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Abstract
The low temperature absorption spectrum of tris(ns—cyc]openta—

dienyl)-praseodymium(III) dissolved in a 2-methyltetrahydrofuran glass
has been measured. The observed transitions, along with the
previously reported magnetic circular dichroism transitions; have been
assigned and fit to the parameters of a semiempirica] Hamiltonian with
an rms deviation of 27.2 cm‘1 for 40 levels. The experimental and
calculated magnetic susceptibility of Cp3Pr-butyl acetate (which has
an optical spectrum very similar to that of Cp3Pr-MeTHF) as a

function of temperature are also given.

* . :
Reported in part at the 16th Rare Earth Research Conference,
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1. Introduction

In the late sixties and early seventies considerable effort was
expended to elucidate the electronic structures of adducts of
tris(ns-cyclopentadieny]);1anthanide(III) complexes (= Cp3Ln add)
on the basis of absorption, [1-8] magnetochemical, [9,10] and NMR
spectroscopic [11,12] measurements. Little progress was made during
this period so the problem was set aside. Subseqhent]y, some detailed
studies on the molecular and crystal structure of Cp3Pr°CNC6H11’

[13] and Cp3La°THF [14] were reported. According to these
investigations the lanthanide ion is surrdunded by the centroids df
the three Cp rings and the complexing atom of the base in the shape of
a somewhat distorted trigonal pyramid. Therefore, the effective
crystal field (= CF) is of nearly C3v symmetry.

In 1983 Brittain et al. studied the luminescence of the
transitions °D, > 'F; (J = 0 - 6) of CpTbeTHF and (MeCp),Tb-THF
[15]. With the exception of the transition 5D4 > 7F0 the
number of the observed bands was less than the expected number. For
this reason only the truncated CF splitting pattern of the manifold
504 could be determined, but no assignments were made [15].

Recently Amberger.et al. assigned 17 signals in the low
temperature MCD spectruh of Cp3Pr-MeTHF and Cp3Pr-CNC6H11,
respectively [16]. On the basis of these assignments preliminary sets
of Slater, spin orbit and CF parameters were derived for these
molecules [16].

In this paper the observed bands in the low temperature
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absorption spectrum of Cp3Pr-MeTHF are assigned by comparing the
energies of the observed transitions with the previously calculated
energies. From these assignments a new set of parameters has been

obtained by a 1eést—squares fitting procedure.

2. Experimenta}

The preparation of the compounds and the experimental details
have been described previously [16-18]. At the time that the optical
data repofted in this paper weré analyzed, no sample of Cp3Pr-MeTHF
was available so as to obtain magnetic susceptibility data. It has
been noted.that the optical spectrum of Cp3Pr-butylacetate
(CP3Pr°BA) is very similar to that.of‘Cp3Pr-MeTHF [19]. Therefore
the ester complex was used for magnetic measurements. The apparatus

used has been described previously [20].

3. Assignment of the Observed Bands of the Low Temperature Absorption
Spectrum |
Previous optical and magnetochemical investigations showed that
CP3Pr-add complexes have an A1 ground state [16-18]. As the first
excited state is separatedlby ~100 cm‘l, the use of liquid He as
cooling agent (the actual temperature of the sample is about 15-30 K)
allows only the ground CF state to be appreciably thermally
populated. According to the selection rules for forced electric
dipole radiation for strictly C3v symmetry, transitions to excited

Al and E levels are allowed, whereas transitions to A2 levels are
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forbidden. Because of a small distortion from the ideal C3v
symmetry of the effective CF [13-18], weak transitions to A2 levels
may be observed. Additional weak bands are produced by vibronic |
coupling effects. In the far infrared spectrum of Cp3Pr-add
distinct signals were observed at 70-80, 130-150, 220-240, and
410-440 cm~l. Weak signals on the blue side of strong bands which
have energy separations of these values (or linear combinations of
them) may be of vibronic origin. Further bands in the region
3900-4570 em~L and a band at 6100 cm'1 are due to a combination of

vibrations [21].

A comparison of the room temperature absorption spectrum with
the liquid He spectrum showed that many intense bands are accompanied
on their red side by additional bands‘with energy sebarations of 97,
310 and 756 cm'l, respectively. By means of magnetooptical measure-
ments, the hot bands of the transition 3H4 > 3P0 could be
identified with 1E(3H,) > 14a,(%,), 26(3H;) > 14a,(%P,) and

3ECH,) > 14a;(3py) [18].

No attempts were made to observe the transition 3H4 > 3H5'
3 .
Hg (Figures 1,2)

It is difficult to observe the transition 3H4 > 3H6 in

solution, as combination bands of the common organic solvents appear

in this region. For this reason the absorption spectrum was run in a
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KBr pellet. The use of either liquid N2 or liquid He as a cooling
agent did not change the spectra substantially. The actual tem-
perature of the sample was probab]y in the fange 80-100 K. Besides
the cold transitions 0-3 some hot bands and some vibrational com-
bination bands could be observed. The signals of vibrational origin
could be identified by comparison with the corresponding bands of
SCCD3 and NdCp,, respectively [21]. ‘Bands 0-5 are in immediate
neighborhood of the corresponding calculated energies so that they

were easily identified.

3, (Figure 2) |

As bands 6, 7»andv8'match the_corresponding calculated energies
very well they can be assigned without any doubt. At cryogenic
temperatures there is an additional signal which appears between bands
6 and 7 and is separated by 127 cm"'1 from band 6. As a signal with
a comparable enérgy appearé in thé FIR spectfum, the above band is

| presumably due to vibronic coupling effects.

3F3 (Figure 2) ,

The weak signal 9 is due to the forbidden transition 1A1(3H4) >
6A2(3F3). Because of the selection rules the allowed hot transition
1E(3H4) > 6A2(3F3) is much more intense even at liquid N,
temperatures. As the sample seems to heat up somewhat in the NIR
radiation this hot band is observable even if liquid He is used as a

cooling agent. Bands 10, 11 and 12, respectively, match the
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calculated energies very well, but the assignment of the weak signal
11 is somewhat doubtful. It could also correspond to a vibronic (aE =
124 cm! from band 10) or to a hot transition (aE = 85 cm from

band 12. In order to determine its origin we inspected the corre-
sponding spectral region of Cp3Pr-CNC6H11 where the above .

mentioned coincidences do not take place. As there was a comparable
intensity pattern of bands 10, 11 and 12 of Cp3Pr°CN(26H11 we

3

assign signal 11 to the purely electronic transition 1A1( 4) >

15€ (3 5) .

3F, (Figure 2)

The transition 3H4 > 3F4 corresponds only to three
signals, the sharp band 13, the relative broad intense curve 14 and a
poorly resolved signal (with some shoulders) with a maximum at
1370 nm. In the same spectral region Cp3Pr-CNC6H11 exhibits five
sharp bands [17]. This suggests that some accidental degeneracies might
take place. Comparing both absorption spectra with the corresponding
calculated CF energies we make the following tentative assignments:
signal 13 corresponds simultaneously to the transitions 1A1(3H4) >
9A1(3F4) and 16E(3H4) and band 14 to the transitions 1A1(3H4) >
17E(3F4) and 18E(3F4). The weak shoulders at 7246 and 7273 cm™L of the
curve on the blue side of band 14 can also be tentatively explained:
either they are due to the transitions 1A1(3H4) > 10A1(3F4) and
1A1(3H4) > 8A2(3H4) (calculated at 7221 and 7275 cm"l) or they are

due to vibronic coupling effects (7012 + 230 = 7242; 7153 + 130 =
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7283 cm~l).

le, (Figure 3)

3 1

The spin forbidden transitions H4 > G4 have extremely
low molar extinction coefficients. Even in saturated solutions no
distinct bands could be observed. However the solubility of
(MeCp)3Pr.MeTHF in MeTHF is considerably enhanced so that this
transition can be observed. For this reason we studied this transi-
tion with (MeCp)3Pr.MeTHF. At room temperature the absorption
spectra of Cp3Proadd énd (MeCp)3Pr-add are near]} identical [19], but at
low temperatures some transitions to degenerate excited levels are split.
According to the selection rules of C3v symmetry five bands are expected
at liquid He temperatures. As only a liquid N2 Spectrum was obtaingd,
the first excited CF level is also appreciably thermally populated, so
that soﬁe additional hot bands (aE = 97 cm'l) appeared.

Band 19 is split into two components with an energy separation of
43 cm'l. This indicates that it is due to a transition to an
excited doublet. The only calculated doublet in this energy region is
215(164) so that we assign band 19 to the transition 1A1(3H4) >
21E(lG4). The cofresponding hot band also exhibits a splitting of

1. Band 15 is also spTit into two components with an

energy separation of 37 cm'l. Using the same arguments as above we

sme40af

identify band 15 with the transition 1A;(3H,) > 19€(lg,).
Assuming that the order of the calculated CF levels is correct the

remaining three allowed transitions have to be assigned to bands 16,



17 and 18, respective]y;
1o, (Figure 4)

Bands 20, 21 and 22 have been previously identified dn the basis
of MCD measurements [16,18]. The correlation is indicated in Table
1. An additional weak signal at 589.1 nm is separated by 129 cm'1

from band 22 and is therefore presumably of vibronic origin.

3PO (Figure 5)

3. 5 3

The absorption and MCD transitions 0 have been

4 >
reported elsewhere [16,18]. The first two signals at the b]ué side of
- band 23 (with energy separations of 130 and 229 cm’l) are due to
vibronic coupling effects.

3, (Figure 5)

Three signals are observed at liquid He temperature between
band 23 and bands 25, 26, but at liquid N2 temperature four signals
are found. The additional relatively intense hot band has an energy
separation of 97 em~L from the very weak signal 24. These
observations can be rationalized by identifying band 24 with the
forbidden transition 1A1(3H4) > 10A2(3P1) and the correspond-
ing hot band with the allowed transition 2E(3H4) > 10A2(3P1).

The overlapping bands 25 and 26 correspond to a superposition of a

Faraday B (25) and a Faraday A term (26) in the MCD spectrum.

Therefore signal 25 has to be assigned to the transition 1A1(3H4) >
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15A1(116) and band 26 to the transition 1A, (°H,) > 24E(%P).

116 (Figure 5)

| Bands 28, 30 and 35, respectively, have been assigned'previously
on the basis of the low temperature MCD spectrum, and the energies of
the bands 25, 27 and 31 agree quite well with the corresponding
ca]cu]ated energies. The nature of band 29 is uncertain; either it
has to be identified with the transition 1A1(3H4) > 16A1(116)

or it is due to a vibronic band (aE = 224 cm‘1 from band 27); On

the blue side of band 30 is a weak signal (AE = 122 eml from band

30) which is presumably due to vibronic coupling effects.

3P2, ;16 (Figure 5)

Bands 32, 33, and 34 are in reasonable agreement with the

calculated transition energies 1A1(3H4) > 29E(3P2), 1A1(3H4) >

17A1(3P2) and 1A1(3H4) > 30E(3P2), respectively, and are so

assigned. A first order CF calculation shows bands 33-35 should be

3H4 > 3p

mixing via the CF, the CF eigenvector of 18A1 is dominated by

correlated with the transition 2 but due to strong

6 and not by 2 likewise 17A1 is dominated by 2 instead

of 116'

1
30

The transition 3H4 > 150 is obscured by strong charge
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transfer bands.

4, Optical Analysis
The energy levels within " configuration in C3v symmetry can
be written in terms of the atomic free ion (HFI) and crystal field

(Hep) Hamiltonians as follows: [22,23]

= Hep * Hep
where
K
Ho, = ) f F(nf,nf) + C,a__ + al(L+1)
FI k=0,2,4,6 k f so
+ 86(6,) + v(Ry) + ] m M+ ] PP
k=0,2,4 k=2,4,6
and
_ r20(2) 4.(4) 4,~(4) ~(4)
He = B5CHS) + Bocst + 3(c!3l-cit))
6-(6) 6,~(6) ~(6) 6,-(6),~(6)
* BoCo  * By(C_3'-C377) * Bg(C g ™+Ce™")

The FX(nf,nf)'s and Zc represent, respectively, the radial parts

of the electrostatic and spin-orbit interactions between f electrons,

while fk and a , are the angular parts of the interactions. a, B8,

0
and y are the parameters associated with the two-body effective

operators of configuration interaction. The Mk parameters represent
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the spin-spin and spin-other-orbit interactions while the Pk
parameters arise from electrostatic-spin-orbit interactions with
higher configurations. The crystal field interaction for C3V |
symmetry is represented by the six B: parameters and the tensor
.operators Cék) [23].

The assignment§ discussed previously weré fit to the parameters
of the above Hamiltonian by a least-squares routine. In order to
limit the number of free parameters, y, the mK parameters, and the
Pk parameters were fixed at the values used for the analysis of
Pr3+:LaC13 [24]. The remaining parameters were allowed to vary.

For 40 1evels-thé rms deviation Was 27.2 cm‘l. A comparison of the
experimental and calculated energies is shown in Table 1 while Table 2
gives the final values of the free ion and crystal field parameters.
For comparison purposes, parameters for the pr3* frée ion [25] and

Pr3+:LaC13 [24] are also listed.

Magnetic Susceptibi]ity Results

Magnetic data for the compound Cp3Pr-BA are shown in Figure 6.
Because of the similarities of the optical spectra of Cp3Pr-MeTHF
and Cp3Pr-BA, we have assumed the wavefunctions obtained from the
optical analysis of Cp3Pr-MeTHF can be used to calculate the
magnetic susceptibility of Cp3Pr-BA. The magnetic susceptibility
measured in the 2-300 K temperature range depends primarily on the
crystal field splittings of the lowest J manifold. The calculated

energies of the lowest two E states have been replaced by the actual
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experimental energies in the magnetic susceptjbi]ity calculation.
These eﬁergies are_shown in Table 3. The calculated susceptibilities
are also shown in Figure 6. J | | x
Three different values of‘the orbital reductioh cdnstant k (as
defined in the modified Zeeman Hamiltonian <w|kt + 2§[w> are shown in

Figure 6: the upper curve is fof kK = 0.95,'the middle curve for .

k = 0.975, and the lower curve for k = 1.00. Clearly the curve with
k = 0.975 fits the experimental data most satisfactorily.
Discussion

This work represents the first complete optical analysis of an
organometallic f element compound. Some of the earlier studies have
resulted in estimates of the second order crystal field parameter

BS based on absorption or proton magnetic resonance spectroscopic

measurements. Hayes and'Thomas [26] estimated values for BS of
2420 cm'l and 1368 cm'1 for Cp3Nd-MeTHF and Cp3Er-MeTHF, respec-

tively, from the splittings of excited J = 3/2 states and the
application of first order crystal field theory. They also calculated

2 1

a value for B0 of ~ -528 cm - using an electrostatic model and

assuming C3h symmetry for the hypothetical free M(C5H5)3
molecule (M = Ln3+). |

This calculated negative sign was supported by the NMR investiga-
tions of Fischer and Amberger [11] and Jahn et al. [27] who analyzed

the observed isotropic NMR shifts of the & cyclohexyl protons (where

the contact contribution can be neglected) of Cp3Ln-CNC6Hli (Ln = Pr,
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Nd) on the basis of Bleaney's formula for the dipolar contribution [28].

The only previous attempt to estimate values for 82; 84, and

.38 (neglecting Bg, Bg and Bg) for CpslneL compounds was due to
Aderhold [29]. By fitting the temperature dependence of the paramagnetic
susceptibility of CpyYb+CNCcHy, within the range 4.2-302 K, he found BS =

-563, Bg = 614 and Bg = 5250 cm'l. The signs of these parameters

4

agree with the corresponding onés of Table 2. His values of Bg and B0

are of the correct order of magnitude, but 88 is off a factor of 7
(presumably because of neglecting the substantial contribution of
Bg). However only qualitative agreement could be expected for a
comparison of the crystal field paramters Cp3Pr-L and'Cp3Yb-L.

Auzel and Malta [30] have defined the parameter

Nv 1 k\2:1/2
== (8,)°]
vy 'kgq Z+T Ha

which is a measure of the relative strengths of the crystal field of
ions in various site symmetries. From the parameters listed in Table
2, Nv/Yax is equal to 259 cm ™t for Pr3*/LaCly and 936 cnt for
Cp3Pr'MeTHF. Thus using this criterion, the crystal field for
Cp3Pr'MeTHF is approximately three times greater than for Pr3+/LaC13.
The values of the Slater parameters and the spin-orbit coupling
constant for transition metal ions in crystals and molecules are
smaller than the values found in the free ion. The extent of this
reduétion has been used as a measure of the coQa]ency of the complex

[31]. Newman has suggested that the reduction in the values of the
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Slater parameters should be correlated with the ligand bo]arizabi]ity
[32], but calculations by other workers have shown (for d transition
metal ioﬁs and U4+) [33,34] that this mechanism does not account for
the large reductions found empirically. Some values of various ratios
for Pr3+ and U4+ (4f2 and 5f2) are shown in Table 4.

From Table 4 one immediately can note the similarity between the
ratios for Pr3+/LaC13 and Cp3Pr-MeTHF and the differences with

2 is much more

the ratios for U4+/ThBr4 and U(BD4)4. Clearly F
affected by the crystaliine environment than F4 or F6 so that in
cases where free ion data is not available the ratio F4/F.2 could

be used to compare the same ion in differeﬁt environments. The
reduction found for the spin-orbit coupling constant in Cp3Pr-MeTHF
agrees very well with the value of the orbital reduction constant

(k = 0.975) found from the magnet%c measurements. Thus, even though
the crystal field is ~ 3 times larger in Cp3Pr-MeTHF than in

2

Pr3+/LaC13, the reduction in F® and ¢ is the same for these two

compounds.
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Table 1. Experimental and calculated energies of (Cp3)Pr-MeTHF‘

'

Band a E E AEb Eigenvectorc
Number™ State calc obs B |
(emh) (enh) (cm )
1A, 0.0 0.0 9.8 3, + 2.6 15,
1E 115.7 97. 18.7 95.9 3, + 2.5 16, + 1.2 3,
2E 315.5 310. 5.5 94.2 %, + 2.9 3, + 2.6 15,
14, 340.9 95.9 3n, + 2.0 16, + 1.8 3
3 715.0 756. -41.0 92.8 %y + 3.5 16, + 1.7 3,
2 830.7 92.4 3, + 3.5 1o, + 2.5 g
2A, 2159.4 99.3 sz , ,
aE 2213.9 95.8 3H, + 1.8 %, + 1.7 g
5E 2355.5 97.0 3H + 1.8 %,
3 2446.4 94.0 3n + 2.5 %, + 2.2 g
6E 2691.9 91.0 3n + 4.7 3¢, + 2.2 3,
3, 2796.3 95.9 3 + 1.6 3, + 1.25 g
7E 2801.9 9.1 3y + 1.7 %, + 1.0 3,
0 ah 4192.0 a185. 7.0 97.0 2"6 ;
8E 4262.6 9.8 H, + 1.1 %
1 o 4422.7 4434, -11.3 97.0 3Hg + 1.6
4, 4431.9 96.7 g + 1.9 3,
5A) 4639.3 a651. -11.7 65.7 3“6 +30.3 §F2 + 1.1 qu' ; ;
10€ 4809.7 4803. 6.7 73.2 3+ 19.2 %, + 3.2 % + 1.8 W, v 1.6 %,
58, 4886.5 . 90.9 ;Hs + 7.6 323 ; ; ;
a 11€ 4995.1 4980. 15.1 78.9 g + 12.6 5, + 3.6 ¥ + 2.5 I, + 1.4 g
5 6A) 5084.9 5076. 8.9 87.9 g + 4.7 %, + 3.3 %,
6 12€ 5182.0 5189. 7.0 72.4 %, + 16.8 Mg+ 4.7 %, + 2.1 %, + 1.9 1o, v 1.4 g,
7 13 5431.7 5391. 40.7 78.0 %, + 13.3 Mg + 3.1 Mg v 2.5 ¥ v 2 o,
8 7A) 5533.6 5537. -3.4 61.2 5, + 33.6 e + 2.8 %,
9 6A, 6250.0 6289. -39.0 95.2 3, + 3.7 %,
10 14€ 6591.7 6596. 4.3 92.1 g+ 3.4 %, v 1.9 v 11 lg,

_6l_



Table 1 continued.

Band a E E o€® Eigenvectorc
Number™ State calc obs -1
(cm—l) (cm"l) (cm )

11 15€ 6730.7 6720. 10.7 80.3 %, + 11.1 %, + 3.6 lg, + 3.2 3,
12 8 6806.9 6805. 1.9 91.3 %, + 3.8 W+ 2.0 %, + 10 g,

A, 6832.2 85.8 3, + 8.2 3, + 4.8 7F,
13 16E 7011.5 7012 52.1 5, + 3.6 Yo, + 4.1 3, + 3.8 3, + 2.7 3u, + 2.0 *,
13 %, 7016.8 7012. 4.8 58.3 I, + 34.5 1, + 3.3 3, + 2.0 3, + 1.4 3,
14 1 7121.1 7153 50.2 3, + 30.5 Y, + 7.2 ¥ + 5.3 3 + 1.9 3,
14 18€ 7156.2 71853. 3.2 63.2 3, + 28.6 154 + 4.6 35+ 1.7

104,  7183.7 54.5 3, + 36.7 Lo, + 4.5 3, + 3.2 %,

8, 72713 67.6 3, + 21.7 16, + 8.4 %, + 1.5
15 19E 9688.8 9749.9 -60.2 56.4 15, + 41.8 %, + 1.0 %,
16 114, 9856.2 9831.9 25.2 57.5 16, + 40.6 %, + 1.0 3,
17 20€ 9921.3 9886. 9 35.3 59.4 16, + 38.7 ¥, + 1.2 %,
18 1A 9985.5 9965.9 20.5 62.5 16, + 35.5 %, + 1.3 %,
19 216 10358.1  10381.° -22.9 70.1 Yo, + 22.5 %, + 1.8 3,

9,  10721.6 74.5 Y6, + 23.0 %, + 1.9 3,
20 226 16437.5  16462. -24.5 87.4 Y0, + 9.4 %, + 2.4 %, + 2.0 1o,
21 23  16575.8  16573. 2.8 87.0 102 + 8.6 5, + 2.4 ¥, + 1.7 Ui
22 13,  16870.9 16846, 24.9 84.4 to, + 9.6 %, + 3.9 11+ 2.0 %,
23 148, 20109.9 20109, 0.9 95.8 Fp, + 2.2,
24 10, 20493.3 20515, -21.7 99.9 3¢,
25 18A)  20728.7  20691. 37.7 99.2 11
26 206 20763.0  20721. 42.0 8a.5 3, + 7.9 11 + 6.5 %,
27 256 20808.1  20820. -11.9 93.1 11 + 6.1 3,
28 26F  20948.0  20929. 19.0 97.8 115 + 1.2 Y,
29 16A)  21007.7 21044, -36.3 99.5 11

114,  21081.4 99.3 11
30 276 21188.0 21195, -7.0 95.7 11, + 3.1 %,
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Table 1 continued.

Band a £ 3 AEb Ei‘genvectorc
Number™ State calc obs -1
ey (emh (em )
31 28 21559.9 21552, 7.9 86.2 1o+ 111 3, + 109 %,
32 20 21684.3 21701, -16.7 83.6 3, + 9.6 10, + 6.4 31
33 17, 22015.7  22022. -6.3 62.3 3, + 32.5 11, + 2.8 ¢,
34 30 22164.0  22158. 6.0 75.6 3, + 9.0 1, + 9.0 11, + 5.9 %,
124,  22263.9 99.7 11
35 18a,  22709.8 22727, -17.2 63.1 11, + 25.2 %, + 10.8 1o,
19A,  45595.0 98.9 1s) + 1.0 %

3Numbers refer to those used in Figures 1-5.

b .
8E = Ecavc - Eobse

CPercent of SLJ state. Components are listed which contribute 1.0 percent or greéter to the state.

dObserved energies from (MeCp)3Pr-MeTHF.
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Table 2.

Parameter values for Pr

-22-

as the free

jon and in various compounds (in cm-l)

Parameter Pr3+(free ion)a Pr3+/LaC13b Cp3Pr.MeTHF
Fe 71822(35) 68368 66207 (62)
4 51827(93) 50008 49184(178)
Fb 33890(60) 32743 32543(126)
o 766(2) 744 742(3)
a 23.9(0.3) 22.9 23.1(0.5)
-599(16) -674 ~757(36)
¥ [1400]¢ [1520] [1534]
M0 d 1.76¢ [1.76]
ME d e [0.99]
mt d e [0.67]
p2 166(38) 275 [275]
p4 d f [206]
pb d f [138]
BS 107 ~1200(25)
Bg -342 1301(76)
Bg 677 486(95)
Bg - 290(68)
B} - 842(77)
Bg 466 —2035(59)
F4/F2 .72 .73 .78
FO/F? .47 .48 .49
.97 .97

Ccrys/gfree ion

@From Ref. 25.

bFrom Ref. 4.
CValues in [ ] held fixed in the fitting procedure.
dvalues for these parameters not given in Ref. 25.

eM2 = .56 MO; M4 = .38 MO
fpd - .75 p2, p6 - .50 P6
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Table 3. Ground State Crystal Field Splittings

Cp4Pr-MeTHF Cp3Pr?BA
Exp.a calc.? Exp.
(em™1) (cm~1) (em™l)
1A 0.0 0.0 ' 0.0
1E 97. 115.7 | 108.°
2€ 310. 315.5 330.°
1A, - 340.9 -
3E 756. 715.0 774.
2, - 830.7 | -

aFrom Table 1.

'bUsed in calculation of the magnetic susceptibility.



Table 4. Ratios of various parameters

Ratio pro*(free ion)? Pri*(Laciy)® cpgprMeTHF® U (free ion)® u¥*(mner,)® u(eD,),”
F4 /2 .72 .73 .74 .82 .96 .97
F6/F2 .47 .48 .49 .53 .61 .55
2 .2
Fory/FF1 - .96 .92 - .81 .794
4 .4
Fary/FP1 - .965 .95 - .95 .936
ForyFEr - .966 .960 - .93 .81
€ erylCFT - .97 .97 - .906 .905

-Vz_

4 rom Table 2.

BErom Ref. 20.
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Figure Captions

Figure 1. The absorption spectrum of Cp3Pr-MeTHF within the range
2050 - 2500 nm (KBr pellet, temperature: 90 - 100 K).

Figure 2. Absorption spectrum of Cp3Pr-MeTHF within the range 1370
- 2000 nm. = - - = : at room temperature; *++--: at 90 K;
— : at 30 K. Bénds marked with +, o and £ correspond
tb,trénsitions starting from excited states which have

1, respectively,

energy separations of 97, 310 and 756 cm™
from the crystal field ground state. Bands marked with V
h are due to vibronic coupling effects. The same notation

holds also true for Figures 3 - 5.

Figure 3. Absorption spectrum of (MeCp)3°MeTHF within the range 950
- 1070 nm.

Figure 4. Absorption spectrum of Cp3Pr~MeTHF within the range 580 -
630 nm.

Figure 5. Absorption spectrum of Cp3Pr-MeTHF within the range 440 -
505 nm.

Figure 6. 1/X vs. T for Cp3Pr-BA. The experimental data are given

as the points. The three curves are drawn (from top to

bottom) for k = 0.95, 0.975, and 1.0, respectively.
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