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AN X-RAY STRUCTURAL STUDY OF THE COMPLEXES
OF p-AMINOBENZOIC ACID WITH METALS.
VIL.* THE CRYSTAL STRUCTURE OF [Zn(p-H,NCgH,COO),],, - 1.5nH;0

I. R. Amiraslanov, G. N. Nadzhafov, UDC 547.583+548.737
B. T. Usubaliev, A. A. Musaev,
E. M. Movsumov, and Kh. S. Mamedov

The structure of the hydrate of bis-(p-aminobenzoato)zine [Zn(p-H,NCH,COO),];, - 1.5nH,0 has
been studied by x-ray diffraction (ACuKQ, diffractometer, heavy-atom method, anisotropic re-
finement, R =0.052). Each ligand is coordinated through the COO~ and NH, ends simultaneously
to two Zn atoms. The coordination of the Zn atom is tetrahedral: 2 N from different ligands,
and 20 from a third and a fourth ligand. The bond lengths are Zn—N 2.058(10) and 2.053(9),
Zn—0 1.979(6) and 1.943(7) A.

An attempt by Dubsky and Trtylek [2] to prepare a complex of zinc with p-aminobenzoic acid (PABA) by
the reaction of a weakly acidic buffer solution of PABA and its potassium salt with zinc sulfate was unsuccess-
ful. Alyaviya and co-workers [3] studied complex formation by halides of the zinc group with PABA by PMR
and ultraviolet spectroscopy. The first reports of complexes of PABA with zinc, and some of its physicochemi-
cal characteristics, were given in [4, 5]. The complex was assigned the chemical formula Zn(H,NC¢H,COO),"
H,0; it was established that it is dehydrated at 85-97°, and spectroscopic data showed that the amine and car-
boxylate groups of the ligand are coordinated to the zinc atom.

The aim of the present work was to establish the detailed crystal structure of the zinc complex of PABA
and to investigate the interaction of the water molecules with the basic components of the structure.

* For Paper VI see [1].
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TABLE 1. Coordinates of the Atoms (X 10%)

Atom X y z Atom x y z
Zn 6014(2) 6418(1) 4643(1) || C(5) 6854(14) | 5044(10) | 8502(5)
o 5182(12) 4883(7) 5647¢4) | C(v) 7146(16) | 6126(10) | 8194(6)
02 6348(10) 6687(6) 5762(3) || C(7) 6833(15) | 6349(10) | 7389(6)
0O(3) 6773(12) T764(0) 3971(4) | C(® 6264(14) | 8843(10) | 3953(6)
O%) 5801(12) 0446(7) 4540(4) || C(9) 6294(14) | 9416(9) | 3140(5)
N(1) T035(13) 4795(8) a4358(4) | C(10) 6987(14) | 8820(8) | 2486(6)
N{Z) 6413(11) 1108%(7) 868¢4) || C(11) 7024(14) | 9309(9) | 1748(6)
(HE)] 5826(14) 5662(10) 6041(5) | C(12) 6349(13) | 10554(9) | 1646(5)
C2) 6096(15) 5455(10) 6930(5) | C(13) 5608(14) |11100(8) | 2296(6)
C(3) 5589(14) 4356(10) 7249¢6) || C(14) 5588(14) |10578(9) | 3024(5)
CH) 5866(14) 4154(9) 8047(5)

TABLE 2. Valence Angles w, deg

Angle o Angle © Angle o
07003 13,03 | CACEICH) 123(1) | CEICEICAD 12002
OGN 102303) | CEICECT) 11ait) cgsgcgggcgmg 124&2;
I

/N (1’ 30 [ A 120 | caocEc 8¢t
OEN) 100803 | oese cﬁg)c(f(ﬁcﬁgg 123§1}
N(1VZnN (2) s | oo 1220) | CHOCANEN) | 118(1)
2n0(2/Ci1) 100.40) | O(1CHICE) 2@ | Cancancis) | i)
7n0(3)C(8) 131370 | 0@)CUICE) 50 | Cacdycdn | i
iy | ME Gben | mR | cElel |

1 y I 2 2
N{EEC() fta) | Averase 120
oo |me | SR | oo |
G, ; G ! HCU2)C( 2
CCHICH) o) | 0GICEICE) tisgz | IR 1220)

* Complex II in the position 1=x, y~1/2, 1/2—z, complex III' in the
position3/2—x, 2—y, 1/2+ z.

EXPERMENTAL

The hydrate of bis{p~-aminobenzoato)zinc [Zn(p-H,yNCH,COO)y]n - 1.5nH,0 was obtained by adding a hot
dilute agueous solution of the sodium salt of PABA to a dilute solution of zinc sulfate. After filtering, the
pale-yellow solution was left to stand for several days, after which pale-yellow crystals formed. These were
separated and dried in a desiccator over anhydrous CaCl, at toom temperature.

To obtain the crystallographic data, we selected a crystal with dimensions 0.2 X 0.22 X 0.81 mm, elongated
along the axisof rotation a. The parameters of the orthorhombic cell were determined on an automatic four-
circle "Syntex P2," diffractometer: & =7.623(1),b=11.189(3), c=16.873(5) A, V=1439 A3, M=364.53, dealc =
1.68 g/cm?, Z = 4[Zn(p-H2NC6H4COO)2 1.5H,0], space group P2;2,2;. The average volume corresponding to one
chemical bond is 8.99 A3.

The determination and refinement of the structure were carried out using 1070 independent nonzero re-
flections with I =20, recorded on the same diffractometer (\CuK,,, graphite monochromator). All the calcula~
tions were carried out on a "Nova 1200" minicomputer using the program "Syntex XTL."

The structure was determined by the heavy-atom method. The refinement was carried out by the method
of least squares in the anisotropic approximation. The final value of R =0.052; the corresponding coordinates
are given in Table 1.*

DESCRIPTION OF THE STRUCTURE

Analysis of the results obtained shows that the hydrate of bis-(p-aminobenzoato)zinc is a three~dimen-
sional coordination polyhedron. The arrangement of the ligands in the cell and their relation to the Zn atoms
are shown in Fig. 1. The bond lengths are given in Fig. 2. Table 2 gives the valence angles, and Table 3 gives
the equations of the average planes of the planar fragments of the molecule.

* The values of the anisotropic thermalparameters can be obtained from the authors.

364



aued Surpuodssxaoo oY) Jo uonenbs oY1 JO UOTIEINO[EBO SYY UT papn]doul j0U SOV 4

£0'0—  £0'0—  81'0—  60°0 €6'0 981
LN W80 «o 20 @0  «Po
180 0 00 S0'0—  T0'0 0 100~
LOgr 6v'6— | 10— | 88'0— | 06'0— w1z w1 (gD (z1)0 1V ()25} ®D Al
60°0 90°0
L3 W81
€co— Zo—  wo-- 180 0 0 0
185 gers-- | erfo—- | 10— | w0 LD &01)D #(6)D w17 (8)D (%o (©)o ut
80— LY'—
8D 4o
£0°0 620 0 £0'0 00— 00— 100
FLSE 9L'D go'0— | o¥'0- 60 «(€)0 «(E)D +(@D (1o (@0 Mo uz 11
90°0 ¥0'0— 890 100 90°0 600 20°0
LN @YD o0 «OIN L33 «@0 0o
8¢'0 10°0— 100 0 10'0— 0 10'0
L8931 q'set 6L gg'o— | 10— | 80— | 16°0 +UZ (Lo (9D (g) ((2ke} (£ 4] 1
A _ r i 164 o 4 v v .mcmﬁm 241 EO.G wnOUm.;mv .ﬂmnu pue swoly sueld
Fap *soueid a1 yiim setduy °

(S932UTPIO0O SINJOSYR) SAUE]]

1ENPIAIPUT UoaMI9q So1SUY 20Ul PUR ‘sour[d 9SOy} WOJ] SWOLY 9} JO SUONBIA(] 8Y} ‘9Inos|o] 9y Jo sjuswderd
Jeue|d SnotaeA pue sSuty 14usyd oy I0J (0I=2D +Ad + Xy Soue[J ou} Jo suonenbdy oy} JO SJULIOIIe0D € HTIAVL

365



Fig. 2. Geometry of the molecule (the maximum standard deviations for the
lengths of the bonds Zn—0, N and the bonds between the light atoms are 0.010
and 0.015 A, respectively),

The three-dimensional framework of the coordination polymer is penetrated by channels parallel to the
a axis (see Fig. 1). The water molecules are situated in these channels, and this explains the zeolite-like re~
versible dehydration: At 85-97°, dehydration takes place without breakdown of the crystal structure. This
characteristic feature of the compound was established by high-temperature diffractometry on a GPVT-1500
assembly (conditions of the recording: DRON-1.5 apparatus, CuK,, radiation, Ni filter, I=20 mA, V=30 kV)
(Fig. 3). As expected, the water molecules are arranged in disordered fashion in the channels, being distrib-
uted randomly in six positions [O(5): x=0.9320(39), y =0.2469(28), z=0.4889(19), O(6): x=0.2579(39), y=
0.3098(25), z=0.5206(18), O(7): x=0.5816(43), y =0.1980(26), z=0.4956(19), O(5"), O(6"), O(7") 1/2+ x, 1/2~y,
1 -z, respectively]. It should be noted that these positions are convenient for the formation of hydrogen bonds
with the ligand donors (see below).

In agreement with [4, 5], the anion of PABA is joined to the metal atom through both donor ends. The
zinc atom is at the center of a distorted tetrahedron formed by two nitrogen atoms from different ligands [Zn—
N(1') 2.058(10), Zn—N(2') 2.053(9) Al and two oxygen atoms from two different ligands [Zn—-0(2) 1.979(6), Zn—
0(3) 1.943(7) A]. The valence angles at the Zn atom lie in the range 100.3(3)-122.0(3)°. The average values of
the bond lengths Zn—N 2.056 and Zn—0 1.961 A are close to those found in other zinc complexes [7-23]. The
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Fig. 3. Diffraction patterns of the complex (1—-20°, 2—100°).

distance Zn...O(1) 2.494(8) A is much greater than the sum of the corresponding ionic radii (2.14 A) [24], thai
is the COO™ group of PABA does not form a chelate with the metal atom, as observed in the cadmium complex
of PABA [25]. The oxygen atoms O{1) and O{4) of the carboxylate groups of PABA not present in the coordina-
tion sphere of Zn are situated at distances from the water molecules equal to the length of an H-bond {O(1) ...
0(5") 2.84(3), O(1)...0(6) 2.90(3) and O4) (x, y—1, z)...0(7) 2.92(3) Al.

The average values of the C~C bond lengths in the phenyl rings are 1.39 and 1.40 A; these rings are
planar, with a maximum deviation of 0.03 A (see Table 3). The angles between the planes of the carboxylate
groups and the phenyl rings in the PABA anions are 7.9 and 7.1°

The short intermolecular distances are close to or greater than the sums of the corresponding van der
Waals radii.
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