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INTRODUCTION

Improved Spectral Resolution under HRMAS NMR 13C-Detected HRMAS NMR Diffusion

DMSO/H,0

Measuring the self-diffusion for different chemical species in complex multi-

component (MC) mixtures adsorbed within porous materials is critical for

developing and optimization of applications ranging from separation membranes in

(A) (B)

batteries and fuel cells, to coatings and barriers. Here we describe the Static -

Line broadening due to

development of high-resolution magic angle spinning (HRMAS) NMR diffusometry o 8 7 6 5 4 3 2 1 0 4 2 3 ppm

techniques to probe MC mixture diffusion in different porous materials. Introducing ) heterog-(leor.\I(-elty gf ; mbagneﬁc . |
MAS reduces the magnetic susceptibility heterogeneity of the fluid-filled materials 400 Hz = isckrodie susceptibility produce y the | ‘

porous matrix can be removed at
o e s s 2 ST elatively slow spinning speeds.
L " Spinning at 3 to 4 kHz places the
N 'S spinning sidebands outside of |
87 6 85 43 210423 wm typical 'H chemical shift chemical 0 MM
shift window (not 19F). 60 55 50 45 40 35 30 25 20 15 10 05 70 e 5 40 30 20 10
-~ : " Improved spectral  resolution 'H (ppm) *C (ppm)
T 6' T T :1 55 allows for diffusion measurement
on species with small relative
concentrations. (C)

" Not possible with static PFG NMR.

resulting in significantly improved chemical shift resolution. The diffusion rates for
individual species in MC mixtures can now be directly measured without the need

for selective isotopic labeling. Experiments reveal differential surface adsorption
and are used to highlight the benefits and limitations of HRMAS NMR diffusometry
in porous materials.

X-Detected HRMAS NMR Diffusion

9 8 7 6 5 4 3 2 1 0 41 -2 -3 ppm
'H (ppm)
'H HRMAS NMR of DMSO/H20 solution in controlled pore glass (CPG) as a function of spinning rate.

decouple

Diffusion Length Scales and Tortuosity [5]

s Dy
X (13C, 31p) FID D,
D, = diffusion rate unrestricted liquid
_ _ . _ _ o & = PFG interaction parameter '
(A) Pulsed field gradient (PFG) NMR using the stimulated echo bipolar pulse (STEBP) diffusion . . .
sequence (13-interval sequence [1] for IH (or 1°F). B) STEBP NMR diffusion sequence with X-detection ¢ =7 (nonviscous, no surface interaction) ) n
(13C or 3P on our 4mm HRMAS probe) using a *H-X INEPT transfer [X]. Experiments utilized trapezoid E>1 (non-negligible surface interaction) ~ @8 70 60 5 40 30 20 10
shaped pulses of variable strength with 0/2 duration, a diffusion period A (containing a spoiler : :
bec P 8 / P ( & 4 5P & <1 (hydrogen bond disruption) *C ppm

gradient pulse), and t, and t, delays optimized for INEPT coherence transfer and filtering based on

- |
the “H=x 4 caupling. (A) 1H STEDP NMR diffusion spectra for MC mixture in CPG (18 nm) (B) 3C INEPT STEDP diffusion

D=t D+t,D,=t, . D, +t, D, spectra and (C) 13C INEPT with J filtering with CH, CH, (positive) CH, (negative) .

pore pore

" The echo intensity following the STEBP portion was reported (1-f,,)D, £, D
surf 0 n surf =0, surf

by Cotts et al. (Condition I, 13-interval sequence) [1]. D, =— - CONCLUSIONS
" Imposed symmetry 0’-0” eliminates the cross-terms between Tk | |
grapdients ! ! 0= 102 , Ol l(short diffusion timelimit);@zl(intermediate);@ﬂ l(long) = HRMAS NMR d|ffusometry proves useful for reso|v|ng
" As a side note, the standard STEBP sequence in the Bruker D, (A—o)=D, [whatweare measuring]; r=%; D, = diffusion rate unrestricted liquid; 7 = tortuosity susceptibility broadened spectra in porous materials.
library does not maintain the symmetry in &, 8” orint, = To maintain S/N required significant increase in the
experimental time, and in many cases would prove restrictive
° 13 ° . . .
S(g,,A+27) , =0 A Improved Resolution and *°C Detection for large number of samples! *H detection is still the best route
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S ((), A+ 22-) 4 3 Ea “f(‘” )g"go 3 &0 DMSO/H,O in CPG (18 nm) IPA/MeOH/EtOH/Hexanes/Acetone in CPG (18 nm) to go.
g, = background gradient, g = applied gradient CHALLENGES
= INEPT performance controlled by T, relaxation which becomes
Stati Stati . . .
| o | e — more dominant for low volume loading and high surface area
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and ignoring the remaining background gradient term, allows o o ot o ] | o ST
. . |
the decay to be modeled using the standard Stejskal-Tanner aeip IPA/EtOH IBNEr SPINNINg speeds could Increase 1, re axation times,
equation for diffusion [3] runs the risk of irreversible spectral changes due to
) acetone Hexanes . . <1
Using the H (or °F) during the diffusion period maintains L IPAEtOH o centrifugation forces of fluid into pores.
. 5 ; B - e ‘ . 3 y
the larger g of the high frequency nuclei and improved v,=3kHz MO ‘t /v =3kHz L) A * Thermal convection at higher spinning speeds and low
intensity decay Tes 50 45 40 95 30 25 20 13 10 pwm | 85 50 45 40 35 30 25 20 15 10 pm viscosity samples degrades diffusion measurements.
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