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Hydrothermal reactions of 5-sulfoisophthalic acid (HO;SCgHs-1,3-(CO2H),, Hsl) with M(Il) carbonate (or oxide) and
4,4'-bipyridine (4,4'-bipy) (or 2,2'-bipyridine, 2,2'-bipy) resulted in three new metal carboxylate—sulfonate hybrids,
namely, [CdL(H-4,4'-bipy)] (1) and [CdsL2(2,2-bipy)s(H20).]-2H,0 (2) with layered structures and [ZnL(H-4,4'-bipy)-
(H20)]-2H,0 (3), whose structure features a one-dimensional double chain. The cadmium(ll) ion in complex 1 is
seven-coordinated by five carboxylate oxygen atoms and one sulfonate oxygen atom from four ligands and a
unidentate 4,4'-bipyridine. The interconnection of the cadmium(ll) ions through bridging carboxylate—sulfonate ligands
resulted in the formation of a [002[Jdouble layer with the bipyridyl rings orientated toward the interlayer space.
Complex 2 has a different layered structure. Cd(1) is seven-coordinated by two bidentate chelating carboxylate
groups from two ligands, a bidentate chelating 2,2'-bipy and an aqua ligand, and Cd(2) is octahedrally coordinated
by two bidentate chelating 2,2'-bipy’s, a sulfonate oxygen, and an aqua ligand. The coordination geometry around
Cd(3) is similar to that of Cd(1) with the aqua ligand being replaced by an oxygen atom from the sulfonate group.
The carboxylate—sulfonate ligand acts as pentadentate ligand, bridging with three cadmium(ll) ions. The bridging
of cadmium(ll) ions through the carboxylate—sulfonate ligands resulted in the formation of [006Cand [003[layers;
the 2,2"-bipy molecules and [Cd(2)(2,2'-hipy),(H.O)] cations are orientated to the interlayer space. Complex 3
features a 1D metal carboxylate—sulfonate double chain along the diagonal of the a- and b-axes. The zinc(ll) ion
is octahedrally coordinated by four carboxylate O atoms from three ligands, a unidentate 4,4'-bipy, and an aqua
ligand. Each pair of zinc(ll) ions is bridged by two carboxylate groups from two ligands to form a dimer, and such
dimeric units are interconnected by bridging ligands to form a double chain. The sulfonate group of the carboxylate
sulfonate ligand remains noncoordinated and forms a number of hydrogen bonds with agua ligands as well as
lattice water molecules.

Introduction nosulfonic acids have been reported to form various types
of layered or pillared layered compounds with metal ions,
such as silver(l) ioft,alkali and alkaline earth metal iofg,
and transitional metal ions as well as lanthanide(lll) i&ri8.
Analogous to that in the metal phosphonate chemfstty,
various functional groups such as amine, hydroxyl, and

Mixed inorganie-organic hybrids with layered structures
have been of interest due to their potential applications in
chemical separations and catalysisMuch of the work in
this area has involved organically functionalized clays and
metal phosphonatés. Similar to phosphonic acidsprga-
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Chart 1. 5-Sulfoisophthalic Acid, HG8GH3-1,3-(CQH)2 (HsL) Experimental Section
(0]
/Q %\OH Materials and Methods. All chemicals and solvents were of

HO reagent grade and used as received. Elemental analyses were

performed on a German Elementary Vario EL Il instrument. IR
spectra were recorded on a Magna 750 FT-IR spectrometer
o=1=0 photometer as KBr pellets in the range of 46@M0 cnt.

\ Thermogravimetric analyses were carried out with a TGA/SBTA851
unit, at a heating rate of 18C/min under a nitrogen atmosphere.
carboxylate groups have been attached to the organosulfonic synthesis of [CdL(H-4,4-bipy)] (1). CACO; (0.5 mmol) was
acids to build new inorganieorganic hybrid material%:1° added to 10 mL of an aqueous solution of 5-sulfoisophthalic acid
Reports on metal carboxylatsulfonates are still rare.  monosodium salt (0.7 mmol, Aldrich) and heated at’80for 30
4-Carboxybenzenesulfonic acid has been reported to form amin under stirring. The resultant mixture was filtered, and a mixture
layered compound with potassium(l) i6ta 1D coordination of the filtrate and 4,4bipyridyl (0.5 mmol) was sealed into a bomb
polymer with Cd(ll) ion8 and 3D pillared layered networks ~ €duipped with a Teflon.liner and then allowed to react at 180
with Eu(lll) and Gd(lll) ions when benzene-1,4-disulfonate for 4 days. C_:olorless brick-shaped crystalslafiere recovered in
is also added in the reactioPsTwo copper(ll) complexes S 62:3% vield. Anal. Found for compléx C, 41.85; H, 2.18;

with a 1D chain structure and three isomorphous layered N, 5.53. Calcd: C, 42.16; H, 2.36; N, 5.46. IR data (KBr, ¢jn
P y 3386 (m), 3055 (W), 1554 (m), 1414 (w), 1362 (s), 1218 (s), 1198

lanthanide complexes with 5-sulfoisophthalic acid @¢HO (s), 1043 (m), 806 (s), 755 (W), 727 (), 631 (s), 492 (w).
SCGH?"lig"(CQH)Z’ HaL; Chart 1) have been reported = "o oo el ,(2,2-bipy)a(H20)2]-2H,0 (2). Complex2
re_cently. Hydrothermal reaf:tlons of 5-sulf0|sophthallclaC|d was synthesized by a method similar to that used for complex
W_'th _M_(”) Carbo_nate (or ox"_je) f':lr_'d a Secc_md ligand,"4,4 2,2-Bipyridine was used instead of 4;dipyridine. Colorless brick-
bipyridine (4,4-bipy) (or 2,2-bipyridine, 2,2-bipy), afforded shaped crystals & were recovered in ca. 74.5% yield. Anal. Found
three new metal carboxylatesulfonate hybrids, namely,  for complex2: C, 43.92; H, 2.88; N, 7.16. Calcd: C, 44.24; H,
[CdL(H-4,4-bipy)] (1) and [CdLx(2,2-bipy)s(H20).]-2H,0 3.05; N, 7.3%. IR (KBr, cml) data: 3375 (m), 3115 (w), 2364
(2) with a layered structure, and [ZnL(H-4;dipy)(H.0)]- (w), 1668 (w), 1608 (vs), 1439 (vs), 1180 (s), 1018 (s), 876 (w),
2H,0 (3), whose structure features a one-dimensional double 766 (s), 729 (m), 652 (m), 627 (m), 579 (w).

chain. Herein we report their syntheses, characterizations, Synthesis of [ZnL(H-4,4-bipy)(H,0)]-2H,0 (3). A 0.5 mmol
and crystal structures. amount of zinc(Il) oxide was added to 10 mL of aqueous solution
of 5-sulfoisophthalic acid monosodium salt (0.7 mmol, Aldrich)
(5) (&) Shimizu, G. K. H.; Enright, G. D.; Ratcliffe, C. I.; Preston, K. F.;  and then heated at 8@ under stirring until the zinc oxide was

Reid, J. L.; Ripmeester, J. £hem. Commurli999 1485. (b) Smith, ; ; ; ;
G. Cloutt. B. A Lynch, D. E.: Byriel. K. A- Kennard, C. H. L. dissolved completely. The resultant solution was mixed with 0.5

Inorg. Chem1998 37, 3236. (c) Ce3, A. P.; Ferguson, M. J.: Khan, ~ Mmol of 4,4-bipyridine, sealed into a bomb equipped with a Teflon
K. A;; Enright, G. D.; Kulynych, A. D.; Dalrymple, S. A.; Shimizu, liner, and allowed to react at 18 for 4 days. Colorless plate
G. K. H.Inorg. Chem2002 41, 287. Shimizu, G. K. H.; Enright, G. ¢rystals of3 were recovered in ca. 54.9% yield. Anal. Found for

e 16, 350> @ S Reid: J. L Ripmeester, JORem. - complex3: C, 41.45; H, 3.25; N, 5.28. Caled: C, 41.60; H, 3.49;

(6) (a) Gunderman, B. J.; Squattrito, PIdorg. Chem.1994 33, 2924. N, 5.39. IR (KBr, cnT?) data: 3425 (s), 3086 (w), 2598 (w), 1606
(b) Gunderman, B. J.; Kabell, I. D.; Squattrito, P. J.; Dubey, S. N. (vs), 1371 (s), 1234 (s), 1036 (s), 860 (w), 820 (m), 729 (m), 633
Inorg. Chim. Actal997 258 237. (c) Gunderman, B. J.; Squattrito, (s), 571 (w), 490 (w)

P. J.Inorg. Chem.1995 34, 2399. ! ’ :

OH

(7) (a) Cug A. P.; Shimizu, G. K. HChem. Commur2001, 251. (b) Crystal Structure Determination. Single crystals of the title
Dalrymple, S. A.; Shimizu, G. K. HChem-—Eur. J.2002 8, 3010. complexes were mounted on a Bruker Smart CCD using Mo K
(c) Yu, J. O.; Cee, A. P.; Enright, G. D.; Shimizu, G. K. Hnorg. diati —0.710 69 A d hi h
Chem 2001, 40, 582. radiation ¢ = 0. ) and a graphite monochromator at room

(8) (a) Chen, C.-H.; Cai, J.-W.; Liao, C.-Z.; Feng, X.-L.; Chen, X.-M.; temperature. Intensity data were collected by using the narrow frame

ﬁg, SéWZ-lnsrg- thamﬁooi(‘llﬁ 4?:?]7- (b))< CGI'E;]HW'; cs:hen’DC'l-tH'; method with 0.3/frame ing at 293 K. A total of 2960, 9727, and
1ao, C.-£.; Yao, J.-A.; AU, X.-P.; en. X.-N\. em. S0cC., balton : . .

Trans. 2001, 1137. () Tisato, F.. Refosco, F.; Bandoli, G.; Pilloni, 3473 |ndependent reflections fi-3, respectively, were coII_ected
G.; Corain, B.Inorg. Chem.2001, 40, 1394. (d) Henderson, R. K.;  among which 2110 (fot), 6785 (for2), and 2618 (foB) reflections
Bouwman, E.; Spek, A. L.; Reedijk, horg. Chem1997, 36, 4616. with | > 2.00(l) were considered observed. Absorption corrections
(€) Yuan R.-X.; Xiong, R.-G.; Xie, Y.-L.; You, X.-Z.; Peng, S-M.; \vere performed by using the SADABS progratmAll three
Lee, G.-H.Inorg. Chem. Commur2001, 4, 384. . . .

(9) (a) Drljaca, A.; Hardie, M. J.; Johnson, J. A.; Raston, C.-L.; Webb, Structures were solved by direct methods and refined by full-matrix
H. R. Chem. Commun1999 1135. (b) Orr, G. W.; Barbour, L. J.; least-squares fitting oR 2 by SHEXLS? All of the non-hydrogen

Atwood, J. L. Sciencel999 285 1049. () Hardie, M. J.; Johnson, J. - a10ms were refined anisotropically. Hydrogen atoms were located
A.; Raston, C. L.; Webb, H. RChem. Commur200Q 849. (d) Xiong, icall lculated P y Y dg fined with i .
R.-G. Zhang, J.. Chen, Z.-F.. You, X.-Z.; Che, C.-M.Chem. Soc,, ~ at geometrically calculated positions and refined with isotropic
Dalton Trans.2001, 780. (e) Steed, J. W.; Johnson, C. P.; Bames, C. thermal parameters. A summary of the crystallographic data for
L.; Juneja, R. K.; Atwood, J. L.; Reilly, S.; Hollis, R. L.; Smith, P.  these three complexes is listed in Table 1. Selected bond distances

(10) '2,5 gLanrka_.é_ég. ém'sgse{(n'_é(?%?g;‘.181i7’vtl.4ﬁgr']g M.-C.: Zhao and angles are given in Table 2. More details on the crystallographic

Y.-J.Eur. J. Inorg. Chem2003 94. (b) Wang, Z.; Stiioele, M.; Zhang, studies as well as atom displacement parameters are given in the
K.-L.; Meyer, H.-J.; You, X.-Z.; Yu, ZInorg. Chem. Commui2002 Supporting Information.
5, 230.

(11) (a) Mao, J.-G.; Clearfield, Anorg. Chem2002 41, 2319. (b) Mao,
J.-G.; Wang, Z.; Clearfield, Anorg. Chem2002 41, 2334. (c) Stock, (12) (a) Sheldrick, G. M.Program SADABS Universita Gottingen:

N.; Stucky, G. D.; Cheetham, A. kChem. Commur200Q 2277. (d) Gattingen, Germany, 1995. (b) Sheldrick, G. BHELXTL Crystal-
Sharma, C. V. K.; Clearfield, A.; Cabeza, A.; Aranda, M. A. G.; lographic Software Package&SHELXTL version 5.1; Bruker-AXS:
Bruque, SJ. Am. Chem. So2001, 123 2885. Madison, WI, 1998.
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Table 1. Crystal Data and Structure Refinement Details for Complexes Table 2. Bond Lengths (A) and Angles (deg) for Complexies3?
1-3

Compoundl
param 1 2 3 Cd(1)-0(4) 2.195(6) Cd(1yN(2) 2.268(8)
— - Cd(1)-0(13) 2.338(7)  Cd(1}O(L)y2 2.356(7)
empirical formula ng'ész207 Cseé"zzgigolg Cl%-izl?]Nzom- Cd(l)*O(Z)#z 2.498(7) Cd(l}o(l)ﬂ 2'502(7)
fw 512.76 1520.33 519.77 Cd(1)-0(3) 2.732(7) O(]:}Cd(l)M 2.356(7)
space group P1 (No. 2) P2i/c (No. 14) P1(No. 2) O(1)-Cd(1y® 2.502(7)  O(2)-Cd(1y* 2.498(7)
a(A) 7.7975(4) 8.53170(10)  8.7273(3) N(1)--O(L2y 2.707(11)  N(1yH(0ay--O(12y%°  167.9
b (A) 9.0264(4) 405665(2)  95184(2) O(4)—Cd(1)-N(2) 143.3(3) O(4rCd(1-O(13f*  102.8(2)
c(A) 13.0844(2) 16.63820(10)  13.7818(6) N(2)—Cd(1)-O(13f*  89.2(3) ~ O(4)}-Cd(1)-O(1*  86.6(2)
o (deg) 74.765(2) 90.0 96.608(2) N(2)-Cd(1)-O(1y?  118.1(3) O(13f—Cd(1)-O(1y? 118.6(3)
A (deg) 87.993(3) 104.5090(10)  94.816(2) O(4)-Cd(1)-0(2)? ~ 132.7(3) N(2r-Cd(1)-O(f? ~ 83.2(3)
7 (deg) 74.033(3) 90.0 117.269(2) O(13/-Cd(1)-0(2)2 79.93) O1F—Cd(1-0(2y2 53.7(2)
V (A3 853.59(6) 5574.85(8)  998.67(7) O(4)-Cd(1)-O(1y®  813(2)  N(2r-Cd(1)-O(1)°  79.3(3)
. 5 4 5 O(13/-Cd(1)-O(1)® 164.7(2) O(If—Cd(1)-O(1y® 76.1(3)
Deat (g/cr?) 1995 1811 1799 O(2y2—Cd(1-O(Lf® 108.4(2) Cd(I¥—O(1)-Cd(1f* 103.9(3)
T(K) 293 293 293 Compounc?
A (A 0.71073 0.71073 0.71073 Cd(1)-0(1) 2.213(6)  Cd(LyO(BW) 2.322(6)
u(Mo Ka) (mmt)  1.451 1.293 1.397 Cd(1)-N(4) 2.330(7)  Cd(1XN(@3) 2.343(7)
R1,wR2] > 20(l)]2 0.0709, 0.1238 0.0656,0.1038 0.0701,0.1695 Cd(1»-O(8)* 2.377(6)  Cd(1}O(7)* 2.494(6)
R1,wR2 (all daté)  0.1197,0.1493 0.1122,0.1227 0.1019,0.1997 Cd(2-N(2) 2.295(7)  Cd(2}N(7) 2.297(7)
o o , , N Cd(2)-N(8) 2.313(7)  Cd(2XN(1) 2.320(7)
R1= 3 ||Fo| — |Fc||/Y|Fol; WR2= { IW[(Fo)?> — (F)A¥3W(Fo)2 3 12 Cd(2-0(4aW) 2.384(6) Cd(2y0(11) 2.482(5)
Cd(3-0(5) 2.246(5) Cd(3y0(4) 2.261(5)
Cd(3)-0(22)2 2.273(6)  Cd(3}N(5) 2.330(7)
Cd(3)-N(6) 2.361(7) Cd(3}0(3) 2.517(6)
O(7)—Cd(1y3 2.494(6)  O(8)-Cd(1)? 2.377(6)
0(22)-Cd(3y* 2.273(6)
O(1w)+-O(3wp 2.883(10) O(1wy-O(13)2b 2.756(8)
O(2w)+-0(12)2b 2.814(8)  O(2w)-O(23y5P 2.795(9)

O(3w) +-O(4wy)*eP 2.940(10)
O(1)-Cd(1y-O(3W) 100.5(2) O(1yCd(1)-N(4) 114.8(2)
O(BW)—Cd(1)-N(4) 143.8(2) O(1)Cd(1)}-N(3) 123.5(2)
O(BW)—Cd(1)-N(3) 84.1(2) N(4)-Cd(1)-N(3) 70.4(2)
® O(1)-Cd(1)-O(8y*  85.8(2) O(3W)-Cd(1)-O(8)* 98.3(2)
_ Cd1B , o N(4)—Cd(1-O(8)*  92.0(2)  N(3}-Cd(1)-O(8}L  149.9(2)
Figure 1. ORTEP representation of the asymmetric unit of complex O(1)-Cd(1)-O(7)* 136.7(2) O(BWY-Cd(1-O(7y* 74.8(2)
Thermal ellipsoids are drawn at 50% probability. The longer-Occontacts N(4)—Cd(1)-0O(7y* 84.1(2) N(3)-Cd(1-O(7)* 99.2(2)
and hydrogen bonds are represented by the open and dotted lines,O(8)Y1—Cd(1-O(7)** 53.49(19) N(2)}-Cd(2-N(7) 163.7(3)

respectively. N@2)-Cd(2-N@®)  106.1(3) N(7}Cd2-N@)  73.1(3)
_ _ N(2)-Cd(2-N(1)  72.12)  N(7)>-Cd(2-N(1) 110.9(2)

Results and Discussion N(8)-Cd(2-N(1)  172.1(2) N(2FCd(2-O@W) 107.1(2)
o o _ N(7)-Cd(2-O(4W) 89.2(2)  N(8)-Cd(2)-O(4W)  92.1(2)

As shown in Figure 1, the Cd(ll) ion in complekis N(1)-Cd(2-O(4W)  81.3(2) N(2)}-Cd(2)-0(11) 84.5(2)

seven-coordinated by five carboxylate and one sulfonate N(7)—-Cd(2)-O(11)  79.2(2)  N(8rCd(2)-O(11) 85.9(2)

oxygen atoms from four ligands as well as a unidentate 4,4 'C\')((tl_))):ggg);gg)l) igé:gg; 8%"‘2&2(%2)0_8%9 é:se'é()z)

bipy nitrogen. The Cd(BO(3) distance of 2.732(7) A is O(4)-Cd(3-0(22y2 90.7(2)  O(5)-Cd(3)-N(5) 115.0(2)
much larger than the remaining €@ distances which range 823—%38);“% 513289(12()2) 8((2%;(03%3&13(5) 3326?2()2)
from 2.195(6) to 2.502(7) A. The CGeN bond length is OQR2Y-CAB)Y-NG6) 1735(2)  N(5)-Cd(3)-N(@) 70.0(2)
2.268(8) A. These distances are comparable to those reported(s)-cd@)-0(3) 154.8(2) O(4¥Cd(3-0(3) 54.43(19)
in other Cd(Il) sulfonate&Different from that in the copper- ~ O(22)*-Cd(3)-0(3)  99.0(2)  N(5)-Cd(3)-0(3) 86.9(2)

(II) and lanthanide complexes, the carboxytaselfonate N(6)~Cd(3)-0() 87.0)

ligand in complex1 adopts a hexadentate bridging and - Compound3
chelating coordination mode; one carboxylate group chelatesiz(i)_g(f 2-985(4) Zn(1y-0(1) 2.000(5)
. : . ) — .051(6)  Zn(1}yO(1W 2.162(5
with a cadmium(ll) ion bidentately (O(3), O(4)), and the anlg,o&))az 2.222((5; OéanEl)m) 1.986((4))
other carboxylate group (O(1),0(2)) adoptgiachelating O(lw)---O(l3¥4b 2.790(8) 0(2w)--0(12)‘;;b 2.898(9)
idai inati i O(2w)++0(13 2.801(8)  O(2w)-O(3w, 2.806(10)
and bridging coordination mode and connects with two metal NE)---O@wye 26449  N(2)-H(0ay~O@Wysd 162.8

ions. The sulfonate group is unidentate (0(13)) The car- 0@3y1-zZn(1)-0(1) 110.9(2) 0(31—2Zn(1)-N(1) 98.5(2)
boxylate-sulfonate ligand in its copper(ll) complexes bridges O(1)-Zn(1)-N(1)  150.6(2)  O(3}—Zn(1)-O(1W) 92.8(2)

i ; ; ; O(1)-Zn(1)-O(1W) 94.4(2)  N(1}Zn(1)-O(1W)  85.2(2)
with two copper(ll) ions using two un!dentate Carb_oxylate OBYI-Zn(1)-OWy? 102.48(19) O(LyZn(1)-OWUy?  90.7(2)
groups, and the sulfonate group remains noncoordinated. INy(1)-zn(1)-0(4)? 81.52)  O(IW)}Zn(1)-O(4y2 161.01(18)
its lanthanide complexes, the carboxylate groups are bidentate ) .

. . . . a Symmetry transformations used to generate equivalent atoms are as
chelating and the sulfonate_ group is unidentd@n the basis  oliows. Complec1: #1,—x, —y + 1, —z+ 1. #2,x — 1,y + 1, Z #3, —x
of the close G-O or S-O distances (Table 2), the carboxy- +1,-y+1,—z+ 1, #4,x+1,y— 1,z #5.x y+ 2,z— 1. Comple

i i 2 #l,x+1y,z— 1, #2,x+ 1,y,z #3,x—1,y,z+ 1, #4,x — 1.y,
late—sulfonate ligand is assumed to be completely depro 45X — 1y 1o 7 #6.x 1 5.y, 2 Complad #1x— 1y -1
tonated. For the sake of charge balance, the noncoordlnate(i #2,—X+3,—y+ 2, —Z #3,x+ Ly + 1,2 #hx—1,y, Z #5,—x +
nitrogen atom of the 4;4ipy should be protonated; it forms 4, -y + 2, —z+ 1; #6,x — 2,y, z— 1. P Hydrogen bonding parameters.
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Figure 2. A [002layer of complexl. The CSQ tetrahedra are shaded in

Cd1A

Figure 4. ORTEP representation of the asymmetric unit of comg@ex
Thermal ellipsoids are drawn at 50% probability. The longerOccontacts
are represented by the open lines.

gray, and Cd, C, and O atoms are drawn as open (large), black, and open \N\hen 2,2-bipy was used instead of 4;8ipy, complex2

(small) circles, respectively. The 4:dipy ligands have been omitted for
clarity.

C. b

Figure 3. View of structure of compled down theb-axis. The CS@
tetrahedra are shaded in gray. Cd, N, C, and O atoms are drawn as ope
(large), crossed, black, and open (small) circles, respectively.

a hydrogen bond with the noncoordinated sulfonate oxygen
atom (O(12)) from a neighboring formula unit (symmetry
operator: X, y + 2,z — 1). The N-H---O hydrogen bond
length and angle are 2.707(11) A and 167 /@spectively.
The interconnection of the Cd(ll) ions through bridging
carboxylate-sulfonate ligands results infB02 double-sided
layer (Figure 2). Three types of rings formed within the
double layer; one is a G@, four-membered ring, the second
type is the 18-membered ring formed by two Cd(ll) ion and
the carboxylate moieties of two ligands, and the third one is
the 16-membered ring created by two Cd(ll) ions and the
sulfonate moieties of two ligands. The double layers of
complex1 are held together by weak van de Waals’ force
(Figure 3). The pyridyl rings are orientated toward the

n

with a different layered structure was obtained. The asym-
metric unit of complex2 contains three Cd(ll) ions, two
carboxylate-sulfonate ligands, four 22bipy, two aqua
ligands, and two lattice water molecules (Figure 4). Cd(1)
is seven-coordinated by two bidentate chelating carboxylate
groups from two ligands, a bidentate chelate-bjpy, and

an aqua ligand. Cd(2) is octahedrally coordinated by two
bidentate chelating 2;bipy, a sulfonate oxygen, and an aqua
ligand. The coordination geometry around Cd(3) is similar
to that of Cd(1) with the aqua ligand being replaced by a
sulfonate oxygen. Cd(HO(2) (2.873(6) A) and Cd(3)O(6)
(2.775(5) A) distances are much larger than all remaining
Cd—0 bonds which range from 2.213(6) to 2.517(6) A. The
Cd—N bonds are in the range 2.295¢%).361(7) A. These
distances are comparable with those in comgdleSimilar

to that in the layered lanthanide complex&sthe carbox-
ylate—sulfonate ligand in compleR acts as a pentadentate
ligand, bridging with three cadmium(ll) ions. This coordina-
tion mode is slightly different from that in compléx Both
carboxylate groups of ligand in compleX are bidentate
chelating whereas one of the carboxylate groups in complex
1 is tridentate chelating and bridging. The bridging of
cadmium(ll) ions through bridging carboxylatsulfonate
ligands resulted in the formation @06 {Figure 5) and003]
layers which are related by a mirror plane. The'-bpy
molecules and [Cd(2)(2:Dipy)(H20)] cations are orientated

to the interlayer space (Figure 5). The Cd(2)Py)(H-0)
units are packed in such a way as to form020layer
through weakr—s interactions between the pyridyl rings
(Figure 6). The inter-ring distances are in the range 3-:882
4.356 A, and the corresponding dihedral angles between two
pyridyl rings are 6.4 and 11°3respectively. The lattice water
molecules are located at the cavities of the structure, forming

interlayer space and stacked one above the other, and they number of hydrogen bonds with noncoordinated sulfonate

distance from the center of the pyridyl ring (N(1), C(11),
C(12), C(13), C(14), C(15)) to that of a parallel neighboring
one is 3.548 A. Thus, there are also weakr interactions

between these rings, which further stabilizes the structure.

Similar z— interaction between pyridine rings has also been
reported in a number of transition metal 1,10-phenanthroline
succinated?

oxygen atoms as well as the aqua ligands (Table 2).
The structure of comple8 features a 1D zinc(ll) car-
boxylate double chain (Figure 7). The zinc(ll) ion is octa-

(13) (a) Zheng, Y.-Q.; Lin, J.-LZ. Kristallogr.—New Cryst. Struct200Q
215 157. (b) Fleck, M.; Tillmannse, E.; Bohaty, E. Kristallogr—
New Cryst. Struc200Q 215, 619. (c) Zheng, Y.-Q.; Liu, W.-H.; Lin,
J.-L. Z. Anorg. Allg. Chem2002 628 620.
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Figure 8. View of structure of complexd down thea-axis. The SGC
Figure 5. A [003Jayer of cadmium(ll) sulfone carboxylate in complex tetrahedra are shaded in gray, and Zn, N, C, and O atoms are drawn as
2. The SQC tetrahedra are shaded in gray, and Cd, C, and O atoms are open (large), crossed, black, and open (small) circles, respectively.
drawn as open (large), black, and open (small) circles, respectively. The

Cd(2)(2,2-bipy)o(H20) cations have been omitted for clarity. Those distances are comparable with those reported in other
zinc(Il) sulfonates? Unlike that in complexed and2, the
carboxylate-sulfonate ligand adopts a different coordination
mode: its sulfonate group remains noncoordinated; one
carboxylate group chelates with a zinc(ll) ion whereas the
other one bridges with two Zn(ll) ions. Similar to that in
complex1, the 4,4-bipy is assumed to be 1H-protonated
for the sake of charge balance; this is similar to an acid
base reaction. A sulfonate group or a carboxylate group
transfers its proton to the noncoordinated amine group, and
the other two protons have been replaced by a zinc(ll) cation.
Each pair of zinc(ll) ions is bridged by a pair of
carboxylate groups, forming an eight-membered ring, and
each pair of such rings is interconnected by two carboxylate
sulfonate ligands to form a 1D double chain along the
diagonal between thee andb-axes. Within the double chain,
there are also 16-membered rings which are formed by two

Figure 6. View of the structure of comple down thea-axis. The CS@ zin_c(ll)_ iOI"_IS _and the Carboxyl?te moieties of two ligands,
tetrahedra are shaded in gray. Cd, N, C, and O atoms are drawn as operwhich is similar to that found in comple2 These double
(large), crossed, black, and open (small) circles, respectively. chains are held together via hydrogen bonds as well as weak

s— interactions between the pyridyl rings, forming large
pores. The distance between two neighboring parallel pyridyl
rings is 4.060 A. The sulfonate groups are orientated toward
the pores; thus, such pores are hydrophilic (Figure 8). The
lattice water molecules are located in the pore, forming
hydrogen bonds with the aqua ligand and the protonated
amine group of the 4;4ipy as well as the noncoordinated
sulfonate oxygen atoms (Table 2). The strongest hydrogen
bond is between the protonated pyridylamine and lattice
water molecule (O(3w); symmetry operatok — 2, v,
Figure 7. A 1D metal carboxylate sulfonate double chain of compl&x z — 1), with a bond distance of 2.644(9) A and a donor
along the diagonal o& andb-axes. The ST tetrahedra are shaded in ~ atom—acceptor angle of 162’8

gray, and Zn, N, C, and O atoms are drawn as open (large), crossed, black, The TGA diagram of complek shows two steps of weight
and open (small) circles, respectively. losses. The compound is stable up to 3T The weight
hedrally coordinated by four carboxylate oxygen atoms from loss from 310 to 625C corresponds to the burning of the
three ligands, a unidentate 4fpy, and an aqua ligand. The
Zn(1)-0(2) separation of 2.622(5) A is much longer than (14) (a) Kimura, K.; Kimura, T.; Kinoshita, I.; Nakashima, N.; Kitano, K.;
those of the remaining ones, which range from 1.986(4) to g'cshh;ﬁ’k,"i’__&f; '3\%}; ﬁ?geu'}‘,'ﬁl?”,\}lﬁwerﬁgg? \‘}gz'rém(;;a;dé%ni -
2.222(5) A. The Zr-N bond length is 2.051(5) A (Table 2). Ber. 1997, 130, 283.
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4,4-bipy and carboxylatesulfonate. The second weight loss corresponds to the burning the organic groups. The third
starts from 725°C and continues up to 100TC, which weight loss starts from 750C and continues up to 1000
corresponds to the further decomposing of the compound.°C, which corresponds to the decomposing of the compound.
The final product is CdS© The total weight loss of 59.6%  The total weight loss of 56.0% is much less than the
matches with the calculated one (59.4%). The TGA curves calculated value of 69.0% if the final product is assumed to
of complex2 also show two main weight losses. The first be ZnSQ; hence, the decomposing process is not complete
one from 111 to 180C corresponds to the loss of two lattice due to the use of Natmosphere.

water molecules and two aqua ligands. The observed weight

loss of 4.60% is in good agreement with the calculated value  acknowledgment. This work was supported by the
(4.74%). The dehydrated compound is stable up to¥20  |nnovative Project and the Introduction of Overseas Elitists
and then starts to decompose at 3@0and continues on up  program by Chinese Academy of Sciences and the Scientific
to 1000°C. The total weight loss of 62.0% is slightly less Research Foundation for the Returned Overseas Chinese
than the calculated one (64.2%) if the final product is gcholars, State Education Ministry. We thank Prof. Guo-
assumed to be a mixture of Cds&hd CdO inamolar ratio vy vang for his help with the TGA measurements.

of 2:1. The TGA curve of comple8 indicates three main

weight losses. The f',rSt one from 120 to 2‘(]Dcorresp0n'ds Supporting Information Available: X-ray crystallographic files

to the loss of two lattice water molecules and an aqua ligand. o complexesi—3 in CIF format. This material is available free
The observed weight loss of 9.3% is in agreement with the of charge via the Internet at http:/pubs.acs.org.

calculated one (10.4%). The dehydrated compound is stable

up to 325°C. The second weight loss from 325 to 630 1C0343307
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