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ABSTRACT

The specific adsorption of polar molecules in AlPO4-5 is caused by the nonsymmetric lattice
structure of the crystals. This has been proved using scanning pyroelectric microscopy (SPEM). This
novel technique provides information about both the zeolite structure and the orientation of adsorbed
polar molecules.

INTRODUCTION

Preliminary measurements have demonstrated that AlPO4-5 crystals loaded with p-nitroaniline

(pNA) exhibit pyroelectricity [1]. This showed that the pNA molecules form long dipole chains in the

AlPO4-5 pores with an opposite direction in the two halves of the crystal. The reason for this  specific

orientation was not clear up to now. The pyroelectricity of AlPO4-5 crystals, calcined and with guest

molecules, has therefore been further explored in this study, providing new information about the

structure and growth of the AlPO4-5 crystals, and giving an explanation for the adsorption behavior.

Furthermore some thermal parameters of these nanocomposites can be obtained, like in inverse

photopyroelectric experiments [2].

Pyroelectricity is caused by a temperature dependent permanent polarization Ps:

Where I is the current, p (= dPs/dT) the pyroelectric coefficient, A the area and dT/dt the variation

in temperature. Heating of a sample with an intensity modulated laser diode generates thermal waves.

In case of one-dimensional heat transport the thermal penetration depth (µ) in the sample

dt
dT

pAtI =)(
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depends on the frequency (f) of the heat pulse and the thermal diffusivity (K) of the sample: µ =

√(K/πf). Thus the thermal penetration can be controlled by adjusting the frequency of the heat source.

By local heating and by scanning across the surface a micrograph of the pyroelectricity of the sample

can be obtained. From this the polarization and the thermal diffusivity can be derived. This new

technique is called scanning pyroelectric microscopy (SPEM) and has recently been tested for organic

inclusion compounds [3].

EXPERIMENTAL

Technique

The zeolite crystal is coated with a thin absorption layer of black ink, positioned between two

electrodes and locally heated with an intensity modulated laser diode (Fig. 1). The change in the

polarization, induced by the pyroelectric effect, provokes compensation charges on the electrodes.

This ensuing current is amplified, stored and analyzed. By scanning with the laser over the surface

a two-dimensional image of the pyroelectricity can be obtained with a sensitivity of 10-14 A and a

lateral resolution of 10 µm. Varying the frequency of the laser pulse gives also information in the third

dimension.

Figure 1. Set-up for Scanning Pyroelectric Microscopy

Samples

Large AlPO4-5 crystals were synthesized by several known procedures, with different templates.

For example, 200 µm crystals were made from a mixture containing 1 Al2O3 : 1 P2O5 : 1.5

triethylamine : 450 H2O in two days at 185 °C [4]. The crystals were calcined at 600°C for 16h. Polar

molecules, like p-nitroaniline, were adsorbed via the vapor phase in freshly calcined and evacuated

crystals [5]. Some crystals were halved before loading. The size of the crystals used in the

pyroelectric measurements was 100-500 µm.
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RESULTS AND DISCUSSION

All calcined large AlPO4-5 crystals (Fig. 2)

showed a pyroelectric signal with a change of sign

at the center of the crystal (Fig. 3,4). This can be

explained by a polar structure with a polarization

reversal in the center of the crystal. The polar,

nonsymmetric structure is due to the alternation of

Al and P atoms which reduces the space group

symmetry from P6/mcc to P6cc and causes all P-O-

Al bands (in the c-direction) to be aligned in one

direction [6]. The permanent dipoles have a

temperature dependency and are thus responsible

for the pyroelectric signal. Apparently, they have

an opposite direction for both sides of the crystal,

resulting in two macroscopic polarization

directions. This also means that all crystals are

twinned and that there is one strongly preferred

growth direction along the c-axis. So there must

be a large difference in the growth rate in the c(+)

and c(-) direction.

Measuring one half of a crystal gives, as

expected, only one sign, i.e. no polarization

reversal. This was also observed for crystals which

were grown from an aluminum substrate.

When the crystals are loaded with pNA (10%

w/w) the pyroelectric signal is much stronger

(about 4 times) compared to that of the unloaded

crystals. Because there is again a polarization

reversal at the center of the crystal it can be

Figure 2. SEM image of a calcined
AlPO4-5 crystal on an electrode.

Figure 3. SPEM graph along the c-axis of
the same AlPO4-5 crystal

Figure 4. Two-dimensional SPEM
image of again the same AlPO4-5 crystal.
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concluded that the pNA dipoles have an opposite orientation in both sides of the crystal. Assuming

a negative temperature coefficient for the polarization of the pNA molecules [1] it can be determined

that the NO2 -groups are directed towards the center of the crystal.

To decide whether this is due to an adsorption effect or caused by the asymmetric structure of

the crystals, half crystals have been filled and measured. Like the calcined ones, these samples do not

show a polarization reversal. That clearly indicates that all pNA molecules are oriented in the same

direction. So in this case the pNA molecules do not enter the channels from both sides with the NO2

in front. This leads to the conclusion that the way in which polar molecules enter the pores is

determined by the asymmetric structure of AlPO4-5. This concept can be extended to other

asymmetric AlPO 4 structures, like AEL, AET, AFO, ATV and VFI [7].

Clearly, the specific way in which polar molecules enter such zeolites must be taken into

account when studying diffusion or catalysis.

CONCLUSIONS

All large AlPO4-5 crystals measured so far appear to have a twinned structure. Because of the

polarity of the structure (in the c-direction) this results in two polarization directions. The

nonsymmetric lattice structure is also the origin of the specific, bidirectional inclusion of polar

molecules.
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