely determined by the nuclear 
reaceions rather than by the chemical environment 
(see Table 111). 

A second fraction (0.60) of the neutron capture 
processes apparently leads to reduced forms of 
iodine regardless of solution composition, since the 
retention reaches an upper limit of 40% in the 
presence of the oxidizing agent periodate. The 
third fraction (0.34) appears to represent an un- 
stable intermediate formed by the recoil reaction, 
one which can be oxidized to iodate or reduced 
to the lower valence states by small amounts of 
appropriate reagents. I n  the absence of such 
reagents, the intermediate appears to be reduced 
and oxidized in nearly equal amounts. One may 
postulate it to be the iodite ion. 

The fonnation of three distinct recoil products 
and the subsequent behavior of the intermediate 
may be ascribed to variations in the recoil energy 
in the capture act, probably through partial 
cancellation of momenta as suggested above. 
‘Three primary reactions may be postulated as 

f=- 1 
k 
ka 

1 +-6 

Case 11: (ox.) = 0, (red.) > 0 

Vol. 74 

( 9 )  

Case 111: (red.) = 0, (ox.) > 0 

or I*- + 3 0  

The ultimate fate of the radioactive iodine produced 
in reactions (1)  and (3) is independent of minor 
variations in solution coniposition. Reaction (21, 
however, results in a product which may be SUE- 
ciently stable to react in the fashion of free radicals 
and other reaction intermediates and the following 
reaction mechanism is proposed to describe the 
experimental observ a t’ ion? 

I*OF + IO; --+ I*OC + 10; 
1*0; $- Io; --+ 1*0- + IO, 

1 *Or + oxidant --+ I *O: 

According to this mechanism, the fraction of activ- 
ity, .f, (referring only to that portion which is 
subject to variation) found as I O  will be 

(4) 
(5)  
(6) 

I*O; $- reductant --+ I*O- (7)  

the hydrogen ;on concekration. Us- 

from Fig. 3, and an additional parameter corre- 
sponding to an effective equilibrium constant for 

Inert species H +  4 Oxidant 

k4(I*0-)(103-) + ks(I*OT)(ox.) __--- 
’Io’ = % l ’ O - ) ( I O T T k , ( I * O ?  )(I%) + k6( I*Oi - ) (d  + k7(1*Oi)(red.) ing equation (11), the value of ks /k4  
which reduces t o  

1 
( 8 )  the process f = 

k d I 0 c )  + k7 (red.) 
1 +  kc(IOs - - _  ) + k.5 (ox 

The value of k6/k4 may be obtained from the 
retention observed in solutions of sodium iodate 
alone. This value was 20%, while the total range 
of retention is 34%. The value of kg/k4 is therefore 
1.43. 

Figure 1 demonstrates that the experimental 
data obtained on addition of the reductant iodide 
ion are satisfactorily described by equation (10). 
The points represent the observed retention 
plotted against (I-)/IOr and a reasonable range of 
absolute concentrations is covered. The solid 
curve is drawn from equation (IO), using a value of 
k7/k4 of 5 X lo2, chosen for best fit. 

Figure 2 repeats this test for equation (10) in 
the case of a second reductant, methanol, and 
again the retention is observed to be a function of 
the ratio of concentrations rather than their abso- 
lute values. The value of k7/k4 used in this case to 
obtain the curve shown was 8.1 and its lower value 
indicates that the specific reaction rate of the 
intermediate is greater with iodide ion than with 
methanol. 

Figure 3 demonstrates the agreement of the 
data on the effect of periodate with an equation of 
the form of (1 1). The value of ks/k4 chosen to give 
best fit is 2.5 X Again the dependence of 
the retention on the ratio of concentrations rather 
than their absolute value is demonstrated by the 
data. 

The retention has been measured in solutions 
containing both methanol and periodate, a situa- 
tion to which equation (8), the general form, should 
apply. Using the values of ka/k4, k7/k4 and ka/K4 
found previously, the retention is computed in 
each case and compared with the experimental 
value. The agreement, as shown in Table 11, is 
considered adequate. 

An effect of the $H of the solution on retention 
is observed in the presence of periodate, as shown in 
Fig. 4. Since this efiect does not occur in solutions 
containing iodate alone, or in the presence of re- 
ducing agents, it must be attributed to a change in 

the oxidizinn power of periodate with 

The experiments reported in Table V correspond 
to three simplified forms of this relation 

the smooth curve shown in Fig. 4 may be con- 
structed. Best fit of the experimental observations 
requires a value of approximately for this Case I :  (red.) = (ox.) = O 
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constant. Although this value does not corre- 
spond with any of the real or apparent dissociation 
constants of periodic acid, the complications 
of simultaneous hydrolytic equilibria obscure the 
situation. lo 

Retention by periodate solutions (Table 111) 
shows some similarities suggestive of the behavior 
of iodate. The retention as periodate appears to  
be independent of solution conditions and to have a 
value (av. = 6y0) experimentally indistinguishable 
from the minimum retention observed with iodate 
(6%). This observation may be taken to support 
the previous suggestion that, due to partial can- 
cellation of recoil momenta, insufficient energy is 
available for rupture of the parent ion. The 
second similarity is found in the existence of a 
minimum fraction of reduced form (also 6%) in the 
presence of an oxidant (periodate itself). That this 
value should be much smaller than the correspond- 
ing value for iodate (6070) is not surprising in view 
of the greater number of bonds to be broken in 
periodate. Finally, the third fraction of variable 
fate again appears, amounting to some 60% 
(the difference between the two extremes of the 

(10) C E. Crouthamel. A. hf. Hayes and D S. Martin, THIS 
JOURNAL, 73, 82 11951). 

iodate or iodide fractions) and could apparently 
be described by a relation such as equation (8). 
A fourth fraction, amounting to approximately 
28%, is apparently reduced only as far as iodate, 
regardless of solution conditions. The approxi- 
mate equality of this fraction with the variable 
fraction of 34% in the case of iodate suggests the 
possibility of the following unified description of 
the consequences of neutron capture by the two 
species: Due to partial momentum cancellation or 
other features of the neutron capture process (such 
as possible internal conversion) the recoil reactions 
are divided into the following spectrum: 570, no 
bond rupture; 28-34%, loss of one 0 atom (or 
ion); 60-54%, loss of two 0 atoms (or ions); 
6010, loss of three or more 0 atoms (or ions). This 
possibility may be suirirnarized by the scheme 

IO: + n + I*O; (6%)lretention --+ I * O ;  (28%)) -+ I*O,; (6OOjo) variable fraction 
--+ I*O- (6700) reduced form 

IO1  + n --+ I*O; f6?:) retention + 1.0, (34%) variable fractioii 
----f I*'- (5470)\reduced forms 
+ I -  (6%) J 
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Oxidation Potentials of the Neptunium(II1)-(IV) and the Neptunium(V)-(VI) Couples 
in Perchloric Acid 

BY DONALD COHEN AND J. C. HINDMAN 
RECEIVED MARCH 14, 1952 

The oxidation potentials of the Np(111)-Np(1V) and Np(V)-Np(V1) couples have been measured as a function of tem- 
perature in 1 m perchloric acid solution. The formal potential for-the cell reaction (equation 4)  is -0.1551 & 0.0010 volt 
a t  25". For this reaction a t  25", fl is -5.7 rt ,0.2 kcal. and A S  is -31.2 rt 0.8 e.u. For the reaction (equation 1) the 
formal potential is -1.1373 f 0.0010 volts a t  25 . AR for this reaction a t  25" is 28.1 =k 0.2 kcal. and the partial molal 
entropy change is 6.4 rt 0.6 e.u. 

As part of a program to obtain adequate data on 
which to base calculations of thermodynamic prop- 
erties of neptunium ions and compounds, measure- 
ments have been made of the potentials of the vari- 
ous neptunium couples in 1 m perchloric acid as a 
function of temperature. In this communication 
the data on the Np(II1)-Np(1V) and the Np(V)- 
Np(V1) couples are summarized. A subsequent 
publication will deal with the investigation of the 
Np(1V)-Np(V) couple and the calculations of the 
partial molal heats and free energies of formation 
of the neptunium ions. 

The oxidation potentials of the neptunium(II1)- 
(IV) and -(V)-(VI) couples in 1.0 M HC1 at 25' 
have been measured by Hindman, Magnusson and 
La Chape1le.l They found both couples to be 
reversible a t  a platinum electrode. Hindman and 
Kritchevsky2 investigated the polarographic be- 
havior of the Np(iI1)-Np(1V) couple in hydrochlo- 
ric and perchloric acids a t  25'. This couple was 
found to be polarographically reversible in hydro- 

(1) J. C. Hindman, L. B .  hlagnusson and T. J .  La Chapelle, TEIS 

(2) J. C. Hindman and E. S. Kritchevsky, ibid., 72, 953 (1950). 
JUURNAI. ,  71, 687 (1949) 

chloric acid but irreversible in perchloric acid. 
This irreversible behavior of the Np(II1)-Np(1V) 
couple in perchloric acid is not observed a t  an inert 
electrode. 

Experimental 
E.m.f. measurements were made on cells of the type 

Pt : Ht : HClOd : HC104, Kp(O), S p ( R )  : Pt  
where Np(0)  and Np(R) refer to the oxidized and reduced 
form of the neptunium ion for the particular couple. The 
potentials of the cells were measured a t  various neptunium 
ratios in molal perchloric acid a t  three temperatures. The 
ratios of Np(V) to Np(V1) and Np(II1) to Np(1V) were 
prepared electrolytically using a continuous-control type 
potentiostat. Blank determinations showed that a t  the 
potentials used in these electrolyses secondary reactions 
such as oxygen or hydrogen deposition did not occur. In  
addition, the coulometer readings agreed with the total 
neptunium content of the solutions as determined by alpha 
assay. From this it was concluded that the current effi- 
ciency was 100%. 

The starting material, in all cases, was a solution of pure 
Kp(V) in 1.0 molal HC104 prepared by a procedure similar 
to that previously de~c r ibed .~  The electrolysis cell and the 
potentiostat have been described by Wehner and Hindman.4 

(3) R.  Sjoblom and J.  C. Hindman, ibid., 73, 1744 (1951). 
(4) P. Wehner and J. C. Hindman, ibid., 73, 3911 (1950). 


