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The structure of zinc(II) complexes with glycinate ion in solution was investigated by the X-ray diffraction
method. The measurements were performed at 20 °C for the solutions with the Cgy/Cz, mole ratios of 1.49
(solution A) and 5.09 (solution B), where C: denotes the total concentration of species 1. From the analysis of the
radial distribution curve of solution A, in which comparable amounts of the hexaaqua- and mono(glycinato)-
zinc(I) complexes ‘existed, it was found that the mono(glycinato)zinc(II) complex combined with four water
molecules at the distance of (2.1240.01) A. The Zn-OH, bond length within the complex was longer than that
within the hexaaquazinc(Il) ion (2.08 A). The Zn-O and Zn-N distances, where O and N denote oxygen and
nitrogen atoms within the glycinate ion in the [Zn(gly)(OH;),]* complex, were both (2.12+0.02) A. Thus the
mono(glycinato)zinc(I) complex had a regular octahedral structure. The nonbonding Zn'C distance was
found to be (2.8410.02) A. The X-ray diffraction data of solution B, which contained the [Zn(gly);]” ion as a
predominant species, showed that the tris(glycinato)zincate(II) complex had a regular octahedral structure with
the both Zn-O and Zn-N bond distances of (2.12+0.01) A. The nonbonding Zn*+C(COO), Zn*-C(CH,), and
Zn++0(0=C) lengths were (2.8710.03) A, (2.93+0.03) A, and (4.10£0.04) A, respectively. The solubility of the
bis(glycinato)zinc(II) complex was so low that the structural determination of the complex by the present X-ray
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diffraction method was not possible.

Zinc(II) ion often changes the structure in the course
of ligand substitution reactions. The hexaaquazinc-
(I) ion has been reported to be regular octahedral in per-
chlorate, sulfate and nitrate solutions.»? The Zn-
OH: bond distance was found to be 2.08A in the for-
mer two solutions? and 2.093 A in the latter.?

Yamaguchi and Ohtaki® found that the tetraam-
minezinc(II) complex has no water molecules in the first
coordination shell and thus the tetraamminezinc(II)
complex has a regular tetrahedral structure with the
Zn-N bond length of 2.03A. The triamminemono-
chlorozinc(II) complex found in a dilute ammoniacal
solution has a distorted tetrahedral structure. The Zn-
N and Zn-Cl bond distances were determined to be
2.00A and 2.30A, respectively.

The structure of the bis(ethylenediamine)zinc(II) ion
is a regular tetrahedron with the Zn-N bond length of
2.1314, although the structure of the tris(ethylenedi-
amine)zinc(Il) complex is a regular octahedron with a
longer Zn-N bond distance of 2.276 A.# Thus the coor-
dination number of zinc(Il) ion changed from 6 to
4 in the course of the formation of the ammine com-
plexes, while the coordination number of zinc(II) ion
within the ethylenediamine complexes varied from 6
within the hexaaquazinc(II) ion to 4 within the bis-
(ethylenediamine)zinc(II) and then again to 6 within
the tris(ethylenediamine)zinc(II) complex.

Structural changes in complex formation reactions
with increasing number of ligands coordinated were
found in Zn(II)-chloro® and Zn(IT)-bromo complexes®
in solution.

In previous studies?-® we determined the structures
of the mono- and tris(glycinato) complexes of nickel-
(IT) and copper(II) ions in aqueous solutions by the X-
ray diffraction method. In the present work we have at-
tempted to determine the structure of glycinato-zinc-
(ITI) complexes in a series of structural study of chelate

complexes of transition metals in solution.

Many crystallographic data are available for amino
carboxylato complexes. Though zinc(II) ion plays an
important role in biochemical reactions as copper(II)
ion does, less structural information on the zinc(II)-
amino carboxylato complexes has been presented than
that on the copper(II) complexes. The structure of the
bis(glycinato)zinc(II) complex has been determined to
be octahedral with two more carbonyl oxygen atoms
within glycinate ions coordinated to adjacent zinc(II)
ion in crystal.? However, structures of other complexes
of zinc(II) ion with glycine have not been known even
in crystal due to difficulty in preparation of stable
single crystals of the mono- and tris(glycinato) com-
plexes of zinc(II) ion. Therefore, we studied the struc-
ture of the mono(glycinato)zinc(II) and tris(glycinato)-
zincate(II) complexes in aqueous solution. To find a
structural change, if it occurs, of the complexes with
changing number of the ligand is another aim of this
investigation. The structure of the bis(glycinato)zinc-
(II) complex in solution was not determinable by the
X-ray diffraction method due to its low solubility in
water.

Raman spectroscopic measurements have been car-
ried out as a supplement to the structural determina-
tion of the complexes.

Experimental

Preparation and Analysis of Sample Solutions. All chem-
icals used were of reagent grade. Two test solutions were
prepared in the similar way to that reported in previous pa-
pers.”® Solution A, which contained the mono(glycinato)-
zinc(IT) complex as a predominant species, was prepared by
dissolving crystals of the bis(glycinato)zinc(II) to a zinc(II)
nitrate solution. In order to prevent hydrolysis of zinc(Il)
ion, a small amount of glycine was added to this solution.
Solution B, in which the tris(glycinato)zincate(II) com-
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THE COMPOSITION (mol dm—3) AND STOICHIOMETRIC
VOLUME V' per ZINC ATOM IN THE SOLUTIONS

A B

Zn 2.031 1.245
3.843

50.03
6.333

12.67

TABLE 1.

(0] 57.09
N 5.085
C 6.070
H 102.9 100.1
v/As 817.6 1334
Cyy/Czn 1.49 5.09
density/gcm™—3 1.294 1.312

plex was formed as a main species, was prepared by mix-
ing the bis(glycinato)zinc(II) and sodium glycinate in water.

Bis(glycinato)zine(Il) was prepared by mixing powder of zinc-
(IT) oxide and glycine in boiling water and then recrystallized
from a sodium glycinate solution. Sodium glycinate was ob-
tained by the same manner previously reported.”? Zinc(II)
nitrate and glycine were recrystallized from water.

The total concentration of zinc(II) ions (Cz,) in the sample
solutions was determined by EDTA titration and gravimetry
as ZnNH4PO4. The results of the two independent methods
agreed each other within 0.2%. The total glycine concen-
tration (Cg,) was determined by the Kjeldahl method. The
concentrations of nitrate ions in solution A and sodium
ions in solution B were evaluated by the material balance of
ions in the solutions. Densities of the test solutions were
measured pycnometrically. The composition of the solutions
is listed in Table 1.

X-Ray Scattering Measurements. X-Ray scattering measure-
ments were performed with a JEOL 6—@ diffractometer
by using Mo Ka radiation (A=0.7107A). The observed range
of scattering angle (260) was from 2° to 140°. Times required
to acummulate 120000 counts at each angle were recorded.
The method of measurements and data treatments were
described in previous papers.1:8:19 Calculations were car-
ried out by using KURVLR! and NLPLSQ!? programs with
the computer at the Tokyo Institute of Technology and part-
ly with the computer at the Institute for Molecular Science
in Okazaki.

Raman Spectroscopic Measurements. Raman spectra
for the sample solutions were measured with a JEOL laser
Raman spectrophotometer JRS-SI with the use of the 5145A
excited line of Ar* laser.

Results and Discussion

According to the stability constants of zinc(II)-
glycine complexes,!¥ solution A contains comparable
amounts of the hexaaqua- and mono(glycinato)zinc-
(II) complexes and a small amount of the bis(glycinato)-
zinc(II) complex. However, the concentration of the
bis(glycinato)zinc(II) is so small that the formation of

the complex was neglected in the course of the anal-

ysis of the X-ray scattering data. In solution B al-
most all of the zinc(II) ions are expected to form the
tris(glycinato)zincate(II) complex, since the Cgy/Cza
mole ratio is 5.09.

The observed s-i(s) and D(r) curves for solutions A
and B are shown in Figs. 1 and 2, respectively.

The parameter values for the intramolecular struc-
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Fig. 1. The reduced intensities multiplied by s for
solutions A and B. The observed s-i(s) values are
shown by dotted lines and calculated ones by solid
lines.
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Fig. 2. The D(r) curves for solutions A and B. The
dashed lines indicate the curve of 4mr2p,.

ture within glycinate ion, as well as those within
water molecule and nitrate ion, used for the com-
putation of the X-ray scattering data are the same as
those described in a previous paper.” Numbering of
the atoms within the glycinate ion coordinated to the
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Fig. 3. The numbering of the atoms within the
glycinate ion coordinated to the zinc(II) ion.
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Fig. 4. (a) The (D(r)—4mr2p,) curve for solution A.
(b) The theoretical peaks for the O-H bonds within
water molecule, intramolecular interactions within
glycinate ion and N-O and O-+-O pairs within nitrate
ion. (c) The theoretical peak shapes calculated for
Zn-OH: and O--O pairs within the hexaaquazinc-
(IT) ion and O-+-O contacts of water molecules in the
bulk. (d) The theoretical peaks for Zn-OHz, Zn-O;,
Zn-N, Zn'--Cy,3, N---O, and O--O pairs within the
mono-complex. The chain, dashed and dotted lines
indicate the residual curves after subtracting the
theoretical peaks in (b), (c), and (d), respectively.

zinc(II) ion is given in Fig. 3.

Solution A. In the D(r) (Fig. 2A) and D(r)—4mr2p,
(Fig. 4a) curves, where p, represents the average scat-
tering density in the stoichiometric volume V per zinc
atom of the solution, we see four peaks at about 1.3,
2.2, 2.9, and 4.2A. The small and broad peak around
1.3A is owing to the O-H bonds within water mole-
cules, the C-H, N-H, C;-Cz, C2-N, C1==04, and C1==0
bonds within glycinate ions and the N-O bonds within
nitrate ions. The second peak appearing at 2.24 is
mainly ascribed to the Zn-OHz bonds within the hexa-
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aquazinc(Il) ion and the Zn-OHz, Zn-0O,, and Zn-N
bonds within the mono(glycinato)zinc(IT) complex. Non-
bonding Ca-:-O;, Ca-:-O2, Ci---N, and O;---Oz interac-
tions within glycinate ions and O-:-O contacts within
nitrate ions also contribute, in part, to the peak. The
third peak at about 2.9A is composed of peaks owing
to nonbonding Zn---C; and Zn---Cg interactions within
the mono(glycinato)zinc(II) ion and interactions be-
tween ligand atoms in the first coordination sphere
within the complexes, as well as the O---O contacts
of the bulk water. In the fourth peak at 4.2A various
longer range interactions, which will not be taken
into account in the present analysis, may be included.

In order to evaluate the structure parameters of the
mono(glycinato)zinc(II) complex, we firstly subtracted
the theoretical peaks of the known interactions within
water molecules, glycinate and nitrate ions from the
observed radial distribution curve. The residual curve
obtained (chain line in Fig. 4a) showed the peak at
about 2.1A and the peak was well interpreted in terms
of the octahedral configuration of six oxygen and
nitrogen atoms around all zinc atoms in the solution,
independent of the concentration ratio of the [Zn-
(OHz)e]?* to [Zn(gly)]* complexes. Since the Zn-O and
Zn-N bonds were practically indistinguishable by the
X-ray analysis, the result indicated that the mono-
(glycinato)zinc(II) complex should have six ligand
atoms in the first coordination shell. Thus, we con-
cluded that the [Zn(gly)]* complex has an octahedral
structure combined with one glycinate ion and addi-
tional four water molecules.

The structure parameters of the mono(glycinato)-
zinc(IT) complex were refined by using a least-squares
method for the s.i(s) data over the range s>5A-1. In
order to avoid the introduction of errors by neglecting
long-range interactions, the lower limit of the s-value
was changed from 5.0 to 7.0A-1. The concentration
ratio of the [Zn(OHz)s]2* to [Zn(gly)(OHz)4]* complexes
was assumed to be 40:60 in the present stage of the
calculation. The parameter values first guessed from
the analysis of the radial distribution curve of the
mono(glycinato)zinc(II) ion were refined by the least-
squares procedure at the fixed composition of the solu-
tion. The structural parameters of the hexaaquazinc-
(II) ion and the O---O contacts of bulk water were
taken from the works by Ohtaki et al.? and by Narten¥
and were fixed at the literature values during the calcu-
lation. Since the lengths of the Zn-0; and Zn-N bonds
were not determinable separately with a reasonable
accuracy, we assumed that the Zn-0O,; and Zn-N bonds
had the same structure parameters. The results obtain-
ed were listed in Table 2. We also tested another as-
sumption for initial values inserted in the least-
squares calculation. A tetrahedral coordination around
the Zn(II) ion within the mono(glycinato)zinc(II)
complex was assumed and the number of the Zn-
OH: bond was set to be 2. When the refinement was
carried out by floating the number of the Zn-OHj;
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TABLE 2. RESULTS OF THE LEAST-SQUARES REFINEMENTS OF SOLUTION A, PARAMETER VALUES REFINED WERE
BOND DISTANGES (r/A), TEMPERATURE FACTORS (b/A2) AND FREQUENCY FACTORS ().
THE VALUES IN PARENTHESES REPRESENT STANDARD DEVIATION

Interaction Parameter Al A-ll Al
ct arame (s>5.0A-1) (s>6.0 A1) (s>7.0A-1)
Zn-OH, r 2.12(1) 2.12(1) 2.12(1)
b 0.003(1) 0.003(1) 0.003(1)
n 3.9(1) 4.01) 4.0(1)
OH:. - -OH: r 3.0(1) 3.0(1) 3.0(2)
b 0.010® 0.010% 0.010%
Zn-0, r 2.12(2) 2.13(2) 2.12(2)
Zn-N } b 0.003(1) 0.003(1) 0.003(1)
n 1.9(1) 2.0(2) 1.9(2)
OHs...O r 3.0% 3.0 3.09
OH:---N } b 0.010? 0.010% 0.010%
N...Oy r 2.8% 2.8% 2.8%
b 0.010¥ 0.010% 0.010%
Zn...C } r 2.84(2) 2.87(2) 2.79(2)
Zn...Cp b 0.010(2) 0.009(2) 0.007(2)

a) The values were kept constant during the calculation.

bonds at fixed frequency factor of the Zn-0,; and Zn-
N bonds, the number of the Zn-OH;z bonds reached
nearly 4 in the course of the calculation. Thus the
octahedral structure of the mono(glycinato)zinc(II)
complex was confirmed by the least-squares calcula-
tion. The Zn-OH:z bond length was determined to be
2.12A and the distance of the Zn-0O; and Zn-N bonds
was also evaluated to be 2.12A.

Since we assumed that the Zn-0; and Zn-N bonds
had the same structure parameters in the least-squares
calculation described above, a possibility of the differ-
ent lengths of the Zn-0O; and Zn-N bonds was not well
excluded. At the next step of calculation we examined
assumptions of various lengths of the Zn-O; and Zn-
N bonds. The residual radial distribution curve ascrib-
ed to the Zn-O and Zn-N bonds was extracted from
the second peak of the distribution curve in Fig. 2A
by subtracting intramolecular interactions of water
molecules, glycinate and nitrate ions (Fig.5). The
curve consisted of peaks attributed to the interactions
between Zn(II) ion and donor atoms within the com-
plex around 2.1A and longer-range interatomic inter-
actions at r>2.5A. The peak at 2.1A was drawn by
assuming that it was a symmetrical Gaussian curve.

Calculations were carried out in order to minimize
the error-square sum defined by Eq. 1 for various sets of
the temperature factors of the Zn-OHjs bond, lengths of
the Zn-0; and Zn-N bonds and the concentration ratio
of [Zn(OHz)]?* to [Zn(gly)(OHz)4]*.

U = 3lw{D(r) (1)

In Eq.1, D(r)™ represents the second peak extract-
ed from the original radial distribution curve by the
procedure described above. w is given as exp(—a - Al2),
where Al=7r,—r and 7, denotes the r-value at the center
of the peak. In this case we assumed that the 7, value
was 2.11 A and the value a was evaluated from the half-
width of the second peak. In the course of the calcula-
tion the lengths of the Zn-0O;and Zn-N bonds as well as
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Fig. 5. The second peak of the radial distribution

curve for solution A. The thin and thick solid lines
show the experimental and extracted D(r) curves,
respectively, and the chain line indicates the residual
curve after extraction. The theoretical peak shapes
owing to the Zn-OH2 bonds within the [Zn(OHgz)¢)?+
ion, and the Zn-OHyg, Zn-0,, and Zn-N bonds within
the [Zn(gly)(OHz)4]* complex are shown by dashed
lines. The dotted line represents the peak by sum-
ming peak shapes shown by dashed lines.

the concentration ratio of [Zn(OHz)s]2* to [Zn(gly)-
(OHz)4]*, were stepwise changed. In addition, the tem-
perature factor of the Zn-OHsz bond within the mono-
(glycinato)zinc(II) complex was varied from 0.003 A2
to 0.005A2. On the other hand, we fixed the values of
the structure parameters of the [Zn(OHz)s]?* complex
at the literature values,? as well as the length of the
Zn-OHz bond within the mono(glycinato)zinc(II)
complex at 2.12A and the temperature factor of the
Zn-0,; and Zn-N bonds at 0.003 A2,

At the temperature factor of 0.003 A2 for the Zn-OHg
bond within the mono(glycinato)zinc(II) complex, a
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TABLE 3. RESULTS OF THE ANALYSIS OF THE SECOND PEAK
IN THE D(7) CURVE OF SOLUTION A, ERROR-SQUARE SUMS
(UX10~4/A-2) WERE CALCULATED ACCORDING TO
Eq. 1. THE Zn-OH2 BOND DISTANCE AND ALL
TEMPERATURE FACTORS WITHIN THE MONO-
COMPLEX WERE KEPT CONSTANT AT 2.12 A
AND 0.003 A2, RESPECTIVELY, IN THE
COURSE OF THE CALCULATION

mole fraction

Zn2* : 03 04 05 0.6
Zn(gly)t : 0.7 06 05 04
Bond distance r/A UX10—4/A-2

Zn-0, 2.08

{ Zn-N 2.16 11.2 89 172 36.2
Zn-0, 2.10

{ Zn-N 2.14 108 6.7 143 33.0
Zn—Ol 2.12

{Zn—N 2.12 103 6.2 13.0 31.2

minimum error-square sum was obtained at each set
of the lengths of Zn-0O; and Zn-N bonds. When we
changed the length of the Zn-0O; and Zn-N bonds and
the concentration ratio of [Zn(OHz2)s]?* to [Zn(gly)-
(OHz2)4]* at the value of 0.003A2 for the temperature
factor of the Zn-OH2 bond, the minimum error-square
sum was obtained when we assumed that the Zn-O;
and Zn-N bonds have the same distance of 2.12A and
the concentration ratio of the [Zn(OHz)s]?* to [Zn(gly)-
(OHz)4]* was approximately 40:60 in the test solu-
tion (Table 3). Figure 5 represents the shape of the
calculated curve from the Zn-OH2 bonds within the
[Zn(OHz)s]?* ion and the Zn-OHz, Zn-O, and Zn-N
bonds within the [Zn(gly)(OHz)s]* complex. The curve
fitted well the extracted peak shape. Thus we con-
cluded that the [Zn(gly)(OHz2)4]* complex is regular
octahedral.

Solution B. The (D(r)—4mr2p,) curve given in
Fig. 6a shows four peaks around 1.3, 2.3, 2.9, and 4.2A
and a small hump at 3.4A. The peak at 1.3A was at-
tributed to the O-H bonds within water molecules
and the C-H, N-H, C;-Cg, C2-N, C1==01, and C1==0q
bonds within glycinate ions. The second peak appear-
ing at 2.3A mainly consisted of the Zn-O; and Zn-N
interactions within the tris(glycinato)zincate(II) com-
plex. Nonbonding Cz-+-O1p2, Ci---N, and Oy---Oq interac-
tions within glycinate ions and Na-O pairs within hy-
drated sodium ions were also included in the peak. The
peak around 2.9A was composed of peaks owing to
the nonbonding Zn---C,2 pairs and the interactions
between ligand atoms in the first coordination sphere
within the tris(glycinato)zincate(II) complex. The
O---O contacts of water molecules in the bulk also
contributed to the peak. In the fourth peak at about
4.2 A nonbonding Zn---Oz and other long range interac-
tions were contained.

In order to estimate the structural parameters of the
[Zn(gly)s]~ complex, the peak shapes owing to interac-
tions among water molecules, glycinate and sodium
ions should be subtracted from the radial distribution
function. We assumed an octahedral hydration of a
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Fig. 6. (a) The (D(r)—4mr2p,) curve for solution B. (b)

The theoretical peak shapes calculated for the O-
H bonds within water molecule, intramolecular
interactions within glycinate ion and Na-O pairs
within hydrated sodium ion. (c) The theoretical
peaks for Zn-O,, Zn-N, Zn-C;2, N--O, N--N,
and O--O pairs within the tris-complex and O---O
contacts of water molecules in the bulk. (d) The
theoretical peaks for O---O contacts within hydrated
sodium ion and Zn--Ogz, Ci2N, Ci2-O; pairs
within the tris-complex. The chain, dashed and
dotted lines show the residual curves after sub-
tracting the theoretical peaks in (b), (c), and (d),
respectively.

sodium ion since there was a small hump at 3.4A
which might be ascribable to the O---O contacts within
a hydrated sodium ion as was previously pointed out.”?
The peak remained at 2.12A (chain line in Fig. 6a)
must be attributed to the Zn-0; and Zn-N interactions
within the tris(glycinato)zincate(II) complex. From the
analysis of the peak shape the Zn-O; and Zn-N bonds
were found to have the same length of 2.12A and the
temperature factor of the bonds was evaluated to be
about 0.003 A2. The peak area corresponded to the sum
of the peak areas of six bonds of Zn-O; and Zn-N. Thus
the structure of the tris(glycinato)zincate(II) complex
was concluded to be regular octahedral. The distance
of longer range interactions within the tris(glycinato)-
zincate(II) complex were estimated by using a suit-
able structure model of chelating glycinate ions. Sub-
traction of the above peaks from the radial distribution
curve led to a smooth background curve (dotted line in
Fig. 6a) having no appreciable peak over the range
r<4A.

The structure parameters of the tris(glycinato)zin-
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TABLE 4. RESULTS OF THE LEAST-SQUARES REFINEMENTS OF SOLUTION B, PARAMETER VALUES REFINED WERE

BOND DISTANCES (7/A), TEMPERATURE FACTORS (b/ A2) AND FREQUENCY FACTORS (n).

STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES

Interaction Parameter B-1 B-11 B-1II
Zn-0, r 2.12(1) 2.12(1) 2.12(1)
b 0.0031(6) 0.0029(7) 0.0028(9)
n 3.0(1) 3.0(1) 3.0
Zn-N r 2.12(1) 2.12(1) 2.12(1)
b 0.0029(6) 0.0026(8) 0.0025(9)
n 3.0(1) 3.0(1) 3.0
N...0” r 2.7(2) 2.8" 2.8"
0...07 r . 3.1(2) 3.1Y 3.17
N...0% r 3.1(2) 3.0 3.0Y
N...N% r 3.1(2) 3.2% 3.2
Zn...C r 2.87(2) 2.86(2) 2.87(3)
b 0.008(2) 0.010(3) 0.009(3)
n 3.1(1) 3.2(2) 3.0”
Zn...Cp r 2.93(2) 2.93(2) 2.93(3)
b 0.009(2) 0.010(3) 0.008(3)
n 3.1(1) 3.3(2) 3.0
Zn...Oq r 4.08(4) 4.07(4) 4.10(4)
b 0.010(2) 0.011(3) 0.011(3)
n 3.1(1) 3.2(2) 3.0

a) Temperature factors of these interactions were fixed at 0.006 A2. b) The values were kept constant during

the calculation.

cate(I) complex were finally determined by a least-
squares calculation for the s.i(s) curve over the range
s>4A-1. The calculations were performed by insert-
ing the values for each interatomic interaction evalu-
ated by the analysis of the radial distribution function.
Three types of calculations were carried out on slightly
different assumptions. In the B-I type calculation all
the parameter values listed in Table 4 were floated as
independent variables. In the B-II treatment some inter-
atomic distances were allowed to remain unchanged.
On the B-III assumption, similar to the B-II treatment,
the frequency factors of all atom pairs in the table were
fixed at the given values. No significant difference was
found in the bond lengths in the three calculations.

In the course of the calculation the existence of the
fac- and mer-isomers of the tris(glycinato)zincate(II)
complex was taken into consideration. However, the
structural difference between the isomers was too small
to improve the result by the introduction of the exis-
tence of the isomers.

Raman Spectra of Solutions A and B. Krishnan
and Plane!® reported Raman spectra for aqueous
zinc(II) nitrate-glycine solutions in the pH range 2.0—
7.0. From a Job plot with the total concentration of
zinc(II) 1on plus glycinate ion keeping approximate-
ly constant, the Zn-N stretching frequencies for the
mono(glycinato)zinc(Il), bis(glycinato)zinc(II) and tris-
(glycinato)zincate(II) complexes were assigned to be ca.
445, 430, and 425cm™!, respectively. In solution A
of the present work (Fig. 7) the line at 441 cm~! was
assignable to the Zn-N stretching vibration for the
mono(glycinato)zinc(II) complex. Other lines at 520,
580, and 920 cm™! were attributable to the CO2™~ rock-
ing, CO2~ wagging and C-C stretching vibrations,
respectively, within glycinate ion. The 7s-band of the
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Fig. 7. Raman spectra of solutions A and B.

nitrate ion appeared at 720cm~1. In solution B we
found a band ascribed to the Zn-N stretching for the
tris(glycinato)zincate(II) complex at 430cm~!. Since
solution B contained the tris(glycinato)zincate(II) com-
plex as a main species, our result of the Zn-N frequency
for the tris(glycinato)zincate(II) complex may be more
reliable than that observed by Krishnan and Plane,
because the concentration of the complex is sufficient-
ly high in our solution. On the other hand the concentra-
tion of the tris-complex may be low under their exper-
imental conditions where they kept the total concentra-
tion of zinc(II) and glycinate ions almost constant. The
Raman spectra measured in the present work showed
that the Zn-N stretching frequency was higher in
the mono(glycinato)zinc(II) complex than in the tris-
(glycinato)zincate(II) ion, although the length of the
Zn-N bond within the both complexes was practically
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the same. The Zn-0 and Zn-N bond lengths determined
in the former complex may contain larger uncertainties
than those in the latter do, because in the course of the
structural analysis of the [Zn(gly)(OHz):]* complex
we have to evaluate lengths of three different kinds of
bonds whilst the [Zn(gly)s]~ complex has bonds of two
different kinds.

The mono(glycinato)zinc(II) and tris(glycinato)zin-
cate(Il) complexes in solution have a regular octahedral
structure with the lengths between zinc(II) and ligand
atoms of 2.12A. In crystal of the [Zn(gly)z]- H2O? the
equatorial square plane around the zinc(II) ion was
occupied by chelating two glycinate ions and two
apices of the distorted octahedron were filled with
carbonyl oxygen atoms of glycinate ions combined
with adjacent zinc(II) ions, though the bond distances
between the Zn(II) ion and donor atoms were not
determined. All the structures of the zinc(II)-glycinato
complexes were octahedral and the metal-ligand bond
lengths were practically indifferent in the complexes
with varying numbers of the ligand coordinated, in
contrast to the case of zinc(II)-ammine® and zinc(II)-
ethylenediamine complexes.?
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