4900 Inorg. Chem.1997, 36, 4900-4902

Comparative UV—Vis Studies of Uranyl Chloride Scheme 1

Complex in Two Basic Ambient-Temperature —\ —\
Melt Systems:. The stervation of Spectral and N NN N
Thermodynamic Variations Induced via m ‘**-(’2) ®) O @
Hydrogen Bonding H o CI cH, cI’
EMIC DMPIC

Sheng Dai,*' Y. S. Shin¥ L. M. Toth, T and
C. E. Barnes employed in the design of new ligands which are capable of
] o . ) discriminating and sequestering the uranyl ion from other metal
Chemical Technology Division, Oak Ridge National jons in solution’. The oxo group is “recognized” using an
Laboratory, Oak Ridge, Tennessee 37831-6181, and jntramolecular hydrogen bond from the ligand to the uranyl oxo
Chemistry Department, University of Tennessee, o5~ This new ligand-design principle has been described as
Knoxville, Tennessee 37996-1700 stereognostic coordination chemistry by Raymond and co-
workers?
The importance of hydrogen bonding in an ambient-temper-

Extensive studies have been made of the absorption spectrsture melt composed of aluminum chloride and 1-ethyl-3-
of dilute solutions of uranium(IV,VI) compounds in various Methylimidazolium chloride (EMIC) has been described in the
solvent medid:® These studies provide structural information literature? On the basis of IR measurements, Osteryoahg
concerning the coordination environment of a uranium species &l.#2 proposed that two-species, ion-pair interactions occur in
in different solvent systems. It is known that the electronic the basic melt, possibly involving distortion of the imidazolium
f—f and charge-transfer transitions of uranium(1V) hexahalide ring with hydrogen bonding between the hydrogen on the C(2)
and uranyl halide complexes are very sensitive to variations in carbon atom (Scheme 1) of the ring and the counteranions. The
the properties of a solvent systéfif. Since these electronic ~ strong hydrogen-bonding capability of the hydrogen covalently
transitions are electric-dipole forbidden in nattitae observed ~ bonded to the C(2) is due to the formal positive charge of €(2).
electronic absorption bands arise from (a) magnetic-dipole The first objective of the present work is to verify the importance
transitions; (b) electric-multipole transitions; and/or (c) relax- of the hydrogen on C(2) of EMIC in hydrogen-bond formation
ation of the selection rule for electric-dipole transitions. between the room-temperature melt and uranyl solutes. The
Relaxation of the selection rule can be thought of as either a substitution of this hydrogen with a GHroup should signifi-
static or a vibronic interaction. Hydrogen bonding between cantly reduce the hydrogen-bonding capability of the melt. This
uranium(lV) and -(VI) halide complexes and solvent is an variation in the hydrogen-bonding capability should influence
example of the static interaction, which can induce a distortion the optical spectrum of uranyl ion dissolved in the melt.
of the symmetry of the uranium ion thereby resulting in the Accordingly, we propose to use the optical spectrum of uranyl
relaxation of the selection rule. Relaxation of the selection rules ion to probe the variation of the hydrogen-bonding capability
as described above is considered to be one rationale for theof the different ambient-temperature melts. Our second objec-
sensitivity of the vibronic absorption bands of uranium(lV,VI) tive is to investigate what effect this variation of the hydrogen-
compounds to variation in the hydrogen-bonding properties of bonding capability has on the thermodynamic properties of melts
different solvents. (in our case, the solubility of U9in melts). We seek to

In the case of uranyl halide complexes, the linear oxo group demonstrate the use of hydrogen bonding to tailor the solubility
(UO22) is directly involved in the hydrogen bonding via the  of the uranyl compounds in nonaqueous molten salts. The melts
uranyl group (U=0) with H—X groups (e.g., HO; H—N) of chosen for our investigations are composed of either EMIC or
the solvent® The high oxidation state of the uranium center 1,2-dimethyl-3-propylimidazolium chloride (DMPIC, Scheme
(+6) makes these hydrogen bonds derive appreciable thermo-1) mixed with AICk.
dynamic stability. Recently, HN hydrogen bonding has been  yranium trioxide was prepared according to a standard
literature procedur®® AICI; was purified as described previ-
ously!! 1-Ethyl-3-methylimidazolium chloride (EMIC) was
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— —— —— PR — polar solvents such as concentrated HCI solutforAccord-
ingly, we assign the spectra in Figure 1b,c to those of uranyl
DMPICIAIC, Met chloride species in these basic melts.

) ... EMIC/AICI, Melt Although the spectra for the melts are similar to that of
UO,Cls~ doped into CsZrClg (Figure 1b,c vs 1a), the relative
intensity of the vibronic bands changes greatly between the two
sets of spectra. UfZl,2" is located in perfect octahedral sites
in the CsZrClg crystal and experiences only weak Coulombic
interactions with its surroundings. The intensities of vibronic
transitions involving the simultaneous excitation of the uranyl
symmetric stretch during electronic transitions are expected to
be weak due to the forbiddenness of electric-dipole transifions.
The observed intensities are mostly induced by magnetic-dipole
transitions’® However, these groups of vibronic transitions can
become electric-dipole allowed via a symmetry distortion (static
coupling) induced by intermolecular interactions such as
hydrogen bonding2616 Accordingly, they are very sensitive

to the local environment of the uranyl i8h. The selection rule
concerning electric-dipole transitions can also be relaxed via
intramolecular vibronic coupling (dynamic coupling) through
simultaneous excitation of unsymmetric vibrations during
electronic transition§’1® The intensities of the corresponding
vibronic transitions are relatively insensitive to the variation of

: 4 —_— . solvents because of the intramolecular nature of the dynamic
420 440 460 480 500 520 mechanism. Thus, the intensitsatios of vibronic bands
involving excitation of the uranysymmetricstretch to those
Figure 1. UV—vis electronic absorption spectra of (02" in (a) a involving unsymmetrifstretphes in thg single crystal should be
CsZrCls single crystal, (b) an AIGIEMIC melt, and (c) an AlGY much smaller than vibronic bands in melt systems where the
DMPIC melt. interaction is expected to be much stronger and to involve not
only Coulombic interactions but also interactions with solvent

vacuum Overnight to remove potentia| proton |mpur|'ﬂ|@s mole.CuleS. AS is Clearly seen in Figure' 1, this assertion is
There were no differences between the spectrum measured usin§onsistent with the experimental observation that the spectrum
the melt with phosgene pretreatment and that without phosgeneof UO2Cls*~ in the single crystal has a group of vibronic
pretreatment’® Crystals of CsZrCls doped with UQCI2~ transitions (marked W|t_h arrows in Figure 1) Wlt.h lower relative
were grown by the Bridgeman technique from melts at 850  intensities than those in the spectra of 4007~ in the room-
containing a stoichiometric mixture of ZrgChnd CsCl with 1 temperature melts. Accordingly, the above comparison between
mol % of CsUO,Cl4.5¢ UV —visible spectra were measured at  the spectrum of the single crystal where no strong intermolecular
room temperature with a Cary 14H scanning spectrophotometerintefaCti.OHS. exis’F gnd those. of thg melts where strong intgraction
interfaced to a PC for data collection and analysis via On-Line May exist identifies the vibronic bands associated with the
Instrument Systems (OLIS) software and hardware. SamplesSimultaneous excitations of the symmetric (e.g.apd p in
were loaded into a quartz cuvette (1 cm path length) with a Figure 1) and unsymmetric vibrations(@nd p in Figure 1).

I N —-— UO,”-Cs,ZrCl, Single Crystal

Scaled Absorbance Unit

Wavelength (nm)

threaded glass cap. Due to the broad line width and overlaps of several electronic
Figure 1 shows the Uwvisible spectra obtained by dissolving ~ ransitions, it is very difficult to identify the origins of the
UO; into basic melts composed of EMIC/AIC(AICI 2 EMIC transitions in these room-temperature spectra. However, we can

= 48:52) and DMPIC/AIC} (AICI5:DMPIC = 48:52), along assig.n. the bi\nds in the ran+ge from 22.000 to 25 000 dm
with that of UQ,CI2~ doped in a C&ZrClg single crystal (Figure ~ transitionsg = Pg andZ5" — Ag, while the bands lower
1a). The spectra obtained by dissolving 4Jfto the two basic ~ than 22 00+0 cm* can be attributed to the transitions3f" —
melts are normalized to the same maximum intensity and Ilo @1dZg" — Ag. These assignments are based on detailed
overlaid together in order to highlight the differences between lOW-temperature spectral studies by Denrirg.

them. The intensity ratios of vibronic bands involving only simul-

A basic melt is defined as one Containing a molar excess of taneous excitation of SymmetriC vibrations to those inVOlVing
the organic salt relative to AlgWwhile an acidic melt contains ~ Unsymmetric vibrations can be used as a gauge to measure the
amolar excess of AIGI'S Excess chloride ion in melts acts as ~ strength of the interaction of UQI,*~ with its surroundings®
a Lewis base. The spectra obtained by dissolving ln@ither This interaction scale is, to some extent, analogous to the PY
melt (Figure 1b,c) are independent of the pCl as long as the Scale used to probe solvent polarity in organic chemi$y.
mole ratio of AICKEMIC or AICIDMPIC is less than 1. The greater the values of the ratios, the stronger the interaction
Furthermore, the general band patterns observed in the twoof UO:Cls*~ with its surroundings. Accordingly, a qualitative

spectra (Figure 1b,c) are very similar to that of 4002~ in measure of the difference in hydrogen bonding between-AICI
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Chem.1987, 26, 4309. B. N., Eds.; 1985; Vol. 9.
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Marrassi, R., Eds.; NATO ASI Series C: Mathematical and Physical 1995 200, 271.
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EMIC and AICK/DMPIC melts can be determined by a defined Table 1. Solubilities of UQ in AICIs/EMIC (48/52) and AICY
parameter which is a function of these ratios. Since the origin DMPIC (48/52) Melts at Two Temperatures

of the intensity variation in our uranyl spectra is the same as solubility (M)

that of the PY scale in organic chemistf%°we use the similar

. . . temp,°C AICIs/EMIC AICIs/DMPIC

intensity ratio formuldpa/l 3 or [pf1ps as the PY scale to measure s T 716x 102 Jetectab
; : . X nondetectanie

the degree of the interaction, whekg, lp2, lp3, andlps are 65 > 458% 10-2 1.010x 10-2

adsorption intensities of bands, |p,, ps, and p. The parameter
determined from intensity ratios of the bangtp p; and band correlates well with the difference in hydrogen-bonding capa-
p2 to ps for spectrum b in Figure 1 are 1.088 and 1.084, which bilities for these two melt systems. Enhancement of the
are larger than the corresponding values (1.002 and 1.031) forsolubility of a solute through tailoring of the hydrogen-bonding
spectrum c. This indicates that YCl,2~ interacts much more  properties of solvents is, to some extent, identical to the strategy
strongly with EMI" than DMPI". The enhancement in the used by Raymond and co-workéts increase the complexation
interaction for EMI™ can be attributed to its ability to form  constants of ligands via the introduction of hydrogen bonding.

hydrogen bonds through the hydrogen at C(2). The above countercation effect on the solubility of the anionic
The UV-visible spectrum of UGCI,?>~ can also be used to  solute species in the room-temperature melts is a further
quantitatively determine the solubility of 40n AICI3/EMIC extension of our recent observation that the solubilities of oxides

and AICK/DMPIC melts. Molar absorption extinction coef- in inorganic high-temperature ionic chloride melts strongly
ficients for UQ; dissolved in these melts were measured for depend on the interaction between the solute chloride complex
samples made to ensure complete dissolution of the solute. Withand the solvent catiof¥.

the absorption coefficients thus determined, the solubilities of
UQO; in the melt at various temperatures can be accurately D
determined via the LamberBeer law and are listed in Table
1. The solutions used in the solubility determination were
equilibrated with solid U@for 48 h before measurement. As
seen from Table 1, the solubility of U0n the DMPIC/AICk
melt is much smaller than that in the EMIC/AlOhelt at all
temperatures investigated. This difference in solubility of;UO 1C970251H
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