
The ni t rogen a tom of the NH 2 group f o r m s  two H-bonds ( N ( 1 ) . . .  0(2) (x, y, l + z )  3.09 and N ( 1 ) . . .  O(1) 
o 

( l - x ,  - 1  +y, l - z )  3.10 A), which join the l a y e r s  into a t h ree -d imens iona l  po lymer i c  s t ruc tu re  (see Fig. 1). 

The sum of the angles of the N(2) ni t rogen a tom,  359.9 ~ shows that it has t r igonal  sp 2 hybridizat ion.  
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C R Y S T A L  A N D  M O L E C U L A R  S T R U C T U R E  

O F  M O N O A Q U O - B I S - ( p - - H Y D R O X Y B E N Z O A T O ) L E A D ( I I )  

M O N O H Y D R A T E  
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F .  R .  K e r i m o v a ,  a n d  K h .  S.  M a m e d o v  

An x - r a y  s t ruc tu ra l  study of monoaquo-b i s - (p -hydroxybenzoa to ) lead  (II) monohydra te  
[ Pb(p-HOC6H4COO)2(H20) ] "H20 has been ca r r i ed  out (d i f f rac tometer ,  XMoK~, 1915 r e -  
f lect ions,  h e a v y - a t o m  method,  an i so t rop ic  re f inement ,  R =0.098). The c rys t a l s  a r e  mono-  

o 0 3 
clinic,  a =18.735{9), b =7.464(3),  c =11.650(4) A, fl =113.116(30) ~ V=1498.31 A , dcalc  =2.15 
g / c m  3, Z--=4, space  group P21/c.  The c a r b o x y l g r o u p  of one organic  ligand f o r m s  a chelate 
r ing with the Pb a tom {Pb-O,  2.39 (4), 2.52(5) A), and each O a tom acts  as a br idge between 

o 
neighboring me ta l  a toms  re la ted  by 21 and 1 s y m m e t r y  ( P b - O  2.83 (5), 2.89 (3) A). The c a r -  
boxyl group of the second ligand ac ts  as a br idge through one O a tom joining two neighboring 

o 

Pb a toms  ( P b - O  2.50 (2), 2.65(3) A). The other  O a tom of this group is not coordinated to a 
o 

meta l ,  but f o r m s  an H-bond with two wa te r  molecu les  ( 0 . . .  O 2.83 (5), 2.82 (5) A ) .  The coord ina-  
tion of Pb is brought up to 8 by two wa te r  molecu les  ( P b - O H  22.61(14), 2.70(3) A). The OH 
groups of the ligand a re  not coordinated to Pb, but take pa r t  in H-bonding. 

The p r e sen t  work  was c a r r i e d  out as pa r t  of a study of the complexes  cf divalent  lead with benzoic acid 
and its de r iva t ives  [1-3] and desc r ibe s  a study of the s t ruc tu re  of the complex with p-hydroxybenzoic  acid 
(PH ]34.). 

E X P E R I M E N T A L ,  S T R U C T U R E  D E T E R M I N A T I O N ,  

A N D  R E F I N E M E N T  

Hot aqueous solutions of Pb 2+ ace ta te  and PHBA (1 : 2) were  mixed,  boiled until the odor of the acet ic  
acid d i sappeared ,  and f i l te red .  At room t e m p e r a t u r e  the f i l t ra te  gave gl is tening white c ry s t a l s  with the com-  
posi t ion Pb (p-HOC6H4COO) 2 �9 2H20 (I). 
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T A B L E  1. C o o r d i n a t e s  of  the  A t o m s  (• 10 4) 

Atom 

Pb 
0(t)' 
0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
0(7) 
0(8) 
6(1) 
C(2) 
c(3) 

5190(1) 
606(20) 

3759(t8) 
4t94(16) 
4t25(26) 
4t53(t6) 
582(22) 
87(22) 

4943(t5) 
3740(28) 
2935(20) 
2607(22) 

244(2) 
1714(39) 
0555(36) 
2005(30) 

--1822(36) 
--153(36) 

--2062(35) 
--0630(40) 

3783(25) 
--tt59(46) 
--t517(43) 
--742(48) 

z Atom 

3248(t) 
334(32) 

--34t(29) 
t544(26): 
2592(37)i 
4106(23): 
2146(28), 
3734(28~1 
3858(22~1 
3t74(28)1 
3040(37~1 
3723(3t~1 

C(4) 
c(5) 
C(6) 
c(7) 
c(8) 
c(9) 
c(1o) 
COl) 
C(t2) 
c03) 
c(t4) 

t836(29) 
t357(20) 
1669(26) 
245t(20) 
3689(27) 
2854(25) 
27t4(27) 
1972(34) 
1323(26) 
1469(20) 
2247(27) 

--902(51) 
--1851(44) 
--2655(53) 
--2484(54) 

t295(37) 
t458(4t) 
2381(47) 
2487(56) 
1654{48) 
783(48) 
684(50) 

�9 Z 

35i6(38) 
2460(37) 
i684(43) 
i913(34) 
507(31) 
45t(38) 

t4t6(38) 
t356(40) 
353(34) 

--6t3(33) 
--560(4t) 

T A B L E  2. Bond Leng ths ,  d, 

Bond a Bond d 

Pb--O(3) 
Pb--O(3)* 
Vb--O(4) 
Pb--O(4)* 
Pb--O(5) 
Pb--O(5)* 

�9 Pb--O(8) 
Pb--O(8)* 
o(t)-c02) 
o(6)-c(5) 
o(2)-c(8) 
o(3)-c(8) 
o(4)-c(i) 
o(5)-c(1) 
c0)-c(2) 
c(8)--c(9) 
00)-0(6)* 
o(t)-o(7)* 
0(2)-0(8)* 

2,50(3) 
2,65(4) 
2,39(4) 
2,89(3) 
2,52(5) 
2,83(5) 
2,6t(4) 
2,70(3) 
1,33(6) 
t,36(5) 
t,t8(5) 
t,32(4) 
1,26(7) 
1,29(4) 
t ,48(6) 
1,54(7) 
2,88(5)$ 
2,81(4)$ 
2,82(5) $ 

c(2)-c(3) 
C(3)--C(4) 
c(4)-c(5) 
C(5)--C(6) 
C(6)--C(7) 
c(7)-c(2) 
Average 

C(9)--0(t0) 
c(lo)-c(ll) 
C0t)--C(t2) 
C(t2)--C(t3) 
C(13)--C(t4) 
c04)-c(9) 
Average 

0(2)--0(8)1- 
0(6)--0(7) 
0(6)--0(7)1" 

i,3I (6) 
1,37(7) 
1,39(5) 
1,38(7) 
t ,39(7) 
t ,43(5) 
1,38 
1,42(6) 
t,36(8) 
1,45(5) 
i ,42(6) 
1,43(8) 
1,4o(5) 
i,41 
2,855 
2,60(6)$ 
2,95(5)$ 

, ' 0 ( 3 ) :  l - x ,  y - 1 1 2 ,  l 1 2 - z ;  0(4) .  l - x ,  1 / 2 + y ,  l 1 2 - z ;  
0(5)= l - x ,  - y ,  l - z ;  0(8).. l - x ,  y - l / 2 ,  1 / 2 - z ;  0(6) :  
- x , - y , - z ;  0(7) :  - x ,  1 /2  +y, 1 1 2 - z .  
tO(7) :  --x,  y - - l / 2 ,  1 / 2 - z ;  0(8):  x,  l / 2 - y ,  z - - l / 2 .  
$ H y d r o g e n  bonds .  

~ 

- / 

.- / 

Fig.  1. P r o j e c t i o n  of the s t r u c t u r e  on the  (001) p l ane ,  
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TABLE 3. Valence Angles % deg 

Angle r Angle 

O(3)PbO(4) 
O(3)PbO(5) 
O(3)PbO(8) 
O(3)PbO(3)* 
O(3)PbO(4)* 
O(3)PbO(5)* 
O(3)PbO(8)* 
O(4)PbO(5) 
O(4)PbO(8) 
O(4)PbO(3)* 
O(4)PbO(4)* 
O(4)PbO(5)* 
O(4)PbO(8)* 
O(5)PbO(8) 
O(5)PbO(3)* 
O(5)ebO(4)* 
O(5)PbO(5)* 
O(5)PbO(8)* 
O(8)PbO(3)* 
o(8)PbO(4)* 
o(8)pbo(5)* 
O(8)Pb0(8)* 
O(3)*PbO(4)* 
O(3)*Pb(O(5)* 
O(3)*PbO(8)* 
0(6)0(7)0(t) "~ 
0(6)0(7)0(6)'~ 
PbO(8)Pb* 
PbO(8)O(2)* 
PbO(8)O(2) I- 
0(2)*0(8)0(2)'~ 
0(2)I" O(8)eb* 
O(2)*0(8)Pb* 

o(4) c(t)o(5) 
0(4)C(i)C(2) 
o(5)c(t)c(2) 

C(t)C(2)C(7) 
C(t)C(2)C(3) 
C(3) C(2)C(7) 
y, 
C(2)C(3)C(4) 
c(3)c(4)c(5) 
C(4)C(5)C(6) 
c.(4)c(5)o(6) 
0(6)C(5)C(6) 
Z 

79,43(3) 
85,73(3) 
64,68(3) 

i35,69(3) 
68,01(3) 

t38,27(4) 
76,17(3) 
5t,52(3) 

tt7,90(4) 
73,75(3) 

t43,38(4) 
106,43(3) 
68,27(3) 
75,82(3) 
103,40(4) 
137,21(4) 
68,92(3) 
68,27(3) 

159,60(5) 
62,70(3) 
76,94(3) 
137,73(4) 
I19,09(4) 
83,75(3) 
6t,4t(3) 

t09,4(5) 
tt0,1(4) 
99,5(4) 

t24,9(4) 
tt8,0(5) 
104,9(3) 
92,2(3) 

ttt,8(4) 

113,3(4) 
130,0(3) 
116,1(4) 
359,6 
t15,5(4) 
t23,7(4) 
119,3(4) 
358,6 
t24,3(3) 
1t7,7(4) 
12074(4) 
t22,9(4) 
116,6(3) 
359,9 

O(4)*PbO(5)* 
O(4)*PbO(8)* 
O(5)*PbO(8)* 
0(6)*0(t)C02) 
0(6)0(t)O(7)* 
C(t2)0(1)0(7)* 
0(8)*0(2)0(8) 
0(8)*0(2)C(8)* 
C(8)O(2)O(8)1- 
PbO(3)Pb* 
PbO(3)c(8) 
C(8)O(3)Pb* 
C(t)0(4)Pb 
C(l)O(4)Pb* 
PbO(4)Pb * 
PbO(5)PM" 
PbO(5)C(t) 
C(t)0(t)Pb'~ 
0(t)'0(6)0(7)* 
O(t)*0(6)C(5) 
O(1).0(6)O(7) 
0(7)0(6)0(7)* 
0(7)0(5)0(5) 
C(5)0(6)0(7)* 
0(i)*'0(7)0(6) 
C(5)C(6)C(7) 
C(6)C(7)C(2) 

o(3) c(8)o(2) 
o(3)c(8)c(9) 
o(2) c(8)c(9) 
2 

c(8)c(9)c(10) 
c(8)c(9)c(t4) 
c(to)c(9)c(t4) 
y, 
c(9)c(t0)c(1t) 
c(t0)c(it)c(t2) 

C(11)C(12)C(13) 
c(tt)c(t2)o(1) 
o(1)c(12)c(t3) 
2 
c(i2)c(t3)c(14) 
c(13)c(t4)c(9) 

108,94(4) 
87,49(3) 

t45,05(4) 
tt3,28 
9t,8t 

129,t5 
75,02(3) 
95,50(3) 

12t,t7(4) 
104,t7(4) 
124,06(4) 
125,51(4) 
98,94(3) 

158,65(4) 
99,81(3) 

t11,08(3) 
92,03(4) 

139,28(4) 
7t,20(4) 

t25,55(4) 
108,96(3) 
t13,35(3) 
1t3,70(4) 
1t7,45(3) 
t24,97(4) 
120,9(4) 
tt6,9(3) 

123,6(5) 
110,9(4) 
116,3(3) 
360,9 
120,0(3) 
1t8,5(4) 
t21,4(4) 
360 
119,0(3) 
126,9(5) 

1t8,2(5) 
12t,t(4) 
t20,6(3) 
360,0 
tt9,9(3) 
1t9,3(4) 

*Pb:  l - x ,  1 / 2 + y ,  1 / 2 - z ,  O(1): - x , - y , - z ,  0(2): x, 
1 / 2 - y ,  1 / 2 + z ,  0(3): l - x ,  y - l / 2 ,  1 / 2 - z ,  0(4): l - x ,  
1 / 2 + y ,  1 / 2 - z ,  O(5): l - x , - y ,  l - z ,  0(6): - x , - y , - z ,  
0(7): - x ,  1 / 2 + y ,  1 / 2 - z ,  O(8): l ' x ,  y - l / 2 ,  1 / 2 - z .  
?Pb:  1 - x , - y ,  l - z ,  0(2): l - x ,  1,(2 +y, ~ 2 - z ,  0(6): 
- x ,  1/2 +y, 1 / 2 - z ,  0(7): - x ,  y - l / 2 ,  1 / 2 - z ,  0(8): x, 
I/2--y, z--I/2; 0(I): --x, 1/2 +y, I/2--z. 

The x - r a y  diffract ion study was ca r r i ed  out on a ~Syntex P21" automatic  d l f f rac tomete r  (XMoKc~, graphite 
monochromator ,  0/20 scanning by the method of ordinate analysis ,  20 -< 50~ The c rys ta l s  a re  monocltnic ,  

o 0 3 
a =18:735(9), b=7.464(3),  c=11.650(4) A, fl=113.116(30) ~ Z =4, V=1498.31 A ,  M=485.35, dca lc=2 .15  g / c m  ~, 
space group P21/c. 

The intensi t ies  of 2051 independent ref lec t ions  were  m easu red .  1915 ref lec t ions  wi thI-~ 2~ were  used in 
the s t ruc tu re  calcula t ions .*  

*All the calculations were  ca r r i ed  out on a BI~SM-6 computer  using the p rog rams  "Rentgen-75" [4]. 
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The coordinates of the lead atom were  determined f rom the three-d imens ional  Pa t t e r son  function. Two 
Four ie r  syntheses were  required  to locate all the atoms other than hydrogen.  The ref inement  was ca r r i ed  
out by the method of leas t  squares  in the anisotropic  approximation.  The final value of R =0.098. The co- 
ordinates  of the basis atoms a re  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  

The crys ta l  s t ruc ture  of compound I consists  of a three-d imens ional  po lymer .  Against the background 
of the overall  s t ruc ture ,  however,  it is possible to distinguish a compact chain of Pb atoms,  which a re  joined 
to one another  by the oxygen atoms of the COO- group of PHBA and the molecules  of coordinated water .  This 
chain can be c lear ly  distinguished in the project ion of the s t ruc ture  (010) along the line [1/2 z] (see Fig. 1). 

The bond lengths and valence angles a re  given in Tables  2 and 3. 

The carboxyl  group of one of the PHBA ligands forms  a chelate ring with a metal  atom (Pb-O(4) 2.39 (4), 
Pb-O(5)  2.52(5) .~), and simultaneously its oxygen atoms form a bridge between neighboring lead atoms,  r e -  
lated by 21 and 1 symmet ry :  P b ( 1 - x ,  1 / 2 ~ y ,  I / 2 - z )  - 0 ( 4 )  2.89 (3), P b ( 1 - x ,  - y ,  l - z )  - 0 ( 5 )  2 .83(5) /~ .  The 
0(3) atom of the carboxyl  group of the second PHBA anion acts as a bridge joining lead atoms re la ted  by sym-  
me t ry  (Pb-O(3),  2.50 (3), P b ( 1 - x ,  1/2 +y, 1 / 2 - z )  - 0 (3 )  2.65(4) A), and the O(2) atom of the same group forms 
a H-bond with two molecules  of coordinated wate r  ( O ( 2 ) . . . H - O ( 8 )  ( l - x ,  y - 1/2, l - z )  2.82(5), O ( 1 ) . . . H - O ( 8 )  
(x, 1 / 2 - y ,  z - 1 / 2 )  2.83 (5) A, see Table 2). 

The coordination number  of the central  atom of the complex is brought up to 8 by two water  molecules  
o 

(Pb-O(8) 2.61(4), Pb-O(8)  ( l - x ,  y - l / 2 ,  l - z )  2.70(3)A). 

Thus the oxygen atoms of the carboxyl  groups and water  molecules  join the complexes to form a two- 
dimensional po lymer ic  l aye r  para l le l  to (100). The sum of the internal  angles of the quadr i la tera l  PbO(4)C (1)- 
0(5) is 355.9 ~ , which within the l imits  of e r r o r  cor responds  to the ideal value of 360 ~ and indicates that the 
chelate ring is planar .  The benzene rings a re  planar ,  and the carboxyl and hydroxyl groups are  in the same 

o 
plane as the ring.  The C--O distances in the carboxyl  groups,  except  for  the distance C (8)-0(2)  1.18(5) A, 
and also the average  C - C  distances in the benzene r ings ,  1.39 and 1.42 .~, show good agreement  with the co r -  
responding values in the s t ruc tures  studied e a r l i e r  [1, 2]. short ,  the C(8) -O(2) distance co r r e sponds to  a 
double bond and agrees  with published data [5] within the l imits  of e r r o r .  The OH groups of the ligand are  
not in the coordination sphere  of the metal .  They form H-bonds with the molecule of wate r  of crys ta l l iza t ion 
and with one another  (see Table 2): O ( 1 ) . . . H - O ( 7 )  (-x,  1/2 +y, 1 / 2 - z )  2.81(4), O ( 1 ) . . . H - O ( 6 )  ( - x , - y ,  - z )  
2.88(9), 0 ( 6 ) . . . H - - O ( 7 )  2.60(6), O(6) . . .H- -O(7)  (--x, y - - l / 2 ,  1 / 2 - z ) 2 . 9 5 ( 5 ) A .  

Thus the two-dimensional  po lymer ic  l aye r s  are  ncross-linkedVV to form a th ree-d imens iona l  po lymer ic  
s t ruc ture .  The other  in te rmolecu la r  distances have the usual van der  Waals values. The volume cor respond-  
ing to one chemical  bond, calculated by the published method [6], is 9.1 ,~3. 

1, 

2 .  

3. 
4. 
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