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Traditional Linear Sampling
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* The data points acquired in the indirect
dimension(s) form a grid where the
distance between the points on the grid is -
given by the sweep width and the number
of points by the TD for each dimension
respectively.




Multi-dimensions and Experiment Time
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1D: 1FID 2D: 256 FIDs 3D: 256 x 256 FIDs
Expt =1 scan x 4 sec. Expt =1 scan x4 sec. x 256 Expt =1 scan x4 sec. x 256 x 256
=17 min. =73 hours

* Experiment time depends on the number of samples in the indirect
dimension and the number of scans per FID.

— Increasing the number of experiments will improve resolution




Basic Concept of Non-Uniform Sampling

* The key principle of NUS is to acquire only a subset of data pointsin a
random manner while still using the same grid.

3D (t1t2 plane) complex points

* Asseenin the figure to the
right, only 25% of the data
points are collected.
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* With the reduced acquisition
time in the direct dimension, |
the overall experimental time
will be much lower.
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Benefits of NUS
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NUS Setup

* Bruker has made NUS acquisition standard in TOPSPIN 3.0. This is only
available on the UTL400 spectrometer.

* Steps:
1. Read in the desired 2D sequence that you would like to acquire.

2. Under the AcquPars tab in the Experiment section, set FnTYPE to “non-
uniform_sampling”

[ 1 test 1 1 C\Bruker\TopSpin3.0\examdata o [+ I-w-
\ Spectrum | ProcPars | AcquPars | Title | PulseProg | Peaks | Integrals | Sample | Structure | Piot | Fid
‘ e oy / -
o NSWEHE 7CR Probe: 5 mm QNP 1H/15N/13C/31P
Experiment PULPROG b_hncogp3d E | Current pulse program -
Width AQ_mod DQD v Acquisition mode
Receiver FnMODE Echo Anticeh = Grate R = Acquisition mode for 2D, 3D efc
Nucleus FnTYPE @rm_samplmg ¥ | nD acquisition mod@
Durations 7 “O5
TD 2048 ) rac; StZeorg
Powe -
Program NS & Number of scans
Probe DS 32 Number of dummy scans
Lists TDO 1 Loop count for 'td0’
NUS
A Widt
Wobble Width
Lock W [ppm] 14.0019 38.5431 24 8500 Spectral width
Automation SWH [HZ]) 7002 801 1953 511 3125617 Spectral width
Miscellaneous =
Use IN_F [usec] 511.90 319.94 Increment for delay
er nE !
Routing AQ [sec] 0.0731850 0.0163808 0.0204760 Acquisition time
FIDRES [HZ] 13.664002 61.047211 48 837769 Fid resolution
FW [Hz] 125000.000 Filter width

Al Receiver
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NUS Setup

3. On the left list, click on NUS to get to the NUS parameter section

- ™

1 test 1 1 C:\Bruker\TopSpin3.0\examdata RN <™
Spectrum | ProcPars | AcquPars Tutle%PutseProglPeaks}In!egrais!SamptefStmclure!Plo&!Fnd
~— I . E
o NsSPEe 7CR Probe: 5 mm QNP 1H/15N/13C/31P
Experiment VTLIST | £ | variable temperature list z
Width NUSLIST automatic Name of loopcounter list for NUS (Non Uniform Sampling)
Recelver
Nucleus | (4] NUS (Non Uniform Sampling) parameters
S;"‘:’ons NUusAMOUNT [%] 25 Amount of sparse sampling
wer
Program NusPOINTS 512 Number of hypercomplex points in indirect dimension
Probe NusJSP [Hz] 0 0 0 J-coupling
Lists NusT2 [sec] 1 1 1 T2 relaxation
_ NusSEED 54321 Random generator seed
U .8 caicuiate | Caiculate point spread function
Lock
Automation A Wobble
Miscellaneous
User WBSW [MHz] 10.0000000 Wobble sweep width I3
Routing WBST 1024 Number of wobble steps iy
Al Lock
LOCNUC 2H v Lock nucleus
SOLVENT v Sample solvent -
< 17 ’




NUS Setup

Acquisition parameters:

NusAMOUNT[%] - percentage amount of sparse sampling, default is 25

NusPOINTS - number of complex data points to be recorded, for nD experiment
it is [(td1*td2 ...*tdn) *amount/100] / 2(n-1)

* Note: As a rule of thumb the number of hypercomplex points should be at
least the same as the number of frequencies (signals in the spectrum).

Jsp [Hz] - J coupling, default is 0. In the case of J evolution in an indirect
dimension the points acquired can be matched to the maxima of such a FID by
setting this coupling constant.

T2 [s] - T2 relaxation time, default is 1. For indirect dimensions with so called
real time evolution the FID in the indirect dimension will decay according to the
T2 relaxation time of the spins evolving in this dimension. By setting the T2
parameter according to the relaxation time, parts of the FID with more
intensity will be strengthened (exponential weighting of sampling scheme)

* Note: If an evolution period is implemented as constant time in the pulse
program, exponential weighting must not be used!

seed - random number generator seed, responsible for the different
distribution of data points, default is 54321

Calculate - allows to calculate and then view the distribution of points without
starting the experiment.




NUS Processing

2D NUS processing is available on Topspin 3.5pl6 or higher
Usually no need to change the NUS processing parameters

Use the typical command “xfb” to process the 2D data

@ L mad

No license avallable for TOPSPIN 2D NUS processing
-— Processing without appropriate license continues

— If you get an mdd error stating no license is available, T e CALE = 5. CAVE = e
some parameters will need to be adjusted: |

1. Make sure mdd_mod = c¢s in the procpars list

Spectrum AcquPars Title PulseProg Pe:

4
wSUMP7R
Reference A NUS (Non Uniform Sampling) parameters
Window el
Phase Mdd_mod €S
Baseline
: _' MddCEXP
ourier
MdCT_SP
Peak MddF180
Automation
Miscellaneous MIIANCCME 2
User MddPHASE

2. Set the "hidden parameters” from Topspin

command line: ® ® MddCsALG ® ® MaoCsvE
- SIPAR_MDD_CSVE
> mdd_csalg = ist WERE L 1t B || vedcove | rause =
> mdd_csve = false OK Cancel ok || Cancel
N




NUS Processing

* Now that it’s Fourier transformed the data can be
processed. e Cannol phase rows, imaginary part 2ir is missing

“ x

* An error might arise when trying to phase the spectrum

* Imaginary data isn’t kept after NUS reconstruction. The | fetats
imaginary component could be re-created with a Hilbert
transform using the menu options...

, FEile  Start  Process  Apalyse  Publish  Yiew  Manage i

Prog Spectrum w # Adjust Phase w % Calib, Axjs ’_." Pick Peaks » _[ Integrate w  Advanced

—— - = — v 3 - =
[ " 2 ‘-_‘ Q= \oo T MM T Q fe-—| T J;"-f' \ ﬂ l@.‘L Process Dataset Lst {serial) Customized Processing of Raw Data, F2 and F1 (xtrf}
| y B DT 3. it A . r-3
| Et‘ N /812 3 Y-y W W "z“u‘ W v % 500 R Integrate Spectra List (intser] | Customized Processing of Raw Data, F2 Only (xurf2)

ROI View of Spectra List {vregs) | Customized Processing of Proc Data (xtrfp)

Add/Sub./Malt. Spectra (adsu) Customized Processing of Proc Data, F2 Only (xtrfp2)
Customized Processing of Proc Data, F1 Only (xtrfpl)

Correct Baseline > |
Hilbert in F2 (xht2)

Extract Rows/Columns (slice) | punert in F1 (xhtl)

Calc. Projections (proj)

Inverse Fourer in F2 (xif2)
Display Projections (projd) e ¥e

Inverse Fourier in F1 (xil1)
Special Transforms v

Miscellaneous Operations »

e ..ortype xht2inthe command line.

* Phasing should now work properly.

« Recommendation: re-process spectrum (xfb) again after
phasing






