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ABSTRACT

A solvent extraction method was used to determine the stability
constants of Np(V) complexes with fluoride and sulfate in 1.0 M NaClO,
frém 25°C to 60°C. The distribution ratio of Np(V) between the organicv
and aqueous phases was found to decre’ase as the concentrations of
fluoride and sulfate were increased. Stability constants of thé 1:1 Np(V)-
fluoride complexes and the 1:1 Np(V)-sulfate and 1:2 Np(V)-sulfate
éomplexes, dominant in the aqueous phase under the experimental
conditions, were calculated from the effect of [F] and [SO4*] on the
distribuﬁon ratio. The enthalpy and entropy of complexation were
calculated from the stability constants at different temperatures by using

the Van’t Hoff equation.
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INTRODUCTION

Neptunium is an important radioactive component of nuclear wastes
disposed of in low-level and high-level waste repositories because of its
high toxicity and very long half life (®'Np, ti, = 2.14 x 10° years) as §vell
as its high abundance in nuclear waste. The fractional dése attributed to
2"Np will reach 67% at 75,000 years.! As a result, the migration of
neptunium in the postclosure chemical environment of waste repositories
is of great concern to long-tgrm repository performance. Depending on the
chemical environment in the repositories and the surrounding geologic
media, neptunium could exist in multiple oxidation states in nature (e.g.,
III, IV, V and VI). Np(V) is the most stable oxidation state under
environmental and waste conditions. The solubility of neptunium after
disposal will depend largely on its reactions (e.g., solubility and
complexatioh) with various components present in the repository. The
interactions of actinides with some inorganic ligands at elevated
temperafures may be a significant factor in determining the solubjlity and
migration of the actinides in the nuclear waste repository. For example,
fluoride and sulfate are expected to be present in the water in contact with
the nuclear waste packages and affect the speciation of actinides by
forming complexes. The Np(V) complexes with fluoride and sulfate at

elevated temperatures may play an important role in the migration




behavior of Np(V). Studies of complexation of Np(V) with various
inorganic ligands have recently been reviewed.? Fluoride complexation
has been studied in near-neutral solutions by several authors using
spectrophotometric,’ solvent extraction,*® and potentiometfic7 methods.
But all these data on the stability constants of Np(V) complexes with
fluoride were obtained from room temperature. Five experimental studies
describing the Np(V) sulfate complexes® ®*'° have been publishe;d. Much
data have been obtained from studies at room temperature, but only
Halperin and Olliver'® reported their data on thé stability constants
obtained at témperatures of 5,25, and 45°C. It is well known that the
equilibrium constants of complexatioh could vary by 6rders of magnitude
in thé temperature range (25-80°C) relevant to waste repositori_es. To
nﬁnimize uncertainty in the prediction of NpW ) migration, it is necessary
to know sufficient and reliable thermodynamic data on its complexes at
elevated temperatures. Unfortunately, experimental data on the effects of
temperatures in these systems are very scarce af present.

In this work, a solvent extraction method!!*

was used to determine
the stability constants of Np(V) complexes with ﬂuoride and sulfate
anions in 1.0 M NaClO, solutions at the various temperatures ranging
from 25°C to 60°C. Di-(é-ethylhexyl) phosphoric acid (HDEHP) was used

as a solvent extractant and heptane as a solvent.

' The complex reaction of Np(V) with fluoride and sulfate under
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experimental conditions used in this study can be expresséd as:
NpO," + qF = NpO,F,'® ' )
NpO,* + qsof' = NpO2(SOy),' > 2)
with the overall stability constant 3, defined as:
Ba = (NPO2F, )/ [(NpO2") (F)] 3)
By = [NpO2(SO4)q **V[(NpO2") (SO4™)] )
In the solvent extraction system, the distribution ratio (D) is defined
as:
D= (M)J/E M) B!
Assuming only a single organic (o) phase specie_s, MA,, and the
various species in the aqueous phase (a), Equation (5) can be written with

~ the stability constants as:'1?

Dy/D =1+Z B(L)' (6)
- For the Np(V)-fluoride and Np(V)-sulfate complex systems at a fixed
pcH (see Equation 7), Np(V) sta;lds for M, fluoride and suifate anions are
L, A is the HDEHP anion, and D, is the distribution ratio in the absence of

complexation.
EXPERIMENTAL

Reagents and Solutions




All reagents used in this work were analytical grade or higher. The
stock solutions (;f 1.0 M and 0.1 M sédium fluoride (Aldrich) and sodium
sulfate (Sigma) were prepared by dissolving appropriate amounts of these
reagents in deionized water, respectively. The stock solution of fluoride
was analyzed by a fluoride combination ion selective electrode (Accumet).
.Sodium perchlorate (Aldrich) was used for ionic strength adjustment
without further purification. Perchloric acid (Aldrich) and NaOH (1.0N
standard, Aldrich) were used to adjust pH. Sodium bromate (Aldrich) and
NaNO; (Aldrich) were used for oxidizing and reducing neptunium,
respectively, during the preparation of the stock solution of NpO,". Di-(2-
. ethylhexyl) phosphoric acid, HDEHP (Alfa Aesar), was not further
purified, and the stock solutions of 0.1 M and 0.01 M HDEHP in heptane
(anhydrous, Sigma-Aldrich) were prepared. The organic solutions were
pre-equilibrated with the aqueous stock éolution of 1.0M NéClO4 and
stored in a dark glass bottle. All solutions except Np(V) tracer solution
used in the experiments were filtered with a 0.2-pm microfiltration system
to minimize the sorption of Np(V) by suspended particles in solution.

An Np(V) solu;tion Was prepared using the procedure described in the
literatﬁre.15 A small aihount of solid NaBrO; was added to a solution of
neptunium in 1.0 M HClOy, and the solution was wafmed to facilitate the
oxidation of neptunium to Np(VI). Then a small amount of NaNO, was

added to this solution, causing a change in color from pink to green




indicating the reduction of NpOz2+ to NpO;f. Finally, the NpO," species
was precipitated by adding 1.0 M NaOH to the solution. The NpO,(OH)
precipitate was washed several times witli deionized waier and dissolved
with 0.1 M HCIO,. The oxidation state was confirmed

- spectrophotometrically by a Cary 500 Scan ultraviolet visible near infrared
spectrophotometer and showed that Np was present as NpO,'. A stock |
solution of Np(V) was prepared from this in a solution of 0.06 N HCIO,
such that 10 ul of the solution gives ca. 15,600 cpm. A Wallac (Model

1414) liquid scintillation counter (LSC) was used to measure >*"Np.
Temperature-Controlled Extraction Equipment

To shake the samples at the desired temperature, a reaction bli)ck with the
heat tape or a block heater was used. The reaction block was strapped onto
"a Lab-line orbital shaker at an approximately 45° angle to facilitate the

mixing of the two phases. The temperature was controlled with the block
heater’s temperature control or through a variable transformer output unit
when using the heat tape.

The reaction blocks are aluminum blocks that have been dimensioned
to fit pre-purchased dry block heaters. Each of the blocks has machined
holes for the selected sample tubes and a spc_:ciﬁc hole for a bayonet insert.

Two J-KEM digital temperature monitors for Type T thermocouples



with a range from -200 to 250°C were used with two Type T reaction
block thermocouples to monitor the temperature 6f fhe reaction blocks and
centrifuge during the experiment. The thermocouples have armored cable
to withstand constant shaking and a quick-release spring-loaded bayonet
style connector. Both of the thermocouples were cross célibrated with

~ each of the monitors.

A Speedfuge, HSX10K centrifuge with a water jacket enclosed around -
the rotor was used to centrifuge the samples. Water from a Brinkmann
RM6 Lauda temperature-controlled water circulator controlled the
temperature éf the samples inside the centrifuge.

Temperature adjusted reaction blocks were used to maintain the

temperature of experimental solutions, samples, and pH buffers.
Determination of H' Concentrations

A Corning 355 pH meter was used with a combination of glass
electrodes (Ross Orion) tb measure the change in pH. Because pH was
measured in sodium perchlorate solution, the inner solution (3 M KCI) of
thé glass electrode was replaéed with saturated NaCl solution to avoid
er.ratic. electrode performance. The electrode was calibrated with 4.00 +
0.01 and 7.00 + 0.01 pH buffer standard solutions at the same temperature

as the reaction block. The pH meter readings (pH;n) were converted to a
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hydrogen concentration (pcH = - log [H']) using the following calibration
equation proposed by Irving et al.:'®
pcH=pH,+b (7

where b is the correction factor of an electrode, depending on the solution

composition, such as b= 0.27 in 1.0 M NaClO, solution.!!
Solvent Extraction

The distribution experiments were conducted following the procedureA
described in thé literature.!""*? For each extraction experiment, 2.0 ml of
aqueous solution was adjusted to the appropriate pcH having the desired
~ amounts of fluoride/sulfate, and an equal volume of 0.01 M HDEHP in
“heptane was placed in a borosilicate glass vial. After adding 10 ul

2Np(V) tracer, the vials were inserted into the holes of the temperature-
controlled reaction block and shaken for 3 hours at the desired
temperature. Kinetic studies confirmed that the extraction equilibrium was
attained in less than 1 hour.!! The vials were centrifuged at the same
temp.erature as the reaction block on the shaker, and the aliquots of 0.5 ml
were taken from both phases to measure the a-activity in Opti Fluor
cocktail by LSC. The remaining aqueous phase was used for pH

measurement at the same temperature as the reaction block on the shaker.




RESULTS AND DISCUSSION
| Np(V)-Fluoride Complexation

A series of experiments with constant pcH were conducted at an ionic
strength of 1.0 M NaClO4, and distribution ratios (D) of Np(V) in organic
and aqueous phases were found to decrease with increased fluoride
* concentration (for a complete set of the extraction data, see Appendix A
Table Al-A4)._ Tﬁe decrease in D can be attributed to the increase in
concentration of Np(V)-fluoride complexeé in the aqueous phase, which
are not extracted by HDEHP Stability constants of the 1:1 Np(V)-ﬂuoride
complexes, dominant in the aqueous phase under the experimental
conditions, were calcﬁlated from the effect of [F] on the distribution ratio.

A typical fit curve showing the function of D,/D versus fluoride anion
concentration is shown in Figure 1 in which the points are experimental
data and the solid line represents 1:1 complexes that provide the first |
stability constant. In the pcH range used in this work, the free fluoride
anion concentration (F]¢) can be considered as the total concentration of
fluoride ([F ]1). The first stability constant (8;) can be calculated as a‘slope
of the linea_r regression betwéen DO/D and [F]y (see Figure 1).

In the extraction experiments, the pH/pcH values measured after

extraction sometimes varied slightly. The minor corrections to the D
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values for this pcH fluctuation were made by the followiﬁg relationship:

| log D =log Dexp + n (pcHavg - pcH) (8)
where n is the experimental slope of the log Dy, dependence on pcH in
the absence of ligand for the certain NaClQO4 ionic strength solution
(1.0 M) at the required temperature (see Appendix A Tables A1-A7). The
. pcHayg is an average value of pcH méasured for each sample.

Literature data indicate that the hydrolysis of Np(V) is insignificant
when pcH < 7 in the temperature range of 10-85°C."" The expeﬁmenté in
this study were cqndthed at pcH ~5. As a result, the hydrolysis reactions
of Np(V) are not included in the calcﬁlétion.

The apparent stability constants are listed in Table 1 along with the
literature values for comparison. The first stability constant of the Np(V)-
fluoride complex at room temperature that was obtained from our
experiments is consistent with the literature values. Our results show that
- the stability constants of the 1:1 Np(V )-fluoride complexes were eﬁhanced

with increasing temperature.
Np(V)-Sulfate Complexation
Similar to the Np(V)-ﬂuOride system, a series of experiments with

constant pcH and temperature were conducted at ionic strength of 1.0 M

(NaClO4 + Na;S0;). The distribution ratio of Np(V) between the organic
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and aqueous phases was found to decrease as the concentration of sulfate
was increased (for a complete set of the extraction data. see Appendix A
Table AS5-A7). Stability constants of the 1:1 Np(V)-sulfate and 1:2 Np(V)-
sulfate complexes, dominant in the aqueous phase under the experimental
conditions, were calculated from the effect of [SO4*] on the distribution
ratio.

A typical fit curve shoWing function of D/D vérsus free sulfate anion
concentration (SO4>Js) is shown }in Figure 2 in which the pointS are
eﬁperimental data. The curve is a polynomial fit inclﬁding both the first
stability‘constant (B;) and the second sfab_ility constant (Bz), and the solid
line only represents 1:1 complexes that provide Bl. The stability constants,
B1 and B,, were obtained in the ionic strength of 1.0 M (NaClO, + Na,SO,)
by analyzing such curves. The minor corrections to the D values for this
pcH fluctuation were made using the same method as the system of
Np(V)-fluoride. It should be noted that the sulfate was completely
dissociated to SO4%at pH > 3; thus, in the pH range used in this work, the
free sulfate anion concentration [SO4> ) can be replaced by the total
concentration of sulfate (see Figure 2).

The first apparent stability constants of Np(V) complexes with sulfate
are listed in Table 2, including the liferamre values for comparison. Our
measured stability constants for the 1:1 Np(V)-sulfate complex do not

compare well with any literature value, but our value does fall within the
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o{ferall spread of these literature values. Haiperin and Oliver’s results'
indicated that in sulfate concentrations of up to 0.3 M, there is no evidence
for Np(V) complexes higher than the monosulfate. The results from our
experiments show that there is a formation of 1: 2 complexes vof Np(V)-
sulfate complex at sulfate concentrations lower than 0.3 ‘M (see Figure 2). -
" The stability constant for 1:2 Np(V )-sulfate complex was calculated to be
1.60 £ 0.11 at 40° C and 1.82 + 0.07 at 50° C. The sulfate complexation of

Np(V) is relatively weak, but increases with increasing temperature.
Effect of Temperature on Stability Constants

The effect of temperature on the stability constants was evaluated at
the range of temperature from 25°C to 60°C for Np(V)-F” complexes and
from 25°C to 50°C for Np(V)-SO42' éomplexes, respectively. Halperin and
Oliver'® have pointed out that although the thermodynamic values of free
energy, enthalpy, and entropy cannot be evaluated from the concentration
dependent stability constants, the effective values for these
thermodynamic quantities can be calculated by uéing Van’t Hoff equation.
To distinguish these calculated values from the true thermodynamic
values, they will be hereafter referred to as prime free energy (AG®),
prime enthalpy (AH®), and prime entropy (AS®), respectively. From the

determined stability constants listed in Tables 1 and 2, the corresponding
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values of AG‘_” deﬁned'according to Equation (9) for each value at a fixed
temperature were calculated:
AG® =-RTIng )
The values of AH® and AS® at 25°C were calculated by using the
Vén’t Hoff equation:
oln B/o(1/T)=- AH"/R ;  AS® = (AH®- AG®)/T (10)
These calculated values are listed in Table 3. The small‘ values of AG®
reflect the low values of the stability constant. The Np(V)-fluoride
complexes are stronger than those with Np(V)-sulfate compiexes. The
results indicate that the values of AH® and AS® are positive and relatively .
1arge. NpO," should be classified as a hard acceptor'® using the
nomenclature and cn'feria of Person and »Ahrlandlg'zo .whereas F and SO,>
have been classified as hard donors.?® Ahrland® has pointed out that inner
complexes are genefally entropy controlled. The gain in enthalpy supports

the interpretation of inner sphere binding for the Np(V) complexes with

fluoride and sulfate.'®
CONCLUSION

A solvent extraction method was used to determine the stability
constants of the Np(V)-fluoride and -sulfate complexes in 1.0 M ionié

strength at various temperatures. The 1:1 Np(V)-fluoride complex was
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found to be dominant in the aqueous phase under the experimentall
conditions, and the values of the stability constants increased with
increasing temperature. The sulfate complexes of NpO," are relatively
weak, and their re‘spective stability constants are relatively small, but the.y
show an enhancement with increasing temperature. Thé values of enthalpy
and entropy of complexation calculated by Equatién (10) are relatively
large positive values that are consistent with the inner sphere
complexing.lo’ 2 The 1:2 Np(V)-sulfate complex was found to form under
the experimental conditions (sulfate concentrations from 0.03 to 0.21 M).
The values obtained in thése experiments show that bdth Np(V)-fluoride
and sulfate complexes may be important in the migration behavior of
Np(V) in nuclear waste given elevated surface temperatures and high

fluoride/sulfate concentrations.
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Table Al. Solvent extraction data for the system of
Np(V)-F-1.0 M NaClO4 -0.01 M Hi»EHP/
heptane at 25+1°C

[Flr  Activity (cpm) Activity {cpm)

pcH (M) Org. Phase Aq. Phase D®
4.78 0 2868 ' 929 6.59
4.90 5.00e-03 2976 860  5.23
494 7.50e-03 3005 ' ‘839 4.84
498 1.25e-02 3014 | 786 4.57
5.07 2.00e-02 3044 737 3.81
’ 5.10 2.25e-02 _ 3080 694 3.74
5.13 2.50e-02 3070 72% 3.30
5.17 2.75e-02 3138 690 3.17
5.17 3.00e-02 3083 706 3.03
5.18 3.25e-02 3083 743 2.79

(a) The minor corrections to the D values for the pcH
fluctuation were made by the relationship:
log D =log Dexp + n (pcHayg - pcH)
where n (1.25) is the experimental slope of the log
Dexp dependence on pcH in the absence of ligand for

the certain NaClOy, ionic strength solution.

The activity of background: 1 cpm.




Table A2. Solvent extraction data for the system of
Np(V)-F-1.0 M NaClO, -0.01 M HDEHP/ -

heptane at 35+1°C
[Flr  Activity (cpm) Activity (cpm)
pcH (M) Org. Phase Aq. Phase ~ D®
490 0 3223 577 10.96
5.05 5.00e-03 3239 507 7.99
5.08 7.50e-03 3177 486  71.67
512 1.25¢-02 3245 515 6.43
513 200002 3037 535 5.62
524 2.75¢-02 3185 497 4.72
528 3.00e-02 3205 429 488
529 325¢-02 3181 462 4.33

(a) The minor corrections to the D values for the pcH

fluctuation were made by the relationship:

log D = 1og Dexp + n(pcHayg-pcH)

where n (1.25) is the experimental slope of the log

Dexp dependence on pcH in the absence of ligand

for the certain NaClOy ionic strength solution.

The activity of backgrouhd: 1 cpm.




Table A3. Solvent extraction data for the system of
Np(V)-F -1.0M NaClO4 -0.01 M HDEHP/
heptané at 50+1°C

[Flr  Activity(cpm) Activity (cpm)
pcH (M) Org. Phase Aq.Phase = D®

496 0 3025 595 8.48
5.03 5.00e-03 2946 541 7.21
5.08 7.50e-03 3026 546 64l
511 1.00e-02 3004 566, 5.47
517 1.50e-02 3024 510 5.12
522 2.00e-02 3046 516 4.24
527 2.50e-02 3092 573

(a) The minor conectioné to the D values for the pr
‘fluctuation were made by the relationship:
log D = log Dexp + n (pcHayg - pcH)
~ where n (1.41) is the experimental slope of the log
Dexp dependence on pcH in the absence of ligand

for the certain NaClO4 ionic strength solution.

The activity of background: 1 cpm.




Table A4. Solvent extraction data for the system of
Np(V)- F*-1.0 M NaClO, -0.01 M HDEHP/
heptane at 60+1°C

[Flr  Activity (cpm) Activity (cpm)
pcH M) Org. Phase Aq. Phase D®

516 0 3077 348 19.92
5.25 5.00e-03 3164 300 17.26
‘5.28 7.50e-03 3160 304 15.63
532 1.25¢-02 3125 309 1337
537 1.50e-02 3100 319 10.85
549 2.00e-02 3144 245 9.77
5.63 2.50e-02 3080 179 8.34
574 2.75¢-02 3086 149 7.14

(a) The minor corrections to the D values for the pcH
fluctuation were made by the relationship:
log D =log Dexpy + 0 (pcHavg - pcH)
where n (1.41) is the experimental slope of the log'
Dexp dependence on pcH in the absence of ligand

for the certain NaClOy, ionic strength soluﬁon.

The activity of background: 1 cpm.




Table AS. Solvent extraction data for the systes: of

“Np(V)-SO4Z-1.0 M NaClO, -0.01 M HDEH/

heptane at 25+1°C
[SO4]r Activity (cpm) Activity (cpn‘:g}
pcH (M) Org. Phase Ad. Phase D®
502 0 2675 1193 3.07
5.02 0.03 2537 1342 2.64
5.07 0.06 2408 1476 1.95
5.08  0.09 2234 1635 1.59
5.09 0.12 2167 1734 1.42
521 0.15 2053 1822 0.93
5.22 0.18 1860 1987 0.74
524 0.21 | 1767 2137 0.63

(a) The minor corrections to the D values for the pcH

fluctuation were made by the relationship:
log D = log Dexp + n (pcHayvg - pcH)

where n (1.20) is the experimental slope of the log

Dexp dependence on pcH in the absence of ligand

for the certain NaClOj ionic strength solution. .

The activity of background: 1 cpm.




Table A6. Solvent extraction data for the system-of - -

Np(V)-S04>-1.0 M NaClO; -0.01 M HDEHP/

heptane at 40+1°C
[SO.*Tr Activity (cpm) Activity (cpm)
pcH (M) Org. Phase Aq.Phase  D®
521 0 3103 671 6.21
523 0.03 3027 689 5.53
526  0.06 2995 744 4.74
531 0.09 2917 826 3.73
536 0.12 2845 892 2.95
539 0.5 2806 952 2.55
542, 018 2666 1152 188
546 021 2620 o1 1.7

. (a) The minor corrections to the D values for the pcH

fluctuation were made by the relationship:

log D = log Dexp + n(pcHavg-pcH)

where n (1.04) is the experimental slope of the log

Dexp dependence on pcH in the absence of ligand

for the certain NaClQ, ionic strength solution.

The activity of background: 1 cpm.




Table A7. Solvent extraction data for the system of

Np(V)-S04*-1.0 M NaClO, -0.01 M HDEHP/

heptane at 50+1°C
[SO4F]r  Activity (cpm) Activity (cpm) B
pcH M) Org. Phase Aq.Phase 0@
5.13 0 2946 637 7.47
527 0.03 2875 674 5.38
536 0.06 2871 690 4.48
5.37 0.09 | 2715 808 3.56
5.37 0.12 2589 903 3.05
553 0.5 2571 964 214
5.57 0.18 2388 994 1.79
5,62 0.21 2450 1139 1.47

(a) The minor corrections to the D values for the pcH

fluctuation were made by the relationship:
log D =10g Dexp + n (pcHavg - pcH)

-where n (0.77) is the experimental slope of the log

Dexp dependence on i)cH in the absence of ligand

for the certain NaClOj, ionic strength solution.

The activity of background: 1 cpm.




Figure captions

Figure‘ 1. Plot of Do/D vs. concentration of fluoride in the extraction
system of Np(V)-F-1.0 M NaCl04-0.01 M HDEHP/heptane at 35°C,

points are experimental data, solid line is calculated.

Figure 2. Plot of Do/D vs. concentration of sulfate in the extraction system

of Np(V);sulfate-l .0 M NaClO,4-0.01 M HDEHP/heptane at 40°C.
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Table 1. Apparent stability constants of Np(V) complexes
with fluoride (NpO,* + F~ = NpO,F)

Method  Ionic medium t(°C)  logBini Reference.

sp 2MNaClO, 25 1354030  [3]

dis  2MNaCIO; 25 0994010  [4]

dis  1MNaClO; 23 1264030  [5]

dis ~ 1MNaClO; 25 139£030  [6]
iseF 0.IMNaClO; 21 1514050  [7]

dis 1 M NaClOs 25+1 1.42+0.10 This work

dis 1 M NaClO; 35+1 1.63 +0.03 This work

dis  1MNaClO; 501 1.77+0.04 This work

dis 1 MNaClO;, 60+1 1.80+0.03 This work

Note: sp—spectrophotometric

dis—solvent extraction

1se-F—potentionmetric




Table 2. Apparent stability constants of Np(V) complexes
with sulfate NpO," + SO4% = Np0,SO4)

Method Ionic medium t °C) logBio1 Reference
cop 15SMNH.Cl 20+2 1.04+0.4 8]
dis  2MNaClO; 25  0.44+0.09 [4]
dis  85MNaClO; 25 0.45 [9]

dis 052mNaClO, 5  -(0.43+035)  [10]
dis  1.05mNaClO, 5  -(0.18+0.09)  [10]
dis = 22mNaClO, 5 -0.04+0.11) [10]
dis 052mNaClO; 25 -(0.10+£0.08)  [10]
dis 1.05mNaClOs 25  0.06+0.04 [10]
dis = 22mNaClO; 25 0.19 + 0.04 [10]
‘dis  0.52mNaClO, 45  0.25%0.03 [10]
dis 1.05mNaClO, 45  0.34+0.03 [10]
dis 22mNaClO, 45  0.40+0.05 [10]
dis IMNaCIO; 25  0.76+0.04 (6]
sv*  Om 25 044027 [2]
dis 1MNaClO; 251 0.49+0.31 This work
dis 1 M NaClO, 40+1 0.65+0.19 This work
dis 1 M NaClO, 50+1 0.73+£0.16 This work

Note: cop—coprecipitation; dis—solvent extraction

* Selective value—the recommended value from editors of

Chemical Thermodynamics of Neptunium and Plutonium
(2001) [2].




Table 3. Stability constants and values of AG®, AH®
and AS° for NpO,F" and NpO,SO4

I AG” AR® AS”
C° M) log B1 (kJ /mol) (kJ /mol) (J/[k mol]) Reference

For the complex formation of NpO,F~
25 1.0 142+0.10 -8.11 20.8 96.9 This work
For the complex formation of NpO,SO,

25 1.0 0.49=+0.31 -2.80 17.8 69.2 This work

25 1.0 0.06+0.04 -0.37 22.2 76.0 f10]
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