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Homonuclear 2D experiments
Heteronuclear 2D experiments



Two Dimensional Experiments
« To select a 2D experiments, click on the experiment in the Experimental Protocols tab

* Proton spectra will be automatically run and the spectral window optimized

« Select save scout scans in proton experiment to save all spectra

* Run carbon spectra before “Hetero 2D” experiments to get automated plotting of the 1D spectra along the axes
» For dilute samples, increase Scans per increment

* For overlapping or close 13C peaks, increase the Number of increments

Homonuclear 2D

Hetero20 | Sel1D | Doy D
Std 1D Hormo 20
Cosy Dgcosy
Moesy Roesy
Tocsy Goosy
Gdacosy

* Proton-proton correlation (scalar, through bond, or dipole through space)

Gcosy

e 1 scan per increment
* 128 or 256 increments (increase if overlapping proton spectrum)

stait| Acquire | Process| | srovTire |
Defaults Pulse Sequence: Goosy p— | Display Sequence

cquisition Fourier Nurmber in F2 & F1: ki 5k«
@UEE SEGUENCE o ane perinerement 1 - Linear Prediction int1: ni=2 -
fannels Mumber of increments 256 - Window functions: =
Flags Spectral Width [sprm) R
Future Actions Downfleld [140  Upfleld[-20 Flotuien done

Pararmetars: Basic, Top Left

Plot contours:  Positive Only

Plat 10: Fi spectrurm
F2 spactrm

414144

Cosy

* Geosy, gradient version of Cosy, is preferred and faster
* 4 or 8 scans per increment (increase if very very dilute)

Roesy
» 8 or 16 scans per increments (increase if dilute)
* 128 or 256 increments (increase if overlapping proton spectrum)

* Mixing time 200 to 500 ms (increase for more interactions over longer distances)
« Use when molecular weight is 400 to 2000



St Acqure Process| N oo e |

Diefaults
Acquisition
Pulse Sequence
Channels

Flags

Future Actions

Noesy

IF'uls:e Sequence: Roesy

Display Sequence

* 8 or 16 scans per increment (increase if dilute)
* 128 or 256 increments (increase if overlapping proton spectrum)
» Mixing time 300 to 600 ms (increase for more interactions over longer distances)
« Use when molecular weight is less than 400 or greater than 2000

Tocsy

e 2 or 4 scans per incremen

t (increase if dilute)

Scans perincrement 8 I=
Murnber of incremeants 256 hd
Mixing time [ms] 200 =
Relaxation time [5) 15 «|
Spectral Width [pprr] 14 > -2 -
Downfield [14.0 Upfield -2.0

* 128 or 256 increments (increase if overlapping proton spectrum)
* Mixing time 40 to 150 ms (increase for more interactions over the spin system)

SEa acquire | PRGEESS] | srow i |

Deraults Pulse Sequence: Toesy

Acquisition

Pulse Sequence Stans perincrerment 2 |

Channels Murmber ofincremants 256 F=1

Flags Mising time: [ms] B0 -

Future Actions | speceral Width [pprm) 14 > 2 =
Downfield [14.0 Upfield [-2.0

Ztocsy _zq

Fourier Murnber in F2 & F1: Zkn 1k ;I
Linear Prediction in t1: 1024 LI
Window functions: LI
Flotwhen dong
Parameters Basic, Top Left -
Plot contours:  Positive & Negative -
Flot 10 F1 spectrurm -
F2 spectrum -
Display Sequence |
Fourier Number in F2 & F1: 2kx 1k Ll
Linear Prediction in t1: 1024 Ll
Window functions: Ll
Flotwhen dong
Parameters: Basic, Top Left -
Plot contours:  Positive & Megative -
Flot 10 F1 spectrurm -
F2 spectrum -

« Same as Tocsy but no out-of-phase multiplets (cleaner spectrum)—preferred

» Cannot change mix time

Noesy zq

« Same as Noesy but no out-of-phase multiplets (cleaner spectrum)—preferred
* Mix time is in the Pulse Sequence page




Heteronuclear 2D experiments
e Proton-carbon correlation

sa1D Hatrn 20
Hetero 2D Sel1D | Dosy 2D
Hrmgc Hrnb
Hsoe Ghrmbe
Ghrnge Ghsgc
Hmoctowxy Hsgetoxy
Ghsctoxy Cigar2j3j

Ghsqcad or Ghsqc
* Ghsqcad uses adiabatic sweep pulses to give better carbon 180° pulses
» Peaks near the edge of the F1 domain are bigger
* The 'J value is linearly varied across the F1 domain
« Set carbon range if known to increase F1 resolution
* 2 or 4 scans per increment (increase if dilute)
* 128 or 256 increments (increase if carbon spectrum has peaks less than 1 ppm apart)
« Can specify one-bond H-C coupling constant if unusual

St cquire Piocess| NG <vow i |

Defaults Pulse Sequence: Ghsqe — | Display Sequence

=

-

Acquisition Fourier Nurmber in F2 & F1: 2k 1k
PUISE SBQUENCE| 50 ne par increment 2 - Linear Prediction int1: nita
Parameters Number of ncrements 128 - Window functions:
Channels ©13 Spectral Width [pprr] 160 - -10
Flags = Plot when done
L Dowmfield [160 Upfield [-10 Parameters:  Basic, TopLef
: r ; . -
Future Actions C-H Multiplicity Edit Yes -I = -
Flotcontours:  Positive & Megative -
Plot1D: F1 (4 spectum =
F2(H) spectum -
Hmgc or Ghmgc

» Use Ghsqcad on Varian 400 or Mercury 400 (with autotuning probe)
e Use the Ghmgc on the Mercury 300 (see Ghsqcad for parameters)

Hsqc
» Use Ghsqcad unless very dilute sample
* 8 or 16 scans per increment (increase if dilute)

Ghmbc

» Use 8 or 16 scans per increment (increase if dilute)

* 200 or 400 increments (increase if carbon spectrum has peaks less than 1 ppm apart)
» Set C13 spectral width—important if no carbonyls in the compound

« Set multiple (2 or 3 bond) H-C coupling constant (8 Hz default)

« Can set one bond H-C coupling constant if unusual (130 Hz default)




Start| Acquire Process Show Time
Defaults Pulse Sequence: gHMBC = | Display Sequence

L
tAcquisition Fourier Murmberin F2 & F1: kxlk v
[PUlSE SBQUENCE o ne ver incrament 8 - Linear Prediction in t1: ni*2 |
lPar“ameiers Murrioer of incrernants 200 - Wwindew functions: ~|
|Ch3“”919 ©13 Spectral Width [pprr] 225 -= <15« BRI
IFlags Dowmfield 225 Upfield [-15 Paramele ) Basic, Top Let
Future Actions Coupling constant 8 Hz | AAMEIEEs: w T

Plot contours: Positive Cnky

Plot10: F106)  specium
F2{H) spectrumn
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Hmbc

* Use for dilute samples

* 16 or 32 scans per increment (increase if dilute)

* 256 increments (increase if carbon spectrum has peaks less than 1 ppm apart)
* Set C13 spectral width—important if no carbonyls in the compound

« Set multiple (2 or 3 bond) H-C coupling constant (8 Hz default)

» Can set one bond H-C coupling constant if unusual (130 Hz default)

Cigar2j3j

* Better version of Ghmbc

e Use same parameters as Ghmbc

» Can set a range of multiple-bond H-C coupling constant

» Can set a range of one-bond H-C coupling constant

» Use where H-C coupling constants vary (e.g. heterocycles, aziridines, epoxides)
« Some peaks are weaker or difficult to see

Ghsqctoxy

e Combined Hsqc and Tocsy

« Similar to Ghmbc but quaternary carbons not correlated
« Use instead of Hmqctoxy or Hsqctoxy

Two Dimensional Processing
Two dimensional spectra may be acquired in absolute value (magnitude) or phase sensitive modes. See Table 1 for a
list of experiments and the usual acquisition mode. The processing will depend on the acquisition mode.

There are four different cases on processing; each will be discussed below. In each part, there will be common ac-
tions. These are:

« setting the linear prediction and zero-filling;

« applying the weighting function;

e applying the Fourier transform;

* symmetrising;

* using expansions, traces and projections;

e peak picking and listing peaks;

* plotting.

In the two dimensional spectra, the directly observed dimension is called f2 (F2, proton). Usually this is the proton
dimension in the indirect experiments. The indirectly observed dimension is called f1 (F1, carbon or nitrogen or sili-



con etc) and, for heteronuclear experiments, is usually carbon and for homonuclear experiments, it is proton. The
resolution of f2 depends on the number of points while the resolution of f1 depends on the number of increments.
Increasing the number of points does not increase the length of the experiment significantly, but the length of the
experiment is directly related to the number of increments. This usually means the resolution of f1 is less than that of
f2. We use linear prediction along f1 to increase the resolution without increasing experiment time.

Table 1. Indirect 2D Experiments

Absolute Value Phase Sensitive
Homonuclear Gceosy, Gcosy45 Gdgqcosy, Tocsy, Roesy
Heteronuclear Hmbc', Ghmbec, Cigar2i3j Ghsqc, Ghsqcad

" May be mixed mode (phase sensitive in fi)

Linear Prediction and Zero Filling

Linear prediction is an invaluable tool for increasing the resolution of 2D spectra by mathematical means. Since the
exponential decay functions in the FID are well defined, using linear prediction produces the same result as running a
2D experiment 2 to 8 times longer. We will use linear prediction on f1 only although it could also be used on f2

Absolute value spectra are linear predicted only 2 fold because of the sinebell weighting function used. Larger
amounts of linear prediction cause artifacts as the actual data used is reduced by the beginning of the sinebell.

Phase sensitive spectra can be linear predicted to larger values, up to 16 fold. If the linear prediction breaks down,
large streaks appear in the spectra. Linear prediction requires good signal to noise.

Weighting functions

Exponential (line broadening) weighting functions are used in 1D spectra. Having a weighting function falling to zero
removes truncation wiggles—artifacts that look like wiggles at the bottom of the peaks. Since the acquisition time in 2D
spectra is much shorter than 1D, this is important.

In the 2D case, different shapes of the weighting functions are used. For phase sensitive spectra, a Gaussian shape is
used. The Gaussian function increases the resolution of the spectra while tailing off to zero to remove truncation wig-
gles.

For absolute value mode experiments, a sinebell or squared sinebell is used. The squared sinebell is smoother near
the edges but discards more of the FID information. Absolute value mode spectra have large tails around the peaks
which may overlap from close peaks. Reducing the intensity at the beginning of the FID reduces these unwanted tails.

Pictures of these functions are shown below. (Left to right: Gaussian, sinebell and squared sinebell)




Symmetrization

Absolute value homonuclear experiments, like the Gcosy, are usually symmetrized (using Foldt). Symmetrization re-
moved unwanted t1 noise (lines of noise that run parallel to the f1 axis). Watch for t1 ridges that appear as cross peaks
after symmetrizing. It is a good idea to plot the spectrum before symmetrizing.

o false crosspeak

t1 ridge

Symmetﬂze>

t1 ridge

VnmiJ Processing Pages

|




Start At.qulre|Fror.ess _ Process

Default Linear Prediction [ F1 _|F2 _|Selvent Subtraction 15t Pt Multiplier
Neighting Auto | Auto banduwidih _JF1  [0500
2R back/ forward b et ;Zi{:oml L |k
More 2; coefs 8 P ! PhaseRotation
Integration basis pts [1 28 glen | _Increment (0.0 deg.
GursorsiLing Lists|  gating at 128 _|Downsample _IFID 00 deg.
Plot predicted pts 384 divicle by e
Text Output sharting at 129 toefs o ID requeanv
ofizat - :
Acq Pis 128 1024 F2 o Hz
FT Size WF1 2K ~| wF2 2% - _
Weighting gaussian - ESEE T g FRILIESEL
FT1D-1sting | FT1D- Al Transform F2 | Full 20 Transform |
. .
Processing quickly

e Click Auto LP F1

* Select weighting function in menu
e Click Full 2D transform to Fourier transform
« Click Display 2D to see 2D spectrum

Plotting 2D in Study Queue

« Plot button plots 2D with 1D spectra on sides
« Only use plot buttons when processing from the study queue

Good values for processing
* ni is the number of increments

» The entry boxes calculate equations (4096-256 or 2*ni)

Gcosy

e Use 2*ni linear prediction in F1

« Use sinebell or sgsinebell weighting function
* Symmetrize (Foldt) after processing (Display page of Processing Tab

* Absolute value—no phasing

Tocsy

» Use 4*ni linear prediction in F1
« Use gaussian weighting function
» Phase F1 and F2

Roesy

» Use 4*ni linear prediction in F1
» Use gaussian weighting function
e Phase F1 and F2

Noesy

» Use 4*ni linear prediction in F1
« Use gaussian weighting function
e Phase F1 and F2

Ghsqcad or Ghsqc

» Use 4*ni linear prediction in F1
» Use gaussian weighting function
* Phase F1 and F2



Ghmbc

« Use 2*ni linear prediction in F1
« Use sinebell weighting function
e Absolute value—no phasing

Cigar2j3j

e Use 2*ni linear prediction in F1
« Use sinebell weighting function
* Absolute value—no phasing

Hmbc

» Use 4*ni linear prediction in F1

» Use sinebell weighting function in F2

« Use gaussian weighting function in F2

e Under Display mode choose F1 Phased

* Under Display mode choose F2 Abs value
e Phase F1 only

Ghsqctoxy

» Use 4*ni linear prediction in F1
» Use gaussian weighting function
e Phase F1 and F2

2D spectral manipulation

Display butions 2D Color Map
Display buttons
) tl: Box (or Cursor)
Display FID {:-’ et
10 Spactrum {
Trace

- ;'ED Spectrum

E % S

¢ | Redraw
b
S5 Contour Plot a

5 s Color Map

L Stacked Plot .
Image Pt

AN

* Use Color Map to manipulate the spectrum

-

B. Return —=— EJ Raturn

Projection butions

M Horizontal projction {maximum)
£23 Horizontal projection (sum)
& Vertical projection (maximum)

Projections —% 5] Vertical projection (sum)

Rotate
Scale +20%
Scale - 2%

Paak Picking

~

Return

e Use the left and right buttons on the mouse to move the two crosshairs

* The middle mouse button controls the vertical scale but using Scale +20% is easier
« The threshold is set through the colour bar on the right, middle clicking

» Use both the vertical scale and the threshold to show the contours
» Set the vertical scale so that there are no off-scale (white) peaks and use the threshold to hide noise or impurity

peaks



Phasing 2D spectra

* Only phase phase-sensitive experiments

e Under the Display page, the processing mode should be Full

» Phasing a phase sensitive 2D spectrum requires phasing both dimensions
o Start with f1 (under the Display page select Trace Axis F1)

¢ Click the Phase button

ot e)

BoE
D5

* Select a trace with a peak in the top right of the spectrum

* The trace should be the maximum intensity for that peak and not the edge of the peak

e Click the Spectrum 1 button

* Select a peak in the lower left of the spectrum

¢ Click the Spectrum 2 button

¢ Click the Phase button; there should only be the Spectrum 1, Spectrum 2 and Return buttons

* Click the Spectrum 1 button

« Phase the right hand side of the trace, ignoring the left hand side

e Click the Spectrum 2 button

« Phase the left hand side of the trace, ignoring the right hand side

o IMPORTANT: After displaying the bottom trace, click on “phase” then click the right hand side of the spectrum, then
Dphase on the left band side. This selects the linear phase mode

* Click the Spectrum 1 button

« If necessary repeat until the phasing on f1 is correct.

» Phase F2 by rotating the spectrum (under the Display page select Trace Axis F2) and follow the procedure above.

Plotting using the command line

Homonuclear 2D experiments

The macro plcosy plots the contours with optionally the 1D spectra along the axes. The macro takes three arguments,
for example plcosy(10,2,1). The first is the number of contours (7 is the default). More contours give a darker plot.
The second is the contour spacing factor, which must be greater than 1. A number closer to 1 gives closer spaced con-
tours. The last argument is the location of the 1D spectrum, in this case experiment 1. Use a negative number if the
1D spectrum is not available. The plot size and scaling of the 1D spectra are automatically scaled. When the 1D has
been specified by plcosy, it is copied into a sub experiment of the current experiment. Thereafter it is not necessary to
specify the location and plcosy without arguments can be used.

When plotting homonuclear spectra, the diagonal of the chart and the diagonal of the spectrum can be aligned by typ-
ing wp=wpl sp=spl.



Heteronuclear 2D experiments

Use plhxcor to plot the CIGAR-MBC when the indirect carbon spectrum is available otherwise use plhxcor2. The
macro plhxcor takes four arguments when first used: the first and second are the number of contours and the contour
spacing factor, the third and fourth are the experiment numbers for the direct (proton) and indirect (carbon) experi-
ments. Use negative numbers if the experiments are not available. For example, use plhxcor(10,2,1,2) if the proton is
in experiment 1 and the carbon is in experiment 2. When plhxcor is run with four arguments, copies of the proton
and carbon spectra are made in the 2D experiment. Calling plhxcor without arguments then plots those copies along
the axes.
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