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A SPECTROSCOPIC STUDY OF OUTER-SPHERE INTERACTION IN H3U02F5
COMPLEYES

KEY WORDS: IR-spectra, luminesccnce and ng NMR, complex
uranyl fluorides

Vv.I. Sergienko, R.L, Davidovich, V,I, Kostin snd A.A.Matsttsin

Chemistry Division, P,E, Scientific Centre, Ac,.Sci, USSR,
Vladivostok, USSR

The data available in literature on the vibration spectra
of complex uranyl compounds indicate that the stretching vi=-
bration frequencies of the U’O%+ group depend not only on the
composition of the coordination sphere, but also on the outer
surrounding of the complex anion. The outer-sphere cation, in
case of uranyl complexes, acts as a competitor of the uranyl
group to form bonds with ligands, At the same time, as a re-
sult of decrease in the electron density locealised on the
U-F bonds,the strength of these bonds becomes less,

Vdovenko et al, have shown' that the V,, (U05*) frequen-
cies found in the IR absorption spectra for M2U02014 comple-—
xes regularly decrease with M' size increase. Data on ca-
tion role in uranyl complexes of other compositions, parti-
cularly in fluoride complexes, are practically absent,

The present communication cites the investigation re-
sults for the influence of outer-sphere cations on the spect-
ral characteristics of complex uranyl fluorides with an
M3UOZF5 composition, the methods used being IR-spectroscopy,
luminiscence and '2F NMR.
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The dependence og the asymmetric stretching vibration
o+

frequencies of the U02 =-group in 11313021?5 complexes on the

gize of the outer-sphere cation has been scrutinized befcu:'ta.2

For alkall metal cations the oas values satisfactorily cor-
respond to a smooth curve, However, the V. (UO%*) frequen-
ey values found in the IR-absorption spectra of M,UO.F-

RADICAL ANIORS
c

(N. Trinajstié

wlnstitute "Rudjer Boskovié™, Zagreb, Croatia, 3
piugoslavia of
t b3
a Z
1In this note we wish to report our calculations of the

83p1n density distribution in the several hydrocarbon -
aradical anions using the "half-electron" SCF MO .
s[variable beta] method of Dewar'??. This method

acalculates the energy of a system in which the unpaired ,
celect:ron is replaced by two "half-electrons" of the yom
a‘opposi’r;e spin. In this way one has the pseudo closed- m_q
a.shell system at equilibdbrium geometry and the resulting 18
enersy [B] differs from that [E,] siven by Roothaan’s>
9procedure only for 1/4 Jmm

R Eo = E— /43 -~
4

1y .
tgﬁag\n% og u}ﬁgm%soegg%mtggo%%rrgction due to the spurious

In the general case, the possibility of H~bond formation
in complex uranyl compounds will depend both on the electron-

donating properties of coordinated ligands and on the electron-~

20
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accepting properties of the cation, The stability of

these bonds will depend on how pronounced these properties
are. It is known that fluorine, oxygen, nitrogen and chlorine
atoms are capable to form the strongest H-bonds, the given
order of the elements indicating a corresponding decrease in
the above-mentioned ability. Taking this into account, one
may expect that the role of HE-bonds in outer-sphere inter-
action will be slight with chloride complexes, Indeed, the
observed V,, frequencies in the IR-spectra of M,U0,Cl, cor-
relate well with the lonic radius of u*,’

On the othexr hand, the outer-sphere interaction role of
H-bonds in complex uranyl fluorides sharply increases. Hence,
the values of oas frequencies found in the spectra of com-
plexes with complex cations practically do not correlate
with the cation sirze,

At first sight, it may seem that the cation effect in
complex uranyl fluorides is of different nature for simple
and complex cations., However, in reality, this is not true.
Inasmuch as the cation influence is connected with the trans-
fer of electron density from the coordinated ligends onto the
cation, one may naturally expect that the thus acquired elec~
tron should occupy the lowest unfilled atomic orbital of the
cation, The depth at which the orbital lies depends on the
nature of the latter, and is determined by the cation-to-
electron affinity. For alkali metal catioms, the cation~to-
electron affinity reduces with passing from Nat to Cs*, and
the ionic radius of these cations increases in the same se~

ries,
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In the case of complex cations, the cation-~to-electron
(or ~to-electron pair) affinity does not correlate with their
sizes, and is determined solely by the nature of the cation
itself, In the case when the cation is not a strong elec-
tron acceptor, its influence on the uranyl complex is slight,
and the values of the V. frequency shall fit in with the x
curve plotted for cations of alkali metals, If, on the other
hand, the cation contains considerably "stripped" protons,
then its affinity to the electron will be great, and its in-
fluence on the spectral and geometric (possibly also magne~
tic) characteristics of the uranyl complex will correspond-
ingly rise,

It should be expected that the sensitivity of uranyl
complexes of various compositions to the influence of the
cation will be different and will be determined by the proe~
perties of the coordinated ligands, This should be especi~-
ally perceptible in complexes with complex cations, since the
main path for the electron density tramnsfer in such compounds
is the H=bond, whose strength depends not only on the proper-
ties of the cation, but also on the electronegativity of the
ligends, The IR absorption spectra for 052002014,(R3NH)2U0201“
053U02F5 and (RBNH)3UOQF5 complexes are rather notable in
this plane, In chloride complexes, substitution in the outer
sphere of the Os* cation for RyNE' leads” to an increase of
Vag (U05%) only by 1 on™', A similar substitution in penta-
fluorouranylates is accompanied by a 68 cm'1 frequency shift
in asymmetric stretching vibrations (see Table 1),

The absolute magnitude of outer-sphere interaection,
expressed through a shift in the V. (Uog"’) frequency with

22
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substitution of one cation for another depends on the nature
of the ligands not only in the case of complex cations, For
example, substitution of Na* for X' in the outer sphere of

acetate uranyl <=oxap1'e:|:es""5 is accompanied by a shift in

Jgg bY only &4 en™]

shift is equal to circa 16 co™; and with pentafluofoura-

$ in the case of chloride complexes, the

nylate complexes -- the pasasing from Na5U02F5 to KZ»UOZ].?S
leads to a decrease in ‘)as (UOS") frequency by 19 ca™,

The studies conducted for long~wave IR absorption spectra
of M3U02F5 complexesa'3 allow us to truce the influence of the
cation directly in the frequencies of ths stretching vibra-
tions of U-F bonds, It follows from Table 1 that the Vi
frequencies in the seriea K3U02F5 - Rb5002F5 - 085U02F5 dew~
crease, though the nature of the v,  (U03*) change implies an
increase of ‘)UF in the series., Apparently, this behaviour of
the stretching wibration frequencies in U-~F bonds of H3U02F5
(d -~ E, Kb and C8) is connected with the increase of the ca-
tion mass forming a bond with the coordinated fluorine atous.
An analysis of the IR absorption spectra for H3U°2F5 com=-
plexes with outer-sphere complex cations, whose interaction
with the anion is achieved by way of H-bonds (hence, the ca-
tion mass does not play an essential role), shows quite a clear
dependence of the OUF frequency on the degree of the cation-~
anion interaotion, Thus, for example, the U~F bond stretch-
ing vibration frequency found in the (R‘+N)3U°2FS absorption
ss;:aeo::‘t:::.'mn3 (the cation-enion interaction is quite weak) was
385 ca™'; the Jyp frequency value fof the (NH,),UO,F; spectrum
(with a considerably stronger cation-anion bond) was

ok
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354 om™

(with the strongest cation-anion bond) was found to be even
lower” —- 348 cu™ ',

; and the same value for the (R;NH)BUOZF5 complex

Using the method of V,M., Vdovenko et 2l.°, we made
quantitative evaluations of the changes that took place in
the M5U02F5 complexes as & resuwlt of the change in the in-
tensity of the outer-sphere cation-anion interaction. The
calculation results ere cited in Table 1, showing the maximum
bond order alteration for U-~0 bonds in the scrutinized penta-
fluorouranylates to be 0,27, the change in the bond order of
U~F bonds being only 0,108, Naturally, it is rather diffi-
cult to record such slight changes by means of vibrational

Bpectroscopy.

To obtain direct information concerning the character of
the U-F bonds in M;U0,F;, we used the NMR method, The 'OF
NMR spectra for the MBUOEFB complexes (M - X, Rb, C8 and NH4)
were rather symmetrical, The chemical shifts (6F)’ me asured
in respect to F, are cited in Table 1, which shows that §p
has the lowest value with CsBUOEF , and gradually increases
when passing over to Rb3U02F5 - K5U02F5 - (NH4)BUO2F5 (the
resonance signal shifts to the high f£ield). This fact proves
that the uranium~fluorine bond possesses the greatest cova-
lency in 083U0,Fs, and the least in (NH,);U0,F;, Conse-
quently, the 9% NMR data fully corroborate the conclusions
based on the IR-spectroscopy studies concerning the nature
of the alteration in the extent of the cation-anion inter-

actions in M3U02F .
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A definite comnection between the values of J,, (U05™)
and SF is apparent from Table 1. General considerations
imply that this dependence will be of a quadratic nature,
However, since the number of experimental points is neot great,
and they spparently lie far from the parabola peak, their po~
sitions are well expressed by the linear relationship:

85 = 136V ,, - 726,

It was also of interest to trace the influence of outer-
sphere cations by luminescence spectra, since the latter,
apsrt from giving data on the vibrational structure of the
main electronic state, also give evidence concerning the execi-
tation energy of the uranyl complex,

The luminescence spectra recerded at 77°K for M3002F5
complexes appeared as 3 or 4 groups of equally separated
lines, The frequencies of symmetric and asymmetric stretch-
ing vibrations for uranyl are kmown to be7 linesarly dependent,
and it is obvious that the Os(Uog*) shifts observed in the
luminiscence spectra are symbatic in respect to Oas(U°§+)
shifts,

The most interesting result in our study of the lumines-
cence spectra of pentafluorouranylates is, to our mind, the
regularity in the shift of resonance freguency transition
(n"yp, n'y=zp) With change in the intensity of the cation-
anion interaction. As seen from Table 1, 05 increases in the
series Cs;UO,F; = RbU0,Fy = K3UO,Fy = (NH,)sUOFs, 1.e, the
change in the Oo frequency value coincides, in respect to
sign, with the alteration of the stretching vibration fre-
quency in the uranyl group and with the alteration of 5F -

26
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It is noteworthy that the Qo shift with passing from one
cation to another is much higher than the shift in the fre-
quencies of QB(UO§+) and QaB(UO§+). This indicates to a
higher sensitivity to the outer-sphere interaction of the
pure electron transition frequency as compared to stretching
vibration fréquencies.

We presume that the Oo frequency shift in the lurincscence
spectra for M3U02F5 complexes is connected with the rise in
the order of uranyl bonds, leading to an increase in the execi-
tation energy of the anien, i.e. to the increase of the energy
needed to transfer the electron from the bonding molecular
orbital to the antibonding molecular orbital,
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