ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/279907951

15N NMR study of nitrate ion structure and dynamics in hydrotalcite-like
compounds

Article in American Mineralogist - January 2000

DOI: 10.2138/am-2000-0116

CITATIONS READS
25 45

5 authors, including:

a0 Xiaogiang Hou Ping Yu
{ﬁn Wiss, Janney, Elstner Associates, Inc. University of California, Davis
22 PUBLICATIONS 933 CITATIONS 48 PUBLICATIONS 1,694 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

roject Densification and Structure of MgSiO3 Glass View project

poject  Mineral-Water Interaction View project

All content following this page was uploaded by Xiaogiang Hou on 27 May 2020.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/279907951_15N_NMR_study_of_nitrate_ion_structure_and_dynamics_in_hydrotalcite-like_compounds?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/279907951_15N_NMR_study_of_nitrate_ion_structure_and_dynamics_in_hydrotalcite-like_compounds?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Densification-and-Structure-of-MgSiO3-Glass?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Mineral-Water-Interaction?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiaoqiang_Hou2?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiaoqiang_Hou2?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Wiss_Janney_Elstner_Associates_Inc?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiaoqiang_Hou2?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ping_Yu6?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ping_Yu6?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_California_Davis?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ping_Yu6?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiaoqiang_Hou2?enrichId=rgreq-f5077d42efec7039449a8ff2a40e6674-XXX&enrichSource=Y292ZXJQYWdlOzI3OTkwNzk1MTtBUzo4OTU2Nzk1MjIxNDgzNTRAMTU5MDU1ODA0Nzk2Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf

American Mineralogist, Volume 85, pages 173-180, 2000

15N NMR study of nitrate ion structure and dynamics in hydrotalcite-like compounds
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ABSTRACT

We report here the first nuclear magnetic resonance (NMR) spectroscopic study of the dynamical
and structural behavior of nitrate on the surface and in the interlayer of hydrotalcite-like compounds
(**NOs-HT). Spectroscopically resolvable surface-absorbed and interlaygh&i@ dramatically
different dynamical characteristics. The interlayer nitrate shows a well defined, temperature inde-
pendent uniaxial chemical shift anisotropy (CSA) powder pattern. Itis rigidly held or perhaps under-
goes rotation about its threefold axis at all temperatures betweeritGEd@ +80°C and relative
humidities (R.H.) from 0 to 100% at room temperature. For surface nitrate, however, the dynamical
behavior depends substantially on temperature and relative humidity. Analysis of the temperature
and R.H. dependences of the peak width yields reorientational frequencies which increase from
essentially 0 at —100C to 2.6x 10°® Hz at 60°C and an activation energy of 12.6 kJ/mol. For
example, for samples at R.H. = 33%, the surface nitrate is isotropically mobile at frequencies greater
than 16 Hz at room temperature, but it becomes rigid or only rotates on its threefold axis &€-100
For dry samples and samples heated a@0®R.H. near 0%), the surface nitrate is not isotropically
averaged at room temperature. In contrast to our previous resuit€lfecontaining hydrotalcite
(®**CI-HT), no NMR detectable structural phase transition is observétiNios-HT. The mobility of
interlayer nitrate in HT is intermediate between that of carbonate and chloride.

INTRODUCTION Miyata and Okada 1977) or by exchange of interlayer anions
Hydrotalcite is one of the few minerals with significant@lréady presentin host HTs (Hansen and Taylor 1991; Reichle
permanent anion-exchange capacity, and stands in contrag86)- Products obtained from either method can be hydro-
the more common clay minerals which have cation-exchan@f(@rma"y recrystallized to increase particle size. Hydrotalcite-
properties. Ideal hydrotalcite has a structural formula §K& compounds have aroused increasing interest because of
MgAl,(OH),CO,-4H,0 (e.g., Reichle 1986) and consists O?he!rablllty t.o exchgngg orga}nlc and inorganic anions, and thus
positively charged brucite-type octahedral sheets, alternatifi§ir potential applications in the management of hazardous
with interlayers containing carbonate anions and water m&fiémical and radioactive waste (Abdeloeasl. 1994; Wada
ecules. The net positive charge on the octahedral sheets is@igMasuda 1995; Ulibarri et al. 1995; Amin and Jayson 1996;
to the partial substitution of Al for Mg. Structure refinement§lérmosin etal. 1996; Olguin et al. 1998). As for many silicate-
yield Mg and Aldisordered over the octahedral sites (BellottBased clay minerals, the structural environments and dynami-

et al. 1996). The actual Al/(Mg + Al) ratio varies from 0.2 t&@l behavior of the interlayer and surface species in HTs, which
0.45 (e.g., Titulaer et al. 1996). are most crucial to such applications, are difficult to study and

Hydrotalcite-like compounds (HTs, Carrado et al. 1988) aRoorly understood. NMR spectroscopy is an effective technique
structurally similar to hydrotalcite, but contain a wide varietf! 2ddressing these issues due to its unique ability to simulta-
of interlayer anions and 1+, 2+, 3+, and 4+ cations on the octgoUsly probe element-specific local structure with high reso-
hedral sites (e.g., Drits et al. 1987; Ulibarri et al. 1987; Ookul¢ion and to investigate atomic and molecular motion in the
et al. 1994; Titulaer et al. 1996). HTs can be synthesized eithglevant 16-10° Hz frequency range (Kim et al. 1996;

by direct co-precipitation from aqueous solution (Miyata 1974irkpatrick et al.1999, and references therein). For HTs, NMR
has been previously used to study ol§O% * H,0, *Cl,

and octahedra&fAl and?*Mg (Marcelin et al. 1989; Dupuis et

*E-mail: xhou@uiuc.edu al. 1990; Mackenzie et al. 1993; van der Pol et al. 1994;
tCurrent address: Korea Environment Institute, 1049irkpatrick et al. 1999). We present here the fifst NMR
Sandang-Dong, Dongjak-Gu, Seoul, 156-090, Korea. study of nitrate-containing HT with emphasis on the contrast-
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ing dynamical behavior of interlayer and surface anions. The RESULTS AND DISCUSIONS
results also show that N@as a dynamical character betweeggpm and XRD
the comparatively mobil&ClI (Kirkpatrick et al. 1999) and the

tightly held*CC%- (Miyata 1983; Van der Pol et al. 1994; Parketr. Tkl]le “’_V° '|I_|TS prior :c:hh);d:'c_}tk]l-er:malht_riatm;nt_ﬁ:e c?mp;osrl
1995: Chatelet et al. 1996). ionally similar, except that HT-1 has higher Fe. The structura

formulae based on elemental analysis are (M#l.2s6

EXPERIMENTAL METHODS F&.0:{OH)-J[(CO3)0.0:1dNO3)o.25:NHO] for HT-1 and [Mg 745

Two different’NO; -HTs were synthesized by precipitationAI0'252':3"003(OH)2][(003)0'025(’\]03)0205'nHZO] for HT-2. The hy-

from a Mg(NQ),. 6H,0 and AI(NQ).-9H,0 solution (0.75 M ?hrothermally trtt;:]ated HT-2 k;aﬁ.a s(,jtructureltl formlula essentially
Mg? and 0.25 M At*, nominal Mg/Al molar ratio of 3) at 5% e same as the unrecrystallized sampleo M8lo.zs&.00s

using the method of co-precipitation (Miyata 1975). Afte@H)Z][(CO3)°-°29(’\|03)0-197nHZO]'AII samples contain consid-

d . - S g . %rgble carbonate, even though we synthesized them under strong
ropwise mixing, the precipitates were held in suspension at ; flow. Mi icallv. th | v di d
°C for two hours under vigorous stirring and nitrogen fi5i. nitrogen flow. Microscopically, the Samples are poorly disperse

enrichment was carried out by stirring the isotopically unenrich?qd oceur mostly as aggregates of circular or irregular plate-

NOs-HT precipitates in*N enriched sodium nitrate solution ets. The prystallltes are prlcally 500 nm across and up.to 30

(NaNO,, 0.2 M) at 45C for 2 days. The precipitates were the@m thick in the rec_rystalllzed sample, but sma_lller and thinner
. ! - in the unrecrystallized samples. Well-crystallized hexagonal

centrifugally separated, washed and vacuum filtered three tlm?s | | b din th taliized |

to remove excess nitrate, and then dried &tC7€r 24 hours. platelets are also observed In the recrystallized sample.

The samples obtained at this stage were analyzed for bulk chemi-

cal composition and investigated by powder X-ray diffraction

(XRD), scanning electron microscopy (SEM) amNINMR. An

aliquot was then hydrothermally treated under autogenous pres-

sure in a Parr vessel for 24 hours at 200The resulting sus-

pension was again washed and vacuum filtered three times, and

the precipitate was dried at 7Q for 24 hours. The final prod-

ucts were again investigated by XRD, SEM, and NMR. To de-

crease théN T, relaxation timéor NMR data collection, Fé

was added to the reaction mixture during the initial preparation

in molar ratios varying from 0.3% to 1.3% of the total cations.

Samples were examined using a Hitachi-S4700 scanning 10 20 30 40 50 60 70

electron microscope at an accelerating voltage of 10 kV. For 20

elemental analysis, the metallic elements were determined us-

ing inductively coupled plasma (ICP), and C, H, and N with a b

CHN analyzer. Powder XRD patterns were recorded on a

Scintag diffractometer using ua radiation, and KGa-1 ka-

olinite (from the Clay Minerals Repository, University of Mis-

souri-Columbia) was added as an internal standard. NMR

spectra were collected at, i 11.7 T under both static and

MAS conditions using a spectrometer equipped with a Techmag

Aries data system, Doty Scientific MAS probe and a home built

static probe. A 50.667 MHz carrier frequency was applied. The | : : : : : ]

90° pulse length was 7 ms. The recycle time used was typically 10 20 30 40 50 60 70

2 s, but values up to 1000 s were used to investigatelax- @0

ation effects on spectral intensity. The number of scans varied,

from ca. 3000 to 20 000. SolitNH,Cl was used as an external

chemical shift standard, and its chemical shift was set at 37

ppm. Spectra were collected at temperatures from°€3

—100°C using a liquid nitrogen cooling system and a resis- HT-1

tance heater heating system. For spectra collected at room tem-

perature and controlled R.H., the samples were placed in an

open glass tube, equilibrated for 4 weeks over saturated sal

buffers (Lide 1998), and quickly sealed in the glass tube with . . . [ , K

epoxy just before data collectiofiN NMR spectra were also 10 20 30 40 50 60 70

collected for the following samples: (1) HT mixed with@Dto [eX))

hmoaukri art;[gllﬁl(inpai?]t?f;ézr)e:-cl)—vi?2?2;??:2;;12((11%?:;;; fz: 2 ter: FIGURE 1. Powder XRD patterns for nitrate h)_/drotalcite-like
' g T yerwa %Eimpound (N@HTSs). Note peaks for KGa-1 kaolinite added as an

and (3) HT dehydrated at 20C in air for 2 hours then re- internal standard.aj HT-1 before hydrothermal treatmenb) (HT-2

hydrated with RO. before hydrothermal treatment) HT-2 after hydrothermal treatment.

003

HT-2
Hydrothermally Treated

113

Kaolinite
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Random orientation powder XRD patterns (Fig. 1) shownrecrystallized sample, and there is a narrower symmetrical
that all samples are phase pure HTs. The significant decrepsek at 374 ppm. At a recycle time of 2 s, the relative intensity
in (003) peak width and increased resolution for all peaks af{peak area) of the broad peak increases from 10% for the
hydrothermal treatment indicates improved crystallinity. Aonrecrystallized sample to 62% for the recrystallized one.
approximate evaluation of crystallite thickness in the [001] di- Accurate quantitation of the atomic ratio of the two sites is
rection using the Scherrer equation (Warren 1990) gives a vahgt possible in this study because of the I&hspin-lattice
of ca. 9 nm for the two untreated samples and 19 nm for ttetaxation time T (Saluvere and Lippmaa 1970). The domi-
hydrothermally treated sample. The (003) lattice spacinggnt mechanism fdfN relaxation in our HTs is probably the
which represent the thickness of a single structural layer, améeraction betweetiN and the unpaired electrons ofFeara-
0.823 nm, 0.822 nm, and 0.795 nm for HT-1, HT-2, and tmagnetic centers (so-called paramagnetic relaxation), although
hydrothermally treated HT-2, respectively. All of the XRD datather mechanisms including tHé-**N dipolar interaction and
are comparable to those previously obtained fog-NOs pre- N CSA probably contribute. Not all individu&N nuclei are
pared under similar experimental conditions (Marcelin et affected equally by these mechanisms. Some nitrates are closer

1989). to the paramagnetic centers than others, and-tbl eelax-
ation rate, T, is proportional ta-5, wherer is the distance
Room temperature NMR betweert*N and Fé* (Martin et al. 1981). In experiments with

At room humidity and room temperature, the stdhicspec- variable recycle time, the intensity ratio of the broad to narrow
trum of HT-2 (Figs. 2i and 2j) contains a sharp symmetricpkaks for the recrystallized sample changes from 1.6 at a re-
peak and a broad, low asymmetrical peak. The sharp peak ¢tyade time of 2 sto 2.2 at 60 s, and to 3.2 at 603 s. Clearly, the
a chemical shift of 374 ppm, the same as nitrate ifN\@  narrow peak has a shorter felaxation time than the broad
solution (Fig. 3b). BecauseN in nitrate is always coordinated peak, and even at the prohibitingly long recycle time of 1000 s,
to three O atoms and the bonding of the nitrate ion to othmrak areas probably underestimate the abundance of the broad
species is highly ionic, the chemical shift does not vary mugteak. Statié¢®N NMR spectra for a sample containing well sepa-
The MAS spectrum of this sample (Fig. 2k) shows only omated solid N&#NO; and N&NO, solution with a'*N atomic
central peak and associated spinning side bands. Thus, ursddid/solution ratio of 3.7 yield broad/sharp peak area ratio of
MAS the broad peak is fully averaged and had a chemical shuftly 2.1, even at a recycle time of 1003 s. Tht,in solid
unresolvable from that of the narrow peak. At room tempera'®NO; is not fully relaxed even at this long recycle time,
ture and variable R.H., the broad, asymmetric componentciznfirming that'*N T, values are a routine problem for solids.
always present, and the width of the symmetrical peak narroWse peak widths and positions, however, do not vary with re-
progressively with increasing R.H. (Figs. 2a—2f). At R.H. sycle time, allowing interpretation to be based on them. De-
0% it is unresolvable from the broad peak. At 11% R.H., itpite the lack of quantitative peak areas, the increase in relative
full-width at half-height (FWHH) is 42.4 ppm, and at 100%bundance of the broad peak at a recycle time of 2 s after re-
R.H. the FWHH is 3.2 ppm. The broad (R.H. independent) peafystallization indicates that it represents interlayer nitrate, and
is well simulated by a uniaxial chemical shift anisotropy (CSAhat the narrow peak represents surface nitrate. The assignment
Stebbins 1988) pattern with principal components of 448 ppim,similar to that for surface and interlaj&l in hydrocalumite
448 ppm, and 226 ppm, yielding an isotropic chemical shift @Kirkpatrick et al. 1999), except that for hydrocalumite the peak
374 ppm, the same as the maxima of the sharp peaks indhe to interlayer Cl is broad due to unaveraged second-order
static spectra and in the MAS spectrum. This is the pattern exradrupolar interaction rather than CSA. Crystallite growth dur-
pected for rigid N@such as that in crystalline NBO; (Fig. ing hydrothermal treatment leads to decreased surface area as
3a).®N has spirl = 1/2, and thus CSA is expected to dominatdemonstrated by both XRD and SEM. Both surface and interlayer
the static line shape of rigidly held sites. The peaks should n&NO; are expected to be observable because of the large sur-
row substantially under MAS and by isotropic molecular mdace area of the HT samples (e.qg., Titulaer et al. 1996)
tion at frequencies larger than ca. 10 kHz, as #N\g; solution Several lines of evidence strongly support this interpreta-
(Fig. 3b). Thus, the narrow peak is readily interpreted as duetitmn. >NO;-HTs quickly washed with natural isotopic abun-
nitrate undergoing isotropic dynamical averaging. The statiance NaN@and NaCl solutions (exposure time less than 10
spectrum of the sample heated at 2Q0(Fig. 2g) is essen- s) yield greatly reduced intensity for the surface sites. Such
tially the same as at R.H. = 0 (Fig. 2a), but it has sharper feaashing should exchange surface nitrate but not significantly
tures. Rehydration of the heated sample witlb DFig. 2h) affect interlayer nitrate. This is because exchange of the
causes the sharp peak to return, but the broad one remaindnteslayer sites requires long-range diffusion, and the Coulom-
changed. Based on thermal gravimetric analysis (TGA) ddiic potential in the interlayer is larger than on the surface. In
(not shown), N@HT loses all of its surface and interlayer wateaddition, surface nitrate should have a shortevalue than
by 200°C. Sample HT-1 gives spectra similar to HT-2 excepterlayer nitrate because faster reorientational motion should
that they are slightly broader because of the higher iron cdead to increased relaxation via CSA and possily*H dipo-
tent (spectra not shown). lar interactions. Thus its signal should be enhanced at short

The®™N NMR spectra of the recrystallized samples contaiecycle times, as observed. The decreasing peak width with
the same peaks (Fig. 4). The line shape of the broad compareasing R.H. (Fig. 2) is also consistent with this interpreta-
nent is again well simulated by the CSA pattern with principéibn and demonstrates the different dynamical behavior of sur-
components of 448 ppm, 448 ppm, and 226 ppm as flace and interlayer nitrate. Because of its uniaxial symmetry,
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FIGURE 2.®N NMR spectra for nitrate hydrotalcite-like compounds (HT-2) under different relative humidities (RH) and treatments. Spectrum
h is the heated sample re-saturated wig® .CSpectrum j is the same as i but much expanded in vertical scale to highlight the broad component.
All spectra were collected under static conditions and room temperature except k, which is a magic angle spinning (MAS aspeciru
temperaturelnset spectra in a—f are normalized to the height of the broad component.
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—— Observed
——- Calculated

b Na'°NO3 solution ( 0.2M )
N
‘ ‘ ‘ ‘ ‘ ‘ 500 450 400 350 300 250 200 (ppm)
600 500 400 300 200 100 (ppm)
b
Solid Na1®NoO3 ( static )
‘ ‘ ‘ ‘ ‘ ‘ 500 450 400 350 300 250 200 (ppm)
600 500 400 300 200 100 {ppm)
FIGURE 3.N NMR spectra for solid N&NO; (a) and NaNO; FIGURE 4. N NMR spectra for recrystallized HT-2 at room
solution ). temperature and room humiditg) (Observed and calculated spectra.

The calculated line is the sum of two components ib)Cglculated
components used in fitting the observed spectra.

rigidly held nitrate exhibits a well defined CSA powder patteradge sites (broken edges of sheets), which can be very differ-
(Fig. 4a). The only way for a sample to yield a narrow isotr@nt for montmorillonite and illite (Keren and O’Connor 1982).
pic peak in a static spectrum is for the nitrate to be undergoiflis is because the ranges of isotrdghtchemical shifts and
isotropic reorientation at a frequency greater than ca. 10 tinstatic CSA values are small due to the invariant structure of the
of rigid peak width, here ca. 18lz. The observed decreasinganion. This situation also contrasts with previously observed
peak width with increasing R.H. for this component is expectédCs NMR results for Cs on illite, for which broken edge and
for surface nitrate as the amount of surface water increaseshasal planar surface sites can be distinguished (Kim et al. 1996).
contrast, changing R.H. has little effect on the interlayer spaldae average particle diameter of about 500 nm and thickness
ing (Martin and Pinnavaia 1986), indicating that the local struof about 20—30 nm inferred from the XRD and SEM observa-
tural environment of the interlayer nitrate does not change, aiwhs described above suggest that most of the exposed surface
consistent with the assignment of the R.H. independent C8Aour samples occurs on basal surfaces.

dominated line shape to interlayer nitrate. We have assigned ) )

the CSA pattern for interlayer nitrate to rigidly held sites, bi{ariable temperature NMR and surface nitrate dynamics

in fact, both rigid nitrate and nitrate rotating rapidly on its three- Variable temperature statfiN NMR spectra collected at
fold axis would yield the same CSA pattern. In both cases ttemm humidity for the recrystallized HT-2 sample (Fig. 5) fur-
symmetry is axial, and NMR line shape analysis cannot distitiher confirm these interpretations and provide significant in-
guish the two possibilities. There is no evidence that tlsgght into the dynamical behavior of the surface nitrate. The
interlayer nitrate is not rigidly held, but variable temperatulee shape of the broad component remains essentially un-
O NMR of nitrate would distinguish these two possibilitieschanged at all temperatures examined, again indicating that the
Based on the current data it is not possible to distinguish simterlayer nitrate is rigidly held or rotates around only on its
face nitrate held on planar sites (external basal surface) dhibefold axis. The peak width of the component due to the
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humidity and the indicated temperature.

100 (ppm)

8 HOU ET AL.: **N NMR OF HYDROTALCITE COMPOUNDS

(B*Br) / (B *B +?) = 2fmarctan B/v.) @

wheref3, andf3, are the smaller and larger limits frandv. is
the reorientational frequency (1/correlation time), which var-
ies with temperature as

Ve = Vo exp(-ELk T) 2)

We takep, to be 25 ppm (FWHH at 8TC), andp , to be the
static peak width, 234 ppm. The reorientation frequenat
each temperature can be obtained from Equation 1 (Fig. 6).
The fit ofv, to Equation 2 yields an apparent activation energy
E, of 12.6 kJ/mol and g, of 2.1x 10/ Hz (ort = 1y = 4.7x
10%s). This apparent activation energy is in the range expected
for processes controlled by hydrogen bonding (Jonas and Brown
1982; Kalinichev and Bass 1997). Jonas and Brown (1982) in-
vestigated the dynamical behavior of water in kaolinite-water
suspensions usingd and?D NMR. Their reported activation
energy for reorientation of water molecules on the kaolinite
surface is 4.6 kd/mol, which is much lower than the correspond-
ing value of 21.3 kJ/mol for bulk water. Dupuis et al. (1990)
reportecE, = 9.6 kJ/mol and, = 1.2x 10 Hz for water in HT.

Our nitrate activation energy is comparable but higher, perhaps
due to the larger size of nitrate and its negative charge, which
causes Coulombic attraction to the hydroxide layers, in addi-
tion to hydrogen bonding. The reducgdor nitrate compared

to water on HT is again probably due to Coulombic interac-
tions. Similarly, Equation 1 can be applied to the variable hu-
midity N NMR data in Figure 2 to derive reorientational
frequencies at room temperature and variable R.H. Here the
correctp, is the N&NO; solution peak width of 0.89 ppm be-
cause at 100% R.H. the humidity condition is essentially bulk
solution. 3 |, remains the static peak width of 234 ppm. The
calculated) values increase progressively with increasing R.H.
from essentially zero at R.H. = 0% to ca. 4.20* Hz at R.H.

= 11%, to 6x 1(* Hz at R.H. = 100% (Fig. 7). The trend of

Temperature (K)
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/
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surface nitrate increases with decreasing temperature, indicat- 10

ing a decreasing frequency of reorientational motion with de-
creasing temperature. At —180, this component shows a broad
CSA pattern and is unresolvable from the component due to
interlayer nitrate, although the signal to noise ratio is poor. Thus,
at —100°C random reorientation on the kHz time scale has
essentially stopped. The reorientation rate of the surface ni-
trate can be estimated from the temperature dependence of its

9

8

3.0

3.5 4.0 4.5

1000 / T(K)

5.0

5.5

NMR peak width (Gutowsky and Pake 1950; Moroz et al. 1998). g yre 6. Temperature dependence of the reorientation frequency
The experimental line widtB (FWHH) obeys the following of the surface nitrate. Analytical precision is less for the reorientational

equation:

frequency than the symbol size.



HOU ET AL.:*®N NMR OF HYDROTALCITE COMPOUNDS 179

= 7 ing reorientational frequency with increasing temperature at tem-

I peratures above —8€ (Kirkpatrick et al. 1999). This motion

o 6 - A . . .

= averages the local electric field gradient and thus decreases the

3 5| apparent quadrupole coupling constant. A poorly defined struc-

= . .

g tural phase transition occurs for CI-HT over the temperature in-

g 4 terval from —97C to —4(C°C. In contrast, isotropic reorientation

w of interlayer nitrate is not observed. This is probably a steric

g 31 effect due to the non-spherical shape of the nitrate, but greater

s 5 | R R hydrogen bonding to the three O atoms may contribute.

f=4

9
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