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 Electron Paramagnetic Resonance Study of Partially Oriented Clay Platelets Intercalated with Copper(II) 1,4,8,11-Tetraazacyclotetradecane Hyunsoo So,*,† Hyun Jung,‡ Jin-Ho Choy,‡ and R. Linn Belford§ Department of Chemistry, Sogang UniVersity, Seoul 121-742, Korea, DiVision of Nanoscience and Department of Chemistry, Ewha Womans UniVersity, Seoul 120-750, Korea, and Illinois EPR Research Center and Department of Chemistry, UniVersity of Illinois at Urbana-Champaign, Illinois 61801 ReceiVed: October 5, 2004; In Final Form: December 21, 2004
 
 Electron paramagnetic resonance (EPR) spectra of powder and oriented films of montmorillonite, hectorite, and saponite intercalated with [Cu(cyclam)]2+ (cyclam ) 1,4,8,11-tetraazacyclotetradecane) exhibit three components: an orientation-dependent component without hyperfine features, an orientation-dependent component with hyperfine features, and an orientation-independent component without hyperfine feature. EPR spectra of [Cu(cyclam)]2+-saponite, which exhibit only two components and the best resolved hyperfine features, were simulated. The spectra indicate that a large portion of the saponite platelets are inclined to the glass surface, although they tend to align with their basal planes parallel to the glass surface. The orientationdependent spectra could be simulated by introducing a Gaussian distribution with a standard deviation of 20° for the inclination angle. The standard deviation may be used as a disorder parameter for the microcrystals assembled on glass plates. Spectral simulation also shows that the CuN4 plane of [Cu(cyclam)]2+ is parallel to the clay layers. EPR spectra of some other partially oriented systems are also discussed.
 
 Introduction Single-crystal electron paramagnetic resonance (EPR) spectra can provide information on the orientation of paramagnetic species in a crystal. This information, which is vital in characterizing the paramagnetic species for many important systems, is lost for powder samples. Yet many EPR studies have been carried out with powder samples, for it is difficult to grow large crystals suitable for single-crystal EPR studies. We have been interested in extracting information on molecular orientation from EPR spectra of partially oriented systems. Recently some of us observed single-crystal-type EPR spectra from monolayers of copper-exchanged zeolite Na-A microcrystals assembled on glass plates and obtained information on the orientations of the copper species.1 The monolayers consisted of small domains in which microcrystals were oriented in the same direction, but the domains were randomly oriented on the glass surface. So, although it was a partially oriented system, it produced a single-crystal-type spectrum when the magnetic field was perpendicular to the glass surface. For this work, we have chosen intercalated clays assembled on glass plates, which are partially oriented systems with much larger disorder. Since clay platelets tend to assemble on glass plates with their basal planes parallel to the glass surface, clay films were used to study anisotropic properties of the intercalated molecules. Some EPR studies have been carried out on oriented clay films to determine orientations of the intercalated molecules.2-5 However, EPR spectra for these partially oriented systems have not been fully explored. Recently some of us used oriented clay films to study polarization-dependent X-ray absorption spectra of [Cu(cy* To whom correspondence may be addressed. E-mail: hyunso@ sogang.ac.kr. † Sogang University. ‡ Ewha Womans University. § University of Illinois.
 
 clam)]2+ intercalated in saponite.6 The peak assignments from the polarization experiment were then used to assign the peaks in the X-ray absorption near-edge structure spectra of the powder sample. The saponite platelets were assumed to be partially oriented on the glass surface, but it has never been determined how orderly these assemblies are. In this work, we report EPR studies of oriented films of montmorillonite, hectorite, and saponite intercalated with [Cu(cyclam)]2+. The molecular structure of [Cu(cyclam)]2+ was reported before (Figure 1).7,8 The four nitrogen atoms in the macrocyclic ligand form a square planar arrangement around the copper ion. Frozen solution EPR spectra of pure [Cu(cyclam)]2+ were reported previously,8-10 and they could be simulated using an axial spin Hamiltonian. The powder XRD patterns for montmorillonite, hectorite, and saponite intercalated with [Cu(cyclam)]2+ were given elsewhere.6,11,12 The spacing of the interlayers (or gallery spacing) is 3.75-3.86 Å, indicating that [Cu(cyclam)]2+ is intercalated as a monolayer with the square plane of CuN4 roughly parallel to the clay layers. EPR spectra of [Cu(cyclam)]2+ intercalated in montmorillonite, hectorite, and saponite reveal three components. Since the hyperfine lines of copper species are most sensitive to the molecular orientation, we have chosen [Cu(cyclam)]2+-saponite, showing only two components and the best resolved hyperfine features, to simulate EPR spectra of the oriented films. To simulate the orientation-dependent spectra, we have introduced a Gaussian distribution for the inclination angle of the saponite platelets to the glass surface. The resulting standard deviation of this Gaussian distribution may be used as a disorder parameter measuring how disorderly the clay platelets are as assembled on the glass surface. Experimental Section Materials. [Cu(cyclam)](ClO4)2 was prepared as previously reported.11 For the syntheses of [Cu(cyclam)]2+-saponite
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 Figure 1. Schematic representation of [Cu(cyclam)]2+ ion.
 
 intercalation compound at high cation-exchange capacity (CEC) loading,6 0.5 g of saponite (Sumecton SA purchased from Kunimine Ind. Co.) was immersed in an aqueous solution of [Cu(cyclam)](ClO4)2 (0.5 g/50 mL) at 60 °C for a week. The exchanged clay was centrifuged and washed several times with deionized water. The wet [Cu(cyclam)]2+-saponite compound thus obtained was dispersed in distilled water and then cast or spin-coated onto 18 × 18 mm2 thin glass plates. Finally, the film and the wet powder were freeze-dried in a vacuum (
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