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Abstract

Atomic structures of two polytypic modifications of crystals of mixed copper(Il)
compound Cu(L-Ala)(L-Ser) with optically active a-alanine (Ala) and serine (Ser) were
studied by the electron diffraction analysis method:
1-a=9.20(2) A, b=9.61(1) A, c=5.09(1) A, y=92.6(3)°, Z=2, space group of symmetry P2;;
I1-a=18.40(2) A, b=9.61(1) A, c=5.09(1) A, y=92.6(3)°, Z=4, space group of symmetry C2;.

Introduction

This paper presents the continuation of the investigation of the crystal-chemistry study
of copper(Il) mixed compounds containing a-alanine and serine, previously set forth in [1, 2].

In this papers, the ability of copper(Il) mixed compounds with racemic a-alanine and
serine Cuy(D-Ala)(L-Ala)(D-Ser)(L-Ser) and optically active a-alanine and serine Cu(D-
Ala)(L-Ser) to crystallize in polytypic modifications was demonstrated. Naturally, the
question arises if the copper(Il) mixed compound Cu(L-Ala)(L-Ser), which earlier was
isolated in the solid state [3], possesses the analogous properties. Later, the crystal structure of
this compound (let’s designate it as modification I), which was determined by electron
diffraction analysis method [4], was described in [5-7]. Supplementary investigations and
analysis of electron diffraction patterns of crystals Cu(L-Ala)(L-Ser) were carried out in order
to obtain the answer to the mentioned question. As a result, another modification of this
compound (modification II) was identified according the found diffraction characteristics.

Crystal structure of modification II Cu(L-Ala)(L-Ser)

The crystals belong to monoclinic syngony. The calculated unit-cell parameters are the
following: a=18.40(2) A, b=9.61(1) A, ¢=5.09(1) A, y=92.6(3)°. Four unit-formulas
correspond to one unit-cell. The reflections 00/ with /=2n and hkl with h+k=2n are present
only in the electron diffraction patterns of the crystals. In accordance with that fact, the space
group of symmetry is C2;,

The coordinates of non-hydrogen atoms, interatomic distances and bond angles are listed
in Tables 1 and 2, respectively. The fragment of modification II structure of the crystals Cu(L-
Ala)(L-Ser) is shown in Fig. 1. The structure is built by separate mixed complexes Cu(L-



1. Diakon, S. Donu, and L. Chapurina

Ala)(L-Ser), which are associated in layers in the structure oriented parallel to coordinated
plane bc. In general, the copper ions realize the bonds between the complexes inside the layers,
interacted with oxygen atoms of carboxyl groups of the neighbouring complexes: Cu---
06=2.74 A, Cu---07=2.74 A. In the structure the adjacent layers are displaced one to another
by £1/b and contact between them by bonds O8-H...03 3.52 A (Fig. 1).

Table 1. Coordinates of non-hydrogen atoms in the structure of modification II Cu(L-Ala)(L-Ser).

Atom x/a y/b z/c
Cu 0.000 0.250 0.250
O1 0.016(7) 0.082(6) 0.051(7)
02 -0.015(7) 0.419(6) 0.449(7)
03 0.093(7) -0.092 (6) 0.061(7)
04 -0.092(7) 0.589(6) 0.441(7)
05 -0.224(7) 0.395(6) -0.138(7)
N1 -0.074(7) 0.302(6) -0.002(7)
N2 0.075(7) 0.201(6) 0.501(7)
Cl -0.112(8) 0.412(7) 0.141(8)
C2 -0.066(8) 0.479(7) 0.362(8)
C3 0.068(8) 0.019(7) 0.142(8)
C4 0.113(8) 0.087(7) 0.365(8)
Cs 0.175(8) 0.175(7) 0.283(8)
C6 0.172(8) 0.485(7) -0.015(8)

Table 2. Interatomic distance (A) and bond angles (degree) in the structure of modification II
Cu(L-Ala)(L-Ser).

Atoms Distance Atoms Angle
Cu-O1 1.94(2) N1-Cu-O1 90.2
Cu-02 1.94(2) N1-Cu-O2 90.1
Cu-N1 1.95(2) N2-Cu-O1 90.4
Cu-N2 1.95(2) N2-Cu-0O2 89.3
C2-04 1.25(3) C5-C4-N2 95.4
C2-02 1.22(3) 03-C4-N2 113.3
C2-C1 1.55(3) C3-C4-05 115.6
C1-N1 1.49(3) 03-C3-01 128.2
C1-Co 1.55(3) C4-C3-01 118.7
05-C6 1.41(3) C4-C3-03 112.9
Cs5-C4 1.47(3) 04-C2-02 128.9
N2-C4 1.50(3) C1-C2-04 111.2
C3-C4 1.53(3) C1-C2-02 119.7
C3-01 1.25(3) C2-C1-N1 112.9
C3-03 1.26(3) C6-C1-N1 116.0
C6-C1-C2 125.1
05-C6-Cl 115.3

Conclusions from comparison of structural data of modifications I and II of the
crystals Cu(L-Ala)(L-Ser)

For the clearness of comparison of modifications I and II of crystal structures Cu(L-
Ala)(L-Ser), the parameters of modification I are given below: a=9.20(2) A, »=9.61(1) A,
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c=5.09(1) A, y=92.6(3)°, space group of symmetry P2;, two unit-formulas corresponding to
one unit-cell. The fragment of modification I structure is shown in Fig. 2.

Fig. 1. Fragment of the Cu(L-Ala)(L-Ser) structure, modification II.

Fig. 2. Fragment of the Cu(L-Ala)(L-Ser) structure, modification I.
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As a result of comparison and analysis of structures I and II of crystals Cu(L-Ala)(L-Ser), it

was found:

— The unit cell parameters of modifications I and II differ from each other only in value of
the a parameter, along which the layers alternate in the structure. The a parameter of the
modification II is twice as much as the corresponding parameter of modification I.

— Both structures are built by mixed complexes Cu(L-Ala)(L-Ser), and possess the same
interatomic, angular, and conformational parameters, which are concentrated in the
identical layers.

— However, the structures differ from each other in the pattern of layer packing and, as a
result, in interlayer contacts. The neighbouring layers in modification II, unlike
modification I, as was mentioned above, are displaced one to another by +//b. One layer
corresponds to a period in modification I; two layers, in modification II.

— The bond between layers in modification I is carried out by the interact forces of hydroxyl
groups atoms (O8H) serine ions of one layer with oxygen atoms of the carboxyl groups
(O6) serine ions of adjacent layer, whereas in the modification II — by interact forces of
hydroxyl groups atoms (O8H) serine ions of one layer with oxygen atoms of the carboxyl
groups (O3) alanine ions of adjacent layer.

Thus, the structures of both modifications are characterized by the presence of common
two-dimensional structural units (layers), arranged on the same succession and differing only
in their mutual arrangement. Moreover, the crystal-chemical conditions of the neighbouring
of structural units are not disturbed. As a result, modifications I and II of crystals Cu(L-
Ala)(L-Ser) are polytypic modifications.
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