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between Vp(V' nd_Cr(III) e

>or Rh(III) ions absorbed on catlon exchance re51n weTe measured
at 4.2°K w1th a constant accelelatlon Nossbauer spertromoter The

E -spectrum of the Vp(V) Cr(III) complet showed a stronv magnetlc R R

o 1 spllttlng with Mossbauer parameters of g UN ff ; 9.91 cm/sec
1/4 eqQ = -2. 9 cm/sec, and § = 1.69 cm/sec. AThe'spectrum of the
Np(V) Rh(III) complex was domlnated by quadrupole spllttlng w1th
va minor fractlon show1ng maonetlc hyperflne structure The results
‘of these measurements are consistent with the suogested scructure
of the complexes - substltutlng.Npozllln the transition metai';on o
" coordination sphere‘- and the magneticlpropefties of perémaénetic |
| Cr(III) ion (3d3,'high spin) and diamagnetic Rh(IIIj ion‘(4d6;

'spin = 0).

* The information contained in this article was. developed during
the course of work under Contract No. AT(07-2)-1 w1th the U S.
.Energy Research and Deve]opment Administration.
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Introduction

" The aqueous Np(V) ion forms weak complexes with a number of
trivalent cations;! however, the Np(V) ion forms particularly stable
complexes with Cr(III)? and Rh(ITI)? ions. The Np(V) —Cr(I'I.I) and
Np(V) -Rh(III) complexes can be separated from the remaining uncom-

223 the suggested structure for these

plexed ions by ion'exchange.
complexes involves substituting the NpO,* ion for a water molecule |
'_in the f;rst coordination sphere'of the hexaaquo Cr(III) and Rh(III)
ions. The Np(V) ion is believed to enter the_coérdinariéﬁ gphorc

axially and is céordiﬁated through an oxygen atom to the Cr(III) or
Rh(III) ion. Nbrmally, the linear NpOé+ ion coordinates around its
equator;.so the-axial coordination of-these complexcs présent an

T unusual env1ronment for’ the Np(V) 1on ThlS pape1 reports a study

vi:?of the Vp(V) in the Cr(III) and Rh(III) complexes by Mossbauer .

spectroscopy Because Cr(III) is paramagnetlc (3d hth spln) and
. Rh(III)'dlamagnetlc (4d6,;sp1n_= 0), a contrast in magnetic -effects

is also expeéted.

.. Experimental Section - S
NpO2 was Aissolved in hot.6M HNO3, and the resulting 237Np con-
centration was assayed radiometrically. The Np (V) /Np(VI) ratio-was
then determined spectrophotometrically. Np(VI) was reduced to Np(V)
by adding the calculaled amount of KI, and the solution was filtered
to remove precipitated iodine. Np(V) hydroxide was then precipitated
by adding aqueous ammonia. Thc hydroxide was filtered and washed |
until free of ammonia and dissoulved in IM HC10, to yield the Np(V)

stock solution.
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.'1f?volumz 0 '3M HClOu to produce a perchlorate solutlon of’mlxed

Solid Rh(H,0)4(C104) 5 was prepared for the NptV)_ﬁh(IIi)
complex by fumiog rhodium trichloride (Research Organic/Inorganic
Chemical Corp.) in concentrated perchloric acid." Chromium_chloride:
(Fisher Chemical Co.) was dissolved inAWater, andlthe solution was ..
. allowed to stand at room temperature for a week. -The mixture of p
Cr(1I1ID) hydroxides were then precipitated with.NaOH, and the

hydroxldes were washed w1th water and dlssolved 1n a mlnlmum )

' :Cr(H20)6+3, Cr(H20)5 c1+?, and Cr(H7O]“ r13+1 inns. S

‘ﬁThe-Np(V) RhCIII) COmplet was prepared by dlssolv1nc an‘i;t;*-‘7 :

approx1mate1y equlmolar amount of 5011d Rh(HzO) (ClOr)a in a
,_solutlon of Np(V) and h) allow1nﬂ the resultlno SOluthn to stand B

'at room temperature for two weeks The Np(V) Cr(lII) complex was

Absorptlon spectra of these solutlons w1th a Cary 14 - spect1o—

photometer showed the Np(V) Rh(III) solutlon had about 50% ~of the
;?NP(V) as - Lhe NptV) RhLlll) complext% The.Np(V)LCr(III}-solutionjngﬁ““V:

~ showed about 30% of ‘the ‘Np.as the Np(V) Cr(III) complex No Np(1IV)

or Np(VI) species were detected in the spectra

Mossbauer spectra of the complexes were then determined from the
complexes absorbed on Dowex* 50 cation exchange resin. Dowex 50 resin,
either 2 or 4% cross-linked, 100 to 200 mesh, was graded to Temove

fines and was then washed with concentrated HC1, water, and 2M HC10,.

* Trademark of Dow ChemicalACompany.



After the resin was washed with 2M HCqu; it was again washed with
water and then packed in a 6-mm—diameter‘i 3-cm glass column. A
.solution containing either the Np(V)-Rh(III) or Np(V)-Cr(III) com-,
plex was passed through the column and eluted with 2M HC10, to
remove Np(V) and Rh(TII) or Cr(IIIj from thc resin. \More of the
solution of the complexes was then passed through the column and
v‘Np(V) and Rh(III) were again eluted until the resin was saturated

iig'WLth the Np(V) Rh(III) or Vp(V) Cr(III) complex The resxn was i;? ﬂi:

e

‘ iQ;‘forced from the cqumn mechanicallx and excess solution was re- ff;;x N

. ,»

' ‘fmoved by a.vacuum on ‘a Buchner funnelﬁ The 1e91n was then packed

?‘g:tightly 1n a plastlc holder and sealed for Mossbauer measurements,f'{

as prev1ously performed.5

g _Results and D1scuss1on :-_' o

rohe Mossbauer spectra measured at 4 2,K of the Np(V) Cr(III)

akand Np(V) Rh(III) complexes absorbed ‘on Dowex SO cation exchange

Tigf;re51n are shown 1n Figure 1 The spectrum of the Vp(V) Cr(III)

complex has the major features of a spectrum combining 1arce

*ifjmagnetic and small quadrupole splitting, 51m11ar to Np(V] oxalate,

_‘w1th some weak satellite 11nes These weak satellite lines sucgest
a minor fraction of the NptV) 1ons are in a different site. The ;
hyperfine splitting is quite large - one line at the negative
extreme of the spectrum is beyond the range of the Mossbauer drive.

The Mossbauer parameters of the major resonances are magnetic

hyperfine constant gouNHeff = 9.91 *0.29 cm/sec; quadrupole coupling --.

constant 1/4 eqQ = 2.9 *0.9 cm/sec; the isomer shift (relative to .
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Np(V) spec1es

NpAl,) = 1.69 #0.21 em/sec.' Theee values are consistent Qith
other Np(V) compounds with magnetic hyperfine splitting at 4.2°K
such as Np(V) hydroxide® and Np(V) oxalate,® and indicate nothing
unusual for the Mossbauer spectrum of the Np(V)-Cr(III) complex.

The spectrnm of the Np(V) Rh(III) complex does not c01respond
to‘any 51mp1e pattern. Fhe resonances at -13 and +9 7 cm/sec
correspond to the strongest lines of magnetic hyperfine structure.
From the intensity of these resonances, they represent only a minor

fraction of the total neptunium. The MSssbauer parameters derived

-,;“:from these, resonances are g oM ff : 9 +O 2 cm/sec and 6 1.7,

+0 2 cm/sec The isomer shlft value is in the proper range for a -

The strong Tesonance in the center of the spectrum of the

-Np(V) -Rh (I1I). complex represents the major fractlon of the Np(V)

' present ThlS resonance is 1nterpreted as belng dominated by

quadrupole qpllttlng and is complicated by 1ntermed1ate relaxation
effects. In the fast relaxation limit, a spectrum eollapses to a
single resonance or a quadrupole-split resonance; at long relaxation
times, the spectrum is magnetically split. Intermediate relaxation

times produced broadened resonances,7

and since the relaxation
processes often have different rates in different_directions aiong
the lattice of a solid, an extremely strange spectrum can result.
An impertant difference occurs between the spectra of the Np(V)-

Cr(ilD) cqmplex and the Np(V)-Rh(III) complex: the Np(V) ion in

the Cr(III) complex is magnetically spiit; the Np(V) ion in the

Rh(III) complex is not split.
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LT et the Np(V) oxygen at°mSJ’

The‘magnetic~splitting in the Mdssbauer spectrum of the
Np(V)-Cr(III) complex and the lack of magnetic splitting"for the
major fraction of the Np(V)-Rh(III) complex is consistent with the

suggested structure!’?’?

of these'complexes and the magnetic - _,::i. -
'pproperties of the Cr(III) and thIII) iohs. . The compiexes are
‘formed'by‘siowiy repiacing a water”molecple in the firstbeoerdi;:r,
nation sphere of Cr(III) oxr Rh(III) with the neptunyl 1on NpOz .

‘. The Lr(III) or Rh(III) coordlnates to the Np(V) 1on throu0h one

]

}Thus, the NpOz 1on presumably retalns ;iix"

fnf~1ts ax1a1 symmetry, but the electrostatlc fleld on the Np(V) jon is
distorted by the Cr(III) or Rh(III) ion. The field from the

‘ strongly paramagnetlc Cr(III) ion (3d3, hlgh spln) 1nduces magnetlc _ :_G_'

v..s

>:sp11tt1ng in the Mossbauer spectrum of the Np(V) Cr(III) complex,

hiibut no spllttlng is 1nduced by the dlamaonetlc Rh(III) ion (4d6 )
spin = 0). | | -

The eatioh exchange resin:was asspmed to have littlepihfluehee
on the environment of the complexes, or the eomplex ions held on

rthe re51n prlmarrly by an - -ion- palr assoc1at10n ,mHowever thlS ufj’ﬁhgf,tﬂ_sj}p

}?assumptlon probably underestrmates the p0551b111t1es that some'
_.re31n sites may enter the coordlnatlon sphere of the tran51t10n
‘metal ion or that the protons held on re51n sltes near the complex; : f.;m;_'..wg
umay influence the field on the Np(V) ioh ' Presumably, the mag- R

.netlcally split structure in the Np(V) -Rh (II1) spectrum may arlse 'h i",d.m

through an cffect of this nature. o ' . o e e
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