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Infrared Absorption Spectra of Inorganic Coérdination Complexes.
I. The Nature of Chelation Bonding in Bis-(glycino)-copper(II) Monohydrate and
Bis-(glycino)-nickel(II) Dihydrate?

By D. N. SEN, SAN-ICHIRO MI1zUSHIMA,?* CoLuMBA CURRAN?P AND J. V. QuaGLIANO*
RECEIVED MAy 21, 1954

Infrared spectra of bis-(glycino)-copper(II) monohydrate and bis—(glycino)—nic_kel(II) dihydrate have been measured

and compared with the spectra of potassium glycinate, ethyl glycinate and glycine hydrochloride. : y
: It was concluded that the resonance structure of the carboxylate ion_ is .essentlally
maintained and the bond between the central metal ion of the complex and the carboxylate group is essentially ionic.

tional frequencies have been assigned.

A number of vibra-

Previ-

ous results for complexes containing ions within and without the cotrdination sphere are in agreement with this conclusion.

Preliminary work on the infrared absorption
spectra of inorganic codrdination complexes was
undertaken in this Laboratory by Faust,® using the
potassium bromide disk method devised by Stim-
son and O’Donnell.* Studies of the directive influ-
ences, stabilities, cis—trans and optical isomers, and
the general structural properties of cotrdination
complexes have been carried out for a number of
compounds, and this report deals with the nature
of the chelation bonding in the complexes of bis-
(glycino)-copper(II) monohydrate and bis-(gly-
cino)-nickel(II) dihydrate.

X-Ray diffraction studies by Stosick® have re-
vealed a frans coplanar square arrangement of the
chelating groups around the metal atom in both
bis-(glycino)-nickel(II) dihydrate and copper dl-a-
aminobutyrate. Magnetic susceptibility studies
by Ray and Sen® led these authors to conclude that
bis-(glycino)-copper(II) monohydrate is an outer
orbital type copper complex. They obtained a
moment of 1.93 Bohr magnetons for this compound
as compared to a range of 1.90-2.20 Bohr magnetons
for compounds in which they considered the un-
paired copper electron is in a shielded inner d or-
bital (outer orbital complexes) and a range of
1.72-1.82 Bohr magnetons for a series of compounds
in which they assigned the unpaired electron to an
outer p orbital where its orbital moment is quenched
by the fields of neighboring molecules. Infrared
spectra of powdered glycinates of copper and nickel
have been determined by Duval and Lecomte,
but they reported only a few absorption maxima
and did not discuss the structure of these com-
plexes in detail.

Experimental

Bis-(glycino)-copper(II) Monohydrate, Cu(NH,CH:-
COO0).-H,0.—This salt was previously reported by Abder-
halden and Schnitzler8 To 4.98 g. of CuS0,-5H.0 (0.05
mole) dissolved in 200 cc. of cold water was added 20 cc. of
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an aqueous solution of 1.7 g. of NaOH (0.41 mole). The
precipitated cupric hydroxide was filtered, washed thor-
oughly with cold water until free from alkali, and then dis-
solved in a warm solution containing 3 g. of glycine (0.04
mole) in 150 cc. of water. This resulting solution was
warmed on the water-bath at 60° for 30 minutes and then fil-
tered. On concentration and cooling, blue crystalline flakes
of bis-(glycino)-copper(II) monohydrate deposited. These
crystals were filtered, washed with a small quantity of ice-cold
water, twice recrystallized from water, and finally dried in a
vacuum desiceator over concentrated sulfuric acid for several
days. A yield of 50% of purified material was obtained.

Anal. Caled. for Cu(NH,CH,COO),-H.O0: C, 20.91;
H, 4.39. Found: C, 21.06; H, 4.39.

Bis-(glycino)-nickel(II) Dihydrate, Ni(NH,CH.COO),-
2H,0.—The procedure used by Stosick® was followed with
some modifications in the preparation of this compound.
A solution of 7.5 g. of glycine (0.1 mole) in 50 cc. of water
was digested on the water-bath at 70° with 7 g. of nickel
carbonate (0.06 mole). After the reaction was complete,
the solution was filtered, evaporated to 20 cc. and cooled in
an ice-bath; the blue crystals formed were filtered under
suction, washed with a little ice-cold water and then redis-
solved in the minimum quantity of hot water. On air
evaporation of the almost saturated solution, shining light-
blue crystals of the complex were obtained. The crystals
were dried in air. A yield of 6 g. (50%) of pure com-
pound was obtained.

Anal. Caled. for Ni(NH.CH,C00),-2H,0: C, 19.78;
H, 4.98; Ni, 24.17; N, 11.54. Found: C, 20.42; H,
5.01; Ni, 24.53; N, 11.48.

Absorption Measurements.—The infrared spectra were
obtained by means of a Perkin—-Elmer Infrared Spectro-
photometer Model 21 using a sodium chloride prism. Prepa-
ration of the disks and infrared measurements were made
according to the procedure of Stimson and O’Donnell.#

Results

The spectra of bis-(glycino)-copper(I1) monohy-
drate and bis-(glycino)-nickel(II) dihydrate are
given in Fig. 1. In the 3 u region peaks are ob-
served for the copper complex at 3300, 3250 and
3150 cm.—1, and for the nickel complex at 3300,
3250 and 3170 c¢cm.—!. These compare with the
peak at 3330 cm. ! of potassium glycinate and can
be assigned to N-H stretching vibrations. In the
6 u region the spectra of glycine hydrochloride and
ethyl glycinate in potassium bromide disks show a
strong band at about 1750 em.—! (5.7 u), assigned
to the carbonyl stretching vibration. The spectra
of potassium glycinate and sodium acetate show a
peak at about 1600 cm.—! (6.3 u), which arises
from the antisymmetric carbon-oxygen stretch-
ing vibration in the carboxylate ion. The spectra
of the metal glycinates show bands in the 1600 cm.™!
region indicating the presence of the carboxylate
ion. Absorption due to the NH; bending vibration
also occurs in this region and is probably responsi-
ble for the broadness of these bands. The NH, de-
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Fig. 1.—Infrared absorption spectra in KBr disks:

, bis-(glycino)-copper(II) monohydrate [Cu(NH,CH,C0O0),]-H,0;

----, bis-(glycino)-nickel(II) dihydrate [Ni(NH,CH,COO),]-2H,0.

formation vibrations other than that at 1600 cm.—!
are expected to appear in a lower frequency region.

One of the two peaks in the 1400 cm.—! (7 u)
range is assigned to the CH; bending vibration.
This is expected to occur in this frequency range
from the calculations,® and the corresponding ab-
sorptions have been observed in the spectra of gly-
cine and potassium glycinate.

The glycine band observed at 1035 ¢cm.—! arises
possibly from the C-N stretching vibrations. The
corresponding bands have been observed for potas-
sium glycinate and metal glycine complexes at al-
most the same frequency. The remaining bands in
the 1400-700 em.—! (7-14 u) range can be as-
signed to other CH, and NH, deformation vibra-
tions and to the C—C stretching and carboxylate ion
symmetric vibrations. Of these CH, deformation
vibrations, the wagging vibration can be assigned
to a band having a frequency higher than that of
C-N vibration whereas the rocking vibration ap-
pears at a frequency lower than the C-N vibration.

Discussion

The peaks in the 3 p region reveal that the N-H
stretching vibration frequency is considerably
changed on formation of the N-M bond, which is to
be expected, if the bond is essentially covalent.
The absorption in the 1600 cm.™! region indicates
that the resonance in the carboxylate ion (resulting
in equivalent carbon to oxygen bonds) is preserved
in the complexes. T'he oxygen-to-metal bonds in these
complexes must, therefore, be essentially electrostatic.
The bonds are more adequately represented by
dashed lines, COO—---M, than by the full lines previ-
ously used in diagramming the structural formulas.

The paramagnetism of the hydrated salts of the
transitional metals shows that these bonds are usu-
ally electrostatic. Of the bonds formed by
nickel and copper in these coérdination complexes,
therefore, only the metal-to-nitrogen bonds appear
to be covalent. From the X-ray evidence for a
trans coplanar arrangement of the two chelate rings
in both bis-(glycino)-nickel(IT) dihydrate and cop-
per dl-o-aminobutyrate,’ it appears likely that bis-
(glycino)-copper(II) monohydrate has the same co-
planar configuration. The magnetic data indicate
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that the unpaired electron in the latter compound is
in an inner d orbital. The blue color of bis-(gly-
cino)-nickel(IT) dihydrate suggests that this com-
pound is paramagnetic and that the inner d orbitals
are not used in bond formation. In both the nickel
and copper complexes, therefore, it appears that the
metal atoms use sp orbitals in forming linear bonds
with the nitrogen atoms of the ligand molecules. 1f
this electrostatic character of the oxygen-to-metal
bonds in the metal complexes of the amino acids is
a general phenomenon, it follows that whenever
inner d orbitals are not available for bond forma-
tion complexes of the type M(glycino), are planar
rather than tetrahedral. From this point of view,
the structures of some metal glycinates which
could not be explained by the supposition of cova-
lent oxygen-to-metal bonds can be made clear.

Another possible electronic configuration for the
copper complex in accord with the experimental
evidence cited above is dp hybridization, the lone
electron being in the 4s level. If the nickel com-
plex is diamagnetic, possible electronic configura-
tions are dp hybridization for electrostatic copper-
to-oxygen bonds and dsp? and dsp?d if the oxygen-
to-nickel bonds have partial covalent character.

The similarity of the carboxylate frequencies in
the glycine complexes and in sodium glycinate is in
contrast to the complete change in the absorption
characteristics of ions on coérdination with a metal
ion.? In the complex [Cu(NHj),]SO, H;0, for ex-
ample, the normal frequencies of the tetrahedral
sulfate ion outside the codrdination sphere are not
changed very much, whereas in the complex [Co-
(NH;):S04]Cl the strongest absorption band at
1100 cm.—! characteristic of the free sulfate ion dis-
appears, and other significant spectral changes also
occur. These changes reveal that the sulfur-to-
oxygen bonds in the sulfate ion are no longer equiv-
alent in the latter complex, implying appreciable
covalent character to the oxygen-to-cobalt bond.
Investigation of the spectra of these compounds is
being extended to the potassium bromide and ce-
stum bromide regions to determine the nitrogen-to-
metal stretching vibration frequencies.
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