Inorg. Chem. 2004, 43, 5360-5367

Inorganic:Chemistry

* Article

A Chain of Changes: Influence of Noncovalent Interactions on the
One-Dimensional Structures of Nickel(ll) Dicarboxylate Coordination
Polymers with Chelating Aromatic Amine Ligands

YongBok Go, Xiqu Wang, Ekaterina V. Anokhina, and Allan J. Jacobson*

Department of Chemistry, Usersity of Houston, Houston, Texas 77204-5003

Received May 19, 2004

Five one-dimensional coordination polymers, Ni(BDC)(1,10-phen) (1), Ni(BDC)(2,2'-hipy)-0.75H,BDC (2),
Ni(BDC)(1,10-phen)(H;0) (3), Ni(BDC)(1,10-phen)(H,0)-0.5H,BDC (4) and Ni(BDC)(2,2"-bipy)(H20) (5) [where BDC
= 1,4-benzenedicarboxylate, 2,2-bipy = 2,2'-bipyridine, and 1,10-phen = 1,10-phenanthroline] that have the same
topology but markedly different geometry and packing of the chains have been synthesized by hydrothermal reactions.
The results of variations of synthesis conditions and substitutions of 1,10-phenanthroline with 2,2'-bipyridine indicate
that incorporation of the coordinating water molecule, which affects the degree of bending of the chain, is primarily
influenced by the amine ligand size, suggesting a substantial structural role of aromatic—aromatic interactions and
amine ligand steric effects. The incorporation of the guest H,BDC molecules was found to be favored by lower pH
conditions. Crystal data: 1, monoclinic, space group P2:/n, a = 9.5589(6) A, b = 12.6776(8) A, ¢ = 13.5121(9)
A, B = 95.437(1)°, Z = 4; 2, monoclinic, space group P2/c, a = 20.532(3) A, b = 21.505(3) A, ¢ = 18.872(3)
A, B = 93.86(1)°, Z = 16; 3, triclinic, space group P1, a = 8.618(3) A, b = 10.058(4) A, ¢ = 11.353(4) A, . =
115.31(1)°, B = 92.33(1)°, y = 94.03(1)°, Z = 2; 4, triclinic, space group P1, a = 9.7682(12) A, b = 10.6490(13)
A, ¢ = 11.2468(14) A, a. = 76.685(2)°, B = 65.309(2)°, y = 85.612(2)°, Z = 2; 5, monoclinic, space group
P2)/c, a = 13.9683(9) A, b = 17.4489(11) A, ¢ = 13.7737(9) A, B = 99.12(1)°, Z = 8.

Introduction ligand, 1,4-benzenedicarboxylate (BDC) has been studied
. . ) ) . extensively? Polycyclic aromatic bidentate ligands such as

Inorganic-organic hybrid materials have been studied for 2,2-bipyridyl (2,2-bipy) and 1,10-phenanthroline (1,10-

gﬁfjerrﬁlgleiﬁglrcisggSnlitc]io%aTSthoor?g;r;i(?a::tgzsgﬁ esﬁtgagtr'fnsphen) are frequently used in combination with polycarboxy-
}a gnition. 9 P " lates, leading to novel architectures where they facilitate

taining NT or O-donors in the frame_work offer great potential supramolecular self-assembly through aromasimmatic

for chemical and structural diversityPolycarboxylates are (7—x and CH-7) interactionst Compared to face-to-face

W|dely used as bndgln_g ligands fqr ‘?‘es'gn'”g new inorganic stacking interactions that, until recently, were the

organic hybrid materials. As a rigid and versatile bridging primary focus in the descriptions of aromatic supramolecular

contacts, edge-to-face CHr interactions did not receive
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Influences on 1D Structure of Coordination Polymers

coordination polymers with BDC and 2,2-bipy or 1,10-phen (0.50 mmol, 84.0 mg), KOH (0.76 mmol, 42.5 mg), 2i#pyridine
ligands, most of which are one-dimensional, have been (0.42 mmol, 65.4 mg), and® (0.5 mL) was heated in a 23 mL

reported for divalent cations Mh, Ca?t, Cw#*, Zn?*, and stainless steel reactor with a Teflon liner at T&for 48 h. The
CcP*,5-8 but in the case of Nf, only mono- or dinuclear green rod-shaped crystals were filtered and washed with water and

molecular complexes containing a combination of these 2°€tone. Yield: 51% based on Ni. Anal. Calcd for

. . . C24H16_5NzNiO7: C, 57.24; H, 3.30; N, 5.56. Found: C, 56.83; H,
ligands have been described to dateHerein, we present %"\ % 22" |2 kB’ 3430.76m(br), 3068.21m, 1695135,

the syntheses and structures of five new one-dimensionalgn, 49,y 1575 56w, 1533.14s, 1509.99m, 1473.35w, 1456.00w,
coordination polymers of Ni: Ni(BDC)(1,10-phen) 1), 1407.78s, 1278.58m, 1176.37w, 1132.01w, 1105.01w, 1054.87w,
[Ni(BDC)(2,2-bipy)]-0.75HBDC (2), Ni(BDC)(1,10-phen)- 1018 23w, 923.74w, 902.52w, 881.31w, 846.60m, 765.60m, 730.89m,
(H20) (3), [Ni(BDC)(1,10-phen)(HO)]-0.5H,BDC (4), and  671.11m, 651.82w, 532.26m 474.40w, 441.62w, 418.47wicm
Ni(BDC)(2,2-bipy)(H20) (5). Synthesis of Ni(BDC)(1,10-phen)(k0) (3). This compound
This new series of coordination polymers is based on was prepared under the same conditionslasxcept for lower
topologically identical chains where the nickel centers synthesis temperature (16€). The product in the form of blue
chelated by amine ligands are linked by BDC bridges. The crystals was filtered and washed with water and acetone. Yield:
coordination modes of the BDC ligands, geometry of the 57% based on Ni. Anal. Calcd fora@H1NoNiOs: C, 57.05; H,

chains (zigzag vs crankshaft configuration as well as the 25362 .;\lémifr?. ggggdigx('bgaiisg'32\-/31?12é56-73:‘- '128(:':22%
e btaen e il ) and o i, 2 0 e
' y ditrere 1295.93w, 1222.65w, 1143.58w, 1103.09w, 1085.73w, 1049.00w,
and were found to be primarily influenced by noncovalent 1414 3gm 885 17w, 871.61w, 848.53m, 838.88m, 794.53m, 765.60w,
Interactions. 744.39m, 727.03m, 644.11w, 541.90m, 516.83nTtm
Experimental Section Synthesis of [Ni(BDC)(1,10-phen)(0)]-0.5H,BDC (4). This

Materials and Methods. All the reactants were reagent-grade cOmMPound was pr'ep_ared similarly Zeexcept for the use of 1,10-
and were used as purchased without further purification. The Phen instead of 2izbipy and the reaction temperature of 18D,
infrared spectra were measured on a Galaxy Series FTIR 5000 e blue crystalline product was filtered and washed with water
spectrometer with pressed KBr pellets. Thermal analyses were@nd acetone. Yield: 57% based on Ni. Anal. Calcd for

performed on a TGA V5.1A Dupont 2100 instrument from room C27H.17N2Ni07: C, 57'15_3; H, 3.40; N, 5.56. Found: C, 57.01; H,
temperature to 606C with a heating rate of 3C/min in air. 3.41; N, 5.64. IR (KBr): 3377.73m(br), 3066.76m(br), 1688.86s,
Synthesis of N|(BDC)(1,10-phen) (1)6\ mixture of N|C|26H20 1586.17w, 1542.30vs, 1516.74m, 1507.52m, 1425.62m, 1404.89s,

(0.42 mmol, 100 mg), 1,4-benzenedicarboxylic acid (0.63 mmol, 1378-38s, 1260.00w, 1246.76w, 1147.44w, 1123.82w, 1105.5w,
104.7 mg), KOH (1.68 mmol, 94.3 mg). 1.10-phenanthroline (0.4 108862, 1016.79w, 853.35s, 796.46m, 774.28m, 744.39m, 726.07s,

mmol, 75.8 mg), and O (0.5 mL) was heated in a 23 mL stainless ©03-13M, 534.67m, 516.83m cin _

steel reactor with a Teflon liner at 17GC for 48 h. The blue Synthesis of Ni(BDC)(2,2bipy)(H0) (5). This compound was
crystalline product was filtered and washed with water and acetone. Prepared as deep-blue crystals under the same reaction conditions
Yield: 57% based on Ni. Anal. Calcd for@,N,NiOs: C,59.60; @Sl except for the use of 2,Dipy instead of 1,10-phen. Yield:

H, 3.00; N, 6.95. Found: C, 59.68; H, 3.13; N, 7.04. IR (KBr): 89% based on Ni. Anal. Calcd for;11NoNiOs: C, 54.46; H,

3367.05m(br), 3079.78w, 3056.63w, 1623.77w, 1585.20w, 1552.42s,3-95; N, 7.06. Found: C, 54.34; H, 3.58; N, 7.16. IR (KBr):
1536.99s, 1506.14s, 1425.14m, 1400.07s, 1340.29w, 131512W]3316m(br), 3104.85m, 1577.49w, 1570.23w, 1548.56s, 1523.49w,
1299.79w, 1253.51w, 1222.65w, 1195.65w, 1141.65m, 1103.09w, 1°06.14m, 1475.28m, 1444.43s, 1411.64s, 1378.86s, 1311.36w,
1085.73w, 1020.16m, 889.02w, 869.74w, 850.45s, 842.74s, 779.10w,1253.51w, 1174.44w, 1153.23w, 1056.80w, 1027.87w, 1016.30w,
75017m' 728.963, 64604m, 54961W, 5361lm, 49947m’ 482.11W,098'31W’ 887.1W, 844.675, 806.10m, 759.825, 734.75W, 653.75W,
453.19w. 428.12w cri. 634.46w, 522.61m, 441.62w, 418.47w °hn

Synthésis of [Ni(BDC)(2,2-bipy)] -0.75H,BDC (2). A mixture Crystallographic Studies.Single crystals of suitable dimensions

of NiCl,*6H,0 (0.42 mmol, 100 mg), 1,4-benzenedicarboxylic acid for 1—-5 were used for the structure determinations. All measure-
ments were made with a Siemens SMART platform diffractometer

(5) (a) Janiak, CJ. Chem. Soc., Dalton Tran200Q 3885. (b) Waters, equipped with a 1K CCD area detector. A hemisphere of data (1271
M. L. Curr. Opin. Chem. Biol2002 6, 736. (c) Hunter, C. A;; Sanders,  frames at 5-cm detector distance) was collected for each phase by

-}F_'.'\ﬂ,'ni'eg:\;acr:fmfff&%%?nglzsésﬁgh(ig) S,Euuer_z"j\_’vﬁ;oijg‘;_?ﬁgr'g?’ a narrow-frame method with scan widths of 0iB w and an

2002 3148. exposure time of 30640 s/frame. The first 50 frames were
(6) (Sa) SUS, ID-: C}raO, R;-(:)(')-Fgg%-:(;% Q. Sjl. \IIDV-; hl;liong, MéChgm remeasured at the end of data collection to monitor instrument and
oc., Dalton Trans . ano, J.; De Munno, G.; Sanz, o ; . .
3 Ruiz, R.: Lloret, F.: Faus. J.: Julve. M.Chem. Soc., Dalton Trans. _crysta!_stablllty, a;nd the maximum gorrectlon applied to the
1994 3465. (c) Zhu, L. G.; Xiao, H. P.; Lu, J. Yinorg. Chem. intensities was<1%. The data were integrated by use of the
Commun2004 7. 94. (d) Zhang, L. J.; Zhao, X. L.; Cheng, P.; Xu,  Siemens SAINT prograri, with the intensities corrected for
J. Q.; Tang, X.; Cui, X. B.; Xu, W.; Wang, T. @ull. Chem. Soc. it i ; ;
Jpn.2003 76, 1179. (6) Shi. X.: Zhi. G.: Fang, Q.- Wu_ G Tian, G. Lorgn}z fa}ctokr], pola[:zlatlonhalkr] absc;]rp::on(,j and absforptl(in duert]o
Wang, R.; Zhang, D.; Xue, M.; Qiu, Eur. J. Inorg. Chem2004 variation in the pat engt_ through the etectgr aceplate. The
185. structures were solved by direct methods and refineBdy full-
(7) Zhang, X.-M.; Tong, M.-L.; Gong, M.-L.; Chen, X.-MEur. J. Inorg. matrix least-squares with SHELXT2. All non-hydrogen atoms

Chem.2003 138.
(8) Xu, H. B.; Su, Z. M,; Shao, K. Z.; Zhao, Y. H.; Xing, Y.; Liang, Y.
C.; Zhang, H. J.; Zhu, D. Xlnorg. Chem. CommurR004 7, 260.
(9) Deng, Z. L.; Shi, J.; Jiang, Z. H.; Liao, D. Z.; Yan, S. P.; Wang, G. (11) SAINT, Program for Data Extraction and Reduction, Siemens Analyti-

were refined anisotropically. Hydrogen atoms were refined isotro-

L.; Wang, H. G.; Wang, R. FPolyhedron1992 11, 885. cal X-ray Instruments Inc., Madison, WI, 1996.
(10) Xiao, H. P.; Shi, Z.; Zhu, L. G.; Xu, R. R.; Pang, W. @cta (12) SHELXTL, Program for Refinement of Crystal Structures, Siemens
Crystallogr.2003 C59 m82. Analytical X-ray Instruments Inc., Madison, WI, 1994.
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Table 1. Crystallographic Data for Compounds-5

Go et al.

1 2 3 4 5
chemical formula QoH]_zNzNiOA C24H;|_6,5NzNiO 7 C20H14N2Nio 5 C24H17N2Ni0 7 C18H14N2Ni05
FW 403.03 503.19 421.04 504.11 397.02
cryst syst monoclinic monoclinic triclinic triclinic monoclinic
space group P2;/n P2i/c P1 P1 P2;/c
a, A 9.5589(6) 20.532(3) 8.618(3) 9.768(1) 13.9683(9)
b, A 12.6776(8) 21.505(3) 10.058(4) 10.649(1) 17.449(1)
c, A 13.5121(9) 18.872(3) 11.353(4) 11.247(1) 13.7737(9)
a, deg 115.31(1) 76.685(2)

p, deg 95.437(1) 93.86(1) 92.33(1) 65.309(2) 99.12(1)
y, deg 94.03(1) 85.612(2)

v, A3 1630.1(2) 8314(2) 884.7(6) 1034.1(2) 3314.6(4)
z 4 16 2 2 8

temp, K 223(2) 293(2) 223(2) 293(2) 293(2)

pc, g cnm3 1.642 1.604 1.580 1.570 1.591
u(Mo Ka), mmr?t 1.221 0.986 1.133 0.991 1.204

R1, wR2 | > 20(1)]?
R1, wR2 (all date&)

0.0289, 0.0700
0.0403, 0.0744

0.0573, 0.1032
0.2134, 0.1465

aR1= 3||Fo| = [Fell/XIFol. WR2 = [FW(Fo? — F)al 3W(Fo)T V2

0.0454, 0.0984
0.0699, 0.1072

0.0306, 0.0790
0.0349, 0.0817

0.0291, 0.0747
0.0404, 0.0798

pically with geometric constrains. Crystal data for the compounds resulting in change of a coordination mode of one of the

1-5 are summarized in Table 1.

Results

Crystal Structures. Compoundsl—5 are all formed by

one-dimensional chains where octahedrally coordinated Ni(ll)
centers are linked by BDC bridges. These structures signifi-
cantly differ, however, in coordination modes of the BDC

ligands, geometry of the chains (Table 2), and chain packing

(Table 3).

Structures of Individual Chains in 1—5. The simplest
coordination pattern is observed in compouhdsd?2 (Table

2), where each nickel atom has an octahedral environment
formed by three chelating bidentate ligands: one aromatic

amine ligand (1,10-phen ifh and 2,2-bipy in 2) and two

in complexes with chelating carboxylate ligands, the nickel

octahedra are highly distorted fNi—O angles formed by

chelating carboxylate range between 62.11(5) and 63.2(1)]
due to the short ©0 separation in the carboxylate group
[2.182(5)-2.199(5) A]. The angles between the “blades”

(Ni—O—C—0 and Ni-N—C—C~—N planes) in these pro-

pellerlike units, however, are closer to the ideal value o120

(108-128 for 1 and 115-125 for 2). The Ni—O bond
distances range from 2.038(1) to 2.211(2) Aliand from
2.054(4) to 2.128(3) A ir2, and Ni~N bond distances are
2.045(2) and 2.059(2) A il and range from 2.040(5) to

2.065(5) A in2, which are typical values for the correspond-
ing Ni—L distances. Each BDC ligand connects two nickel

centers leading to a zigzag chain where the-Ni—Ni

angles, defined by the orientation of the two BDC ligands

in the Ni(BDC)L building units (L= 1,10-phen inl and
2,2-bipy in 2), are close to the ideal value of 120
[121.52(1 in 1 and 126.30(1) and 127.19¢1)n 2]. The
Ni—Ni distances within the chains are 10.647(3) A for
and 10.535(2) and 10.576(2) A fér A chain similar to that
in 2 with M—M—M angles of 128.52(%) is found in
Zn(BDC)(2,2-bipy)-(2,2-bipy).”
In compounds3 and 4, the environment of nickel atoms

is modified by incorporation of a coordinating water
molecule into aransposition to one of the nitrogen atoms,

5362 Inorganic Chemistry, Vol. 43, No. 17, 2004

two BDC ligands from chelating to monodentate (Table 2).
A simultaneous presence of chelating and monodentate
coordination modes of BDC ligands is quite rare and is
found, to our knowledge, in only two recent examples:
[Ni(BDC)(pY)3]e: (DMF)s:(H20)s,2 where the bis-chelating
and bis-monodentate BDC ligands alternate throughout the
chain as i3 and4, and [Cd(BDC)(2,2bipy)]-H.0 2 where

one carboxylic group in each BDC ligand is chelating and
the other is monodentate. Compared to the chairisand

2, the incorporation of the water molecule3rand4 causes

an increase in the NiNi—Ni angle to an idealized value of
135, leading to less bent chains. The observed Ni—Ni

angles within the chains are 139.26(i) 3 and 136.57(T)

. . in 4. The Ni=Ni distances for nickel atoms bridged by bis-
carboxylic groups from two BDC ligands. As generally found chelating BDC ligands [10.663(5) A i and 10.63(1) A in

4] are similar to those irl and 2, while bis-monodentate
BDC bridges lead to longer NiNi distances [11.23(4) A in

3and 11.37(1) A in4].

Similarly to 3 and4, compounds is based on Ni(BDC)-
(L)(H20) chains where the nickel atoms are bridged by
alternating bis-chelating and bis-monodentate ligands (Table
2). The orientation of the coordinating water molecule with
respect to the amine ligand i (cis to both nitrogens),
however, is different from that i8 and4 (transto one of
the nitrogens andis to the other) and leads to a more bent
chain with idealized Ni-Ni—Ni angle of 90 as opposed to
135°. The observed NiNi—Ni angles in5 are 87.05(%)
and 88.01(19. The Ni—Ni distances [10.657(4) A for bis-
chelating and 11.305(4), 11.151(1) for bis-monodentate
BDC-bridged pairs, respectively] are similar to those3in
and 4. In contrast to compounds—4 and most other 1D
coordination polymers with BDC bridges, the chain config-
uration in5 is crankshaft rather than zigzag. This feature is
not a direct result of a different local environment around
the nickel atoms, since the alternative zigzag configuration
(derived from the crankshaft chain by T8®@tations around
the bis-chelating BDC bridges) does not lead to any steric

(13) Ohmura, T.; Mori, W.; Hasegawa, M.; Takei, T.; Ikeda, T.; Hasegawa,
E. Bull. Chem. Soc. Jpr2003 76, 1387.



Influences on 1D Structure of Coordination Polymers

Table 2. Structures of the Chains and Synthesis Conditions Summary for Compauiids

Reaction
1-D chain®
conditions
Ni(BDC)(1,10-phen) 1:15:4:1°
1 JAuU-pnen

P 165-210 °C"
1 d
pH8

Ni(BDC)(2,2’ -bipy)-0.75H.BDC 1:1.2:1.8:1
( X py) H, Bpios
2 pH'S

126.3-127.2°

Ni(BDC)(1,10-phen)(H,0) 1l 5 é 51 6: 54 “Cl

3 ~ pH 8.5
139.3°

Ni(BDC)(1,10-phen)(H,0)- 0.5H,BDC 1 ii{f 20 }ﬁél

4 ~—~ pH 4
136.6°

Ni(BDCX2,2’ -bipy}(H.O 1:1.5:4:1

i( X py)(H,0) 5000 5C
S pH 8.5

a Angles shown in the figures correspond to-Mi—Ni angles.? Molar ratio of reactants (NiGiH,BDC:KOH:amine).c Temperature range for the formation
of the compound. Optimized synthesis temperatures are given in the Experimental SefithahpH.
hindrance within the individual chain, suggesting that the the same type. The 1,10-phen planes are parallel displaced as
less common crankshaft configuration5ns preferred on typically found in coordination polymers with aromatic nitro-
the basis of optimization of interchain noncovalent interac- gen-containing ligand&>2In addition, two rings of each 1,10-
tions and packing considerations. phen ligand form close contacts with two hydrogens from one
Chain Packing and Supramolecular Interactions in of the two crystallographically distinct BDC ligands (BDC-1)
1-5. The structures of individual chains in compournds  that is oriented almost perpendicular (ca”)8® the 1,10-
and?2 are essentially the same and differ only in the size of phen plane. Since these BDC ligands are located at inversion
the amine ligand (Table 2). The chain packing in these struc- centers, their other two hydrogens have equivalent-GH
tures, however, is significantly different (Table 3). In com- interactions with another 1,10-phen ligand, so that each
poundl, the chains form two types of layers so that the chain BDC-1 ligand is sandwiched between two parallel 1,10-phen
axes in adjacent layers are almost perpendicular to each othemplanes. The rings of the BDC-1 ligands, in turn, hawveCH
Each 1,10-phen ligand is involved in face-to-facesr inter- interactions with hydrogens from two BDC-2 ligands. Each
actions with a 1,10-phen ligand from the closest layer of of these BDC-2 ligands interacts with two BDC-1 rings,

Inorganic Chemistry, Vol. 43, No. 17, 2004 5363
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Table 3. Chain Packingand Details of Aromatie Aromatic Interactionsst—s and CH-x) in Compoundsl—5

Ni(BDC)(1,10-phen) 1

H-m‘:- ¥H15
Ll
2.?35'.‘ B.014

334 -337 A
Ni(BDC)(2,2’-bipy)-0.75H,BDC 2

343-359A
Ni(BDC)(1,10-phen)(H,0) 3

3.42-3.44 A
344 A

Ni(BDC)2.2"-bipy)(H,0) 5

3.33-349 A

a Schematic representations of the MiDC backbones and the corresponding full structure views are shown, with purple lines highlighting single chains.
b Interplanar distances.

5364 Inorganic Chemistry, Vol. 43, No. 17, 2004




Influences on 1D Structure of Coordination Polymers

leading to the formation of columns of edge-to-face stacked
aromatic rings in the direction perpendicular to the chains.

In contrast tal, the chains in compouri@lare arranged in
layers with the same directions of the chain axes (Table 3).
The layers are stacked so that the'hpy ligand planes
form columns with face-to-face—u interactions where each
2,2-bipy ligand interacts with two 2;2ipy ligands from
adjacent layer. This stacking leads to the formation of
channels where the guestBDC molecules are located. The
guest HBDC molecules form an extensive network of
aromatic-aromatic interactions with the chains: face-to-face
w—am stacking with BDC ligands, CHur interactions with
BDC ligands, anct—CH interactions with 2,2bipy ligands.

In addition, the HBDC molecules are linked to each other
through hydrogen bonding to form linear planar chains as
found in all polymorphs of pure terephthalic aéfdh closely
similar packing of M(BDC)(2,2bipy) chains is found in
Zn(BDC)(2,2-bipy)-(2,2-bipy).” In contrast ta2, however,

the guest 2,2-bipy planes in this structure are oriented
perpendicular to the channel axes.

Compounds3 and4, which are based on almost identical
Ni(BDC)(1,10-phen)(HO) chains (Table 2) and differ in the
presence of guest BDC molecules, have similar chain
packing (Table 3) and hydrogen-bonding patterns (Figure
1a,b). The water molecules in both compounds are hydrogen-
bonded to two noncoordinating carbonyl oxygen atoms from
bis-monodentate BDC ligands: an adjacent ligand from the
same chain [OwO distance 2.66(1) A i3 and 2.65(1) A
in 4] and that from a neighboring chain [OwD distance
2.86(1) Ain3and 2.81(1) A i4]. The interchain hydrogen
bonding leads to the formation of layers of chains (Table
3). Additional interactions within the layers occur through
CH—ux contacts between BDC ligands that form edge-to-
face stacked columns similar to those found.iThe layers _ o _ o _ _ _

. . Figure 1. Perspective view of the Rii coordination environment including
interact throughr—z contacts between the 1,10-phen ligands. e 1 honds (dotted lines) f@ (a), 4 (b), and5 (c). Hydrogen atoms are
In compound3, the 1,10-phen planes are inclined toward omitted for clarity, and thermal ellipsoids are at the 30% probability level.
the layers at ca. 65 leading to a compact packing. In

compound4, on the other hand, the 1,10-phen planes are the same chain [Ow1608 distance 2.812(2) A] and with a
almost perpendicular (ca. 9o the layers, which increases ~water molecule Ow9 from an adjacent chain [OwIDw9
the interlayer separation and creates space to accommodatgistance 3.057(2) A]. Each 2;Bipy ligand hasz—ax
the guest HBDC molecules. Each #DC molecule has  interactions with one 2;2ipy ligand and CH- interactions
71— interactions with two 1,10-phen ligands and is hydrogen- With a BDC ligand. In addition, one of the two crystallo-

bonded to two other BDC molecules to form chains similar ~ graphically independent 2;Bipy ligands hast—CH interac-
to those in2. tions with a BDC ligand.

In compounds, the chains are parallel to each other and ~ Characterization: (&) Vibrational Spectra. The IR

form a compact packing with a complex three-dimensional SPectra of1 and 2 show typical chelating carboxylate
network of aromatie-aromatic interactions (Table 3) and antisymmetric and symmetric stretching bands at 1536 and

hydrogen bonding (Figure 1c). One of the two crystallo- 1400 cm*for 1and 1533 and 1407 crhfor 2, respectively.
graphically distinct water molecules (Ow9) is hydrogen- A Strong»(CQ,) band at 1695 cnt in the spectrum of
bonded to two noncoordinating carbonyl oxygen atoms from _conﬂrms that the BDC guest molecule resides in the channel
bis-monodentate BDC ligands: an adjacent ligand from the IN & protonated form. In the IR spectra®and4, vas,(COy)
same chain [a strong hydrogen bond with an G\@B andvsy{(CO,) stretching vibrations at 1548 and 1404, 1380
distance of 2.561(2) A] and that from a neighboring chain €M * for 3and 1542 and 1404, 1378 cfrfor 4, respectively,
[Ow9—08 distance 2.844(2) A]. The other water molecule Show that the BDC ligand adopts both monodentate and

(Ow10) forms hydrogen bonds with a carbonyl oxygen from phelating coordination.mode.f,. A strong band at 1692%cm
in the spectrum of4 is assigned to the guest,BDC

(14) (a) Bailey, M.; Brown, C. JActa Crystallogr1967, 22, 387. (b) Sledz, ~ Mmolecule. The IR spectrum &fshows an unusually complex
M.; Janczak, J.; Kubiak, Rl. Mol. Struct.2001, 595, 77. pattern in the region of the characteristic bands for the
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dicarboxylate unit. The antisymmetric stretching bands Discussion
around 1550(vs) cmt appear as a broad septet instead of
the more usual single or double strong bands, and the
symmetric stretching bands appear at 1411 and 1378.cm
The splitting ofvasyn(CO,) arises from a complex network

Comparative analysis of the structures of a new series of
one-dimensional Ni- coordination polymers indicates that
the incorporation of a coordinating water molecule plays a
o major role in determining the coordination mode of BDC
of hydrogen.bond_s as shown in Flgure 1C_‘ A b_road band at ligands (chelating vs monodentate) and the degree of bending
3316m cm* is assigned to OH stretching vibration from the ¢ the chain, Analysis of the relationships between the
coordinated Wgter molecule involved in relatively strong synthesis conditions and the product composition suggests,
hydrogen bonding. however, that the presence of a coordinated water molecule

(b) Thermal Analysis. Compoundl, Ni(BDC)(1,10- is predominantly determined by the size of the amine ligand
phen), is stable up to 35, above which it decomposes to (Table 2). Under the range of the synthesis conditions
NiO in a single step (observed weight loss 80.43%; calcd studied, substitution of 1,10-phenanthroline with'i2
81.46%). Compound, Ni(BDC)(1,10-phen)(HO), first loses pyridine Ief_alds to products with (_jifferent water content, with
its coordinated water molecule (onset at 2C5 completion  the exception of compounds Ni(BDC)(1,10-phen)(E0O),
at 140°C: obsd 4.12%, calcd 4.29%) to forfy as was  @nd5, Ni(BDC)(2,2-bipy)(H,0O), that form from the same
identified by powder diffraction. Its further decomposition reactant ratio (NiGHH,BDC:KOH:amine= 1:1.5:4:1) at
behavior is, therefore, analogous to thatlofsingle-step temperatures below 16TC. Even though these two com-

loss of organic ligands (obsd 79.75%, calcd 77.92%) starting pounds have Fhe same pomposmon, N'(BDC)(%’ the
R : pronounced differences in the corresponding chain structures

at 350 °CJ. In contrast to3, compounds, Ni(BDC) hed zigzag chain Biand bent crankshaft chain §)
2,2-bipy)(H.0), dehydrates at a significantly higher tem- (stretc ed zigzag . . . .
( Py)iz . clearly illustrate the influence of the amine ligand size.
perature (onset at 20%, compIeu_on at 220C; obsd 4'84_%' Considering the ligand steric effects alone, however, one
cglcd 4.54%). Its subsequent single-step decomp05|t|op tomight expect that the substitution of 1,10-phen3imwith
NiO begins at 350C (obsd 76.23%, calcd 76.74%) and is  gmaller 2,2-bipy would lead to a similar structure with
completed at 400C. layered stacking of the chains (Table 3) and smaller interlayer

The decomposition of compounds containing gue8DC separation, as usually observed when the size of a ligand is
molecules is somewhat unusual. For compougd varied in the case of layered compounds pillared by aliphatic
Ni(BDC)(2,2-bipy)-0.75H,BDC, the weight loss correspond-  ligands!®> Therefore, the substantial structural differences
ing to the removal of the guest,BDC is expected to be betweer3 and5 can be attributed primarily to the effects of
24.75%. The observed weight loss in the first decomposition aromatic-aromatic interactions. Moreover, as the synthesis
step (onset at 300C, completion at 330C), however, is ~ €mperature increases above 265 compound, Ni(BDC)-
significantly larger (34.56%). Consequently, the second (1,10-phen)(KO), transforms to the anhydrous phasevhile
weight loss of 50.50% between 350 and 42D is lower 1€ 2:2-bipyridine derivatives, Ni(BDC)(2,2-bipy)(H:0),

: ins the only product up to 200. The significant
than the expected value for the removal BDC and-gj remains i . L
ligands (60?42%). The overall weight loss (obsd 85?)(/)6%' difference in the stability of the hydrated products with'2,2

. . . bipy and 1,10-phen ligand8 &nd5) can be also seen in the
0,
caled 85'17./.0) and the chemical .analy5|s data |qd|cate thatcontrast between their dehydration temperatures (115 and
the composition of the compound is correct. The discrepancy

. 205 °C, respectively). While one of the reasons for this
in the two steps suggests that the loss of the gueBDIE difference could be a more hydrophobic nature of 1,10-phen

molecules is accompanied by a partial decomposition of the ligand compared to that of 2;Bipy, it is not a predominant
framework, in contrast to Zn(BDC)(2:Bipy)-(2,2-bipy),”  factor, since a reverse combination, a hydrated deriva-
which loses its 2,2bipy guests with the framework being  tjve for 1,10-phen, Ni(BDC)(1,10-phen){B)-0.5H,BDC
intact. For compound, Ni(BDC)(1,10-phen)(0)-0.5H;- (4), and an anhydrous one for 2dpy, Ni(BDC)(2,2-
BDC, the expected weight losses for the removal of bipy)-0.75HBDC (2), results from a reactant ratio corre-
coordinated water and BBDC guests are 3.63%, and sponding to a lower pH (NiGIH,BDC:KOH:amine =
15.08%, respectively. The observed first weight-loss step 1:1.2:1.8:1). The lower pH conditions seem to favor the
between 210 and 27TC corresponds to 11.47%, while the incorporation of the guest BDC molecules due to the
loss in second step between 275 and 320s 6.94%. The stabilization of their neutral diprotonated state.

sum of the two observed values (18.41%), however, is close _

to the expected 18.71%. The weight loss in the third Conclusions

decomposition step between 340 and 4(Dis consistent Five new one-dimensional coordination polymers with the
with the removal of the orgamc_hgands (obsd 6_7.4_2%, calcd general formula Ni(BDC)L(HO),yH,BDC (x = 0, 1;y =
65.12%). Decreasing the heating rate to @Imin did not 0, 0.5, 0.75; L= 1,10-phenanthroline or 2;2ipyridine) have

lead to significant changes in the values of weight losses, peen prepared and characterized, and their structural relation-

indicating that the discrepancy between the calculated andships have been investigated. These polymers are based on
observed values for the first two steps is not due to the

diffusion effects. (15) Clearfield, A.Prog. Inorg. Chem199§ 47, 371.
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topologically identical chains where the nickel centers means to change the NNi—Ni angle from 120 to 9C¢° or
chelated by amine ligands are linked by BDC bridges. 135 without a significant perturbation in the geometry of
Substitution of 1,10-phenanthroline with 2#pyridine the nickel coordination environment. Another pathway to
resulted in significant differences in the composition of the adjust the M-M—M angles within the chains by modifying
compounds and geometry and packing of the chains, whichthe coordination number and/or coordination geometry
indicates the predominant structural role of aromatic around the metal center is found in related one-dimensional
aromatic interactions and the steric effects of these ligands.M(BDC)L(H-0)« (x= 0, 1; L= 1,10-phenanthroline or 2;2
While the energy of each individual—s or CH+r interaction bipyridine) compounds with divalent transition metal cations
is low, their cooperative effects in compounds with poly- that have less specific coordination preferences than nickel
cyclic ligands can become a decisive factor in the choice (Co?", Cw?t, Zn?t, CcPt).68
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incorporation of a coordinating water molecule provides a 1C049341U
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