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AN X - R A Y  S T R U C T U R A L  S T U D Y  O F  T H E  C O M P L E X E S  

O F  p - A M I N O B E N Z O I C  A C I D  W I T H  M E T A L S .  

VII.* THE CRYSTAL STRUCTURE OF [Zn(p-H2NCGH4COO)2] n. 1.5nH20 

I .  R .  A m i r a s l a n o v ,  G. N. N a d z h a f o v ,  
B.  T.  U s u b a l i e v ,  A .  A.  M u s a e v ,  
E .  M. M o v s u m o v ,  a n d  K h .  S. M a m e d o v  

UDC 547.583+548.737 

The s t r u c t u r e  of the hydra te  of b i s - (p -aminobenzoa to)z inc  [Zn(p-HfNC6HaCOO)2] n" 1.5nHfOhas 
been studied by x - r a y  diffract ion (XCuK a ,  d i f f rac tomete r ,  h e a v y - a t o m  method, an iso t roptc  r e -  
f inement ,  R = 0.052). Each [igand is coordinated through the CO0-  and NH 2 ends s imul taneous ly  
to two Zn a toms .  The coordinat ion of the Zn a tom is t e t rahedra l :  2 N f r o m  different  ligands, 
and 20 f r o m  a third and a fourth ligand. The bond lengths a r e  Z n - N  2.058(10) and 2.053(9), 
Z n - O  1.979(6) and 1.943(7) /~. 

An a t tempt  by Dubsky and Tr ty lek  [2] to p r e p a r e  a complex of zinc with p -aminobenzoic  acid (PABA) by 
the r eac t ion  of a weakly acidic buffer solution of PABA and its potass i t tm sa l t  with zinc sulfate  was u n s u c c e s s -  
ful. Alyaviya  and c o - w o r k e r s  [3] studied complex fo rmat ion  by haIides of the zinc group with PABA by PMR 
and u l t rav io le t  spec t roscopy .  The f i r s t  r e p o r t s  of complexes  of PABA with zinc, and some of i ts  phys icochemi-  
ca[ c h a r a c t e r i s t i c s ,  w e r e  given in [4, 5]. The complex was ass igned the chemica l  fo rmula  Zn(H2NCGH4COO) 2 �9 
H20; it  was  es tab l i shed  that i t  is dehydrated at  85-97 ~ and spec t roscop ic  data showed that the amine  and c a r -  
boxylate groups of the ligand a r e  coordinated to the zinc atom. 

The a im  of the p r e s en t  work was to es tab l i sh  the detailed c r y s t a l  s t ruc tu re  of the zinc complex of PABA 
and to inves t iga te  the in te rac t ion  of the wa te r  molecu les  with the basic components  of the s t ruc tu re .  

* For  Paper  VI see  [1]. 

Inst i tute of Inorganic  and Phys ica l  Chemis t ry ,  Academy of Sciences of the Azerba idzhan  SSR. Insti tute 
of Phys ics ,  Academy of Sciences of the Azerba idzhan  SSR, Baku. Trans la ted  f r o m  Zhurnal  Strukturnoi Khimii,  
Vol. 21, No. 3, pp. 140-145, May-June,  1980. Original  a r t i c l e  submit ted  November  27, 1978. 
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TABLE i. Coordinates of the Atoms (x i04) 

Atom 

Zn 
o(t) 
*')(2) 
o(3) 
0(4) 
N(t) 
N(2) 
C(t) 
C(2) 
C(3) 
C(4) 

6014(2) 
5182(t2) 
6348(t0) 
6773(t2) 
5801(t2) 
703503) 
6413(II) 
5826(t4) 
6096(15) 
5589(14) 
5866(t4) 

o418(i) 
4883(7) 
6687(6) 
7764(6) 
0446(7) 
4795(8) 
11O89(7) 
5662(10) 
5455(1o) 
4356(1o) 
4t54(9) 

4613(I) 
5617(4) 
5762(3) 
3971(4) 
4540(4) 
9358(4) 
868(4) 

6041(5) 
6930(5) 
7249(6) 
8047(5) 

Atom 

C(5) 
C(O) 
C(7) 
C(8) 
C(9) 
C(iO) 
C(It) 
C(12) 
C(t3) 
c(14) 

6654(14) 
7146(16) 
6833(15) 
6264(14) 
6294(14) 
6987(14) 
702404) 
6349(13) 
56o8(14) 
5588(14) 

y 

5044(10) 
6126(10) 
6349(I0) 
8843(10) 
9416(9) 
8820(8) 
9309(9) 
10554(9) 
Ht00(8) 
10578(9) 

8502(5) 
8194(6) 
7389(6) 
3953(6) 
3t40(5) 
2486(6) 
1748(6) 
1646(5) 
2296(6) 
3024(5) 

TABLE 2. Valence Angles w, deg 

Angle r Angle o~ 

O(2)Zn0(3) 
O(2)ZnN(t') 
()(2)ZnN(2') 
O(3)ZnN(t') 
0(3)ZnN(2') 
N(1 ')ZnN(2') 
ZnO(2)C(l) 
ZnO(3)C(8) 
C(5)N(t)Zn(III') 
C(12)N (2)Zn(] I) 

C(3)C(2)C(7) 
C(21C(3)C(4) 
C(3)C(4)C(5) 

113,0(3) 
i02,3(3) 
122,0(3) 
100,3(3) 
100,8(3) 
1t6,8(3) 
100,4(6) 
t31,3(7) 
tt7,6(6) 
113,8(6) 

t22(1) 
119 O) 
119(I) 

C(4)C(5)C(6) 
C(5)C(6)C(7) 
C(6) C(7)C(2) 
Average 

o(i)c(i)o(2) 
O(l)C(l)C(2) 
0(2)C(I)C(2) 
C(I)C(2)C(7) 
Nd)C(5)C(4) 
N(I)C(5)C(6) 
O(3)C(8)0(4) 
O(3)C(8)C(9) 
0(4)C(8)C(9) 

co Angle 

t23(t) I] C(8)C(9)C(t0) 
tt9(t) I c(8)c(9)cd4) 
t t9d) II 
120 C(t0)C(9)C(t4) 

C(9)C(tO)C(ti) 
122(t) II C(t0)Cdt)C(12) 
12t(2) I C(tl)C(t2)C(t3) 
t15(2) C(12)C(t3)C(t4) 
120(2) C(t3)C(14)C(9) 
I19(!) I[ Average 
1190) l 
126(I) ]! N(2)C(12)C(1]) 
116(2) N(2)C(12)C(13) 
115(2) 

120(2) 
124(2) 

tt8(1) 
123(1) 
1t8(l) 
1i9(t) 
t21(t) 
t2t(1) 
120 

120(2) 
122(2} 

* Complex II in the posi t ion l - x ,  y - 1 / 2 ,  1 / 2 - z ,  complex  I I I '  in the 
p o s i t i o n 3 / 2 - x ,  2 - y ,  1 / 2 +  z. 

E X P E R M E N T A L  

The hydra te  of b is (p-aminobenzoato)z inc  [Zn(p-H2NC6H4COO)2]n" 1.5nH20 was obtained by adding a hot 
dilute aqueous solution of the sodium sa l t  of PABA to a dilute solution of zinc sulfate.  After  f i l ter ing,  the 
pa le -ye l low solution was left to stand for  s e v e r a l  days,  af ter  which pa le -ye l low c r y s t a l s  fo rmed.  These were  
sepa ra t ed  and dr ied  in a des icca to r  over  anhydrous CaCI 2 at ~:oom t empera tu r e .  

To obtain the c rys ta l lograph ic  data, we se lec ted  a c r y s t a l  with d imensions  0.2 • 0.22 x 0.81 mm,  elongated 
along the a x t s o f  ro ta t ion  a .  The p a r a m e t e r s  of the o r thorhombic  ce l l  w e r e  de te rmined  on an automat ic  fou r -  
c i r c l e  "Syntex P21" d i f f r ac tomete r :  a =7.623(1), b = 11.189(3), c = 16.873(5) A, V = 1439 ~3, M=364.53, dcalc = 
1.68 g / c m  3, Z =4[Zn(p:tt~NC6H4COO) 2" 1.5K20], space  group P212121. The ave rage  volume cor responding  to one 
chemica l  bond is 8 . 9 9  ~3 .  

The de te rmina t ion  and r e f i nemen t  of the s t ruc tu re  we re  c a r r i e d  out using 1070 independent nonzero r e -  
f lect ions  with I >-2 ~, r e c o r d e d  on the s a m e  d i f f r ac tomete r  (XCuKo~, graphi te  monochromato r ) .  All the ca lcu la -  
tions we re  c a r r i e d  out on a "Nova 1200" minicomputer  using the p r o g r a m  "Syntex XTL."  

The s t r u c t u r e  was de te rmined  by the h e a v y - a t o m  method. The r e f i n e m e n t  was c a r r i e d  out by the method 
of l eas t  squa re s  in the anisot ropic  approximat ion.  The final value of R =0.052; the cor responding  coordinates  
a r e  given in Table 1.* 

D E S C R I P T I O N  O F  T H E  S T R U C T U R E  

Analys i s  of the r e s u l t s  obtained shows that the hydra te  of b i s - (p-aminobenzoato)z inc  is a t h r e e - d i m e n -  
s ional  coordinat ion polyhedron.  The a r r a n g e m e n t  of the ligands in the cell  and their  r e l a t ion  to the Zn a toms  
a r e  shown in Fig. 1. The bond lengths a r e  given in Fig. 2. Table 2 gives the va lence  angles ,  and Table 3 gives 
the equations of the ave r age  planes of the p lanar  f r a g m e n t s  of the molecule .  

* The va lues  of the an iso t rop ic  t h e r m a l p a r a m e t e r s  can be obtained f r o m  the authors .  
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Fig. i. 
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Projection of the structure along [100]. 

" ~  1,40 

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

The tl~ee-dimenstonal 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 r e -  
versible dehydration: At 85-97 ~ dehydration takes place without breakdown of the crystal  structure.  This 
character is t ic  feature of the compound was established by high-temperature diffraetometry on a GPVT-1500 
assembly (conditions of the recording: DRON-1.5 apparatus, CuKoz radiation, Ni fi l ter ,  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 [0(5): x=0.9320(29), y=0.2469(28), z =0.4889(19), 0(6): x=0.2579(29), y= 
0.3098(25), z =0.59.06(1a), 0(7). x;0.5816(43), y=0.19S0(26), z=0.4956(19), O(5'), O(6'), O(7') 1/~.+ x, 1 / 2 - y ,  
1 - z ,  respectively]. It should be noted that these positions are convenient for the formation of hydrogen bonds 
with the Hgand 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 [tgands [Zn- 
N(I') 2.058(10), Zn-N(2')  2.053(9) ~ and two oxygen atoms from two different ligands [Zn-O(2) 1.979(6), Z n -  
O(3) 1.943(7) AI. The valence angles at the Zn atom lie in the range 100.3(3)-122.0(3) ~ ~he average values of 
the bond lengths Z n - N  2.056 and Zn -O  1.961 A are dose  to those found in other zinc complexes [7-231. The 
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Fig. 3. Dif f ract ion patterns of the complex (1-20 ~ , 2-100~ 

distance Z n . . .  O(1) 2.494(8) A is much grea te r  than the sum of the corresponding ionic radi i  (2.14 A) [24], tha~ 
is the COO- group of PABA does not f o rm  a chelate with the metal  atom, as observed in the cadmium complex 
of PABA [25]. The oxygen atoms O(1) and 0(4) of the earboxylate  groups of PABA not p resen t  in the coordina-  
tion sphere  of Zn are  situated at distances f rom the water  molecules  equal to the length of an H-bond [O(1) . . .  
O(5') 2.84(3), O(i)...0(6) 2.90(3) and O(4) (x, y - l ,  z)...O(7) 2.92(3) ~]. 

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 
Wools radii. 
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