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OUTLINE

• What is UF 2D NMR ?

• When using (or not) UF 2D NMR ?

• How to implement/use UF 2D NMR ?
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Ultrafast 2D NMR: Basic Principle

L. Frydman, T. Scherf, A. Lupulescu, PNAS 2002

P. Giraudeau, L. Frydman, Ann. Rev. Anal. Chem. 2014.
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Ultrafast 2D NMR: Basic Principle

f(z)=C.W1.z
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Ultrafast 2D NMR: Examples

Jres COSY                   TOCSY

P. Giraudeau, L. Frydman, Ann. Rev. Anal. Chem., 2014.
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Ultrafast 2D NMR: Examples

P. Giraudeau, L. Frydman, Ann. Rev. Anal. Chem., 2014.

HSQC                              HMBC
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When using UF ?

• Save time (if SNR is sufficient)

• Monitor fast reactions/dynamics in real time for which 1D is
not sufficient

• Hyphenated techniques that need single-shot acquisitions
(dissolution DNP, on-line HPLC-NMR…)

• Quantitative analysis of complex mixtures (better precision
with hybrid techniques based on UF)

• Speed up acquisitions with higher dimensionality (fast nD)

• Have fun with exciting developments in spatial encoding

Introduction What? When? How? Conclusion



Patrick GIRAUDEAU Practical UF NMR SMASH Workshop 2014 8

When using UF ?

There are many cases where a single scan is not needed!
Hybrid techniques (UF with several scans) are often more interesting!
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To improve sensitivity

(Multi-scan Single Shot)

To increase spectral widths

or to improve resolution

(interleaved acquisitions)
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Long UF COSY
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A. Le Guennec et al., Anal. Chem. 2012

To increase

the dimensionality

(fast hybrid 3D)

L. Rouger et al., JMR 2014

Conventional 
dimension
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P. Giraudeau et al., 

ChemPhysChem 2012



Patrick GIRAUDEAU Practical UF NMR SMASH Workshop 2014 9

When using UF ?

Recent reviews on applications of UF

Analytical applications in general

Quantitative applications
Magn. Reson. Chem. 2014. 6:259-272
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Spectral Widths
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P. Giraudeau, L. Frydman, Ann. Rev. Anal. Chem., 2014.

For a single-scan experiment with a standard gradient system (50 G/cm) and a 5 mm probe

BUT these values can greatly increase with interleaved acquisitions !
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Spectral Widths – interleaved acquisitions

f(z)=C.W1.z
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L. Rouger et al., JMR 2014
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Spectral Widths – interleaved acquisitions

f(z)=C.W1.z

Relaxation
+ excitation

Spatial encoding  Mixing               Detection

UF Dimension

(no TF)

EPSI Dimension (TF)

k
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SW1 x 2
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DW = Ta

More 
versatility

L. Rouger et al., JMR 2014
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Spectral Widths – interleaved acquisitions

PULSE SEQUENCE SWs in 1 scan SWs in 
4 interleaved scans 

(10-20 seconds)

COSY 4 x 4 ppm 8 x 8 ppm

1H-13C HSQC 35 x 4 ppm 70 x 8 ppm

EXAMPLES @ 500 MHz

EXAMPLE @ 700 MHz

COSY of a corn extract

700 MHz - 80 seconds 

(16 interleaved scans)
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Sensitivity

P. Giraudeau, L. Frydman, Ann. Rev. Anal. Chem., 2014.

For a single-scan experiment with a standard gradient system (50 G/cm) and a 5 mm probe
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Signal averaging is possible:
-SNR increases with NS1/2 as in conventional NMR
-No t1 noise in UF experiments
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Sensitivity
EXAMPLES @ 500 MHz with cryoprobe

TARGET Possible in 
1 scan

Possible in a 
few scans

Not currently
possible with UF

Record a homonuclear 2D (COSY, TOCSY, Jres…) 
of a diluted small molecule
(10 mg, MW = 300 g/mol)

Record a heteronuclear 2D (HSQC, HMBC…) 
of a concentrated small molecule

(100 mg, MW = 300 g/mol)

Record a heteronuclear 2D (HSQC, HMBC…) 
of a diluted small molecule
(10 mg, MW = 300 g/mol)

Record a COSY of a biological extract

Record an HSQC of unlabeled biological material

Record an HSQC of a labeled protein
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Resolution

Ultrafast dimension: Dn1/2 ≈ 40 Hz

Conventional
(EPSI) 
dimension
Dn1/2 ≈ 10 Hz

(equivalent to a 
conventional 2D 
with TD1 = 128)

• F1 resolution can
improve with linear
prediction

• Coupling patterns are 
visible

Coupling patterns are not visible, but it is not
a matter of resolution: UF spectra are
homodecoupled in F2.
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Resolution
MEASUREMENT OF COUPLING CONSTANTS
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JMR 2007 JMR 2012 MRC 2012 – Coll. C. Thiele (Darmstadt)
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Questions to ask before using UF 2D NMR
Do I need a 2D
experiment? No

Use 1D NMR 
(it is also very

fast!)

Yes

Do I need a fast
experiment?

Yes

No

Use conventional
2D NMR

Do I have enough sensitivity? 
(concentration/hardware) No

Try another fast
technique

Yes Start playing with UF!
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Technical requirements

• Probe with z-gradient (cryoprobe OK)

• Chirp pulses

• Good ADC (smallest DW < 1 µs)

Human requirements

• Take some time to read papers

• Implement the experiments step-by-step
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Available on our website

• Pulse sequences (Bruker)

• Processing routines (Jython programs fully integrated in
Topspin)

• Step-by-step implementation protocol

• Eveything is free…as far as you don’t make money with it

• We also provide technical assistance to solve
troubleshooting issues.
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How to download the material

• Go to http://www.univ-nantes.fr/giraudeau-p

Click here
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How to download the material
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The implementation protocol

• Gradient and chirp pulse 
calibration

• Setting the UF COSY step-by-step

• Setting the UF COSY in the 
general case

• Setting the Jres

• Setting the HSQC

• Setting the interleaved
experiments (COSY and HSQC)
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Web interface to help setting the parameters
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Web interface to help setting the parameters
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CONCLUSION

• UF is extremely rewarding if you are ready to
spend some time on it.

• Do not expect miracles.

• If it does not work: send an e-mail! We are
happy to help.
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