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THE ABSORPTION SPECTRA
OF U# IONS IN ACID SOLUTIONS

OZVOLDOVA, M.,1) Trnava

This paper presents the experimental results of the absorption measure-
ments in the visible region of the U** ions in hydrochloric, phosphoric and
sulfuric acid solutions. The absorption spectrum of the U*t: H3POq in the
region 420-2100 nm is recorded and the quantum - mechanical terms are de-
scribed. )

L INTRODUCTION

The absorption spectrum of the U4+ is one of the most studied of all the
actinide elements. This is because its compounds are readily available and it should
have a relatively simple spectrum since it contains only two 5f electrons. Much work
has been done on the absorption spectra of crystals containing tetravalent uranium,
less on the solutions and comparatively little work has been carried out on glasses
doped with uranium oxides.

The optical properties of alkali-alumino-phosphate (AAP) glasses with ura-
nium were also investigated {1-3]. In these works, it was necessary to explain the
luminescence of these green AAP glasses, while only the luminescence of yellow
uranium glasses has been known so far. But the published absorption and lumi-
nescence spectra of the uranium glasses, due to the overlap of the absorption bands
of the individual oxidation states of uranium, did not allow us to decide which oxi-
dation states were formed in the investigated glasses. Therefore, to find the typical
features and the positions of the characteristic bands of the individual or*dation
states of uranium, which are not dependent on the chemical compositior of the
host material, we have paid attention to the optical measurements of solutions
containing uranium in various oxidation states, because it was not difficult to pre-
pare these solutions. The most suitable solutions for our purpose would be water
solutions of metaphosphoric acid. However, these solutions are unstable [4] an!
transform into the solutions of orthophosphoric acid. So we investigated directly
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Fig. 1. Absorption spectra of the tetravalent uranium salts (curves: 1-3 from Ref. [7]:
4-7 from [10]).

the yellow water solution of the H3PQy4 acid with CONAZOuF.amnO. These yellow
solutions illuminated by the mercury lamp with U G 5 filter turn green [5]. So
the explanation of this photochemical reaction faced us with the problems of the
absorption spectra of Ut : HzgPO, and U** ions in other acid solutions, which
are presented in this work. )

The first measurements of the absorption spectra of water solutions of tetrava-
lent uranium ions were recorded by Kato [6], Eprheim and Mezener [7.
They identified from three to seven absorption bands in the visible region shown
in Fig. 1—curves 1-3. However, the spectrum of U4+: HCI, observed in the region
400-700 nm by Satten et al. [8] consists of six bands only, while Veal et al.
[9] observed nine bands. In the absorption spectra, shown in Fig. 1 curves 4-7,
recorded by Ushatskij and Tolmatchev [10), ten bands were identified.

The measurement of U**: HCIOQ, in the region 360-1300 nm was performed by
Gruen and McBeth [11]. They recorded an identical spectrum with the absorp-
tion spectrum of U**: DCIO,, measured by Cohen and Carnall [12). However,
they extended their measurement up to 2300 nm. The interpretation of the spectra
over the wavelength of 1700 nm, as the authors claim, is not unambigous, while in
this region intensive D50 bands are situated.

1I. HNWHEHSHZH.PH RESULTS

The absorption spectra, taken at room temperature, were measured with the
aid of a registration spectrophotometer UV VIS Specord-Carl Zeis Jena in the

region 400-800 nm' and in the region 400-2100 nm with the spectrophotometer
CF4 - Optica Milano.

The IV oxidation state of uranium in acid solutions was prepared from the VI
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Fig. 3. Absorption spectrum of U*? in : a) H2804; b) HCI; ) HaPO4.

oxidation states by:
1. electrolytic reduction
2. reduction with the metal zinc o
3. photochemical reduction UO3* — U%* under the illumination of the lamp

HBO - 200 W through the Schott filter UG 5.
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Table 1
The energy-level diagram of U**: H;PO,

- Table 2

Absorption spectrum of U** in acid solutions

Position Intensity Assignment Position Intensity Assignment
Alnm) [a.u] Alnm) [au]
426 44 . 850 78
444 55 *p, 882 86 N
457 86 905 88
925 67
471 110
483 124 e 974 125 °Fy
500 100 997 156
1026 184 +
530 91 3p, 1192 203 3F,
540 106 1319 62
. 1376 94
570 35 3P .
583 86 1593 39
. 1656 48
624 181 1G, 1768 57 SHs
640 173 i 1805 60
660 196 D, .1879 31
793 68 *H,

All these investigated spectra of U4t ions that were prepared by the meth-
ods mentioned above were measured for all the observed solutions. As they were
identical with the individual acid solutions, we not present them. However, this
phenomenon can be seeen by comparison of the spectra of Ut in H3PO, shown
in Fig. 2 and curve c in Fig. 3. The absorption spectrum of U%t: H3PQ, in the
region 420-2100 nm, Fig. 2 was obtained by the difference in the measurement of
0.02 M © UO2(NQO3),.6H,0 in 85% H3POy after illumination versus the solution
before illumination. The position of the observed energy level and their assignment
in 25*1L; symbols are given in Tab. 1. The results of the absorption measurements
of U** in: 25% H,SO4 - curve a, 3.6% HCI curve b and 85% H3PO, - curve ¢,

prepared by reduction with zinc in the metal state, are reproduced in Fig. 3 and
tabulated in Tab. 2.

III. DISCUSSION

It has been known that the absorption spectra of tetravalent uranium arise
from transition within a 5f shell of the ions. The 5f2 system of Ut would be
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C.»+. mwwO» . . C¢+“ mO— d*+“ mu.ﬁo»
Alnm] I fa.u] Alnm] I {a.u} Alnm] I [a.u}
428 18 428 i1
437 18 440 30 440 uw
451 20 ¢ 455 20 454 HH
465 34 5 465 36 470 Nw
484 49 485 66 483 2
496 47 496 78 : 497 MM
549 40 < 550 59 , 541 :
594 20 (612) 34 MWM Wm
632 52
Aammv A.wmv 653 147 645 36
670 73 674 72 667 45

expected to yield an energy-level system of 13 ::mm. Twelve of @og have been
determined in the visible and infrared region in various host materials .Twlwﬂ. .

The observed absorption spectrum of U%t: H3PO,, Fig. 2, consists of nine
absorption bands. It is possible to explain this spectrum as the ..w_mns.ou S.mzm-.Sos
from the ground state 3Hg to the excited electron levels. .Hmiw“..—wm term notations
in 25+11; symbols were assigned to the quantum states of U * ions, based upon
the analogous 4f? systems and a free-ion-like mwonenzs_b.nm&on& by Jorgensen
[16] and also on the basis of a detailed study of the absorption spectra of crystals,
solutions and glasses containing uranium [17). )

The fact that the spin-orbit interaction for 5" electrons is larger ﬁrm.E for 4"
electrons resulting in a greater departure from the N:mm.o:-mwcumo_.m nn.vcvrum of the
former compared with the latter [18]. Another noavrow.snm factor is the m.naw.nmn
spatial extension of the 5f wave functions, which results in a less von».mmn mgo_&bm
from the electric field of the host material and in a larger mmmnw splitting of 5f
compared with 4f electrons? In turn, this hasa consequence in a m:ww.ﬁan degree
of the mixing of free ion J values, which can be seen in Tab. 1 and Fig. .w mmo.r
band except the maximum at 426 nm, consists of several mcv.vw:mm. S.\;r ﬂ:m
overlapping it was difficult to obtain accurate values for n.r.m voﬁfon and intensity
of any single absorption band or transition band or transition with any reasonable
”m.nn:ww“r the comparison of the spectra of U4t jons in the mb.‘\n.wm&mmﬁo@ acid .moE-
tions in Fig. 3, one may assess small changes, of the shape, position and intensity of
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the absorption bands. It is due to the effect of the medium on the spectrum of U4+
ions. The spectra in the region 560-700 nm showed that the largest splitting was
observed for the phosphoric acid solution. Such splitting has not been published
in solutions till now. The same splitting, however, was observed in this region in
AAP glasses doped with uranium, investigated by Bohun et al* (1,3,17]. " B
" IV. CONCLUSIONS
From the mvwonvﬂmoz measurements m?mm_. above it follows that nrm,.meogm.o\u
of U** ions in investigated acid solutions arises from electronic transitions from

the ground state 3Hg to the excited states of tetravalent uranium.

- The energy-level diagram of Ut+: H3PO4 and the quantum states. .mhmmmun.ﬁ.un
in the region 400-2100 nm were carried out. - ._ o
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