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MS Thesis

P. A. Casabella Gerhard Salinger
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The Chapel

Built by Charles P. Boland & Son,

Hudson Valley Construction Company, Troy



Emma Willard School

Built by Charles P. Boland & Son,

Hudson Valley Construction Company, Troy



McCarthy Building

The McCarthy Building is located on
River Street on the west side of
Monument Square in Troy, New
York, United States. It was built in
1904, and remains in use as a
commercial building. In 1970 it was
added to the

National Register of Historic Places
in 1970, along with the nearby
Cannon Building. Since 1986 it has
also been a contributing property to
the Central Troy Historic District.
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Hudson Valley Construction Company, Troy




Proctor‘s Theatre

Troy Schenectady

largest theater in the state and was praised as "a structure ranking foremost in

American theatrical circles”,



Built by Charles P. Boland & Son , Hudson Valley Construction Company, Troy



Built by Charles P. Boland & Son,

Hudson Valley Construction Company, Troy



Conventional NMR Magnets

The object is enclosed by the magnet

Electromagnet from Konigsberg /Jena High-field NMR at RWTH Aachen University




State-of-the-Art NMR Instrumentation

B. Blimich, F. Casanova, S. Appelt, NMR at low magnetic fields, Chem. Phys. Lett. 477 (2009) 231-240



Basic NMR Methods

pulsed excitation

homogeneous magnetic field Inhomogeneous magnetic field
rf excitation impulse rf excitation impulses
]
>t >t
indl;ced voltage
> ¢ > ¢

B

t=0 l
Fourier | | transformation

frequency distributions: spectrum, image relaxation-time distributions




Fourier and Laplace NMR

Fourier NMR: Spectroscopy, Imaging Laplace NMR: Material Properties
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Stray-Field NMR




Slim-Line Tool for Soil Moisture Logging

Selhausen test site TR32
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B. Blimich, F. Casanova, M. Dabrowski, E. Danieli, L. Evertz, A. Haber, M. Van Landeghem, S. Haber-Pohlmeier, A. Olaru, J.

Perlo, O. Sucre, Small-scale instrumentation for nuclear magnetic resonance of porous media, New J. Phys 13 (2011) 015003



Magnets

homogeneous B, inhomogeneous B,

conventional the most simple
NMR (1945): NMR-MOUSE
object inside (2002)

magnet

inhomogeneous B,

homogeneous B, sensitive

well logging, volume
inside-out NMR /

(1980) shim pair,@ \

unilateral NMR:
object outside

magnet;
AL IO the most sophisticated NMR-MOUSE
(2007): shimming the stray field

rf coil

(1995)

B. Blimich, F. Casanova, J. Perlo, Mobile single-sided NMR, Progess Nucl. Magn. Reson. Spectrosc. 52 (2008) 197-269
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176 (2005) 64-70; B. Blimich, F. Casanova, J. Perlo, F. Presciutti, C. Anselmi, B. Doherty, Noninvasive Testing

of Art and Cultural Heritage by Mobile NMR, Acc. Chem. Res. 6 (2010) 761 — 770



Moisture Content in Grey Concrete

moisture is in
the cement, less
in the stones

Fast surface diffu-
sion: Halperin et al,
MRI 12 (1994) 169

B. Blimich, F. Casanova, M. Dabrowski, E. Danieli, L. Evertz, A. Haber, M. Van Landeghem, S. Haber-Pohlmeier, A. Olaru, J.

Perlo, O. Sucre, Small-Scale Instrumentation for NMR of Porous Media, special issue on Physics of Magnetic Resonance of
New Journal of Physics 13 (2011) 015003 1-15




. . Earthquake: 62 AD
Papyrus Villa in Herculaneum  eruption of vesuvius: 79 A
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In Situ Measurement of Diffusion

partial water saturation
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magnetic field gradient, J. Magn. Reson. 180

(2006) 229 — 235



The Fourier NMR-MOUSE

, Measured
U-shaped NMR-MOUSE Fourier NMR-MOUSE .
field maps
Zz=7mm
Z=6mm
Z: AB=G,d,.
y:AB=ayR2 z=5mm

M. Van Landeghem, E. Danieli, J. Perlo, B. Blumich, F. Casanova, Single-sided NMR sensor for

depth profiling human skin tissue, manuscript in preparation



2D / 3D Distributions from Bilayer Phantom

~ Glass
Water
Glass

Glycol
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Single-sided NMR sensor for depth profiling human skin tissue,

manuscript in preparation



1D Profiles of the Palm of the Hand

CPMG sequence and echo counts

Definition of relaxation
weigthed amplitudes w

-0.4

inside

acquisition time:
30 s per profile
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Different individuals have
different skin profiles
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Depth-Resolved T, distributions
versus the w function

W function




inside

Cream

y[mm]  surface

Water

Functional Analysis
of The Skin With
the Fourier NMR-

MOUSE

O Gradient 10 times smaller: 80 kHz/ mm
O Single-shot profiles across 1 mm depth
O 30 s accquisition time per profile

Dead sea water

Maxime van Landeghem, Ernesto Danieli, Federico Casanova
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Aging and Annealing of PE

PE100 pipes
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Blimich, F. Casanova, J. Perlo, Mobile Single-Sided NMR, Prog. Nucl. Magn. Reson. 52 (2008) 197-269




Self-Diffusion of Solvents o
|n PE Samples Kwamen

Pure solvent Solvent in PE
1 ] H‘:** 1.0 "
" L o * h I i
S I = T n*- exane 2 0.3 3 toluene
T - - = CB
i— 0368— n ) * S 06L \\In
2 toluene '§
S . o 04 hexane "¢ free n-hexane
c =] L. \"":"E‘::-:-‘-;.:..__,___"~
g [ L] © in CB \\':::1'31‘:'::!»..._ -
5 0.135] o2t — 7 TTme.. -
o 1 | free toluene |
0 1 2 3 4 5 0 20 40 60 80 100 120 140 160
o 200423 10°ms®] o 2004273 10°ms®]
Dy(n — hexane) = 4.5 x 1072 m?/s Do(hexane/CB) = 7.35 x 10~ m?/s
D,(toluene) = 2.37 x 1077 m?/s D, (toluene/CB) = 85 x 10711 m?/s

Stimulated echo for measurements of diffusion by unilateral NMR



Aged PE Pipes:
Solvent Diffusion and Relaxation

Tortuosity depth profiles

Differently
aged PE
samples

low crystallinity high crystallinity
large elongation low elongation at
at break break

Relaxation

The solvent molecules
diffuse in the amorphous

| regions _



Halbach Magnets

9 U /U U

Methods 169 (1980) 1-10; H. Raich and P. Bliimler, Design and construction of a dipolar Halbach array with a
homogeneous field from identical bar magnets: NMR Mandhalas, Concepts Magn. Reson. B23 (2004) 16-25




Pulse sequence: CPMG(t,) - t.,.,, — CPMG(t,)

t.ix=70ms
Maxime van .
Landeghem experiment
simulation

n-site exchange: M(t) — M, = exp{-(R+K)(t - t,)} [M(t,) — M,]

2D Exchange
NMR of

Water in Silica
Particles

Fit results

Parameter Value

MA 5.5

1% 18.4

TA 3.9 ms

T,B 103.5 ms

TA 610.0. ms

T.B 630.0'ms

k 1/(110 ms)

M. Van Landeghem, A. Haber,

J.-B. d'Espinose de Lacaillerie, B.
Blimich, Analysis of Multi-Site 2D
Relaxation-Exchange NMR,
Concepts Magn. Reson. 36A (2010)
153-169



Distance Constraints from Exchange Rates

a working hypothesis

curvatures define distances between relaxation
relaxation times ??  centers from exchange rates
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M. Van Landeghem, A. Haber, J.-B. d'Espinose de Lacaillerie, B. Bliimich, Analysis of Multi-
Site 2D Relaxation-Exchange NMR, Concepts Magn. Reson. 36A (2010) 153-169




T, Distributions of Sand and Soil

Pohlmeier, A. Olaru, J. Perlo, O. Sucre, Small-Scale Instrumentation for NMR of Porous Media, special issue on

Physics of Magnetic Resonance of Porous Media, New Journal of Physics 13 (2011) 015003 1-15



T, Exchange NMR
TR32 of Diffusion and Advection

e

v=0ml/h v=1.6ml/h v=39ml/h

//

e

Pohlmeier, A. Olaru, J. Perlo, O. Sucre, Small-Scale Instrumentation for NMR of Porous Media, special issue on

Physics of Magnetic Resonance of Porous Media, New Journal of Physics 13 (2011) 015003 1-15



Modelling Diffusion and Advection

Julia Kowalski

Bloch-Torrey equation: Diffusion and Advection

Introduction of dimensionless parameters

t=T5t x=LX y=Ly z=Li M=MyM

Typical experimental parameters
Diffusion number Advection number
Nd =DT,¢/ L? Na=vT,c/L 1-700 ml/h
Nd=0.5-3 Na=0-200

Peclet number: Pe = Na/Nd




Modelling Diffusion and Flow Exchange

Nd=0 Nd=0

Na=0 Na=0.015

Nd=0.07 /Nd=0.07

Na=0 Na=0.015
Pe=Nd/Na=0.2

Julia Kowalski, Alexandra Olaru, Sabina Haber-Pohlmeier: TR32




High Homogeneity, Large
Volume, Small Magnet

SNR/scan > 32000

ethyl acetate,
neat, 8 scans

E. Danieli, J. Perlo, B. Blimich, F. Casanova, Small Magnets for Portable NMR Spectrometers, Angew. Chem.
Int. Ed. Eng. 49 (2010) 4133-4135
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