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A study on the Distribution of Oxidation States

of Neptunium in Nitric Acid Solutions

594, vt A, HAE, 49

fol

A wro E YFEEe] s EH FX ¥E FFEFEAVE o] &3 ZAEAT e
A R AAE F2 Np(VE EAstdov A4 st S7kge wel Np(V)7F Np(v) <t
Np(VDE A3}k obdak &4 koA Np(VD — Np(V) 2 Np(V) — Np(V) $durgo]
ZE = Ao g2 Hol ofdilko]l gle ZAlelAl Np(V)7F NpIV)eF Np(VDE AgkE &= A& Np(V)
EE Rk ke o)gk Np(V) Abshdbge] A¥9les o 5 ATk E=g, Hibe A

ZAFSITh 8 M ol Aakel A efkel Np(VD7h Np(V)E 915

o

Np(VD 2] 717k o+4 A

a0 AL T TS Np(VDZE 8§ #o] s A%, Np(IV) 2= gkl s A &bt ik

A Np(VDE A2b & wel NDOZ(HZO>62+, NpO2(NOs)2 E NpO2(NO3)s & EAsl= AL &l
stk Al wxe] W mE yilFge] AsidH Exe 27 fiFwE £99 544 we &

Abstract
A study on the oxidation state distribution of neptunium in nitric acid solutions was carried
out using absorption spectrophotometry. Neptunium was found to exist mainly as Np(V) in
the nitric acid solutions at lower acidity. The conversion from Np(V) to Np(IV) and Np(VI)

was found to be favoured when increasing the concentration of nitric acid. This conversion is



results of the disproportionation of Np(V) and the oxidation of Np(V) by nitric acid in the
absence of nitrous acid, since the reduction reactions of Np(VI) — Np(V) and Np(V) —
Np(IV) were observed in the presence of nitrous acid. The long-term stability of Np(VI) in
nitric acid was also investigated. When the nitric concentration was lower than 8 M, some of
Np(VD) was reduced to Np(V), however, none to Np(IV). Np(VI) was identified to form the
complexes such as NpOo(H:0)s” NpO2(NOs)2 and NpOs(NOs)s in nitric acid solutions. It can
be concluded that the characteristics of the initial neptunium solution plays important role in

the distribution of oxidation states of neptunium in nitric acid solutions.
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Table 1. Distribution of the oxidation states of neptunium at various

concentrations of nitric acid

Conc. of HNOs;, M % Np(IV) % Np(V) % Np(VI)
1.0 - 80 20
2.0 - 80 20
4.0 - 60 40
6.0 26 17 57
8.0 156 24 82

A s el wE s dE 22 WEke Np(V)e Extsdhts (DI ko] of g Ak

S (@l oa 2AE Aot} A4k &AM (D3 (2)RkG o] FAll dojd Aolrh. +3[13]

ONpO, + 4H' = Np*' + NpO)” + 2H0 1)

9NpO,' + NOs + 3H' = 2NpO,” + HNO, + H0 2)

o st BRFEHUS (DS BIFFE A A7) Wil Bmsh e AWM ()RS o

|

A AR NpIV)E (8d) o A48E Np(VDl wla) vna grojrh e, A4t %
E7b F7hSE (kge] & dold B ol (DwHgel o8l A4 EE Np(IV)el vhelEdolk
422 @ A Hol BRSNS (D9 FYFEE AXBE el WFEEe] Npv)sh

Np(VDZ &EA8HA 2 Aotk

32. 95w A3 dH VA= o2 IF
A4 el e WRE s BEe Wasl A Bl F ol obdAl g

J‘IE—
13171 AeiA obdAt GEFES AT Al HlFwel 4bs - &9 AEs =AY Fig.

191 20 M, 40 M3} 80 M A4tel slgs= Wiy &9 ofdit EF §48 718 b8 54



& 0%E g9 FFAMEAES Fig 20 tebdch 20 M 249 3% WRE B4 20 o)
o obdd HEFL 71etn 5 ¥ Fol 48 FFAUERNA mEo] 1223 nm Np(VD =7t
AR o2& Np(VD7h 54 Np(V)E #908 A2 ||, 14 do] 3ol = Np(V)
7 Al FAHE RS FAT 5 AT 40 M 80 M AN E o} YEF] )

BalEE AL sl WEEF 249 140 o AR JERS saon, ofdd oA

rl

T

Np(VD&= FA] Np(V)E LT o]ojA Np(V)E HH3] Np(IV)Z 3= on =
7} kgl meE g

el A7hHa 2 4 F5H Np(v)7h #2 = A0 o
10

r%o

1527 B = s #EE 7 AU F, 40 M ZAb A ol A b E
5
o 80 M At A= SNE NpIV)7F #7257 Al&ste] 2 deo] Aaww ykgo] Ae
fAdre] RE ¥FHe] Np(IV)2 EAstE Aoz Yebgrh obdate] Zu] g3tz Aibof o3
A Np(V) — Np(VD) 2 Np(IV) — Np(V) Atahkg-2 & oA Qio11]. o] 59 It U4y
A QA FRF A7 o) Foj XA Eagirh. ofAsto]l g FAe whel AEAl Ei YA
g3ts oz Np(IV)E Np(V)Z i Np(V)E Np(VDE 4HAZ = 9L B ollgl
Np(VDE Np(V)Z 183 Np(V)E Np(IV)Z FAAZE % JrH1,35]. 284, o]& 2Fsiikg-<

A9 obdadel 10°~107 M AmR B FER EASH: F5RA dFe opdite] Su) A%

S sk Fabol ok ¥lFw el Absiwkgof st Wi, ¥ Aol M= 0.1~07 Mo obELk

2 AbgFomm Ao oF woleslurt o}t AH WFEEIN WS Aol Ay

of
o

O @ 4 ek A4k Ao A obdite] welst: W wl$ Hashvl Np(VD/Np(V) el A
SA9(+1.138 V), Np(V)/Np(IV) e HA=53d9(+0.739 V)¢t NONO3; /HNO: e H=7¢9]

(+0517 V& 3l F5 WFwel te o5 2 7bx BUuge] WAsE o] AYgHow

AW A R} obAAe o)sh e we Assh oM 7% d obdte] EolglA 2e
T GO Hstde REE vas B oo FA 3 (DUH Qg JHM WFF
o dEgHst AdErks Ae @ Ak & obdake]l gl A4elA Np(V)7h Np(v)sh
Np(VDZ A3t e Np(V)el Bit5aurgs @abel o Np(V) Ashwrge] Anetn @

T A

3.3. A4tel 4 Np(VI) AstdH ] kg A



oroll A 7143k vie} Zo] AA FE7F 6 M o]Ato] FHW 1223 nm Np(VD) I3+ A3 E O
21 1120 nmoll 2% 337 YERtH(Fig. 1). AF7kA dakell A4 1223 nm Np(VI) 3] =) o 8
e 2 28] A 9HR] 1120 nm Np(VD) I =] s = @A Vasil'ev S[14]9] ¢sfA HaL

g vk du ol g "o mREH Np(VDol HitelA gk 7k gstgnts §dsk= Zlo] ofyal
&

o

A swd mie} 2 b olde] BEES FHVTE AS ¢ & dnh B AFIAE A4

of WE Np(VD9l erEE5e WaE F957] 4 Np(VD $19 22 $58 Wahi7) A
FroNEdS S4RA

Fig. 3()~@)+ {55 &0 s Ais 716 A =8 243 NaBrOsE 7FsA

o

A5 HS Np(VDE AFshA 7] thd 30 & olulel]l SAe &H9 FF2sEq]elrt Fig. 3(6)% (5)

g Ax:AZ oS 1565 M A4k &3iAAA Az Np(VD &< 37
o] oo & AiS JEA 12 M H2t e2 ZAHE5 30 B ojuld A FFaHMEYO
th 4.0 M Akl A= 1223 nm ¥ 3R GERAI R AAF FRrb Shekel] whel 1223 nm 3= A
712 #FAHA 6.0 MFH 1120 nm ¥ 27F YER7] AlZrske] 12 Moo el A& 1223 nm 3] A&
2EE 5 1120 nm ¥ ZAYHE 2ATh 1120 nm I3 A7lE Zib 55 St we JAH 7k
12 M 2l A A7k 55 A s=7F ool Fketd 8w FrastwA ¥A7F 1112 nm
2 olsEE Aor YEgth F52dEY oy Wil i Ad7AEd] iAE #EE u
2t} [14-16]

18 AL, Fig. 4914 B5o] 400~700 nm ¢ 99 Np(VD) FF2=HEqe] 12 M 44 %
g ZAAZ v 255 vEdloh g2 dFAEE 157 M B 23 M 2ol v A9 4
2 wadk vp QuH14,1517]. olgk & Np(VD) F52dEd 9 MalE NpOy
I YolEdolE FES FASY] Wi dojus RoR oy dAFAEd oA ure At
[14-17]. olE2l Alety} B ApoMe] AxE 18sd Np(VDE 6 M olste] Hibol s F2
NpO2H:0)5"" o] o2 EAats, o o] Fxe] Astdl= NpOo(NOy:Z EA8F3L 12 M o]/
Aol A= NpOo(NOs)s 2 A= Aoz AZtact. maba, dakel A 1223, 1120 2 1112 nm<]

Np(VD) ¥ 3= 247 Np(VD7F 848 2% = NpOo(H0)s™, NpOxNOs): 2 NpOo(NOz)z ©f

o3k "dle] F4 wio YeEluE AYS & 5 Ak o# 7HA] Np(VD solA A3 3=
of HAaAEHE A &ste] Np(VD) getxE9 1223, 1120, 2 1112 nmol A ZE5F3A+S ALrst

o] Table 2¢l =533t}



Table 2. Molar absorption coefficients(¢) of characteristic absorption band of

the species of Np(VI) in nitric acid solutions

Species of Np(VI) Conc. of HNOs;, Wavelength, e, L mol' cm '
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Fig. 1. Absorption spectra of neptunium solutions of various
nitric acid concentrations; [Np] = 5.0 mM.
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Fig. 2. Variation of absorption spectra of neptunium solutions
of various nitric acid concentrations after addition of
sodium nitrite; [Np] = 5.0 mM for all, concentrations
of NaNO, and HNO, : (a) 100 mM, 2.0 M, (b) 700 mM,
4.0M, (c) 700 mM, 8.0 M.
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Fig. 3. Variation in the spectrum of Np(VI) vs. the concentration
of nitric acid ; [Np] = 5.0 mM.
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Fig. 4. Absorption spectra of Np(VI) in visible region in the nitric
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