
732 (CIoHIIN2)2[SnC14(CH3)2] AND (CIoHIIN2)2[SnC14(C6Hs)2] 

solve structures: SIR92 (Altomare et al., 1994) in KRYSTAL 
(Hazell, 1995); program(s) used to refine structures: modified 
ORFLS (Busing et al., 1962) in KRYSTAL; molecular graphics: 
ORTEPIII (Burnett & Johnson, 1996) in KRYSTAL; software 
used to prepare material for publication: KRYSTAL. 

chlorate, [Cu(C11H ioN2 02 )2 ] (C104)2, whose metal atom 
is N,O,N'-chelated by the two di-2-pyridylmethanediol 
ligands in an elongated octahedral CuN40: geometry. 
The hydroxyl groups are hydrogen bonded to the per- 
chlorate anion. 

We are indebted to Nanyang Technological University 
(Grants No. RP18/96KLE and RG76/94) and to the 
Carlsberg Foundation for the diffractometer. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1224). Services for accessing these 
data are described at the back of the journal. 

References 
Allen, F. H., Davies, J. E., Galloy, J. J., Johnson, O., Kennard, O., 

Macrae, C. F., Mitchell, E. M., Mitchell, G. F., Smith, J. M. & 
Watson, D. G. (1991). J. Chem. Inf. Comput. Sci. 31, 187-204. 

Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, 
M. C., Polidori, G. & Camalli, M. (1994). J. Appl. Crvst. 27, 435. 

Becker, P. J. & Coppens, P. (1974). Acta Crvst. A30, 129-147. 
Bengtson, A., Goh, N. K., Hazell, A., Khoo, L. E., Ouyang, J. & 

Petersen, K. R. (1996). Acta Chem. Stand. 50, 1020-1024. 
Burnett, M. N. & Johnson, C. K. (1996). ORTEPIII. Report ORNL- 

6895. Oak Ridge National Laboratory, Tennessee, USA. 
Busing, W. R., Martin, K. O. & Levy, H. A. (1962). ORFLS. Report 

ORNL-TM-305. Oak Ridge National Laboratory, Tennessee, USA. 
Deady, L. W. & Yusoff, N. I. (1976). J. Heterocw'l. Chem. 13, 125- 

126. 
Hazell, A. (1995). KRYSTAL. An Integrated System of Crystallo- 

graphic Programs. Aarhus University, Denmark. 
Hazeil, A., Thong, K. F., Ouyang, J. & Khoo, L. E. (1997). Acta 

Co,st. C53, 1226-1228. 
Siemens (1995). SMART, SAINT and XPREP. Area Detector Control 

and Integration Software. Siemens Analytical X-ray Instruments 
Inc., Madison, Wisconsin, USA. 

Teoh, S.-G., Teoh, S.-B., Yeap, G.-Y. & Declcrcq, J.-P. (1992). 
Polyhedron, 11, 2351-2356. 

Acta Cryst. (1998). C54, 732-734 

Bis(di-2-pyridylmethanediol-N,O,N')- 
copper(II) Diperchlorate 
GUANG YANG, a MING-LIANG TONG," XIAO-MING CHEN a 

AND SEIK WENG NG b 

aDepartment o f  Chemistry, Zhongshan Universit3, 
Guangzhou 510275, People's Republic of  China, and 
blnstitute of Postgraduate Studies and Research, University 
of Malaya, 50603 Kuala Lumpur, Malaysia. E-mail: 
cedcO3 @ zsu.edu.cn 

(Received 3 November 1997; accepted 6 January 1998) 

Abstract 
Di-2-pyridyl ketone reacts with diaquatetrakis(betaine)- 
dicopper tetraperchlorate in water to form centrosym- 
metric bis (di- 2- pyridylmethanediol ) copper(II) diper- 

Comment 
Di-2-pyridyl ketone (hereafter DPK) functions either as 
a bidentate N,N'-donor or as a tridentate N, O,N'-donor 
towards metal ions, depending on the reaction medium 
used in the synthesis of the complexes (Deveson et al., 
1996), and several mononuclear and polynuclear transi- 
tion metal-DPK complexes have been reported (Wang et 
al., 1986; Sommerer et al., 1993). The ligand undergoes 
alcoholysis to the acetal, [(NCsH4)2C(OR)(OH)] (R = 
alkyD, whose existence has been documented through 
its metal complexes (Bayers et al., 1985; Baggio et 
al., 1993; Papadopoulos et al., 1996; Tangoulis et al., 
1996). The [(NCsH4)2C(OH)2] homologue is trapped in 
the title complex, (I), which was obtained in the attempt 
to prepare a copper-DPK-betaine complex. 

OF (ClOa) 2 

(I) 

The title complex consists of bis(di-2-pyridyl- 
methanediol)copper(II) cations and perchlorate anions. 
The Cu II atom, which is located at an inversion centre, 
is chelated by the N, O and N' atoms of the ligand, being 
surrounded by four N and two O atoms in an elongated 
octahedral C u N 4 0 2  environment. The distortion arises 
from the deviation of the N 1 - - C u l - - N 2  [88.2(1) °] 
and O1- -Cul - -N1  [74.7(1) °] angles from the ideal- 
ized 90 ° value. The Cu--N bond lengths [2.009 (2) and 
2.010 (2) ,~] are similar to those [1.994 (5)-2.098 (5) ,~,] 
found in the di-2-pyridyl ketal complexes of nickel(II) 
and copper(II) (Wang et al., 1986). 

The title complex is structurally different from bis- 
(di-2-pyridyl- 1-hydroxymethoxy)cobalt(III) perchlorate 
trihydrate, where the Co u~ atom is coordinated by a pair 
of the tridentate ligands, with the two Co---O bonds in' 
a cis arrangement (Tong et al., 1998). In contrast, in the 
present case, the two Cu--O bonds [2.454 (2),~,], being 
in a trans arrangement, significantly exceed the Cu--N 
bond distances, a feature which can be attributed to the 
Jahn-Teller effect, which usually manifests itself in d 9 

metal systems. The hydroxyl groups are both involved 
as donors in hydrogen bonds with the perchlorate anion 
(Table 2). 
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Fig. 1. ORTEPII (Johnson, 1976) plot of the title compound with ellipsoids at the 35% probability level. Suffix a on atom labels represents 
symmetry operation -x ,  - y, - z. 

Experimental 

DPK (1.0mmol)  was dissolved in water (2ml)  and the 
solution mixed with an aqueous solution containing [Cu2- 
(betaine)4(H20)2](CIO4)4 (0.5 mmol). The mixture was heated 
to 333 K. Lilac blocks were deposited from the solution 
after several days. [Cu2 (betaine)4 (H2 0)2 ] (C104)4 was prepared 
according to Chen & Mak (1993). 

Crystal data 

[Cu(CIIHIoN202)2](C104)2 Mo Kc~ radiation 
Mr = 666.86 A = 0.71073 * 
Monoclinic Cell parameters from 25 
P21/n' reflections 
a = 7.8466 (3) ,~, 0 = 12.0-15.0 ° 
b = 13.6602 (4) k, # = 1.127 m m -  
c = 12.2522 (5) ,~, T = 298 (2) K 
/3 = 100.830 (4) ° Regular block 
V= 1289.88 (8),~3 0.44 x 0.36 x 0.32 mm 
Z = 2 Lilac 
D~ = 1.717 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

,~ scans 
Absorption correction: 

~, scan (North et al., 
1968) 
Tm,n = 0.613, Tm,x = 0.697 

3990 measured reflections 
3746 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)] = 0.044 
wR(F 2) = 0.131 
S = 1.026 

3037 reflections with 
I > 2~r(/) 

Rin, = 0.011 
0max = 29.96 ° 
h = 0 --' 11 
k = 0 ---, 19 
l = - 1 7  ---, 16 
3 standard reflections 

frequency: 60 min 
intensity decay: none 

( m / O ' ) m a x  = 0 . 0 0 1  

A p m a x  = 0.54 e .~-3 
A p m i n  = -0 .48  e ~ - 3  
Extinction correction: none 

3746 reflections 
195 parameters 
H atoms: see below 
w = l/[o'2(Fc~) + (0.0707P) 2 

+ 0.9966P] 
where P = (FZ; + 2F,2)13 

Scattering factors from 
International Tables for  
Crystallography (Vol. C) 

Table  1. Selec ted  geometr ic  parameters  (A, °) 

C u I - - N I  2.009 t2) O1---C11 
C u I - - N 2  2.010 {27 O2---C 11 
Cu 1 ----O1 2.454 t27 

N I---Cu I - - N 2 '  91.8(17 C l - - N 1 - - C u l  
N l----Cu I - - N 2  88.2(17 C 5 - - N I ~ u l  
N l ~ u l ~ l  74.7 (17 C I O--N2---Cu I 
N 2 - - C u  1---OI 72.4 I1) C~-N2-- - -Cu I 
CI I - - O I - - C u  1 92.8 (1) 

S y m m e t r y  code :  (i) - x ,  - y ,  - z .  

1.425 t37 
1.379 (37 

123.3 (27 
117.1 (27 
116.6 t2) 
124.6 (27 

Table 2. Hydrogen-bond ing  geometry  (/t, °) 

D - - H .  • .A  H .  • .A  D .  • .A  D - - H .  • . A  

O2--H21 .  • .03  2.11 t4) 2.750 (47 153 t4) 
O I - - H I  1- - .04 '  2.26 ~4) 2.932 (4) 155 (47 
O I - - H I  1. • .05 '  2.39 t4) 3.028 ~57 149 ~4) 

S y m m e t r y  code :  (i) - x ,  - y ,  - 1 - z. 

H atoms were refined as a riding model with U(H) = 
1 . 5 U e q ( C ) .  The hydroxyl H atoms were located and refined. 

Data collection: CAD-4 VAX/PC (Enraf-Nonius, 1988). 
Cell refinement: CAD-4 VAX/PC. Data reduction: Xtal3.0 
(Hall & Stewart, 1990). Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1990). Program(s) used to refine struc- 
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: OR- 
TEPII (Johnson, 1976). Software used to prepare material for 
publication: SHELXL93. 
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10H_~O, the Pb 2÷ ions have highly distorted bonding 
geometry, with a primary coordination number of five 
and two secondary intermolecular contacts. The Pb--- 
N bond distances range from 2.505 (4) to 2.641 (4).~, 
and the Pb--O bond distances range from 2.454 (3) to 
2.559 (3),~,. The binuclear lead complexes sit on inver- 
sion centers and are bridged to form polymeric struc- 
tures. The polymers are linked into sheets via N . . . O  
contacts. 

Comment 

The use of metal-ion chelation for remediation of soils 
and waters contaminated with toxic metal ions (Pb, Cd, 
Hg) is finding increasing application. Extractants such as 
nitrilotriacetic acid, H3NTA, ethylenediaminetetraacetic 
acid, H4EDTA, and diethylenetriaminepentaacetic acid, 
HsDTPA, have commonly been used for extraction of 
lead (Barbarick & Workman, 1987; Elliott & Brown, 
1989; Raghavan et al., 1989). Polymeric aminocarboxyl- 
ate systems with multiple metal-binding sites are also of 
interest for waste-water treatment (Geckeler & Volchek, 
1996). Surprisingly, only a few structural studies of this 
class of molecules with heavy metals have been reported 
in the literature (Harrison & Steel, 1982; Solans et al., 
1985). Characterization of metal-ion binding in these 
simple yet effective molecular extractants will enhance 
our ability to design new chelator systems based on this 
functional group. We report herein the structure of a 
triethylenetetraminehexaacetic acid (H6TTHA) complex 
of lead, (1). 

4N a +. 

°, A ' I  o 

(~ ~N _ X'~N _,.,O 
O ~ P b ~ "  N / " ~ N " S ~  ~ .2NO~,.10H20 
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Abstract 
In the title compound, tetrasodium # - [ 3 , 6 , 9 , 1 2 -  
tetrakis (carboxymethyl) - 3 ,6 ,9 ,12-  tetraazatetradecane- 
dioato - 1 n 50 i, N 3, 0 3 ' N 6, 0 6 : 2n5 N 9, 0 9 N 12, 012, &4 ] dilead 
dinitrate decahydrate, Na4[Pb2(ClsH24N4Olz)](NO3)2.- 

(1) 

Tetrasodium triethylenetetraminehexaacetatodilead di- 
nitrate decahydrate, (1), contains a binuclear complex 
that forms weak dibridged polymeric structures. Further 
weak intermolecular bonding leads to a sheet-like struc- 
ture. As shown in Fig. 1, all ten donor atoms of the 
TTHA ligand are utilized in binding the two Pb 2+ ions, 
and the ligand has an inversion center at the midpoint of 
the central ethylene bridge (C9--C9'). The ligand bond 
distances and angles are typical (Fallon & Gatehouse, 
1974, 1976; Leverett, 1974). The other four reported 
TTHA-metal complexes (M -- VO, Cr, Cu, Sb) are 
discrete molecules with very similar ligand geometries 
(Allen & Kennard, 1993; Fallon & Gatehouse, 1974, 
1976; Leverett, 1974). The lead salt reported here has 
a polymeric structure and the ligand geometry differs 
from that reported in other M2TTHA complexes in that 
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