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TABLE 2 Molar conductances of KCl in H,0-D,0 at 25 °C

Xo
c
{mol dm™3) 0 0.5 1
01 129.02 117.31 107.48
0.05 133.43 121.23 110.73
0.01 141.33 128.23 117.19
c->0 150.0 136.06 124.3
AA(Xy, C~>0) —_ -~1.09 —
A™(X,, C~0) — —0.8% —

See Table 1 notes for explanations.

This experiment was proposed” as a critical test of a theoretical
prediction concerning the possible existence of quantum correla-
tions between H' and protons of water molecules®®. This
hypothesis was motivated by the detailed analysis of Hertz*!
concerning the impossibility of directly deducing (from any
known experiment) the existence of H* as a well defined particle
in aqueous solutions, and by the classic work of Eigen'* con-
cerning the quantum tunnelling of protons in H,O clusters.

In the framework of our general theory of quantum correla-
tions®, the interpretation of the anomalous conductance is based
on the following point®. If the well-known high H* conductance,
A+, in liquid water is caused by the assumed specific quantum
interference and delocalization effect (the coherent dissipative
structures®®) then there must be an anomalous decrease of A+
in H,0-D,0 mixtures owing to the mass and spin ‘superselection
rules’. In these mixtures, the quantum interference between
appropriate proton states becomes disrupted by deuterons
‘belonging to’ D,0, HDO or D" ions and being ‘near’ or
‘between’ the considered protons. This implies that the spatial
extension of the corresponding coherent dissipative structures
(which describe the delocalization of the protons participating
in them) becomes restricted, causing a corresponding decrease
of Ay+. (The same conclusion holds for the D* conductance;
see, however, ref. 3). In general, quantum correlations have no
classical analogue*®®, so there are no ‘molecular pictures’ of
these structures.

Our observations suggest that this effect may play an important
part in the dynamics of proton transfer and hydrogen-bond
formation®” in other physical, chemical and biological systems.
Further work is in progress. OJ
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ALUMINIUM plays an important part in determining the proper-
ties of many materials, such as the catalytic behaviour of zeolites.
Aluminophosphate molecular sieves, in particular, have useful
applications as superlattice hosts in the fabrication of quantum-
effect devices'. Although nuclear magnetic resonance (NMR) spec-
troscopy is often a sensitive probe of solids, the use of 27A1 NMR
to investigate the structure of aluminosilicates and alumino-
phosphates has been severely limited because anisotropic second-
order quadrupolar interactions, responsible for spectral broaden-
ing, cannot be eliminated by conventional magic-angle-spinning
or multiple-pulse techniques. Here we report the first high-resol-
ution NMR spectra of 2’Al in a solid using double rotation>* and
demonstrate its usefulness for probing subtle structural perturba-
tions in the aluminophosphate molecular sieve VPI-5%¢, From our
results, we conclude that high-resolution Al NMR is capable of
resolving discrete framework aluminium sites, permitting quantita-
tive investigation of site-specific adsorbate interactions with the
VPI-5 host.

VPI-5 is a hydrophilic molecular sieve belonging to the
aluminophosphate (AIPO,) family. The proposed structure of
VPI-5 in Fig. 1, based on X-ray and neutron powder diffraction
experiments®®, consists of alternating AlO, and PO, tetrahedral
units arranged to produce linear channels 12 A in diameter.
There are two crystallographically distinct aluminium sites: one
located between the two four-membered rings (Al-1 in Fig. 1)
and the other situated in the six-membered rings (Al-2). The
ratio of the number of Al-1 to Al-2sitesis 1:2, and the hexagonal
unit-cell parameters a and ¢ are 19.009 A and 8.122 A, respec-
tively, in the hydrated material. On dehydration, structural
changes result in a contraction of a to 18.549 A and an expansion
of ¢ t08.404 A (ref. 7). Such local perturbations in the framework
lead to changes in chemical shifts and quadrupole interactions
of the ?’Al nucleus. In a resolved NMR spectrum the isotropic
chemical shift 8, the quadrupole-coupling constant », and the
asymmetry parameter 1 should provide information about the
symmetry and structure at the aluminium sites in the
aluminophosphate framework.

We carried out “’Al NMR experiments in a pulsed spectro-
meter operating at 104.23 MHz using a standard magic-angle-
spinning (MAS) probe as well as a newly developed double-
rotation (DOR) probe’. Figure 2a shows the >’ Al MAS spectrum
of hydrated, polycrystalline VPI-5 spinning at 5kHz. As
observed previously®'®, it contains an asymmetric peak at
~41 p.p.m. and a second peak below 0 p.p.m. The resonance at
41 p.p.m. falls in the range of isotropic shifts attributed to
tetrahedrally coordinated Al sites, Al(IV), whereas the peak
below 0 p.p.m. is attributed to octahedrally coordinated Al sites,
Al(VI) (ref. 11). Figure 2b shows the DOR spectrum of the
same hydrated sample of VPI-5. Two peaks, a and b, of equal
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FIG. 1 The VPI-5 framework structure. Top, |001] projection, where the black
lines represent oxygen atoms bonded to aluminium and phosphorus atoms
at the vertices. Bottom, Hexagonal unit cell with labelled atoms.

intensity and with 1-p.p.m. linewidths at 41.2 and 40.4 p.p.m.,
are partially resolved, as well as a single peak, ¢, at —18.4 p.p.m.
The intensities of the peaks are in a 1:1:1 ratio, so peak c at
~18.4 p.p.m. apparently originates from half of the Al-2 sites
which chemisorb water to acquire octahedral coordination as
Al-2(VI). The remaining Al-2(IV) sites and all of the Al-1(IV)
sites produce the two partially resolved peaks near 41 p.p.m.
Peaks a and b have quite different quadrupole interaction param-

L Il 1 1 1 1 ¢ L 1 1 i
50 40 30 20 10 0 -10 -20 -30 -40

Chemical shift (p.p.m.)

FIG. 2 2"Al NMR spectra of hydrated VPI-5 under conditions of magic-angle
spinning (a) and double rotation (b). Peaks not indicated by arrows are
spinning sidebands. Isotropic DOR peak positions reflect contributions from
both the isotropic chemical shift and the isotropic second-order quadrupole
shift. Spectra are referenced to dilute aqueous AINO3)s.
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eters (Y.W. et al, manuscript in preparation), consistent with
their assignment to the different framework aluminium posi-
tions. One cannot, however, rule out the possibility that Al-1
sites become octahedrally coordinated during hydration, dis-
torting the lattice and rendering the Al-2 sites inequivalent.
VPI-5 can contain up to ~24 wt% water (Al1PO,-2.3H,0) in the
fully hydrated state, indicating that both chemisorption
(AI(IV) - Al(VI): AIPO,-0.67H,0) and physisorption of water
occur.

Figure 3a, b shows the ?’ Al MAS spectrum for VPI-5 spinning
at 5 kHz and the Al DOR spectrum of the same sample, both
acquired immediately after room-temperature dehydration for
48 h at 107° torr. Two peaks unresolved in the MAS spectrum,
d at 33.3 p.p.m. and e at 35.9 p.p.m., are observed in the DOR
spectrum. From the 1:2 intensity ratio of these two peaks, peak
d is assigned to Al-1 sites and peak e is attributed to Al-2 sites,
both of which represent tetrahedrally coordinated aluminium.
During dehydration, Al(VI) sites are converted into AI(IV) sites,
consistent with the disappearance of peak c at —18.4 p.p.m.
Furthermore, in hydrated VPI-5, Al tetrahedral sites (peaks a
and b) are altered by dehydration to yield different 2’ Al tetrahe-
dral environments (peaks d and e). The weak peak f at 22.8
p.p.m. may arise from partial hydration of Al sites coordinated

-
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FIG. 3 *’Al NMR spectra of dehydrated and partially rehydrated VPI-5. g,
MAS spectrum of dehydrated VPI-5. b, DOR spectrum of dehydrated VPI-5.
¢, DOR spectrum after two days of rehydration. d DOR spectrum after 23
days of rehydration. Spectra are referenced to dilute aqueous AI(NO;); and
are plotted on arbitrary intensity scales.
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to one water molecule. Figure 3¢, d shows 2’Al DOR spectra
taken 2 days and 23 days after dehydration; the sample remained
inside the inner rotor of the DOR probe during this period,
allowing water molecules to diffuse slowly into the material.
The two sharp lines that emerge, g at 37.3 p.p.m. and h at 38.8
p.p.m., arise from Al-2 species influenced by adsorbed water
molecules. Figure 3¢ shows that the relative intensity of peak d
associated with dehydrated Al-1 sites undergoes little change
as a result of partial rehydration, bearing in mind that the 1:2
ratio of Al-1 to Al-2 species must be maintained at all stages
of hydration. The sensitivity of the VPI-5 framework to guest
loading and packing, as indicated by these data, should yield
new insight into the behaviour of molecules in confined micro-
porous environments.

Both DOR and dynamic angle spinning (DAS) (recently
demonstrated for 1’0 and *Na (ref. 12)) make it possible to
measure *’Al quadrupole-coupling parameters and chemical
shifts, allowing the study of adsorbate-host interactions in
molecular sieves and subtle microstructural features in other
aluminium-containing solids including catalysts, glasses,
ceramics, minerals and semiconductors. |
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BIOMASS burning is a primary source of many trace substances
that are important in atmospheric chemistry'. More than 80%
of the world’s biomass burning takes place in the tropics® as a
result of savanna fires, forest-clearing activity, and the burning of
agricultural waste and wood. Here we report results from labora-
tory studies on the emission of nitrogen-containing compounds
from the burning of dry vegetation. We find that the emission
rates of NO,, HCN and CH,CN are sufficient to contribute
significantly to the global atmospheric budget of the compounds.
Furthermore, possibly up to half of the biomass nitrogen can be
converted to molecular nitrogen, N,, leading to an estimated
annual loss of 12-28x10'g of biomass nitrogen
(‘pyrodenitrification’), equal to ~9-20% of the estimated global
rate of terrestrial nitrogen fixation.

According to recent estimates®, ~3-6x10' g of biomass
carbon is burned annually, corresponding to 24-57 x 10" g of
biomass nitrogen. This burning produces mostly CO,, but also
10% CO and ~2% CH, and other hydrocarbons. Many other
gases and particulate matter are also emitted. Here we consider
the emissions of nitrogen-containing compounds.
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Our results have been obtained using a small-scale burning
apparatus built to simulate open fires (Fig. 1). The details of
this apparatus are described elsewhere®. Because most of the
biomass burning takes place in the tropics, we burned mostly
tropical grasses from savanna regions and also agricultural
wastes, in a total of 41 burning experiments.

Our analytical system was designed to determine CO,, CO,
non-methane hydrocarbons (NMHC) and CH, as well as the
most important nitrogen-containing species: NO, (NO and
NO,), ammonia (NHj;), some cyanogen compounds such as
hydrogen cyanide (HCN) and acetonitrile (CH;CN), and
nitrous oxide (N,0). Determination of the flow rate in the stack,
the weight loss of the fuel, and the elemental content of both
biomass and ash, as well as the concentrations of gaseous
emissions, enabled us to carry out a mass balance for each
experiment.

Our apparatus also allows us to observe the different burning
stages separately. A burn can be divided into a hot flaming
phase emitting oxidized compounds such as CO,, NO, and
N,O, and a colder, incompletely combusting smouldering phase
producing much more smoke and less oxidized substances such
as CO, hydrocarbons, ammonia and nitriles®. Figure 2 shows
some of the compounds emitted during one of our experiments,
and the corresponding stack-gas temperature. The transition
between flaming and smouldering combustion is clearly observ-
able in our experiments and corresponds to a large increase in
the CO concentration and a decrease in CO, emission at ~96 s.

Our data show that on average ~90% of the biomass nitrogen
and 95% of the carbon were volatilized during the burn, with a
mean weight loss of 75% in the flaming and 25% in the smoulder-
ing stage. Almost all of the carbon was recovered in the measured
emissions of CO,, CO, hydrocarbons and in the ash. By contrast,
only ~32% of the nitrogen could be regained by the above
mentioned nitrogen-containing compounds and the nitrogen
content of the ash (Table 1).
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FIG. 1 Burning apparatus for an experimental simulation of open biomass
burning®.
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