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ABSTRACT: A novel flexible ligand dpaf2H,0 (1) (dpap= 2,6-(N,N'-di(4-pyridyl)amino)pyridine) and its five related coordination
polymers{ [Cu(dpap)(OACc)]-CH3CN} , (2:CH3CN), {[Cu(dpap)(OACc)]-0.25CHCI2} » (2:0.25CH:CIy), {[Cu(dpap)(OACc)]-CHClg}

(2-CHCI3), {[Cu(dpap)(OAC)]-0.5CHOH} |, (2:0.5CH30OH), and{[Cu(dpap)(mag]-2CH;OH}, (3-2CH30H) (Hmaa= 2-methyl-

acrylic acid) have been synthesized and structurally characterized by X-ray crystallography. The networks showed a lack of dependence
on the nature of the counterion and solvent. Compao2+#@H3CN consists of uncoordinated guest €3N molecules and a one-
dimensional (1D) zigzag chain. The diffusion in the £Hp solvent system results in a 1D helical chairRe®.25CH,Cl,, and that

in CHCl; system leads to a meso-helix chain [Cu(dpap)(GPmptif of 2:CHCI 3. The overall structure d-0.5CH;OH was found

to be similar to that oR2-0.25CH,Cl, despite the presence of different solvent molecules. The volumes of the channels are as
follows: 2-CHCI3; > 2-:0.25CHCl; > 2-:CH3CN > 2-0.5CH;OH. Using an maa group instead of an OAanion, we obtained
polymer3-2CH30H, which displays a topological meso-helix chain.

Introduction the extended structure of the network by acting as a coordination
ligand or a template for the assembly process. However, the
The crystal engineering of coordination polymers aims to gain jnfluence of the solvent in the formation of coordination
control of the topology and geometry of the networks formed polymers is poorly understood, and systematic studies of their
through the judicious choice of building blockS.expanding ol are relatively sparsel The arrangement of the ligand
itself by producing useful functions characteristic of a metal  and consequent structural diversification were unanticipated
complex assembly. In particular, metalrganic frameworks given different anions and solvents incorporated in the networks.
(MOFs) have provided a new perspective on coordination pespite the limits on the controllability of the resulting
chemistry, which occupy an important position as an alternative architectures, the structure diversity that is created allows
candidate for porous materidl’he porous functiorfsare, for  opportunities to gain a better understanding of the factors that
instance, molecular adsorption and separation processes, Cajad to this diversity, whereas the subtle changes in anions or
talysis, ion exchange, sensor technology, and optoelectronics golvents used for crystallization is also significant in MOFs.
The recent upsurge of reports on porous MOFS has affordedthe consequent structural similarities of the networks appear
compelling evidence for the ability to design and produce tq grise largely from the conformation of the ligand.
structures with unusual functionalitiesinterestingly, host We report herein the synthesis, characterization, and crystal
flexibility would be a key principle for high selectivity recogni-  stryctures of five coordination polymer${Cu(dpap)(OAc)-
tion, accommodation, and separation of a target molecule, WhiCh’CH3CN}n (2:CH3CN), {[Cu(dpap)(OAC)]-0.25CHCl}, (2-
at present, is regarded as a new class of practical matérials. 0.25CH,Cl,), {[Cu(dpap)(OAC)-CHCls},, (2:CHCl3), {[Cu-
Up to now, several examples of discrete molecular assemb"es(dpap)(OAc)]-O.SCH;OH},, (2:0.5CH;OH), and{[Cu(dpap)-

have been foun8l” However, reports on coordination polymers (maa)]-2CH;OH}, (3-2CHsOH), which were obtained by
are relatively scarce. This is because flexibility in coordination ning solvent mixtures.

polymers is incompatible with robustness necessary such that
porous frameworks are maintained without guest molecules.

To create flexible porous frameworks, we first utilized ligand .
flexibility by introducing spacer substituents X(amino) in pyridyl Rfagednts and Physical l\l/lleasur_clarglentgxlclj reag(tjants and .SO'Zen.ttT] .
groups, forming py_x_py_x_py, in contrast to I’Igld rod 4:4 empioyea were commercially avallable and used as received withou

Lo . . further purification. Infrared spectra on KBr pellets were recorded on
bipyridine. Second, we focused our attention on stacking and , Nicolet 170SX ET-IR spectrophotometer in the range 468 cnT™.

hydrogen-bonding interactions of the organic moieties. Here, Elemental analyses were determined with a Perkin-Elmer model 240C
the amide-containing (hydrogen-bonding sites) ligand R,6F¢ instrument. FAB-MS mass spectra were obtained with a JEOL HX-

di(4-pyridyl)amino)pyridine (dpap) has been synthesized suc- 110 HF double focusing spectrometer operating in the positive ion

cessfully and designed as a bridging ligand. Moreover, we have detection mode. Thermal analyses was performed o_n?lNETZSCH STA
employed different counterions and solvents in our attempts to 449C microanalyzer with a heating rate of 1G-min™* under air

truct attracti dination f i | - atmosphere.
construct attractive coordination rormation. In many previous Synthesis of dpap (1).2,6-Diaminopyridine (5.0 g, 45.8 mmol),

examples, solvents were found to produce a dramatic effect ongyok (14.3 g, 127.7 mmol), and tris(dibenzylideneacetone)dipalladium
(Pdy(dba}) (2.0 g, 2.2 mmol) were added to a 200 mL flask under
nitrogen. Then 100 mL of dry benzene and 4-chloropyridine (14 g,

Experimental Section

*To whom correspondence should be addressed. F#&86-29-

88303798. E-mail: wyaoyu@nwu.edu.cn. 11.7 mL, and 123.3 mmol) were injected into the former solid,
T Northwest University. respectively, also under nitrogen. The resulting solution was stirred
* National Taiwan University. for 148 h under reflux. The product was filtered and washed three times
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Table 1. Crystal Data and Structure Refinements for 1, 2CH3CN, 2:0.25CH,Cl5, 2:CHCI3, 2-0.5CH;OH, and 3-2CH3;0OH

complex 1 2-CH3CN 2:0.25CHCl; 2:CHCl3 2:0.5CH3OH 3:2CH30H
empirical formula GsH17Ns0, C21H22CuNsO4 C19.2410.56Clo.sCUNsO4 CooH20C13CUNsO4 C19.9121CUNsO4 5 CasH33CuUNsOs
formula mass 299.34 485.99 466.16 564.31 460.95 563.10
crystal system monoclinic triclinic monoclinic monoclinic monoclinic monoclinic
space group P2i/c P1 P2i/c C2lc P2:/c C2lc
A[A] 10.358(5) 8.472(6) 8.540(3) 17.814(6) 8.492(2) 20.217(7)
B[A] 16.092(7) 8.791(8) 16.459(6) 8.720(3) 16.417(4) 8.517(3)
CIA] 9.243(4) 15.212(9) 16.118(5) 18.811(6) 16.134(4) 18.456(9)
o [°] 90 88.116(9) 90 90 90 0
AN 92.219(8) 87.745(9) 97.415(2) 100.237(6) 97.919(3) 121.319(5)
y[°] 90 82.924(9) 90 90 0 90
VAT 1539.6(1) 1122.8(3) 2246.4(1) 2875.6(2) 2227.4(9) 2714.1(2)
z 4 2 4 4 2 4
Dcalcd 1.291 1.438 1.378 1.305 1.375 1.378
u [mm™Y 0.090 0.873 1.248 1.220 1.017 0.852
F [000] 632 502 1078 1148 952 1180
0] 1.97-27.88 2.42-20.24 2.55-25.67 2.6126.06 1.78-25.10 2.4325.10
reflections collected 9448 3464 11338 7339 11165 6663
Riint) 0.0254 0.0642 0.0319 0.0547 0.0433 0.0400
Ri[l > 20(1)]2 0.0397 0.0525 0.0633 0.0844 0.0520 0.0483
WR; (all data) 0.1100 0.1262 0.2083 0.2749 0.1629 0.1414

AR 1= Y||Fol — [Fel)/3|Fol; WRe = [IW(Fo? — FA)Z T W(FA)?Y2.

with methanol and water. dpap was obtained as a white powder (5.8 g, All non-hydrogen atoms were refined anisotropically. The hydrogen
64%). The aqueous solution of dpap was stirred for a half hour and atoms attached to ligands were generated geometrically; the solvent
then allowed to evaporate at room temperature. Well-shaped block hydrogen atoms were located from difference Fourier maps and fixed
crystals ofl appeared in several days. Anal. Calcd (%) fasHz/NsO, isotropic displacement parameters. In compo@n@HCl;, the chlo-
(299.34): C 60.19, H 5.72, N 23.40; found C 60.36, H 5.83, N 23.32. roform molecules present the disordered in half-occupied position. X-ray
MS (FAB) mVz (%) 264.1 (dpap). IRyma/cm ) 3301w, 3203w, 3110w, crystallographic data in CIF format for the structures reported in this
1643m, 1610s, 1572s, 1504s, 1443s, 1346m, 1268w, 1210m, 1160w,paper have been deposited with the Cambridge Crystallographic Data
1000m, 819w, 783m, 723m. Centre. CCDC No. 294853 fdt, 294848 for2-CH3;CN, 294849 for
Synthesis of{ [Cu(dpap)(OAc)z]-CH3CN}, (2:CH3CN). A metha- 2:0.25CH,Cl,, 294850 for2-CHCI3, 294851 for2-0.5CH;OH and
nolic solution (5 mL) of dpap (0.1 mmol, 0.026 g) placed at the bottom 294852 for3:2CHsOH. Copies of this information may be obtained
of a straight glass tube was covered with Nl (5 mL), over which free of charge on application to CCDC, 12 Union Road, Cambridge
a solution of Cu(OAGr2H,0 (0.2 mmol, 0.044 g) in methanol (5 mL)  CB2 1EZ, UK (fax: +44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk
was carefully layered. Over a period of approximately two weeks, the or http://www.ccdc.cam.ac.uk).
crystal of2-CH3CN was obtained on the wall of the tube. Yield: 0.0221
g (56%). Anal. Calcd (%) for &H,,CuNsO,4 (485.99): C 51.90, H
4.56, N 17.29; Found C 51.86, H 4.45, N 17.38. 1R4/cm™1): 3316w, . .
3118w, 2356m, 2100m, 1577s, 1345s, 1210m, 1027m, 829w, 798w. Synthesis.The methanolic solvent of dpap was placed at the
Synthesis of{[Cu(dpap)(OAc)z]:0.25CH,Clz}n (2:0.25CH,Cl5), bottom of glass vial and it was covered with different buffering
{[Cu(dpap)(OAC)z]-CHCI3}, (2:CHCI3), and {[Cu(dpap)(OAc),] solvents. A solvent of Cu(OAg)in methanol was layered on
0.5CH;OH} 5 (2:0.5CH;OH). Compound?-0.25CH,Cly, 2-CHCl3, and the buffering solvent. CompoundBCH3CN, 2:0.25CH,Cl5,
2:0.5CH,OH were prepared a8 CHsCN by using CHCI; (5 mL), 2-CHCl3, and2-0.5CH;OH were obtained by using different

CHCl; (5 mL) and CHOH (5 mL) instead of CHCN, respectively. . X
Yield for 2-0.25CHCl; 00326 g (62%). Anal. Calcd (%) for solvents as the buffering solvent (§EN for 2:CH3CN, CH,Cl,

Cuo.zH105ClosCUNEO, (466.16): C 49.60, H 4.22, N 15.02; found ¢ fOr 2:0.25CHClz, CHCI; for 2:CHCls, and CHOH for
49.70, H 4.20, N 15.41. IRvfa/cm™): 3106w, 1577s,1393s, 1211s,  2:0.5CH;OH) with the Cu(OAc)/dpap stoichiometry of 2:1.
1028m, 732m, 677m. When the diffusion solvent was DMF, DMSO, or EtOH, only
Yield for 2:CHCl3: 0.0258 g (52%). Anal. Calcd (%) forHz0- methanol molecules were found in the channels (Scheme 1).
ClsCuNsO4 (564.31): C 42.51, H 3.57, N 12.41; found: C 42.46, H The main function of the buffering solvent is to slow the rate
3.60, N 12.49. IR ofma/cm™): 3172w, 1629m, 1583s, 1367s, 12108, of the reaction and hence crystallization. However, we also

1018m, 754m, 674m. .
Yield for 2-0.5CHOH: 0.0421 g (64%). Anal. Calcd (%) for observed more profound effects of methanol and different

CroH21CUNO, 5 (460.95): C 50.81, H 4.59, N 15.19; Found C 50.78 solvents. This will be discussed in the latter part of this paper.
H 4.50, N 15.28. IR#na/cm2): 3300m, 1584s, 1339s, 1253m, 1212m, Compound3-2CH;OH was obtained from methanolic solutions

1059m, 836m, 742w. of Cu(maay and dpap (stoichiometry of 2:1).

Synthesis of [Cu(dpap)(maa)]-2CH3z0H}, (3:2CH;OH). A metha- Description of the Structures. dpap2H,0 (1). The single-
nol (10 mL) solution of Cu(maa)0.2 mmol, 0.047 g) was placed on  crystal X-ray structural analysis shows thatrystallizes in the
the top of solution of dpap (0.1 mmol, 0.026 g) in methanol (10 mL). moneclinicP2,/c space group. The dihedral angle between the

The mixture solution evaporates at room temperature. Well-shaped . : A .
green block crystals 08-2CH,OH appeared in several days. The polar pyridyl plane is 43.83 and the center-to-center distance

crystalline product was filtered, washed with ethanol, and dried in air. is 5.987 A (Figure 1a). As shown in Flgure lt,” dpap 'S, held
Yield: 0.0468 g (53%). Anal. Calcd (%) for4ssCuNsOs (563.10): together by two water molecules on each side via three different
C 53.32, H5.91, N 12.44; Found C 53.40, H 5.84, N 12.41.UR( hydrogen-bonding interactions {Mng **O, Npyrigyi***O, O-+-O)
cm): 3302m, 1578s, 1506m, 1368s, 1235s, 1060m, 856w. with bond lengths of 2.936(2), 2.783(2), and 2.806(2) A,
X-ray Crystallography. Diffraction experiments fofl, 22CHsCN, respectively, and give rise to a three-dimensional (3D) binodal
2:0.25CH,Clz, 2:CHCls, 2:0.5CH;OH, 3-2CH;OH were carried out (3 4 connected net. In a simplified view, it is composed of two

Results and Discussion

with Mo-K,, radiation using a BRUKER SMART APEXCCD diffrac-

tometer at 293(2) K. A summary of the crystallography data and
structure refinement is given in Table 1. The structures were solved
by direct methods and refined with the full-matrix least-squares
technique orF? using the SHELXS-9%7 and SHELXL-97 programs.

alternating four-connecting (O) and triangular three-connecting
(dpap) nodes?

{[Cu(dpap)(OAC)2]*CH3CN}, (2:CH3CN). Complex 2-
CH3CN crystallizes in the triclinic systenfeT space group, and
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Scheme 1. Summary of the Chemistry of dpap
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the coordination environment around copper(ll) ion is shown (Table 2). Cu(1) atoms are coordinated to two N atoms of a
in Figure 2a along with the atom numbering scheme. The pyridine unit from different dpap molecules (Cu{aN(1)#1,
asymmetric unit o2-CH3CN contains two distinct Cu centers  2.010(6) A), and two additional positions are occupied by O
atoms from carboxylate groups (Cufp(1)#1, 1.951(6) A)
(symmetry codes: #1—x, —y + 1, —z + 1) Therefore, the
local coordination geometry around Cu(1) can be regarded as
square-planar with an J®0, donor set. Cu(2) has a similar
square-planar coordination geometry also with,©Mbinding
set but with a short distance of Cu)(5)#2 (1.957(6) A)
and a longer distance of Cu2D(3)#2 (1.992(6) A) (symmetry
codes: #2:—x, —y + 2, —2). dpap links copper(ll) ions to
form an infinite zigzag chain along the [Ofldiirection. The
dihedral angle between the polar pyridyl planes of dpap is°5.71
Neighboring copper centers in the chain are separated by the
ligand at a distance of 8.66 A. The adjacent chains are connected
via two strong hydrogen bonds {Nne **Ocarboxyiic 2-836(10) A,
Naming **Ocarboxyiic 2-814(10) A) and form [Cu(dpap)(OAd) as
wavelike layers (Figure 2b). It is worth mentioning that this
kind of hydrogen-bonding network, which is characteristic of
those polymers, responds flexibly and affects the structure
according to the guest molecules. The layers are perpendicular
to [011] and can be simplified as binodal (3,4) nets with the
Schidli symbol { 4-6%} 2{ 4?62} . In the packing arrangement of
2-CH3CN, the layers are parallel and stacked without interpen-
etrating to generate open channels. The channelsGii ;CN
possess approximate dimensions of 15:28.79 A (atom-to-
atom), which are occupied by GBN molecules arranged in
an ABAB fashion in each row (Figure 2c). Calculations using
PLATON?® revealed that the open channels constitute about
18.4% (206.7 Aout of 1122.8 &) of the crystal volume. Since
the shortest distance from the host atom (carboxylic oxygen
atom) to the carbon atom (methyl) is 3.375 A, the guest@W
molecules are stabilized by hydrogen-bonding interactions.
{[Cu(dpap)(OACc),]-0.25CH,Cl3} » (2:0.25CH,Cl,). The X-
ray crystallographic study shows tHa0.25CH,CI; crystallizes
in the monoclinic system, space groBf,/c, and the copper-
() ion lies in a square-planar configuration with a® donor
set. Compoun@-0.25CH,CI;, is a helical chain consisting of

Figure 1. (a) ORTEP view ofl with atomic numbering scheme. The Cu(dpap)(OAg units. As shown in Figure 3a, each ligand links

atoms are represented by 30% probable thermal ellipsoids. Two WatertWO_ Coppe_r Catio_ns along thie-axis FO f(_)rm a_ right-handed
molecules are omitted for clarity; (b) 3D (3,4) networklotonnected ~ helical chain that is generated by aaiis with a pitch of 16.459
by water molecules (hydrogen atoms are omitted for clarity). A, containing two copper(ll) ions per turn. Then, as mentioned
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looking down the “growth axis”). However, the chain is not a
helical structure, because the strand contains centers of inversion
and does not have defined chirality, so we call it a meso-helix
chain, which is found by 48 and otherd? The combination of
helixes to form a chiral or meso structure is interesting in chiral
coordination polymers. Neighboring copper centers are separated
by the ligand at a distance of about 9.405 A. Again, the same
{4-6%2{42-6%} layer is formed, which is perpendicular to the
bc plane. The common NH---O hydrogen-bonding distance
is about 2.839(2) A. Parallel chains further stack to form 3D
structures via hydrogen-bonding interactions with cavity dimen-
sions of 14.72« 12.53 A. These open channels constitute about
41.7% (2875.6 A) of the crystal volume (PLATON) and are
occupied by the CHGIsolvent molecules. The other intriguing
structure feature is that in the packing arrangemegt©HCl 3,
the ordered guest CH@inolecules line up in these 1D channels
and are aggregated in pairs into clusters (Figure 4b), with the
shortest intermolecular €}Cl distance of 3.333 A. Such
ordered guests provide an extraordinary model for arrangement
of solvent molecule&®

{[Cu(dpap)(OACc),]-0.5CH;OH} , (2:0.5CH;OH). The crys-
tal 2:0.5CH3OH is isomorphous t@-0.25CH,Cl,, which also
gives a helix superstructure generated by axs with a pitch
of 16.417(4) A (Figure 5). The detailed geometric data2of
0.5CH3;0H (Cu—N 2.008(3)-2.014(3) A; Cu-O 1.943(3)-
1.960(3) A) resemble those @f0.25CH,Cl, with only minor
deviations (Table 2). Interestingly, the framework undergoes a
slightly shrinkage so that the channel cavities suit;OH
molecules very well, resulting in an appreciable difference in
channel size for ChCl,. The size of the rectangular channel in
the presence of CiTl, is 14.34x 16.27 A, whereas in the
presence of CEDH the size changes to 14.3316.23 A without
a serious change in shape. The unit cell volum20f5CH;OH
is decreased. Moreove2;0.5CHzOH still possesses channels
having 18.2% volume of unit celf, which is also slightly
contracted, compared to that 8f0.25CH,Cl, (19.1%). The
nearest distance between Cu atoms of the adjacent layers in
2:0.5CH;OH is 8.618, A whereas it is 12.85 A ir-
0.25CH,Cl,. There still exist hydrogen-bonding interactions
between the amino group and carboxylate oxygen atoms with
a distance of 2.844(2) and 2.853(2) A, which is shorter than
Figure 2. (a) View of the copper coordination environment of that of 2:0.25CH,Cl,. This is a representative of a flexible
2:CH3CN with atom labeling scheme (hydrogen atoms ancs@W framework that affords responsive fitting capability to the size
are omitted for clarity); (b) view of the 2D hydrogen-bonding layer of guest molecules.

structure of2:CH3;CN (hydrogen atoms and solvent molecules are . X . -
omitted for clarity); (c) perspective views @CHsCN highlighting {[Cu(dpap)(maa)]-2CH3z0H} , (3:2CH30H). To investigate

the guest molecules in the cavities. Color codes for C, N, and 0 atoms the influence of the_anion on the formation of _the polymer
are green (yellow in cyano), blue, and red. structure, the OAtanion was replaced by an maanion. X-ray

structural analysis has revealed tBE2CH3;OH consists of 1D
above, hydrogen bonding (2.886(1) A, 2.868(1) A) (Figure 3b) meso-helix chains based on the Cu(raamyde. Again, the same
through an amino group to secondary carboxylate oxygen atoms{4-6% 2{4%6% layers are formed, which are perpendicular to
located in the neighboring chains generate 2D layers, which theacplane. Parallel chains further stack to form 3D structures
are of the same topological type as2rCH3sCN and stacks (Figure 6). Apart from small differences in detailed geometric
perpendicular to thab plane. The layers are further linked to  data, the two copper ions @0.5CHzOH and3-:2CH30H are
each other by €H---O (carboxyl) hydrogen-bonding interac- located at equivalent sites. In the unit, each copper atom has a
tions to generate a neutral 3D framework with open channels slightly distorted square-planar coordination environment, with
(ca. 14.34x 16.27 A). Calculations from the X-ray structural two atoms from two maa groups, and two pyridyl nitrogen
parameters show that solvent-accessible void space in theatoms. The Cu-to-Cu distance is 9.505 A, which is longer than
channels is approximately 19.1%. that 0f2:0.5CH;OH (8.349 A). In the packing arrangement of

{[Cu(dpap)(OAC)z]-CHCIl 3}, (2:CHCI3). Interestingly, the 3-2CH30H, similar to that of2:CHCI 3, the pairs of CHOH

structure of2:CHCI 3 is another example of solvent-induced molecules are encapsulated in the 1D channel, which has a larger
architecture. In the complex, dpap is employed as a bridging dimension (20.30« 16.29 A) than that 02-0.5CH;OH. These
ligand for the construction of a one-dimensional (1D) chain channels constitute 22.3% of the crystal voldfraand are larger
along the crystallographicaxis (Figure 4a), which has alternat- than those found ir2-0.5CH;OH (18.2%). Yaghi and co-
ing helical parts (alternating right and left turns of the strand workers have also shown that fragments in combination with
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Table 2. Selected Bond Lengths (A) and Bond Angleg) for the Complexeg

1
N(1)—C(1) 1.332(2) N(5)-C(14) 1.336(6) C(BN(1)—C(5) 115.2(6)
N(1)—C(5) 1.341(5) N(5)-C(13) 1.341(6) C(14yN(5)—C(13) 115.6(8)
2:CH:CN
Cu(1)-O(1A)#1 1.951(6) Cu(2yN(BAY#2 1.992(6) O(LFCu(1)-N(1) 89.2(3)
Cu(1)-0(1) 1.951(6) Cu(2¥N(5) 1.992(6) N(1A)#%Cu(1)-N(1) 180.0
Cu(1)-N(1A)#1 2.010(6) O(1A)#ECu(1)-0(1) 179.99 (1) O(3)Cu(2)-O(3A)#2 179.99(1)
Cu(1)-N(1) 2.010(6) O(LA#ECu(1)-N(1A)#1 89.2(3) O(3)¥Cu(2)-N(5A)#2 91.0(3)
Cu(2-0(3) 1.957(6) O(1) Cu(1)-N(1A)#1 90.8(3) O(3A)#2 Cu(2)-N(5A)#2 89.0(3)
Cu(2)-0(3A)#2 1.957(6) O(1A)#ECu(1)-N(1) 90.8(3) N(5A)#2-Cu(2)-N(5) 180.0
2:0.25CH,Cl,

Cu(1)-0(3) 1.936(3) O(3)Cu(1)-0(1) 178.35(2) N(1)Cu(1) —N(5)#1 178.48(1)

Cu(1)-0(1) 1.954(2) O(3¥Cu(1)-N(1) 89.20(1)

Cu(1)-N(1) 2.018(3) O(L¥FCu(1)-N(1) 90.75(1)

Cu(1)-N(5)#1 2.018(3) O(3)yCu(1)-N(B)#1 89.28(1)

N(5)—Cu(L)#2 2.017(3) O(BHCu(1)-NB)#1 90.77(1)

2-CHCl3

Cu(1)-O(1)#1 1.960(5) O(L)#Cu(1)-0(1) 180.0(4) O(1) Cu(1)-N(1) 90.05(2)

Cu(1)-0(1) 1.960(5) O(L)#%Cu(1)y-N(1)#1 89.9(2) N(L)-Cu(1)—N(1) 180.0(0)

Cu(1)-N(1)#1 2.016(4) O(1yCu(1)-N(1)#1 89.95(2)

Cu(1)-N(1) 2.016(4) O(L)#+Cu(1)-N(1) 90.05(2)

2:0.5CH;OH

Cu(1)-0(3) 1.945(3) O(3)Cu(1)-0(1) 178.48(1) O(1y Cu(L)-N(B)#1 90.69(1)

Cu(1)-0(1) 1.960(3) O(3) Cu(1)y-N(1) 89.42(1) N(1)-Cu(1) —N(5) 178.42(1)

Cu(1)-N(1) 2.010(3) O(1)Cu(1)-N(1) 90.87(1)

Cu(1)-N(5) #1 2.023(3) O(3)Cu(1)-N(5)#1 89.03(1)

3-2CH40H

Cu(1)-0(1) 1.960(3) O(1FCu(1)-O(L)#1 180.00(1) O(1)#2Cu(1)-N(1) 90.18(1)
Cu(1y-O(1)#1 1.960(3) O(BCu(1)y-N(1)#1 90.18(1) N(L)#£ Cu(1)-N(1) 179.99(1)
Cu(1)-N(1)#1 2.016(3) O(L)#:Cu(1)-N(1)#1 89.82(1)

Cu(1)-N(1) 2.016(3) O(L¥Cu(1)-N(1) 89.77(11)

aSymmetry codes2:CH3CN: #1 —x, —y+1,—z+ 1; #2—x, —y + 2, =z 2:0.25CHCly: #1 —x+1,-y+ 1/2,—z+ 1/2; #2—x+ 1,y — 1/2,~z
+ 1/2.2:CHCl3: #1—Xx, —y + 1, —z #2 —X,y, —z+ 1/2.2:0.5CHsOH: #1 —x + 2,y — 1/2, -z + 3/2; #2—x + 2,y + 1/2, —z + 3/2. 3-2CH30H:
#1—x+ 1/2,-y+ 1/2,—z+ 1.

(a)

Figure 3. (a) View of a right-handed zhelix of complex2-0.25CH,CI, along the crystallographis-axis, shown as a thick red bar (only dpap and
Cu atoms are shown for clarity), emphasizing the right-handed (red) helix chains; (b) the hydrogen bonds through amino groups to carboxylate
oxygen atoms (hydrogen atoms are omitted for clarity).

long spacer ligands, which can increase the host channel width, Selective Guest InclusionsSelective guest ability of these
reduce the degree of interpenetration and hence bring about guestelative polymers also have been examined. When the diffusion
inclusion in the host® solvent was changed to DMF, the sorption was selective, no



Downloaded by NATIONAL TAIWAN UNIV on August 19, 2009
Published on July 28, 2007 on http://pubs.acs.org | doi: 10.1021/cg070246g

1816 Crystal Growth & Design, Vol. 7, No. 9, 2007 Wang et al.

Figure 4. (a) 1D meso-helix structure of compour@tCHClIs,
emphasizing (yellow bar) the right- and left-handed helix chains; (b)
view of the supramolecular framework 2fCHCI; containing 1D open
channels encapsulating CHGholecules (shown as a ball and stick
model).

Figure 6. View of the coordination network @-2CH3;OH down the
b-axis (solvent molecules are omitted for clarity.)

appropriate, size-fitting guest molecules, which are volatile or
exchangeabl® This is indeed successful. By considering the
fact that CHCN, CH,Cl,, CHCL, CH3OH are similar both in
size and shape and according to the former principle, guest
absorption can happen in the channels. Consequently, upon
incorporating guest molecules, similar structures are conformed
and channels undergo minor conformational changes.
Thermogravimetric Analysis (TGA) and IR Spectra. TGA
indicates thaR-CH3CN lost 8.9% of total weight in the 90
120°C temperature range, corresponding to the loss of ong CH
CN molecule per formula unit (expected 8.4%). DSC curve
shows an endothermic peak at 1%0. When the temperature
is above 255C, the product begins to decompose and oxidize,
while the overall observed loss (74.1%) is in agreement with
the calculated value (75.2%), all assigned to the decomposition
of dpap ligand and OAc The total thermal effect of decom-
position and oxidation of ligand causes an exothermic peak at
266.5°C. The residual percentage weight (observed 17.6%) at
the end of the decomposition of the complex is consistent with
the formation of CuO (expected 16.4%). The TGA »f
0.25CH,CI; reveals that the guests @El, are removed in a
temperature range of 84L05°C and the decomposition of the
product observed above ca. 2?PC. Differential scanning
calorimetry curve shows an exothermic peak at 27&4and
the residue is CuO in 15.9% vyield (calculated: 17.1%), while
2:CHCI 3 experienced a 20.9% weight loss in the-80.0 °C
temperature range for one CHGholecule per formula unit
(expected 21.2%). F&-0.5CH3;OH, the CHOH molecules are
eliminated from the network on raising the temperature te 80
DMF molecules are found in the channels. Similarly, in DMSO 100 °C (a weight loss of 6.7% is a little smaller than the
or EtOH solvent, only methanol molecules were found in the calculated valu@! 6.9%). 3-2CH3;OH experienced a 11.6%
channels. The single crystals of the guest-exchanged polymersveight loss in the 95110 °C temperature range for two GH
using the above solvents were characterized by X-ray diffraction. OH molecules per formula unit (expected 11.3%). The decom-
They are the same as that20.5CH;OH, which reveals that position of the organic ligand occurs at 285@®. The residue
the MOFs are not only highly stable but also capable of size- is CuO, and the observed residue percentages are 13.8%
selective sorption due to the limited channel size. Contrary to (calculated: 14.1%).
a robust framework with hydrophobic cavities, we designed  The infrared spectrum @& CH3CN, 2:0.25CH,Cl5, 2:CHCl 3,
cavities with structural flexibility. Itis very significant to select  2:0.5CHz;OH, and 3:2CH30H exhibit vas (ocoyand vs oco)

16.417(4) A

Figure 5. View of a right-handed ghelix chain 0f2:0.5CH;OH. The
pitch is highlighted.
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Structural Changes in Coordination Chains

vibrations of the carboxylate groups at 1577 and 1345%m
for 2:CH3CN, 1577 and 1393 cnt for 2:0.25CH,Cl,, 1583
and 1367 cm! for 2:CHCl3, 1584 and 1339 cni for
2:0.5CH3;OH, and at 1578 and 1368 crhfor 3:2CH30OH,
respectively. The observedv in the complexes suggests a
monodentate coordination of the carboxyl&én agreement
with the crystallographic structure. In the comp@xXH3CN,
the bands appearing at 2100 and 2356 tnecan be assigned
to the G=N stretching frequencies of GBN. Compound2-
0.25CH,Cl; has two bands at about 732 and 677 éntypical
of C—Cl stretching vibrations. For the complex29.5CH;OH
and 3-:2CH30H, the broad band around 3300 tincan be
assigned to the ©H stretching vibrations of CEOH.

Conclusion

We have successfully synthesized five closely related coor-
dination polymers generated from a novel flexible ligand dpap
in different solvent mixtures. These network superstructures
were slightly affected by the incorporation of different solvent
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molecules and anions, concomitant with an increase or decrease;3) sheldrick, G. MSHELXL Program for the Refinement of Crystal

in the channel dimension2:CH3CN displays a zigzag chain
propagated along the [O]LHirection, 2:0.25CH,CI, and 2-
0.5CH3;OH are helices along [010], an@-CHCI3 and 3-
2CH30H exhibit meso-helices down [001] and [101], respec-
tively. Their layers are of the same topology, (3,4) nets with
the Schidli symbol {4-62 2{4?-6%}. The volumes of the channels
range as follows:2:CHCl3z > 3-2CH3zOH > 2-:0.25CH,Cl, >
2:CH3CN > 2-0.5CH3OH. Structural subtle changes in their
flexibility allow their predictive general application in crystal
engineering, although anions and solvent often have a significant
influence on the supramolecular structure.
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