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Two new coordination polymers of the pyromellitic acid, [Zn(H20)(C10H208)(C4N2Hsg)]w, I, and [Cds(H20)2(C1oH208),-
(C4N2Hs)s]w, 11, have been prepared employing hydrothermal methods in the presence of piperazine. The structures
have three-dimensional connectivity involving both the carboxylate and the amine molecule. The amine molecule
acts as a ligand connecting two different metal centers giving rise to a simple dimer in I, and a two-dimensional
layer structure in Il. There are two types of pyromellitates in | and only one type in Il. Of the two types of acids
in 1, acid-1 has all the oxygen atoms connected to Zn with monodendate connectivity and acid-2 has only four
monodendate connectivity and possesses four terminal C—0 linkage. In Il, two of the carboxylates have bidendate
connectivity and the other two have monodendate connectivity and possess one terminal C—O bond. The projection
of the bound amine molecules, in Il, into the large elliptical channels is noteworthy. These amine molecules may
be amenable for chemical manipulations. Both the coordination polymers exhibit photoluminescence at room
temperature, the main emission being at 380 and 410 nm, respectively, for | and I, which is due to the ligand-

to-metal charger transfer (LMCT).

Introduction

the four acid functional groups combined with the coordina-

Benzene carboxylate compounds are of topical interest, ion Preferences of the metal ions are important in giving
Extensive investigations by many researchers have given risd1S€ t0 the many different coordination polymers. We have
to a large number of coordination polymers with interesting P€€n focusing our attention on the preparation of benzene
structural, physical and chemical propertie®f the many carboyxlate coordination polymers in the presence of organic
benzene carboxylate compounds that have been prepared ar@mine molecules. During the course of such investigations,
characterized, those of the pyromellitic acid have been of We have now isolated two new coordination polymers of the

interest to ug:- 12 The variations in the binding modes of
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pyromellitic acid (1,2,4,5-benzenetetracaroxylic acid, BTEC),
[Zn5(H20)(CigH208)(CaN2Hg)] o, |, and [CA(H20)x(Ci10H20g)2-
(C4N2Hg)3], 11, in the presence of piperazine, employing
hydrothermal methods. Bothandll have three-dimensional
structures, and the piperazine molecule acts as a ligand to
the metal ions. The projection of one of the bound amine
molecules into the channelslingives rise to the possibility

of chemical manipulation. In this paper, we describe the
synthesis, structure, and characterization of both compounds.
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New Pyromellitate Coordination Polymers

Table 1. Crystal Data and Structure Refinement Parameters fos(F0)(CioH208)(CaN2Hs)]w, |, @and [Cd(H20)2(C10H208)2(CaN2Hg)3]w, 11

structure parameter | I

empirical formula GaH12N206ZN2 C16H16N30oCd

fw 483.04 619.12

cryst syst monoclinic monoclinic

space group P24/n (no. 14) P24/n (no. 14)

cryst size (mm) 0.24 0.16x 0.16 0.24x 0.12x 0.12

a(A) 8.6035(1) 6.3028(3)

b (A) 11.5305(3) 18.0250(8)

c(A) 15.5628(4) 16.0261(7)

B (deg) 96.757(2) 93.975(1)

vol (A3) 1533.15(6) 1816.31(14)

z 4 4

pealc (g cn3) 2.093 2.264

w (mm1) 3.188 2.402

6 range (deg) 22233 1.70-23.22

tot. no of data collcd 6292 7434

no. of unique data 2201 2580

refinement method full-matrix least-squares| B full-matrix least-squares ojf?|
Rmerg 0.047 0.0246

Rindexes [ >20(1)] R;=0.03742wWR, = 0.0793 R; = 0.02402 wR, = 0.058%
R (all data) R = 0.0603, wR = 0.0892 R =0.0293, wR = 0.0610
goodness of fit&nsd 1.059 1.042

no. of variables 252 279

largest diff map hole and peak, e A —0.538 and+0.657 —0.729 and+0.713

aRy =7 ||Fol — |F¢/l/Y |Fol. PWR2 = {3 [W(Fo? — FAA/ 3 [W(FoA)A} 2 w = L/[6¥Fo)? + (aP)? + bP)], P = [max(F¢?,0) + 2(F¢)4/3, wherea = 0.0310
andb = 3.5915 forl anda = 0.0312 ancb = 2.0546 forll .

Experimental Section I1).1 The structures were solved by direct methods, and in each
. case, a sufficient fragment of the structure was revealed to enable
Synthesis  of  [Zn(H;0)(C10H208)(CaNoHg)l, 1, and el g ucture was rev

h i f th -h I f
[Cda(H50)o(C1oH:08)(CaNoHa)alo., Il The two coordination the remainder of the non-hydrogen atoms to be located from

| | ai thesized loving hvdroth | difference Fourier maps and the refinements to proceel to
polymers I -an were synihesized employing nyarotnermat 4 5o, - Al the hydrogen positions for both the compounds were
methods in the presence piperazine. In a typical synthesig, for

. . g initially located in the difference map, and for the final refinement
0.08 g of ZnO was dispersed in 2 mL of water. To this, 0.499 g of he h | call held in the ridi
piperazine (PIP) and 0.66 mL of 1,4-bis(3-aminopropyl)piperazine the hydrogen atoms were placed geometrically and held in the riding

. . . mode. The last cycles of refinement included atomic positions for
(APPIP) were qdded under continuous stirring. Flnally, 0.499 g of all the atoms, a)r,ﬂsotropic thermal parameters for ZII the non-
pyromelllt_lc acid (BTEC) was added, and the ml_xture was hydrogen atoms, and isotropic thermal parameters for all the
hqmogenlz_ed at room temp_e_rature for about 1 h. The final reaction hydrogen atoms. Full-matrix least-squares refinement agdifist
mixture with the co_mposmon, _ZnO:23TEC:5.9PIP:3.2APPIP: was carried out using the SHELXTL-PLWSsuite of programs.
L1130, was sealed in a PTFE-lined stainless steel auioclave (23 Details of the final refinement are given in Table 1. The selected
mL. capacity) and heated at 18Q for 92 h followed by at 200C bond distances and angles are given in Table 2 famd in Table
for 115 h. The resulting product, containing large quantities of 3forll .
colorless hexagonal rodlike single crystals, was filtered, washed
with deionized water, and dried at ambient conditions. The yield
of the product was-70% based on Zn. The role of APPIP in the
synthesis of is still not clear. Our efforts to prepaten the absence Initial Characterization. The compounds$ andll were
of it and by increasing the corresponding concentration of PIP did chgracterized by elemental analysis, powder X-ray diffraction

not givel. Forll, a composition of cadmium sulfate, pyromellitic (XRD), TGA, IR, NMR, and photoluminescence studies.
acid, piperazine, and water were taken in the ratio 1:1:10:130 andAnaI. Calcd forl: C, 33.96: N, 5.8: H, 2.5. Found: C, 34.7:

heated at 180C for 72 h to result in large quantities of hexagonal N, 6.05: H, 2.6. Calcd foll - C, 31.04: N, 6.78: H, 2.60.

rodlike single crystals (yield 80% based on Cd). The initial and ] ] )
final pH of the reaction mixture was5 for | and~10.5 forll . Found: C, 31.2;N, 6.83; H, 2.7. The powder XRD patterns

Single-Crystal Structure Determination. A suitable colorless ~ Were recorded on crushed single crystals in ther@nge
single crystal of each compound was carefully selected under a®—50° using Cu Ku radiation (Rich-Seifert, 3000TT). The
polarizing microscope and glued to a thin glass fiber with XRD patterns indicated that the products were new materials;
cyanoacrylate (superglue) adhesive. Crystal structure determinatiorthe patterns were entirely consistent with the structures
by X-ray diffraction was performed on a Siemens SMART-CCD  determined using the single-crystal X-ray diffraction. As a
diffractometer equipped with a normal focus, 2.4 kW sealed tube representative example, the powder XRD pattern along with
X-ray source (Mo K radiation,2 = 0.710 73 A) operating at 50  the simulated one foll is given in Figure 1.

kV and 40 mA. A hemisphere of intensity data was collected at Thermogravimetric analysis (TGA) has been carried

room temperature in 1321 frames with scans (width of 0.30 ) .
and exposure time of 10 s per frame) in the @nge 3-46.5, out (Mettler-Toledo, TG850) in nitrogen atmosphere

Pertinent experimental details for the structure determinatiohs of (14) Sheldrick .
; 14) Sheldrick, G. M.SADABS Siemens Area Detector Absorption Cor-
andll are presented in Table 1. rectionProgram; University of Gottingen: Gottingen, Germany, 1994.

An absorption correction was applied using the SADABS (15) sheldrick, G. MSHELX-97 Program for Crystal Structure Solution
program (0.707 956, 1.000 000 fband 0.814 065, 1.000 000 for andRefinement; University of Gottingen, Gottingen, Germany, 1997.

Results
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Table 2. Selected Bond Distances and Angled jn Table 3. Selected Bond Distances and Angledlin
[Zn2(H20)(C10H20g)(CaN2Hg)] 2 [Cda(H20)2(C10H208)2(CaN2Hsg)3] 2
distance distance distance
bond distance (A) bond A) bond A bond A
Zn(1)-0(1) 1.998(4) N(L)-C(1) 1.485(7) Cd(1)-0(1) 2.246(3) C(1¥C(2) 1.505(5)
Zn(1)-0(2) 2.000(4) N(1C(2) 1.470(7) Cd(1-0(2) 2.287(3) c(2yc(3) 1.408(6)
Zn(1)-0(3) 2.063(4) N(2)-C(3) 1.483(7) Cd(1)-N(3) 2.293(3) C(3¥C(4) 1.398(5)
Zn(1)-0(4) 2.264(4) N(2)-C(4) 1.492(7) Cd(1)-0(3) 2.429(3) C(4yC(5) 1.395(5)
Zn(1)-N(1) 2.074(4) C(1yC(4)#2 1.519(8) Cd(1)-N(1) 2.440(3) C(5%-C(6) 1.403(5)
Zn(2)-0(7) 1.964(4) C(2}C(3)H2 1.514(8) Cd(1)-O(4) 2.458(3) C(6yC(7) 1.388(5)
Zn(2)-0(5) 1.972(4) C(1BC(12) 1.518(7) Cd(2-0(5) 2.279(3) c(c() 1.390(5)
Zn(2)-0(6) 1.985(4) C(12YC(14)#4 1.386(7) Cd(2)-0(6) 2.288(3) C(3rC(8) 1.517(5)
Zn(2)-N(2) 2.044(4) C(12)C(13) 1.404(8) Cd(2-0W 2.314(3) C(5yC(31)#2 1.511(5)

O(1)-C(11) 1.286(7) C(13yC(14) 1.393(7) Cd(2-N(2) 2.325(3) C(6¥-C(21)#3 1.508(5)

0(2)-C(20) 1.272(7) C(13)C(20)#5 1.501(8) Cd(2)-0(7) 2.385(3) N(1-C(11) 1.490(5)

0(3)-C(18) 1.253(7) C(15)C(16) 1.518(7) Cd(2)-0(4) 2.487(3) N(1)}C(12) 1.488(5)

0(4)-C(15) 1.227(6) C(16)C(17) 1.410(7) O(1)-C(31) 1.254(5) C1BHC(BG2)H4 1.516(6)

O(5)—C(15)#1 1.258(6) C(18)C(17) 1.522(7) 0(2)-C(1) 1.269(5) C(12C(51)#4 1.511(6)

O(7)-C(18) 1.252(7) C(20YC(13)#6 1.501(8) 0(3)-C(1) 1.258(5) N(3)-C(52) 1.479(5)

0(8)-C(11) 1.229(6) C(19¥C(17) 1.380(7) O(4)-C(8)#1 1.260(5) N(3)C(51) 1.500(5)

0(9)—C(20) 1.247(6) C(19yC(16)#7 1.385(7) O(5)-C(31) 1.246(5) N(2-C(41) 1.484(5)

, , 0(6)-C(21) 1.251(4) N(2-C(42)#5 1.491(5)

amplitude amplitude 0(7)-C(8)#1 1.266(5) C(4DC(42) 1.499(6)

O(1)-Zn(1)-0(2)  106.6(2) O(7Zn(2)-N(2) 116.0(2) amoiude amoitude
O(1-Zn(1)-0(@3) 129.2(2)  O(GyZn(2)-N(2) 107.4(2) p p
0()-zn(1-0(3)  891(2) O(6)Zn(2)-N(2) 107.8(2) angle (deg) angle (deg)
O(1)-zn(1)-N(1)  114.7(2)  C(11)}O(1)-Zn(1) 118.0(3) O(1)-Cd(1)-0(2) 152.70(10) O(6YCd(2)-O(7) 94.11(9)
0(2)-zn(1)-N(1)  95.0(2) C(20¥0(2)-zn(1) 123.2(4) O(1)-Cd(1)-N(3)  90.95(11) OW-Cd(2-O(7) 104.11(10)
O(3)-Zn(1)-N(1) 111.5(2) C(18YO(3)-Zn(1) 131.9(4) O(2)-Cd(1-N(3) 116.27(11) N(2-Cd(2-0(7) 90.47(10)
O(1)-Zn(1)-0(4)  89.9(2)  C(150(4)-Zn(1) 130.5(4) O(1)-Cd(1-0(3) 97.02(9) O(5}Cd(2)-0(4) 109.79(9)
0(2-zn(1)-0(4)  162.8(2) C(15)#t0(5)-Zn(2)  119.8(4) O(2-Cd(1)-0(3)  56.09(9) O(6)Cd(2)-0(4) 83.38(9)
0(3)-Zn(1)-0O(4)  76.5(2)  C(18YO(7)-Zn(2) 114.2(4) N(3)—-Cd(1)-O(3) 170.53(10) OW-Cd(2)-O(4) 154.50(10)
N(1)-Zn(1)-0(4)  81.9(2) O(8-C(11)-0(1) 124.6(5) O(1)-Cd(1-N(1)  93.21(11) N(23-Cd(2-0(4) 97.20(10)
O(7)-Zn(2-0(5)  116.6(2) O(4FC(15-O(B)#1  123.4(5) O(2)-Cd(1)-N(1)  87.49(11) O(F-Cd(2-0(4) 53.70(9)
O(7-Zn(2)-0(6)  105.1(2)  O(9yC(20)-0O(2) 124.8(5) N(3)-Cd(1-N(1)  93.36(11) C(3BO(1)-Cd(l)  137.5(3)
O()-Zn(2-0(6)  102.8(2) O(7¥C(18)-0(3) 123.4(5) O(3)-Cd(1-N(1)  81.14(10) C(13O(2)-Cd(1) 93.2(2)

_ _ O(1)-Cd(1-O(4)  90.89(10) C(B-O(3)-Cd(1) 87.0(2)

a Symmetry transformations used to generate equivalent atoms:x#1, O(2)-Cd(1)-0(4) 81.63(10) C(8)#:O(4)—Cd(1) 155.3(2)
Y, TZH 2 #2, X~y o Wy, —2 4 W #4, X+ 1, -y + 1~z 4 N(3)-Cd(1-O(4) 102.50(11) C(8)#t0(4)-Cd(2)  90.2(2)
20 #5, =X+ Yo, y + Ha, =2+ g #6, =X+ Yo,y — Yo, —z+ ¥y #7, X O(3)-Cd(1-O(4) 82.55(9) Cd(BO(4)-Cd(2)  103.89(10)
+1-y,—z+2 N(1)-Cd(1)-O(4) 163.55(10) C(3DO(5)-Cd(2) 122.0(2)

O(5)-Cd(2)-0(6)  90.46(10) C(2BO(6)-Cd(2)  121.6(2)
O(5)-Cd(2)-OW  93.54(10) C(8)#40(7)-Cd(2)  94.8(2)
O(6)-Cd(2)-OW  86.35(10) O(3)C(1)-0(2) 123.0(3)
O(5)-Cd(2)-N(2)  84.36(11) O(4)#4C(8)-O(7)#4 121.4(3)
0(6)-Cd(2)-N(2) 174.68(10) O(6YC(21)-O(8) 126.1(3)
OW-Cd(2)-N(2)  95.18(11) O(5}C(31)}-O(1) 126.0(4)
O(5)-Cd(2)-0(7) 162.00(10)

a Symmetry transformations used to generate equivalent atomsx #1,
+1,y,Z#2,—x — W,y + Uy, =2+ Y #3, =X+ Up, y + Up, —z+ U5;
#4,x—1,y,z#5,—Xx, —-y+1, -z

intensity(a.u)

bound water molecules, the amine, and the carboyxlate
anions. The calcined sample was crystalline, and the powder
XRD lines matches well with the corresponding pure oxides

in both the cases.

ub Infrared (IR) spectroscopic studies have been carried
| | L LLMLMMMMMMM out in the mid-IR region as a KBr pellet (Bruker IFS-66v).
The spectra indicated characteristic sharp lines with almost
e e similar bands. Minor variations in the bands have been
10 20 30 40 50 noticed between the two compounds. The observed bands
20 for | are 3475 cm! = lattice water, 3262 cmt = v{(OH),
Figure 1. Powder X-ray diffraction (Cu k) pattern along with a simulated 3177 cmi=w, S(C_H)mmaﬁG 2911 cml =, S(C—H) inerazing
one for [Ca(H0)(CaoH20e)2(CaNzHe)al 1l 1622 et = . C=0), 1491— (C—Cleserns 1430 and 1359
(flow rate = 50 mL/min) in the temperature range-2%00 cmt = §(OH), 1325 cm! = §(CO), 1279 cm' =
°C (heating rate= 2 °C/min). The studies show similar  0(CHaromatidin—plane 1012 cnT? = »(C—N), and 887 and 810
results for both compounds.Total weight losses of 75% and cm™ = 3(CHaromatigout-ot—plane The observed bands for
63.2% have been observed in the caselofnd II, are 3476 cm! = lattice water, 3232 crmt = v(OH), 3164
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New Pyromellitate Coordination Polymers

Figure 2. (a) ORTEP diagram showing the asymmetric unit inJE10)-
(C10H208)(CaN2Hs)]w, |. Thermal ellipsoids are given at 50% probability.
(b) Connectivity between Zn and the piperazine molecule.

cmli= VaJC_H)aromatiG 2936 cmt= Vas(C_H)piperazine 1568
et = 1,{C=0), 1538= (C—C)syeletas 1429 and 1384 cni
= O(OH), 1295 cm! = ¢(CO), 1282 cm! =
6(Ci|;|afma“‘)i"_p'a"e 1216 em* = »(C—N), and 863 and 809 Figure 3. (a) Connectivity between the Zn and acid-1 (see text). (b)
cm - = 5(CHaromatic)out—of—plane Connectivity between the Zn and acid-2 (see text).

Solid-state nuclear magnetic resonance (NMR) experi-
ments were performed on a Bruker DSX 300 spectrometer piperazine molecule (Figure 2b) and Zn(2) has a terminal
operating at 7.4 T with a resonance frequency of 75.47 MHz Zn—0 linkage which is formally a water molecule. The Zn
for 13C. A Bruker 4 mm CPMAS probe was used for all atoms are connected to the pyromellitic acid through-Zn
experiments. Thé3C MAS spectra were recorded using O—C bonds. Both the Zn atoms make three-Z0—C bonds
standard cross-polarization (CP) procedures, employingwith an average bond angle of 122.9rhe connectivity
magic angle spinning (MAS) frequency of 1509 Hz. In a between the pyromellitic acid and the Zn atoms, on the other

typical experiment, RF fields of 6.5 kHz were used Rg. hand, show distinct differences. There are two types of
Chemical shifts are reported relative to CR&$ an external pyromellitic acids present in the structure. The benzene ring
standard. of acid-1 is formed by the carbon atoms C(16), C(17) and

Structure of [Zn »(H20)(C10H208)(CsNoHg)]w, 1. The C(19), with C(19) occupying the crystallogrphic 2-fold axis
structure ofl has 26 non-hydrogen atoms in the asymmetric With a site-occupancy (SOF) of 0.5 and C(15) and C(18)
unit, of which there are two crystallographically distinct zn forming the two carboxylate groups. The benzene ring of
atoms (Figure 2a). While Zn(2) is tetrahedrally coordinated acid-2 is formed by C(12), C(13) and C(14), with C(14)
to three-oxygen atoms and a nitrogen atom, Zn(1) has aoccupying the crystallographic 2-fold axis with a site-
distorted trigonal-bipyramidal coordination with four oxygen occupancy (SOF) of 0.5 and C(11) and C(20) forming the
atoms and a nitrogen atom. The Z@®/N distances are in  two carboxylate groups. While acid-1 connects two Zn(1)
the range 1.964(4)2.264(4) A (av. 2.040 A). The Zn(2) and four Zn(2) atoms through all the eight-O oxygen
O(3) distance (2.852 A) show some weak interaction betweenatoms (Figure 3a), acid-2 connects four Zn(1) only through
the zinc and the oxygen atoms, which may be viewed as four of its oxygen atoms and possesses fouGCterminal
semi-chelation coordination mod&Thus, one can describe  bonds (Figure 3b). Thus, acid-1 has all eight oxygen atoms
the coordination environment of Zn(Z) atom also as a with monodendate Connectivity and acid-2 has monodendate
distorted trigonal-bipyramidal. The OAZn—O/N bond  connectivity only with respect to four oxygen atoms. The
angles are in the range 76.5(2062.8(2} (av. 107.2). C—0 bond distances are in the range 1.227(6p86(7) A

Zn(1) and Zn(2) atoms are connected together through a(av. 1.253 A) and @C—0 bond angles have an average
value of 124.1. These values are in the range expected for

(16) Guilera, G.; Steed, J. WChem. Commuri999 1563. this type of bonding. The planar aromatic-C and the

Inorganic Chemistry, Vol. 43, No. 1, 2004 201
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Figure 4. Structure of [Za(H20)(C10H208)(CsN2Hs)], |, in thebc plane
showing the two different acids. The bridging amine molecules are not
shown for clarity.

Table 4. Important Hydrogen Bond Interactions in
[ZI’]z(H20)(Clonog)(C4N2H8)]m, |, and
[Cda(H20)2(C10H208)2(CaN2Hg)3] o, 11

D—H-+-A moiety D-H H+—A  D=A  D-H-A
|

O(6)—H(11)+-0(9) 0.95 1.83  2.690(6) 150
O(6)-H(12)+-0(8) 0.95 1.75  2.663(6) 159
C(1)-H(1)-0(5) 0.97 226 3.099(8) 144
C(2)-H(1)-+O(5) 0.97 250  3.446(7) 165
C(3)-H(5)+-0(9) 0.97 248  3.305(7) 143
I
O(W)—H(15)+-0(7)  0.94 1.85  2.779(4) 166
O(w)-H(16)--0(8)  0.95 172 2.634(4) 159
C(11)-H(4)--0(2) 0.97 259  3.402(5) 142
C(41)-H(8)--O(w)  0.97 233 3.205(5) 150

Figure 5. (a) ORTEP diagram showing the asymmetric unit in{Ed0),-
) ) ) (C10H208)2(CaN2Hg)3], I . Thermal ellipsoids are given at 50% probability.
terminal C-C bond distances are also in the range expected. (b) Connectivity between Cd dimers and the pyromellitic acid.

Bond valence sum calculatioisclearly indicate that the
valence states of the Zn, C and O atomst&s +4, and atoms, Cd(2) is coordinated with five oxygen and one
—2, respectively. nitrogen atoms with CAO/N distances in the range 2.246(3)
The structure of consists of linkages between Zn(1)0  2-487(3) A (av. 2.353 A). The O/NCd—O/N bond angles
and Zn(2)Q(H,0)N, and the two types of acids, in addition are in the range 53.70(9)174.68(10) (av. 104.5). The
to the amine molecule, giving rise to a three-dimensionally cadmium atoms, Cd(1)M, and Cd(2)QH-O)N, are con-
extended coordination polymer. Though, zinc pyromellitates hected together through a single oxygen atom, O(4), giving
and other benzene carboxylates have been prepared befordise to a CéOgN3 dimer. The Cd atoms are connected to the
to our knowledge, this is the first time a three-dimensional pyromellitic acid through Ce¢O—C bonds. Both the Cd
structure has been obtained involving a simple nitrogen donoratoms make four C40—C bonds with an average bond
amine (piperazine) and the acid. The observed differencesangle of 112.7. The remaining two vertexes of the €d
between the monodendate connectivity between the two acidsO/N octahedra correspond to two €M linkages for Cd(1)
are also reflected in the structure. The connectivity betweenand to a terminal CdO bond and a CeN linkage for Cd-
the Zn atoms and the two acids in theplane are shown in ~ (2). The terminal Cd(2)O(w) bond is formally a water
Figure 4. As can be noted, the structure packs in such a waymolecule. Unlikel, there is only one type of connectivity
that there are no significant—x interactions. Medium-  between the pyromellitic acid and the Cd atoms. The
strength hydrogen-bond interactions have been observedconnectivity between the acid and the Cd dimers are shown
involving the hydrogen atoms of the water and the piperazine in Figure 5b. Of the four carboxylic acid groups, three form
molecule with the oxygen atoms. The important hydrogen- C—O—Cd bonds through all the oxygen atoms while the
bond interactions have been listed in Table 4. fourth one has one terminal €© bond. Two of the
Structure of [Cd 4(H20)2(C10H208)2(CaN2Hsg)3lw, II. The carboxylate group has bidendate connectivity and the other
structure ofll has 30 non-hydrogen atoms in the asymmetric two have monodendate linkage with Cd atoms. In addition,
unit, of which there are two crystallographically distinct Cd one of the oxygen atoms, O(4), links Cd(1) and Cd(2) atoms
atoms (Figure 5a). Both the cadmium atoms have a distortedthrough a three-coordinate connection. The-@ bond
octahedral environment with oxygen and nitrogen atoms. distances are in the range 1.246¢3)269(5) A (av. 1.258

While Cd(1) is coordinated to four oxygen and two nitrogen A) and O-C—0O bond angles have an average value of
124.7. These values are in the range expected for this type

(17) Brown, I. D.; Altermatt, DActa Crystallogr. B1985 41, 244. of bonding. The planar aromatic-€C and the terminal €C
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Figure 7. Structure of [Cd(H20)2(C10H208)2(CsN2Hg)3]w, 11, in the bc
plane. Note that one of the bound piperazine molecule projects into the
channels.

Figure 6. (a) Connectivity between the Cd dimers and the piperazine
molecule in theac plane. Note that the connectivity gives rise to a two-
dimensional layer. The acid molecules are omitted for clarity. (b) Con-
nectivity between the Cd dimers and the pyromellitic acid inah@lane.
The bound piperazine molecules are omitted for clarity.

(b)

KM Units(a.u)

bond distances are also in the range expected. Bond valence
sum calculation clearly indicate that the valence states of
the Cd, C, and O atoms a2, +4 and—2, respectively. (@)
The structure ofl consists of linkages involving the Cd /’—/“//
dimers and the amine and acid molecules. The connectivity
between the Cd dimers and the piperazine molecule gives
rise to a two-dimensional layer in tlae plane (Figure 6a).
Similarly, the connectivity between the Cd dimers and the
Sg?]eal(slgg%;/ee%t;;s,eTfetv\;/ic;velr:fegzogt?:js:lztr‘jgtg[gnlg ?IHE ::’i%l;]rde (8(:.)“I.3iffuse reflectance UV-vis spectra for (a) the BTEC acid, (b)
plane is shown in Figure 7. As can be seen, the connectivity
involving the acid and the piperazine molecule along with The acid, BTEC, showed a maximum around 300 nm. This
the Cd dimers gives rise to large elliptical channels involving shift in the energy must be related to the bonding of the
four pyromellitate, two piperazine molecules, and six Cd acid with the metal ions and may originate from the-nr*
dimers. The other piperazine molecule projects into the transition with the n orbitals (HOMO located on the oxygen
channels from the Cd center. This piperazine molecule may atoms of the carboxylate groups) being perturbed by tfie M
be amenable for chemical manipulation. Such functionalized ions in the polymer. In addition, the absorption intensity of
channels have been reported recently in a-Nglalate three- | andll is much higher than that of the acid. The significant
dimensional framework®¥.Medium-strength hydrogen-bond increase in absorption intensity may be attributed to the
interactions have been observed involving the hydrogen involvement of the charge-transfer transitions from the O
atoms of the water and the piperazine molecule with the atoms of the acid ligands to the empty 4s orbitals of the
oxygen atoms. The important hydrogen-bond interactions M2t ions. Both the compounds show photoluminescence
have been listed in Table 4. (Figure 9). The emission spectra monitored at the excitation
Spectroscopic InvestigationsThe diffusive reflectance  wavelength of 340 nm, shows a single maxima around 380
UV —vis spectra for polymer$ and Il have been carried and 410 nm, respectively, forandll. A similar emission
out and are shown in Figure 8. The spectra show broadband has also been observed in other zinc-organic polymer
maxima at 310 nm fot andll with a shoulder at 260 nm. compounds$? The photoluminescence exhibited by the

T T
200 300
wavelength(nm)

(18) Vaidhyanathan, R.; Natarajan, S.; Rao, C. NIrferg. Chem 2002 (19) Chen, W.; Wang, J. Y.; Chen, C.; Yue, Q.; Yuan, H. M.; Chen, J. S ;
41, 4496. Wang, S. N.Inorg. Chem.2003 42, 944.
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180.958, and 182.313 ppm (COO group). Harthe peaks
positions are as follows: 47.230 and 49.947 ppm {€H
NH.—piperazine); 126.73 ppm (GHmaic Unsubstituted,
BTEC acid); 131.590, 133.143, 141.819, and 143.296 ppm
(Caromaticsubstituted, BTEC acid); 174.994, 178.338, 180.64,
and 181.67 ppm (COO group). The observed differences
could be due to the variations of the binding modes observed
between the two compounds.

Discussion

The compound$§[C4N2Hg][Zn2(H20)(CioH20s)} ., |, and
{[CaN2Hg]s[Cds(H20)2(C10H20s)2} , Il , have been obtained
as pure single-phase materials employing hydrothermal
methods, and their structures were determined by single-
crystal methods. Both and Il have three-dimensionally
extended infinite coordination polymeric structures. Their
structures involve linkages between the metal ions, the amine
and the pyromellitic acid. The role of the amine molecules,
@ in particular, is intriguing. A comparison of the&kpvalues
of the higher carboxylic acids of benzene, viz., trimesic and
pyromellitic acid, gives an idea about the ease of removal
of the proton from the carboxylic acid. (trimesic acidp
: i : i : = 3.16, Ka2 = 3.98, Ka3 = 4.83; pyromellitic acid, Ka1
300 400 500 = 2.43, KKa2 = 3.13, Koz = 4.44, Ky = 5.61). From the
wavelength(nm) pK, values, it is clear that the initial removal of the proton
Figure 9. Solid-state photoluminescent spectra for (@nd (b)!l . from the pyromellitic acid appears to be easier but the
removal of all the protons from the carboxylic acid might
require an excess of base in the reaction mixture. In doing
so, the additional base added during the mixing of the
reactants might also lead to the amine molecules being linked
to the metal ions. Such behavior of amine bonding to metal
ions under high pH values has been observed earlier in some
metal phosphate structurgsThe reactions carried out under
lower pH values predominantly gives rise to the known
layered compounép, in addition to some uncharacterized
powder.
Ligation by polyfunctional compounds such as '4,4
bipyridine forming rigid networks is known to occur in
i , i , , , . oxalates and in other related compouf#&. Ancillary
0 50 100 150 200 ligation by water molecules has also been well established
ppm in many porous metalorganic frameworks? In the present
Figure 10. Solid-state!3C MAS NMR spectra foll . compounds, the ligation appears to be unique. Bathdl
have terminal water molecules in addition to the ligation by
present compounds may be attributed to the ligand-to-metal-the amine molecule. The amine molecule, which acts as a
charge-transfer (LCMT). The strongest excitation peaks for ligand in both compounds, connects two different metal
both the polymers is around 330 nm. The excitation peaks centers. In a way, this helps in the building up of the three-
of the polymer appear to be coincident, in peak position, dimensional structure. While ith, the connectivity between
with the threshold of the U¥vis absorption band of the the amine and the metal ions give rise to a two-dimensional

(b)

intensity(a.u)

intensity(a.u)

polymer. network (Figure 6a), i the amine molecule connects just
The MAS NMR spectra for both compounds appear to be two metal centers only (Figure 2b). The ligation of the amine
similar, and we give thé*C MAS NMR spectra forll in and water molecules observed here is somewhat similar to

Figure 10. The!C MAS NMR, as expected, show typical the cadmium succinate Cdx(CsH404)2(CaN2Hg)(H20)s} o,
signals®® Forl, the signals are as follows: 41.233 and 48.443 (21) Neoral, S.. Natarajan. S.. Rao. C. N.few J. Chem1998 23, 303

. . .S, ,S.; , C. N.New J. , .
ppm (_CI-b—NHz—plperf'izme); 121.988 ppm (Glamaiic Un- (22) Li, H.;JKim, J; Gro§/, T. L.; O'Keeffe, M.; Yaghi, O. MJ. Am. Chem.
substituted, BTEC acid); 130.414, 134.338, 137.288, and S0c¢.2001, 123 4867 and references therein.

Y P Y- (23) Lu, J. Y.; Lawandy, M. A.; Li, JInorg. Chem.1999 38, 2695.
142.755 ppm (GomaicWith substitution, BTEC acid); 174.746, (24) Pan. L: Adams, K. M.. Hernandez, H. E.. Wang, X Zheng, C.:
Hattoro, Y.; Kaneko, K.J. Am. Chem. So003 125 3062 and

(20) Kemp, W.Organic SpectroscopyPalgrave: New York, 1991. references therein.
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where the cadmium succinate layers are pillared by the aminetions result in normal bond distances for the terminal@
molecule which connect the Cd centers through ancillary bond. In addition, &H---O hydrogen-bond interactions
ligation2® between the carboxylate oxygen atoms and the piperazine
Though both andll possess three-dimensional structure, molecule have been observed for both compounds. The
there are distinct differences between the two structdres. C—H-+-O hydrogen bond and its role in crystal packing has
contains distorted trigonal-bipyramidal Zn(Xk)Dand tetra- been discussed in detdflin | andll, the G--O distances
hedral Zn(2)Q(H-O)N building units, andl has distorted  are in the range 3.099(88.446(7) A and &H-+-O bond
octahedral Cd(1)eéN2 and Cd(2)QHzO)N units. The con-  angles are in the range 14265 (Table 4). These are
nectivity of the amine molecules also presents an interestingmoderate hydrogen bonds and possibly contribute to the
comparison in the present structures. Thud,, ithe amine stability of this structure.
molecule appears to play the role of a simple ligand
connecting two Zn atoms (Figure 2b). Ih, however, the Conclusions
presence of two different amine molecules gives rise to a
unique situation wherein one of the amine molecules appears [N summary, we have demonstrated the synthesis, structure,
to be projecting in to an extra-large elliptical channel in the and photoluminescence properties of two new megaganic
bc plane. Though the nitrogen atoms of this amine molecule polymers. In contrast to the previously reported structures,
are part of the coordination requirement of the Cd atoms, it formed predominantly by carboxylic acids, the present
is likely that they may be amenable to chemical manipula- compounds have ligation by the amine molecules. The
tions. Similar behavior of the piperazine molecules bound secondary ligation of the amine molecules is interesting. This
to metal centers and projecting into channels has also beerincreases the structural diversity and variety of the known
observed in a three-dimensional cobalt pyromellitate. metal coordination polymers. Furthermore, the polymers can
In | and I, the connectivity between the carboyxlate be excited directly to emit luminescence at room temperature.
groups and the metal ions gives rise to two different Itis likely that more new materials can be prepared by careful
situations. While both acid-1 and acid-2lirare monoden-  choice of ligating amine molecules.
date, inll, two of the carboxylate groups show bidendate
connectivity (Figure 4 and Figure 6b). Inacid-2 has four Acknowledgment. S.N. gratefully acknowledges the
uncoordinated €0 bonds while acid-1 has all the carboxyl- financial support from the Department of Science and
ate oxygen atoms connected to Zn.lInonly one uncoor-  Technology (DST), Government of India, through the award
dinated G-O bond is observed. As can be noted, the terminal Of @ research grant.
C—0 bond distances, in bothandll, does not show any
Slgrg]lclcam dlgerencﬁs Whe'.” Clompared o the bonded Ones(CIF) for both compounds and figures showing % transmission vs
(Tables 2 and 3). The terminal oxygen atoms [C{10)8) wavenumber and % weight loss vs temperaturé ahd Il . This

and, (?(20)_,0(9) ih I and C(21)-0(8) in 1] a}ppealr to material is available free of charge via the Internet at http://
participate in medium-strength hydrogen bonding with both pubs.org.acs.org.

the water molecules bound to the metal ions and to the ligated
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amine molecules. It is likely that the hydrogen-bond interac- 1C034836P
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