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Reducing the linewidth of the resonances 

liquid state 

shimming 

spinning the sample along Z 

heteronuclear decoupling 

solid state 
MAS 

different types of decoupling 
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Reducing the linewidth of the resonances 

liquid state 

spin 20 Hz 

Anderson and Arnorld, Chem Rev 94, 497 (1954) 
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Reducing the linewidth of the resonances 

solid state 

liquids 

solids 

solids + 

MAS & RF 

NMR spectra of hexamethylbenzene 

* * * * * 

‘Fast’ spinning reduces 

most of anisotropic 

interactions by factors of  

 

    2/1cos3 2 

Anisotropic interactions should completely 

disappear at β=54.7° (magic angle). 
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Liquid or solid? 

a continuum.... 
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First application 

0 Hz 4000 Hz 

< 4 Hz 

water inside resin beads  

water outside resin beads  

Doskočilova and Schneider, Chem Phys Lett 6, 381 (1970) 
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When the sample is heterogeneous 

B0 

Each region has a different composition and... 

...a different susceptibility 

 (distribution of resonance frequencies = line broadening) 

Magnetic susceptibility:  M = c H 

M: sample magnetization; H: magnetic field strength 
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Basics

  

P. Keifer, "NMR spectroscopy for molecular diversity" 

?? 
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Optical equivalent of magnetic susceptibility match  

From Thomas M. Barbara, Oregon University, http://www.enc-conference.org/Portals/0/Susceptibility%20in%20NMR-final.pdf 
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Previous Art

  

JMR, 1992, 92, 229-242 
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Previous Art

  

Fuks et al. JMR, 1992, 92, 229-242 

CHCl3 

Cu, Al foil 

simulated 

experimental 

In both cases shimming by 20 spherical 

harmonics shims was either used or calculated 

Are there everyday 

effects of all this? 
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An easy experiment…  

From Glenn Facey NMR Blog, http://u-of-o-nmr-facility.blogspot.it/2010_01_01_archive.html 
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Not solid, nor liquid... 

Fast Nanoprobe  
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Fast Nanoprobe  

• it is capable of higher spin rates than a Nanoprobe (up to ~15 KHz; as opposed 
to up to ~2.5 KHz), which is useful for more “solid-like” samples 

• it uses the solids spin-rate controller (both bearing and drive) 

• it is an ID-style Probe (15N – 31P on the heteronuclear channel) 

• gradient up to 50 G/cm 

• 16, 25, 43 mL sample volume  

• available from 600 to 800 MHz   

• the original-design Nanoprobes (gH{X} and X{H}) are offered at 400-600 MHz 
(gradient up to 130 G/cm) 
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Fast Nanoprobe  

Hz-100-80-60-40-20020406080100

Linewidth of 0.7/6.5/19 Hz  

 

S/N 142@600 MHz   

43 ml ETB sample 
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History of the Nanoprobe (1) 

JOC, 1994, 59, 7955-7956 

16 scan 500 MHz 

100 mg  600 ml DMSO 

5 mm liquid probe 

16 scan 500 MHz 

10 mg 30 ml DMSO 

Nanoprobe (2 KHz) 

3 x S/N 



April 1, 2014 17 

History of the Nanoprobe (2) 

JMR A, 1996, 119, 65-75 

Resolution depends on 

 

1) molecular mobility 

2) magnetic-susceptibility interface within the sample 

3) magnetic-susceptibility interface related to probe 

construction    

4) frequency (or gyromagnetic ratio) 
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Magic angle spinning 

(abt 2 KHz) 

History of the Nanoprobe (2) 
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History of the Nanoprobe (probes comparison – 1H spectra) 

Liquid probe 

100-300 Hz lw 

Solvent (CD2Cl2) 15 Hz 

 

Spec: 0.4 Hz lsh 

Normal CP-MAS probe (3.8 KHz) 

Narrower resonances 

Solvent (CD2Cl2) 65 Hz 

 

Spec: abt 30 Hz 1H 

Nanoprobe (2 KHz) 

11 Hz lw 

Solvent (CD2Cl2) 3.5 Hz 

 

Spec: 0.4 Hz lsh 

BEST! 
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History of the Nanoprobe (probes comparison – 13C spectra) 

Liquid probe 

Bead resonance: 20 Hz 

Solvent: 4.5 Hz 

CP-MAS probe (3.8 KHz) 

Bead resonance: 17 Hz 

Solvent: 11.6 Hz 

Nanoprobe (2 KHz) 

Bead resonance: 4 Hz 

Solvent: 4.4 Hz 
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History of the Nanoprobe (probes comparison – 13C spectra) 

Liquid probe 

Bead resonance: 20 Hz 

Solvent: 4.5 Hz 

CP-MAS probe (3.8 KHz) 

Bead resonance: 17 Hz 

Solvent: 11.6 Hz 

Nanoprobe (2 KHz) 

Bead resonance: 4 Hz 

Solvent: 4.4 Hz 

SENSITIVITY? 

More material (15 x the 

amount of the Nanoprobe) 

but broader: S/N only 20% 

more than Nanoprobe 

Good trade-off: larger 

volume and narrower than 

liquid probe 

Best for sample-limited 

materials. S/N abt 50% of 

CP-MAS probe with 32% as 

much sample  
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Some Nanoprobe applications 

• DOSY 

• Reaction Control 

• Food Science 

• Agricultural Science 

• Cultural Heritage 

• Medicine 



April 1, 2014 23 

Magic angle gradient and spinning 

s - speed 

G 

Centrifugal force  G ~ s2 Gradient isoplanes 

Centrifugal force G 

B0 
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DOSY (beware of rotation..) 

DgcsteSL 

sequence, 1-22 

G/cm, spinning 

speed 2300 Hz. 
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DOSY (beware of rotation...) 

DgcsteSL sequence, 1-22 G/cm, spinning speed 2300 Hz. 
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DOSY (synchronized) 

DgcsteSL sequence, 1-22 G/cm, spinning speed 2300 

Hz with rotor synchronization 
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DOSY (synchronized) 

DgcsteSL sequence, 1-22 G/cm, spinning speed 2300 

Hz with rotor synchronization 
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DOSY (does convection take place?) 

from Loening and Keeler, JMR, 1999, 139, 334-341 

D = D1 – D2 

D1 D2 
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DOSY (does convection take place?) 

DgcsteSL_cc sequence, 15 G/cm, spinning speed 2300 

Hz with rotor synchronization and D = 0 – 13 ms 

 

T = 45 deg CDCl3! 
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DOSY (packing issue?) 

1 KHz 2 KHz 3 KHz 

CDCl3 

RT 

77mm/s 
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Nanoprobe and Reaction Control 

1) scrap, extract, dry, solve in deuterated solvent, record NMR spectrum 

2) scrap, suspend in deuterated solvent, record NMR spectrum 

Bradley, McLaughlin MRC 45, 814-818 (2007) 

Stationary phase in CDCl3 

Stationary phase in CDCl3 

(+ abt 10 ms CPMG step) 

Si(OH)n 

CDCl3 

H2O 

SSB 
SSB 
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Nanoprobe and Reaction Control 

Bradley, McLaughlin MRC 45, 814-818 (2007) 

Rotenone 10 nmol 

stationary phase 1.05 mg 

CPMG, nt=256 

What are we actually looking at? 

no SS 

CDCl3 

increasing polarity 
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Nanoprobe and Emulsions 
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Nanoprobe 
Comparison between emulsions and cheese (1H spectra) 

Kraft Lite Cream Cheese 

 

 

 

 

 

Kraft Ranch Salad Dressing  

 

 

 

 

 

Lucky Brand String Cheese 

 

 

 

 

Kraft Velveeta (American) 

Cheese 
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Kraft Lite Cream Cheese 

 

 

 

 

 

Kraft Ranch Salad Dressing  

 

 

 

 

 

Lucky Brand String Cheese 

 

 

 

 

Kraft Velveeta (American) 

Cheese 

Nanoprobe 
Comparison between emulsions and cheese (13C spectra) 

unsaturated oils 

carbohydrates 
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Nanoprobe 
NMR of intact Canola seeds (CANadian Oil Low Acid – low erucic acid) 

Abt 80 seeds in 

normal 5mm tube 

One seed in a tube 

for nanoprobe (4 h) 

One seed in a tube for 

nanoprobe (10 mins) 

Hutton et al. Lipids 34, 1339-1346 (1999) 
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Nanoprobe and Cultural Heritage 

J. Cult. Herit., 2009, 10, 388-395 
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Nanoprobe and Cultural Heritage 

Lineseed oil (aged 240 h) – 400 MHz   

Extract in CDCl3 

Nanoprobe 
("swollen state") 

J. Cult. Herit., 2009, 10, 388-395 
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Nanoprobe and Cultural Heritage 

Painting Film (aged 3y)  

Black 

Red 

Yellow 

ochre

  

J. Cult. Herit., 2009, 10, 388-395 
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Nanoprobe and Medicine 
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Nanoprobe and Medicine 

Urine Serum Tissues 
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Nanoprobe and Medicine 

Am. J. Obstet.  Gynec. 203, 76e1-76e10  (2010) 

? 

± 3.6 weeks ± 1 weeks 

http://www.google.it/url?sa=i&source=images&cd=&docid=7UxQEPD7E7JfFM&tbnid=msZRPWc1IxyO0M:&ved=0CAgQjRwwAA&url=http://php.med.unsw.edu.au/embryology/index.php?title=File:Stage13_crown_rump_length.jpg&ei=r_lCUpGDJMrg4QSExIGoCQ&psig=AFQjCNEkKFeWlC7iq6naSQyPuqpLbZ9kIQ&ust=1380207407629181
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Nanoprobe and Medicine 

Am. J. Obstet.  Gynec. 203, 76e1-76e10  (2010) 

• quantification by ERETIC  (old INOVA system) 

 

• today in DD2 systems it can be replaced by 

qEstimate + CRAFT 

 

GA = 64.922 –  

         (14.456 × alanine) +  

         (4.965 × ln [creatinine]) –  

         (0.931 × glucose) –  

         (5.202 × valine) 

n = 95 R2 = 0.926 

± 1.75 weeks 
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Tissues 

Note that: 

plug threads into drive 

ring for tight seal, 

tube is widemouth 

Plug 

Drive Ring 

  
Sample 

Tube 



April 1, 2014 45 

Tissues 

Swanson et al. MRM, 2006, 55, 1257-1264 



CRAFT – Deconstructing a Spectrum 

D
e

fi
n

e
 r

e
g

io
n

s
 

Simulate 

CRAFT Once data have been 

captured in the 

spreadsheet, analysis is 

essentially complete.   

 

Most users want to see how 

well the data reduction step 

worked.  CRAFT includes a 

complete set of tools to 

allow visual inspection of 

the results. 

46 



CRAFT – Reconstructing Spectra for Comfort 

residual 

 

 

 

reconstructed 

 

 

 

experimental 

Models 

 

The common method for 

displaying CRAFT data is to 

show the experimental 

NMR spectrum after Fourier 

Transform, the CRAFT 

spectrum reconstructed 

from the final spreadsheet, 

and the residual signal, or 

the “difference between the 

two” spectrum. 

 

This step is for user 

convenience; it is not 

required for analysis! 

47 



CRAFT workflow 

April 1, 2014 

D
e
fi
n
e
 R

O
I 

(Divide and Rule) 

“Fingerprint” chemical 

shift for chemicals of 

interest 

Relative 

amplitudes  

(of chemicals) 

 Statistical 

analysis 

Cluster of FIDs 

Array of spectra 

48 
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Tissues 

PLoS One., 2011, 6, e25563 

cancer 

healthy 

cancer 

healthy 
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The faster the better? (not always) 

Spinning rate (Hz) 0 0 600 500 1100 1200 

Time (min) 0 0 15 5 15 5 

Total eggs 688 759 239 158 260 273 

Hatched eggs 426 359 52 41 2 21 

Hatching rates 62% 47% 22% 26% 0.8% 7% 

Since the centrifugal force increases by speed2 tissues and living matter may not survive 

 

Findings of Dr. Hongjun Pan  University of Tennessee 

The effect of mechanical spinning on mosquito egg hatching 

For living objects, spinning of about 500 Hz  has significant effect on the life. The effect is 

proportional to the spinning rate and spinning time. For a spinning rate higher than 

1200 Hz, no hatching occurred. 
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The faster the better? (not always) 
Removing spinning sidebands 
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The faster the better? (not always) 
Removing spinning sidebands 

• record the spectrum in parts using selective excitation. 

• split the spectrum in regions from 2 Hz to the spinning speed. 

• preferred method:  DPFGSE with shapes created with Pbox. 

• spinning sidebands are outside the excited region.  

• suppression of broad signals – no need for CPMGT2 

• helps suppressing the H2O signal 

• combine the filtered spectra together as FID and re-create the full spectrum 
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The faster the better? (not always) 
Removing spinning sidebands 

Starting spectra 
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The faster the better? (not always) 
Removing spinning sidebands 

See also for recent work on this subject: Renault et al. Sci. Reports 3, 3349 (2013) 



April 1, 2014 

55 

Grazie! 

mauro.cremonini@agilent.com 


