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Two geometrical isomeric pairs of [CrF,(O-0),]3~ and either one of two possible geometrical isomers of [CrF,-
(O-0)(en)]~, where O-O denotes oxalate and malonate anions, were newly prepared and characterized by means

of the spectral and chromatographic elution behaviors.

It was found that [CrF,(ox)(en)]~ and [CrF,(mal)(en)]-

obtained take ¢is and trans forms, respectively. The ligand field absorption spectra of the present complexes were

compared with one another, and with those of the corresponding aqua complexes of the same type.

On the basis

of the analyses of the absorption spectra in terms of the angular overlap model, the AOM parameters (e, and e,)
for the ligands concerned were estimated, and their transferability assumption and the anisotropic = interactions
of Cr-O bonding with respect to the chelate plane of the dicarboxylate ligands were discussed.

There have been spectral as well as preparative
studies on difluorochromium(III) complexes like trans-
[CrF,(H,0)J* and trans-[CrF,(N),]J* type com-
plexes.i—4) Such complexes exhibit characteristic
spectral pattern in the ligand field band region: signifi-
cant splitting of the second band, which facilitates the
application of the angular overlap model (AOM).
These studies have been mainly concerned with linearly
ligating ligands® such as saturated amines and halide
ions, and with nonlinear ligators such as pyridine, but
not with dicarboxylate chelates in which Cr-O bonding
may be formed with different m-interactions vertical
and parallel to the chelate planes besides with the o-
interactions.® The estimates of the AOM parameters
for the dicarboxylate ligands provide a valuable clue
to test the assumption of parameter transferability from
one complex to another and to clarify the anisotropy
of the Cr-O n-interactions with respect to the chelate
planes. For this purpose, such high symmetry complexes
as trans-[CrF,(O-0),]3~ and trans-[CrF,(O-O)(en)]~
with dicarboxylates are considered to be suitable as a
simple model case, because their ligand field spectra
are expected to give splitting patterns as observed for
those of trans-difluoro chromium(III) complexes with
aqua and/or ethylenediamine ligands. However, there
has been known no such mixed difluorochromium (IIT)
complex with dicarboxylates.

The present paper deals with the preparation and
characterization of two geometrical isomers, c¢is- and
trans-[CrF,(0O-0),]3-, where O-O denotes oxalate and
malonate ions, and those of ¢cis-[CrF,(ox) (en) ]~ and trans-
[CrF,(mal)(en)]~. The spectral behavior in the ligand
field band region of these complexes is explored in
connection with that of the corresponding aqua com-
plexes, [CrF,(H,0)%, [CrF,(en)(H,0),]*, and [Cr-
(0x)(H,0),]-, and analyzed in terms of the AOM.

Experimental

Preparation of the Complexes. (1) cis- and trans-[CrF,-
(0-0),13~: Five grams of cis-K[Cr(ox),(H,0),]+:3H,0O and
0.86 g of potassium fluoride were dissolved in 300 cm?® of water
in a polyethylene beaker. After the solution was heated at
60 °C on a water bath for about 6 h, the color of the solution
changed from red violet to dark green. By adding the resul-
tant solution to a large amount of methanol, pale green precip-
itate was obtained. An aqueous solution of this precipitate

was poured onto a column (4X60 cm) of anion exchanger
(QAE-Sephadex A-25), and the column was swept with
water. When the adsorbed band was eluted with a 0.1 mol
dm~? sodium chloride solution, the column gave five bands.
Of these bands, the four faster eluted bands (B-I, B-II, B-III,
and B-IV) were found to be the complexes containing fluoride,
oxalate ion, and water as ligands by the qualitative analyses
in terms of zirconium alizarin paper tests for fluoride and
potassium permanganate tests for oxalate, and by the fact
that their first d-d absorption bands are shifted to the lower
frequency by increasing in pH (ca. 10) of the eluate with a
0.1 moldm~® sodium hydroxide solution. Taking into
account of these facts and the position of the first absorption
band as well as the chromatographic elution behavior, three
faster eluted bands (B-I, B-II, and B-III) may be three
possible geometrical isomers of [CrF,(ox)(H,0),]- and two
later eluted bands (B-IV and B-V) two possible isomers of
[CrF;(ox) (H,0)]%- or [CrF(ox),(H,0)]*~. But their char-
acterization was not attempted. When the fifth band(B-V)
was eluted with a sodium chloride solution (0.2 mol dm—2 in
the early stage of elution, and then 0.25 and 0.3 mol dm—3
successively in the later stage), three bands (B-V’, B-VI, and
B-VII) were separated. The slowest eluate (B-VII) was
confirmed to be tris(oxalato)chromate(III) ion from the
absorption measurement. The remaining two bands (B-V’
and B-VI) were found to be complex ions containing only
fluoride and oxalate ions as ligands, because the first d-d
absorption band of these eluates shows no shift with increase in
pH and the qualitative analyses indicate the presence of
fluoride and oxalate ions in the complexes. The yield of the
B-VI band was much smaller than that of the B-V’ one.
After dilution with water, each eluate was loaded again on
each column of Q AE-Sephadex A-25. Each adsorbed band
was eluted with a 1 mol dm~2 sodium chloride solution. To
each eluate was added a large excess of barium perchlorate.
Then green fine powder was obtained. Each barium salt
was converted to methylammonium salt by a batchwise
method with a cation exchange resin of CH;NH,* form (Dowex
50wx8) in water. The resultant green solutions were
separately condensed by a vacuum rotatory evaporator at
about 30 °C. By adding acetone and ethanol to each con-
densed solution, green solid was crystallized. Each green
powder was recrystallized from water and acetone. Found
for the B-VI: C, 23.21; H, 5.02; N, 11.60%. Calcd for
(CH3NH;)5[CrFy(ox),]: C, 22.84; H, 5.05; N, 11.249%.
Found for the B-V’: C, 21.41; H, 4.33; N, 7.659%. Calcd
for (CH;3NH;); [CrFy(ox),] - CsHGO » 2.25NaCl (C;HO=
acetone): C, 21.71; H, 4.38; N, 7.629%,.

(2) cis- and trans-[CrF,(mal),]*~ Complexes: After dissolving
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3.8 g of cis-K[Cr(mal),(H,0),]-3H,0 and 1.2 g of potassium
fluoride in 100 cm® of water in a polyethlene beaker, the
solution. was heated at 60 °C on a water bath for about 4 h.
The resulting green solution was added to a large amount
of methanol. Then pale green precipitate was obtained.
An aqueous solution of this precipitate was poured onto a
column (4x 60 cm) of QAE-Sephadex A-25. After washing
the column with water, the adsorbed band was eluted with
a sodium chloride solution (0.1 mol dm-2 in the early stage
of elution, and then 0.2 and 0.3 mol dm—2 successively in the
later stage). The column gave eleven bands. From the
elution behavior and the absorption spectral change with
increase in pH, the b-I—b-VIII bands were found to be
univalent or bivalent complex anions containing H,O, F-,
and mal®~ as ligands. The slowest eluted band (b-XI) was
confirmed to be [Cr(mal);]*~ from the absorption measure-
ments. The two remaining eluates (b-IX and b-X) were
found to be the complexes with- only fluoride and malonate
ions but not with water. After dilution of these eluates with
water, they were reloaded on short columns of Q AE-Sephadex
A-25. After each column was washed well with a 0.01 mol
dm=2 lithium chloride solution, each band was eluted with
a 1.0 mol dm-2 lithium chloride solution. To the condensed
solutions was added ethanol and acetone; then lithium salts
being precipitated. Each green powder was recrystallized
from water and acetone. Found for the b-IX: C, 19.41;
H, 2.55%. Caled for Liy[CrF,(mal),]-2.5H,0: C, 20.02;
H, 2.52%,. Found for the b-X: C, 16.72; H, 2.20%,. Calcd
for Liy[CrF,(mal),]-3H,0.1.5LiCl: C, 16.66; H, 2.33%,.

The present oxalato and malonato complexes were also
prepared from [CrF,(H,0),]NO,, which was obtained by
evaporating the reaction mixture of Cr(NOj;);-9H,O with
40%, hydrofluoric acid and formaldehyde.?*

(3) [CrFy(en)(H,0),]Br: This complex was used as a
starting complex for the preparation of [CrF,(O-O)(en)]-
type complexes. The preparation of this complex was
performed by the similar method to that of [CrF,(pn) (H,O),]-
Br? except that ethylenediamine(en) was used instead of
1,2-propanediamine(pn). Found: C, 9.14; H, 4.67; N,
10.46%,. Caled for [CrF,(en)(H,0),]Br: C, 9.03; H, 4.55;
N, 10.53%.

(4) [CrFy(ox)(en)]-: A solution containing 1.0g of
[CrF,(en) (H;O),]Br and 0.7 g of potassium oxalate mono-
hydrate was heated at 60 °C on a water bath for 2.5 h. After
cooling the reaction mixture, the solution was added to a
large amount of methanol to form violet precipitate. This
solid was filtered and dissolved again in a small amount of
water. The resultant solution was poured onto a column of
anion exchange resin (Dowex 1x 8, Cl~ form). The adsorbed
band was washed with water and then eluted with a 0.05
mol dm~—3 sodium chloride solution. The column gave three
bands. The third eluate was confirmed to be [Cr(ox),(en)]~
by the absorption measurement. The second band was proved
to contain fluoride and oxalate ions but not water as ligands
by means of the qualitative analyses for these ions and by the
fact of no shift of the first band with increase in pH. This
eluate was concentrated at about 25 °C by a vacuum rotatory
evaporator. By adding methanol to the condensed solution,
red violet crystals were obtained. Recrystallization was
carried out from water and methanol several times. Found:
C, 16.28; H, 3.48; N, 8.62%,. Calcd for Na[CrF,(ox)(en)]-
0.75 H,0.0.5 CH;0H.0.6 NaCl: C, 16.60; H, 3.56; N,
8.60%.

(5) [CrFy(mal)(en)]=: This complex was prepared by the
similar method to that of the corresponding oxalato complex
as described in (4) except that potassium malonate was used
in place of potassium oxalate. The sodium salt obtained was
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converted to lithium salt with a cation exchange resin (Dowex
50x 8, Lit form) by a batchwise method. After concentrating
the solution by a vacuum rotatory evapolator, red violet
crystals were obtained by adding methanol and then cooling.
Recrystallization was carried out from water and methanol.
Found: C, 19.75; H, 4.97; N, 9.219,. Calcd for Li[CrF,-
(mal)(en)].2.5H,0: C, 20.06; H, 5.00; N, 9.28%,.

Measurements. Absorption spectra were obtained on a
Shimadzu UV-200S spectrophotometer. Diffuse reflectance
spectrum was measured by a Hitachi EPS-3T spectrophotom-
eter with a reflectometer. CD curves were recorded on a
JASCO MOE-1 spectropolarimeter, and infrared spectra on
a JASCO DS-402G spectrophotometer.

Calculations. Computer programs for the calculations of
the transition energies of the d-d bands and for the Gaussian
analyses of the observed curves were based on the programs
(AOM/2 and LGNCD) already obtained. The calculations
were carried out by a FACOM 230-28 at the Nara Women’s
University.

Results and Discussion

Characterization. 1) [CrF,(0-0),13~ Complexes:
In view of the chromatographic elution behavior and
the absorption spectra as well as the elemental analyses
for each pair of the oxalato (B-V’ and B-VI) and the
malonato (b-IX and b-X) complexes, each of them
corresponds to the geometrical isomeric pair with the
same chemical composition. The first absorption bands
of [CrF,(O-0),]3~ are observed near the positions
predicted by the average of environment.® In such
cases, it is empirically expected® that the first absorption
band of trans-[CrF,(O-0),]3~ locates at the lower
frequency side than that of cis-[CrF,(O-0),]3-, because
the ligand fluoride lies below the ligands oxalate and
malonate in the spectrochemical series.® Since the
B-V’ isomer of the present oxalato complexes gives the
first band at the lower frequency side than the B-VI
one as shown in Fig. 1, the former and the latter isomers
may be assigned to irans and cis forms, respectively.
This assignment is confirmed by the fact that the elution
order of the ion exchange chromatography agrees with
that generally recognized for ¢is and trans geometrical
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Fig. 1. Absorption curves of (a) ¢is-[CrF,(0x),]3~ (—),
(b) trans-[CrF,(0x),]%~ (——-) (left side ordinate), (c)
cis-[CrFy(mal),]3~ ( ), and (d) trans-[CrFy(mal),]®~
(-——-) (right side ordinate) in water.
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isomers of [MX,L,] type complexes,!® and also sup-
ported by the fact that the B-VI (cis) isomer is found
to have larger molar absorption coefficients of the d-d
bands than the B-V’ (trans) one (Fig. 1) as noticed in the
cases of [Cr(CN),(en),]*') and [Cr(NCS),(en),]*.1?
Further, the validity of this assignment is justified by the
CD behavior in the first band region of these complexes
in solutions containing chiral environmental substances
as is applied to the structural assignments of [SnCl,
(acac),] and the related complexes in d-malic acid
systems.”® That is, when the complexes at about
5x10-*mol dm~2 in a mixture of water and acetone
(1 : 1) containing d-cinchonine hydrochloride (15 x 10-3
mol dm-3) were allowed to stand for about half an hour,
the intensity of the CD extremum of the B-VI isomer in
this region (Ae=+40.02mol-?dm—3cm-! at 17750
cm™) is found to be much larger than that of the B-V’
isomer and to be as large as that of [Cr(ox)4]%~ in the
analogous condition.”¥  Since most bis(oxalato)-
chromate(III) complexes are found to undergo rapid
racemization,!®) the present complexes are expected to
exhibit the CD associated with the enrichment of one
enantiomer in terms of the so-called Pfeiffer effect.
Thus, it appears that the B-VI isomer is a racemic
mixture consisting of enantiomers with configurational
chirality due to c¢is arrangement of two fluoride ions,
and that the B-V' isomer takes achiral configuration
owing to trans coordination of two fluoride ions.

The corresponding malonato complexes show some-
what different spectral behavior from the oxalato
complexes; the first absorption band of the faster eluted
b-IX isomer was observed at a slightly higher frequency
than that of the slower eluted b-X isomer. As shown
in Fig. 1, the difference between the first band position
of the b-IX isomer and that of the b-X one is too small
to offer an any reliable clue for the assignment of the
geometrical structures. The elution behavior on the
column chromatography and the absorption intensities
of the d-d bands seem to be more reliable for the struc-
tural assignments. As shown in Fig. 1, on the basis of
these criterions, the b-IX and b-X isomers are to be
assigned to trans and cis forms, respectively.  This
assignment is also supported by the CD behavior in a
mixture of water and acetone containing d-cinchonine
hydrochloride as in the case of the corresponding
oxalato complexes. That is, the b-X (cis) isomer in
such a solution gives a much stronger CD peak (Ae=
+0.01 mol-! dm?® cm~! at 16880 cm™!), probably due
to the Pfeiffer effect, than the b-IX (trans) isomer. The
infrared spectra of the malonato complexes may provide
another clue for the assignment of the geometrical
structure. Three infrared bands are observed at 1620,
1695, and 1720 cm~? for the b-X isomer and only one at
1615 cm~! for the b-IX isomer in the region of C=O
asymmetric stretching as is observed for the correspond-
ing diaquabis(malonato)chromate(III) complexes; i.e.,
three components for the cis-isomer and one component
for the trans-isomer. Such a difference in the number of
the observed bands between the geometrical isomers of
the malonato complexes may be mainly ascribed to the
difference in symmetry of the complexes. Thus, these
infrared spectral behavior of the malonato complexes
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confirms the assignment on the basis of the chromato-
graphic elution orders, the molar absorption coefficients,
and the Pfeiffer CD.

2) [CrFy(0-0)(en)]~ Complexes: For each of the
oxalato and malonato complexes of this type, only one
of two possible geometrical isomers could be isolated.
The d-d absorption spectrum of the oxalato complex
is symmetrical in shape and shows no splitting, whereas
that of the malonato complex is of asymmetric shape
and exhibits a shoulder at the higher frequency side for
the first band and at the lower frequency side for the
second band, as shown in Fig. 2. According to the
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Fig. 2. Absorption curves of (a) cis-[CrFy(ox)(en)]* and
(b) trans-[CrF,(mal)(en)]* in water, and the resolved
curves of the latter complex (———-) using the Gaussian
analysis.

Yamatera’s rule,1® it is suggested that the oxalato and
malonato complexes take ¢is and ¢rans forms, respective-
ly. That is, it is predicted that the orbitally doubly
degenerate and nondegenerate components of the 4T,,
splitting states locate at 17390 and 19720 cm~1, respec-
tively, by using 10Dg(en)=21900 cm~!, 10Dg(F-)=
15050 cm—!, and 10Dg(mal*~)=17670 cm~t.  These
predicted transition energies lie close to the peaks and
near the shoulder observed for [CrFy(mal)(en)]~. For
the cis form, three splitting components are predicted
to locate at 19100, 18100, and 17390 cm-!. This
splitting interval and the positions obtained may account
for the observed symmetric pattern and the maximum
of the first band for the oxalato complex (Fig. 2). In
addition, this assignment may be confirmed by the
solvent effect on the absorption spectra of these com-
plexes. The second absorption band of trans-[CrF,-
(en),]* in N-methylformamide (nmf) is more distinctly
resolved into two components than that in water, and the
corresponding cis-isomer gives almost unaltered behavior
in these solvents. The present oxalato and malonato
complexes exhibit the similar spectral behavior in water
and nmf. The second band of the trans-difluoro malonato
complex in nmf is more remarkably split than that in
water, while that of the cis-difluoro oxalato complex
remains unchanged.

Assuming that [CrF,(en) (H,0),]* takes trans(F) form
as mentioned below, the formation of the malonato
complex seems to take place with retention of configura-
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tion, but the oxalato complex may be formed with
conversion to cis configuration.

Ligand Field Absorption Bands. In spite of the fact
that the ligand malonate lies at the higher position
than the ligand fluoride in the spectrochemical series
as in the case of the ligand oxalate,® the first absorption
band of trans-[CrF,(mal),;]®*~ locates at the higher
frequency side than that of the c¢is one; i.e., contrary
to the empirical prediction,” which is valid for the
corresponding oxalato complexes as mentioned before.
It is noted that the ligand field band of the malonato
complexes behaves unlike that of the oxalato complexes
to some significant degree. Such a difference in the
ligand field band between the malonato and oxalato
complexes is not observed for the absorption spectra of
[Cr(O-0),(en);_,13-2" type complexes; e.g., the first
band being observed at 20170 cm~! for both [Cr(ox)-
(en),]* and [Cr(mal)en),]*, at 18830 cm~—! for both
[Cr(ox)y(en)]~ and [Cr(mal),(en)]—, and at 17500 and
17670 cm~! for [Cr(ox);]3~ and [Cr(mal)z]3-, respec-
tively. It is interesting to note that both the first and
the second bands of the present dicarboxylato complexes
are compared with those of the corresponding aqua
complexes of the same types; ie., [CrF,(H,O),]*,
[CrF,y(en)(H,0),]*, and [Cr(ox),(H;O),]~. The absorp-
tion spectrum of trans-[CrF,(H,0),]* reported by Chia
and King? shows a large splitting in the second absorp-
tion band region as in Fig. 3. trans-Diaquabis (oxalato)-
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Fig. 3. Absorption curves of (a) trans(F)-[CrF,(en)-
(H,0),]* (—) and (b) trans-[CrF(H,0),]* (—-)
(from Ref. 1) in water; diffuse reflectance spectrum of
(c)trans-K[Cr(ox),(H,0),]-3H,O ( ) (right side
ordinate) and its resolved curves using the Gaussian
analysis («+.-- ).

chromate(III) complex also gives a splitting pattern
for both the first and second bands, which is revealed
with the aid of the Gaussian analysis of the diffuse
reflectance spectrum (Fig. 3) as well as by the low-
temperature single-crystal polarized spectral study.l?
Since the ligand field strength of the fluoride ligand is
weaker than that of the aqua ligand,® it is anticipated
that the splitting of the d-d absorption spectra for the
present newly prepared trans-difluorobis(dicarboxylato)

Sumio Ka1zakr, Mieko Akano (nee Asapa), Yasuyo Morita, and Kuniko Uno

[Vol. 54, No. 10

complexes is larger, at least in the first band region,
than that for the diaqua complexes. Contrary to this
expectation, however, both the present trans-difluoro
complexes show the symmetrical shape and no splitting
in their absorption spectra as in Fig. 1. The analogous
situation is observed in the case of trans-[CrF,(O),(en)]
type complexes. While the second absorption band of
the malonato complex, trans-[CrF,(mal)(en)]-, is split
similarly to that of trans(F)-[CrF,(en)(H,0,)]t, the
first band exhibits a shoulder at the higher frequency
side for the malonato complex, but not for the aqua
complex as in Figs. 2—3.

In order to examine the different nature of Cr-ligand
bonding, an attempt to estimate the angular overlap
parameters is made by fitting the calculated transition
energies to the observed positions of the d-d bands in
terms of the angular overlap model on the assumption
of orthoaxial ligation.¥ The theoretical calculations
are carried out by diagonalizing full energy matrix
incorporating all configurational interactions for the
d?® configuration.’® The results are summarized in
Tables 1 and 2 together with the AOM (e, and e,)
and Racah (B) parameter values as well as the assign-
ments of the transition states. By using the AOM
parameters for the fluoride and aqua ligands transferred
from trans-[CrF,(N)]* type and ammineaquachromium-
(I1I1) complexes, [Cr(NHj), (H,0)4-,13+,3-9 the calcu-
lated positions of the ligand field bands for trans-[CrF,-
(H,O),]J* and [CrF,(en)(H,0O),]*+ (assumed trans(F)
form) correspond fairly well to those of the observed
ones, except that the rather large splitting of the first
band is reproduced despite of the observed symmetrical
envelope of this band (Fig. 1 and Table 1). Among
several attempts to estimate the AOM parameters for
trans-[CrF,(H,0)]*,19-29 the parameter values esti-
mated by Keeton et al.19) are close to the present values.
Similar calculations are carried out for trans-[Cr(ox),-
(H,O)y]-, trans-[CrFy(mal)(en)]-, and trans-[CrF,-
(O-0),)3-, assuming that the z orbitals vertical to

TaABLE 1. OBSERVED AND CALCULATED TRANSITION
ENERGIES OF frans-[CrF,(H,O)J+ AND trans-
(F)-[CrF,(en) (H,O),]* COMPLEXES

trans-[CrF,(H,0),]* trans(F)-[CrF,(en) (H,0),]*

Obsd Calcd (Assign)® Obsd  Calcd(Assign)®
16.33>  16.099(E)  18.420  17.099(EE)
17.20(4B,) 19.10(4B,)
22.70 22.68(‘E) 24.10 23.81(:E)
25.50 25.47(A;)  26.81 26.92(1A,)
37.00 35.98(A,)  38.30 37.78(*A,)
37.47(E) 39.92(‘E)
eo(F)=7.43 e,(F)=7.439
e.(F)=1.78 en(F)=1.78

€4 (H,0)=6.50
¢,(H,;0)=0.575
B=0.73

¢,(H,0)=6.50
e:(H,0)=0.575
e,(en)=7.00
B=0.71

a) Wavenumbers are given in 1000 cm-2. b) Assignments

are made according to the results of the theoretical
calculations.
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TABLE 2. OBSERVED AND CALCULATED TRANSITION ENERGIES OF trans-[CrF,-
(mal)(en)] -aND trans-[CrX,(O-0),] 2 TYPE COMPLEXES

trans-K[Cr(0x)(H,0),] - 3H,0

trans-[CrF,(mal) (en)] -

trans[CrF,(0-0),]3-

Obsd® Calcd (Assign)®  Obsd® Caled I  II (Assign)® Obsd(ox) Obsd(mal) Calcd(Assign)®
17.20% 17.12®(*E) 17.46% 17.22% 17.05% (*E) 16.80% 17.05% 16.33%(4E)
19.44 19.05(%B,) 19.50 19.50 19.20(%A,) 17.40(*B,)
23.13 23.81(*E) 23.60 23.42 22.95(E) 23.90 23.90 23.09(*E)
25.85 25.75(¢A,) 26.40  26.53  27.07(*A,) 24.83(A,)
37.60(%A,) 38.30 37.42 36.98(%A,) 37.50 37.50 36.32(%A,)
39.32(¢E) 39.81  39.69(‘E) 37.48(E)
¢, (H,0)=6.50 e (F)=7.00  7.439 €.(F)=6.20°
¢,(H,0)=0.575 e (F)=1.25 1.78 ¢,(F)=0.825
¢,(0)2=6.35 e, (0O)®=6.35  5.80 ¢,(0)®=5.80
€0, (0P =0.50 €., (0)?=0.50  0.00 e,,(0)®=0.00
B=—0.66 e.(en)=6.65  7.00 B=0.71
B=0.63 0.63

a) The positions are obtained by the Gaussian analyses as shown in Figs. 2—3. b) Assignments are made according to the

of the theoretical calculations. c¢) Wavenumbers are given in 1000 cm-1.

d) The parameter values for the dicarboxylate

ligands; the same transition energies are obtained for the oxalato and malonato complexes owing to the assumption of

orthoaxial ligation.

chelate planes participate predominately in the Cr-O
m-interactions: e,/ >e.,.5 1 Using the AOM parameter
values for the aqua ligand from trans-[CrF,(H,O),]*
and trans-(F)-[CrF,(en) (H,0),]*, the reproduction of
both the first and the second bands of trans-[Cr(ox),-
(H,0),]~ results in the estimation of the ¢,(O) and
¢..(0O) values for the dicarboxylates as in Table 2. In
addition, use of the transferred parameter values for the
dicarboxylate ligand in calculating the transition
energies for trans-[CrFy(mal) (en)]~ leads to the reproduc-
tion of four gaussian-analyzed band positions of this
complex, though the values for the fluoride and ethylene-
diamine ligands used in this case are estimated to be
smaller than those from the aqua complex, trans(F)-
[CrF,(en) (H,O),]*, as shown in Calcd I of Table 2.
The parameter values obtained for the dicarboxylates
agree fairly well with those estimated by the less sophis-
ticated analyses for the ligand field bands of oxalato
Cr(III) complexes.?) On the other hand, use of the
parameters for the fluoride and ethylenediamine ligands
transferred from the aqua complex requires a significant
decrease in the e,(O) and e..(O) values for the di-
carboxylate ligand (Calcd II of Table 2), in order to
account for the four observed bands of trans-[CrF,(mal)-
(en)]-. The similar situation may be also encountered
for [CrF,(O-0),]*~ type complexes. That is, the
reproduction of the small splitting expected from the
symmetrical shape of the first and the second bands of
trans-[CrF,(O-0),]3~ results in the unlikely decrease
in the AOM parameters for the fluoride and dicar-
boxylate ligands as is tentatively estimated (Table 2).
By comparing the present parameter values which are
not always the best fit ones for the ligands of the com-
plexes concerned, it is difficult to extract some quantita-
tive information about the bonding nature of Cr and
ligator. Within the framework of the AOM, however,
it is concluded that the anisotropic Cr-O n-interactions

t In this case, 4(10Dq) equals to 3¢,—2¢,, —2¢,,~3¢,—
2,,.

in the dicarboxylato complexes play an important role
in the splitting of the ligand field band for irans-[Cr(ox),-
(H,0);]~ and trans-[CrFy(mal) (en)]—, and that both the
¢ and 7z antibonding interactions between Cr and
ligators in the fluoro complexes with the dicarboxylate
ligands become weaker than those in the aqua complexes
with the fluoride or dicarboxylate ligands.
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