Journal of Magnetic Resonan@&8,43-47 (1999) ®
Article ID jmre.1999.1722, available online at http://www.idealibrary.conl BWE »‘sl.

'Li Double Quantum Filtered NMR and Multinuclear Relaxation Rates
of Clay Suspensions: The Effect of Clay Concentration
and Nonionic Surfactants

J. Grandjean* and J.-L. Robert?

*Universitede Ligge, Institut de Chimie B6a, Sart Tilman, B-4000dee Belgium; andfCRSCM-CNRS and FRO09,
1A, rue de la Feollerie, F-45071 Orlans Cedex 2, France

Received July 14, 1998; revised December 4, 1998

"Li double quantum NMR spectra were used to investigate
ordering process of synthetic Li*-saponites dispersed in water.
Synthetic clays suspended in aqueous solutions of poly(ethylene

lets are negatively charged, as a result of cation isomorpho
substitution either in the octahedral layer (Li(l) for Mg(ll) in
laponite) or in the tetrahedral layer (Al(lll) for Si(IV) in

glycol) monoalkyl ethers were also studied by ’Li, *Na, and *C
NMR techniques. The strongest surfactant-Li*-saponite interac-
tion occurs with the lowest charged clay. Laponite interacts more
strongly with organic molecules than does a similarly charged
saponite. The number of oxyethylene units rather than the chain
length seems to govern the solid—surfactant interaction. o© 199
Academic Press
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saponite). Cation isomorphous substitution thus induces neg
tive charges on the clay platelets, and exchangeable catic
such as sodium occupy the interlamellar space in order
preserve electroneutrality.

In this paper, we have considered the dependence of t
counterion type (Li or Na"), the clay structure (laponite or
saponite), and the length of the surfactant oxyethylene chain «
the clay—amphiphile interaction. Quadrupolar splittings detel
mined fromLi double quantum filtered NMR spectra appeat
to be a quite sensitive probe to study the state of lithiur
counterions as a function of the nonionic surfactant or of th

For the past few years, multiple quantum filtering NMFelay content. Particularly, the resulting quadrupolar splitting
techniques have been used to study local anisotropies in H@n be measured even when they are not resolved in the us
logical systems ¥-5), and quite recently to probe a solidsingle quantum NMR spectrum.
surface 6). These NMR methods could be applied to any
heterogeneous systems. As a part of our investigations on
synthetic clay suspensiong{9), we have also performed such
experiments orfLi cations that counterbalance the negativelay—Nonionic Surfactant Interaction

charges brought by clay platelefsi double quantum filtered “In order to compare with previous data obtained with' Na

NMR spectra_ of cIay_ suspel_wsions havg shown residual Sta§!fponite suspensiong){ lithiated clays were prepared by the
quadrupolar interaction. This observation supports a recep exchange procesg.(A typical 'Li NMR spectrum of a
model to prlainéNa nuclear quadrupolar relaxation in aqueéjjthiym-exchanged saponite suspension is shown in Fig.
ous clay dispersionsl(). . together with the double quantum filtered spectrum (asymme
Studies on the interaction between clays and nonionic sy doublet) obtained with the pulse sequencé-96-18C—r—
factants or closely related oligomers have also been publishegl 7_t_54.7 (ACQ) (1).
recently @, 11-13, and we describe here new results with similar splitting values are deduced from both spectra. Bt
saponite and laponite clays to complement our recent 8t ¢he double quantum filtering technique remains useful whe
The lamellar structure of clays, also named phyllosilicatesmaller splittings £100 Hz) are not resoved in the usual
consists of layers formed by condensation of sheets of linkggirR spectra.
Si(O,0H), tetrahedra with those of linked M(OH)s octahe-  To study clay—nonionic surfactant interaction, solids wers
dra, where M is either a divalent or a trivalent cation. Threguspended as previousl9) in solutions of poly(ethylene gly-
sheet clays result from 2:1 condensation, the octahedral shesly monoalkyl ethers ((E., n: number of carbons in the
being sandwiched between two sheets of inward-pointing té¢rminal alkyl chain carbonsn: number of OCHCH, units).
rahedra. Saponite and laponite are trioctahedral clays with @lE,_s forms micelles in aqueous solutions4], whereas the
three of their octahedral sites occupied by Mg(ll). Clay platenonomethyl ethers do not aggregate in such liquid phase
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FIG. 1. 'Li NMR spectrum (lower trace) antLi double quantum NMR spectrum (Bruker AM 300WB spectrometes; 20 us,t = 200 us, 90° pulse
25 us, acquisition time 0.819 s; relaxation delay 0.6 s; number of seafi®,800) of SA75 clay suspension (212 mg/10 ml).

Several NMR parameters are relevant to characterize the clgarison purpose. Th&€Na counterion relaxation parameters
nonionic surfactant interactior®Y, As all these results con- and the™C longitudinal relaxation rates of amphiphile mole-
verge to the same conclusiof)(we only report’Li and *C  cules are shown in Tables 3 and 4, respectively.

NMR results on suspensions of lithium-exchanged saponites

with 0.35 and 0.75 layer charge per half-unit cell (SA35LI and

SA75LI, respectively). ThéLi NMR longitudinal relaxation TABLE 1

rates and quadrupolar splittings estimated from the double'Li NMR Quadrupolar Splittings A and Longitudinal Relax-
quantum spectra are summarized in Table 1. To CompleméHP” Rates R; _of Lithiated Saponites Suspended in Water or in
these data, th&C longitudinal relaxation rates of the organic elyether Solutions*®

molecules are also given (Table 2).

The influence of the clay structure on its interaction withcjay
poly(ethylene glycol) derivatives has been envisaged with Susarge A (Hz) R, (s AMHz) Ry (s) AMH2) Ry (s
pensions of Na-laponite and Na-saponite. Isomorphous cat-
ion substitution occurs in the octahedral and tetrahedral Iayé?r35
for laponite and saponite, respectively. As laponite bears 0 7i
charge par half-unit cell (LAP28NA), saponite with the most = |+ 778 10 molig; C,E, s 51 mg/l HO; CiE.: 43.1 mg/l HO; T =
closely related charged (0.30) (SA30NA) was used for corgeo K.

In water In GEg ¢ In CsE,s

225 4.33 <20 5.16 +0 5.16
360 10.36 330 10.16 340 10.30
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TABLE 2 TABLE 4
BC NMR Relaxation Rates R; (s™) of C,E;_s or C4E, C NMR Relaxation Rates R; (s™) of Polyethers in Water
in Water and in Lithiated Saponite Suspensions? and in Clay Suspensions®
CSELS CBEA—S
CIEG—S CIEG—S C1E4o
main -OCH Main -OCH, Main -CCH, main -OCH  main -OCH  Main -OCH, Main -CCH,
signal signal signal signal signal signal signal
Water 0.804 1.58 1.24 Water 0.804 1.04 1.58 1.24
SA35LI 1.91 3.28 1.66 LAP28NA 1.30 1.84 2.75 1.53
SA75LI 0.808 1.61 1.18 SA30NA 0.963 1.37 2.08 1.33

aLi*:7.78 10* mol/g; CEs_s 51.2 g/L; GE,s 43.1 g/L;T = 300 K; clay ®Na': 7.78 10* mol/g; CEs_s 51.2 g/L; GE,: 51.3 g/L; GE,_s: 43.1 g/L;
charge per half-unit cell is 0.35 (SA35LI) and 0.75 (SA75LI). T = 300 K; clay charge per half-unit cell is 0.28 for laponite (LAP28NA) and
0.30 for saponite (SA30NA).

Effect of Saponite Content ) . )
ion replacement occurs in the tetrahedral layer. A negativ

The amount of saponite (SA75LI) dispersed in water inflitharge associated with such a cation substitution can be d
ences the quadrupolar splittings measured frithdouble  tributed over just the three surface oxygens of one tetrahedrc
quantum filtered NMR spectra (Table 5). Conversely, spifhjs |ocalized charge leads to a stronger interaction with coul
lattice relaxation times are weakly affected (100 msl0%) terions than that of the more diffuse charge resulting from th

and they are not considered further. octahedrally substituted laponite. On the other hand, an il
crease of the layer charge gives rise to a stronger clay—cot

DISCUSSION terion interaction. It induces a reduced mobility of the catior

o ) surroundings and a larger electric field gradient at the counte
Clay—Nonionic Surfactant Interaction ion nucleus. Both effects contribute to the larger quadrupol:

The “Li NMR quadrupolar splitting observed in lithiatedSPlitting of SA75LI (Table 1). Similarly, at the same lithium
Saponite Suspensions indicates nonzero averaging of the e@fltent, the hlghe§LI |Ongitudinal relaxation rate is observed
tric field gradient tensor at the alkali nucleus. Such a residu#ith SA75LI (Table 1). The extreme narrowing conditiapir{
quadrupolar interaction is also expected for other alkali iorf§ 1) does not prevail here, as with ‘laponite {) and
such as Na that interact more tightly with the clay surfaceNa -saponites ). Thus, the increase of the relaxation rate
This supports a recent model to explain relaxation data Wfth the clay charge stems from a larger electric field gradier
“Na' clay counterions. Indeed, the authors have consideredtsthe nucleus rather than from an unrealistic increase of
static residual splitting to analyze these relaxation dag. ( Mobility of the counterion environment.

In contrast, the’Li NMR spectra of lithiated-laponite dis- Addition of C,E¢_s or GE, s to the lowest charged clay
persions do not show such a splitting).(Adsorbed counter- Suspensions results in a sharp decrease oflthguadrupolar
ions can form inner and outer sphere complexes (contact &Riitting (Table 1). Higher symmetry and/or higher mobility of
solvent separated ion pairs, respectively), and the relatif® counterion surroundings can explain this behavior. Tt
amounts of each type of complex depend upon the hydration
energy of the cationl6—17 and the location of isomorphous

cation substitution in clay plateletd&, 19. In saponites, cat- TABLE 5

Variation of ‘Li Quadrupolar Splitting A versus Clay (SA75LI)
Content, T = 300 K

TABLE 3 Clay content (mg/10ml) A (Hz)?

»Na NMR Relaxation Rates R, (s™*) of Na*-Clay Suspended
in Water or in Polyether Solutions? 116.8 390
202.0 365
In water In C,Eq ¢ In C,E, In CeE, s 290.0 326
Clay R, R, R, R, 370.0 230
448.0 129
LAP28NA 61.8 182 334 951 598.4 108
SA30NA 42.6 203 453 935 678.3 120
755.3 113

®Na': 7.78 10* mol/g; CEs_s 51.2 g/L; GE,: 51.3 g/L; GE,_s: 43.1 g/L;
T = 300 K; clay charge per half-unit cell is 0.28 for laponite (LAP28NA) and ° Determined from double quantum filtered spectra.
0.30 for saponite (SA30NA). ® Unresolved in the single quantum NMR spectrum.
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enhancement of thé.i longitudinal relaxation rates also re-can be directly measured, at least until values~df00 Hz
flects the ion interaction with polyether oxygens (Table 1). A§able 5). The quadrupolar momerm@,,) of lithium nucleus
a decrease in the electric field gradient should lead to IShier interacts with the electric field gradiergd,,) generated at the
relaxation rates, a mobility increase of the cation environmemticleus site. The observed splitting indicates a nonzero ave
is the dominant factor to account for these data. Clay—surfaging of the electric field gradient at the alkali nucleus. For a
tant interaction is also expected to decrease the average miented sample, théLi (I = 3) quadrupolar splittingA is
bility of amphiphile molecules. Indeed, an increase in thgiven by
relaxation rates of the polyether carbons (the extreme narrow-
ing condition is valid here) consistent with a reduced molecular A=|(3cofbp—1) > pilxi/4)S|
mobility occurs with SA35LI suspensions (Table 2). i

Conversely, no significant change of these NMR parameters
is found with SA75LI (Tables 1 and 2). As a result of theiwith 6., the mean azimuthal angle between the principal axe
higher hydration power, lithium ions are known to interaaf the coordinates systems associated with the laboratory (
more weakly than sodium cations with the clay surface. Neand the director (D). This angle is assumed to be constant at t
ertheless, the behavior of the investigated poly(ethylene ghNMR time scale, i.e., no change in the clay platelet orientatio
cols) is similar in Na- (9) and Li"-saponite suspensions: Aoccurs within this period. The value dfis a weighted average
significant interaction occurs only with the least charged claysf the values at the different sitesdue to rapid exchange. The
and both polyethers (E,_ and GE,_s) interact similarly with order parametelS, (= 3((3 co$6,- — 1))) describes the
this clay. (axially symmetric) electric field gradient orientatiof)( of

In contrast to théLi NMR signal, which is totally NMR- the ion fractionp at sitei with respect to the director (D), and
visible (7), the ®Na NMR spectra of laponite7] and saponite x (= €°q,.Q./h) is the quadrupolar coupling constant.
(8) suspensions only show the central narrower lime<{ $ — As viscosity increases with the amount of dispersed clay, w
—3% transition). A stronger interaction of sodium cations witltould argue that the clay platelet orientation within the mag
the solid surface and a higher quadrupolar moment explain thistic field has not reached equilibrium for the highest concer
observation. Outside the extreme narrowing condition, thrated suspension2@). This partial ordering could reduce the
higher *Na relaxation rates of laponite compared to saponitesidual static quadrupolar interaction. The constancy of tt
(Table 3) are consonant with a higher mobility of the iosplitting values for a residence time ef24 h in the magnet
environment, as expected for a weaker attraction by the octales out this possibility. Similarly, a decrease of the orderin
hedrally substituted solid®Na and™C NMR relaxation rates process with the clay content could also account for thes
have been measured to characterize the interaction of poly(ethservations. The opposite is true. Water deuteron and ox
ylene glycols) with the two clays bearing similar charges. Agen-17 NMR spectra show only single Lorentzian lines ir
saponite is tetrahedrally substituted, sodium cations are mdikute suspensions. By contrasH doublets and’O quintets
tightly fixed by the solid surface. A smaller increase ™ are observed in the NMR spectra of samples with highe
relaxation rates (extreme narrowing condition) indicates unai@mounts of saponite dispersed in water, and alignment
biguously a weaker interaction of amphiphile molecules witimproved. As known from literature, clay aggregation in-
SA30NA than with LAP28NA (Table 4). On the other hand, atreases with the mineral content. Accordingly, this should les
a constant number of oxyethylene units, the relative increasetofa better ordering and an increase of theNMR splitting.
the relaxation rates brought by both clays remains similar f@¥ith a highly charged saponite such as SA75LI, lithium coun
C,Es_s and GE,, (Table 4). Accordingly, the total number ofterions are close to each other, and aggregation of the cl
oxyethylene units rather than the chain length seems to govetatelets may generate repulsion between them. This m
the clay—polyether interactioi’Na NMR data analysis is lesschange their average position, giving rise to a smaller (mol
straigthforward since both an increase of the electric fiekymmetric) electric field gradient and/or an ang@lg closer to
gradient and the cation environment mobility account for thbe magic angle. For the highest clay contents, the orderir
relaxation rate enhancement (Table 3). However, iiNa  process seems to be completed. Indeed, quadrupolar splittir
relaxation rate increases with the particle mass (isolated mdb not change with the clay amount or with the residence tim
ecules for GE4_g and GE,, and micelles for GE,_s). This in the magnet (Table 5). To substantiate this explanatiol
observation is in agreement with less symmetric cation swgimilar experiments were performed with a less-charged cla
roundings leading to a higher electric field gradients. SA35LI. Here, the mean distance between two neighborin
counterions is larger by-50%. As previously with SA75LI,
water deuteron and oxygen-17 splittings show a similar orde
ing process for higher clay contents. In contrast with the resul

Except for the lowest SA75LI contentdli quadrupolar of SA75LI, the expected behavior is found with SA35LI:
splitting remains unresolved in the single quantum NMR spe€he ‘Li NMR splitting increases progressively with the clay
tra. Using double quantum filtering techniques, this parametntent.

Effect of Saponite Content



NMR STUDY OF CLAY SUSPENSIONS 47

CONCLUSION 7. J. Grandjean and P. Laszlo, NMR visibility and alkali-tetraalkylam-
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