
Version

Basic 1D and 2D
Experiments

Introduction to 1- and 2-
dimensional NMR Spectroscopy

001



The information in this manual may be altered without notice.

BRUKER BIOSPIN accepts no responsibility for actions taken
as a result of use of this manual. BRUKER BIOSPIN accepts
no liability for any mistakes contained in the manual, leading to
coincidental damage, whether during installation or operation of
the instrument. Unauthorized reproduction of manual contents,
without written permission from the publishers, or translation
into another language, either in full or in part, is forbidden. 

This manual was written and desktop published by

Sandra Loss (Application)
Till Kühn (Application)

© September 2, 2005: Bruker Biospin AG

Fällanden, Switzerland

P/N: xxxxx
DWG-Nr.: 1232001



 Bruker Avance 1D/2D 166 

10.4 Post-processing 

After the spectra are processed (Fourier transformed, referenced and 
baseline corrected), peaks may be picked and the spectrum may be plotted 
for further interpretation.  

10.4.1 Peak picking 
There are different options on how to perform peak picking. 
In order to display the picked peaks, right click in the spectrum display 
window and select “display properties” from the context menu and tick the 
box “Peak labels”.  
The picked peaks are stored in a peak list text file which may be displayed by 
selecting the “Peaks” tag in the main window. The peak list is interactive and 
you may correlate it with the spectrum and display spectrum and peak list at 
the same time. Right click in the peak list table and select “show spectrum” 

 “in correlated window” from the context menu. If you now move the mouse 
cursor over any entry in the list, the cursor in the spectrum will automatically 
jump to the corresponding peak in the spectrum. The peak list may also be 
exported as a text file or peak list file. Right click in the peak list window and 
select the “export” option from the context menu.  
Automatic peak picking on the displayed region: To start the peak picking 
dialog window, type in the command pp. 
You have the option to append the data to a presumably already existing list. 
If this is not checked, the procedure will create a completely new peak list. If 
it is checked it may be wise to skip already existing peaks within that list, this 
means: not entering it a second time to the existing peaks. 
The parameters that can be set include the region. Click on the “Set to” 
button. Here you can choose, whether you want to peak pick the complete 
processed spectral range, only the displayed region, the region that is 
defined by the F1/F2 parameters (which can be adjusted with the command 
f1p and f2p, respectively) or the region that was chosen during the last peak 
picking routine. Of course you can also type in the desired values directly in 
the peak picking dialog window. Note that the whole region can also be peak 
picked without opening the graphical interface with the command ppf, 
whereas only the region defined by f1p and f2p is used when the command 
pps was applied. 
The sensitivity can be altered in several ways. First a lower limit for the 
smallest intensity that should be recognized as a peak can be entered. You 
can type in any value for MI or got to the “Set to” button and choose either 
the lowest contour level, the MI value already stored with the dataset or the 
MI value used during the last peak picking routine. If the value is too low, too 
many peaks will be picked, if it is set to a too high value, weak peaks will be 
missed. A similar limitation can be applied to the maximum intensity. If MAXI 
is set to a smaller value than 1, every peak that has a higher intensity will not 
be picked. The smaller the resolution value is, the closer 2 peaks may be to 
be still considered as 2 separate peaks. 
For a HMBC only positive peaks need to be detected. 
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Manual peak picking: The manual peak picking mode can be started either 
from the peak picking dialog box by pressing the button  or 
directly from the main TopSpin window by clicking on the icon . You will 
enter the peak picking window. Set the cursor over a peak, click with the right 
mouse button and confirm, that the peak should be added to the peak list. To 
delete a peak, right click on an already marked peak and click on “Delete 
Peak From List”. If you click on “Annotate Peak” it is possible to add any 
desired assignment to the peak. Leave the dialog with the  button. 

10.4.2 Projections 
It is possible to show 1D spectra on either side of the 2D plot. This may be 
helpful, to identify cross peaks within the spectrum. To toggle the display of 
the projections on, right click on the 2D spectrum and select the “Display 
Properties…”. In the dialog window toggle on the option “Show projections”. 
On the bottom it is possible to choose, whether the projections in F1, in F2 or 
in both dimensions should be visible. The moment, the projection display is 
turned on the positive projections are displayed above the spectrum and to 
the left as a default. 
Display of a recorded 1D proton or carbon spectrum: Right click with the 
mouse over the displayed projection and choose the option “External 
projection”. A dialog box will open where you can type in the path information 
of the dataset that should be displayed. 
Alternatively it is possible to start a projection display dialog box with the 
command projd. On top the option “Display 1D spectra along with the 2D 
spectrum” should be toggled on. If the checkbox is ticked it is possible to 
enter any 1D dataset for the F2 (left) and the F1 (right) dimension, 
respectively. After clicking OK the spectra will be displayed. 
Display of internal projections: To switch back to the internal projections, right 
click over the projections and choose the option “Internal Projection”. The 
positive internal projection will be displayed again. 
Alternatively it is again possible to use the command projd and toggle on the 
option “Display projections along with the 2D spectrum” on the top. After 
clicking OK the internal positive projections will be displayed. 

10.5 Spectra interpretation 

.Constitution and molecular structure: In an HMBC cross peaks are showing 
a long range coupling in between a proton and a carbon spectrum. Hence it 
is possible to find out, which protons are directly bonded to which carbon. It is 
also a rather quick method to record a carbon spectrum, as the sensitivity is 
higher than in a 1D carbon experiment and the relaxation delay can be 
chosen a little shorter. Note however, that quaternary carbon atoms will give 
no signal in an HMQC! 

10.6 Possible pitfalls  

Using the standard parameter set, which is called up by typing rpar 
HMBCLPND all, respectively, and getprosol (see the chapter on data 
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acquisition), will lead to satisfactory spectra without the need to change 
parameters.   
Some basic issues (lineshape, sample concentration and shim) should be 
checked already in the preparatory 1D proton experiment (see chapter 2) 
However some common pitfalls and artifacts that may lead to unsatisfactory 
results are described here. We describe the most commonly observed 
phenomena and the causes as well as solutions to these relatively common 
things.  

• For 2D experiments, spinning should always be turned off, as the 
spinning may introduce artefacts leading to criss cross noise in the 
spectra (see Figure 7.4). Note that you have to adjust the z and 
eventually also the z2 shim, if you stop sample rotation. Therefore it is 
best to run already the preparatory 1D experiment without spinning. 

• If the acquisition time is not long enough or the number of increments is 
too small, the echo signal will be clipped. This may lead to unreliable 
peaks in the spectrum, while the real long range peaks may be very weak 
or missing. 

• The number of scans and dummy scans needs to be a multiple of the 
minimum given in the pulse program. If that is not the case, the phase 
cycle is not completed which may lead to auxiliary diagonals parallel to 
the real diagonal (see Figure 6.4). 

• Miscalibration of chemical shifts by up to 0.5ppm: This happens 
sometimes in the automation – either in IconNMR or using the xaup 
command – if no internal standard has been added. The reason is that 
the sref command finds a very small peak (possibly noise) close to 0ppm. 
It assumes that this is TMS and sets it to 0ppm. You may undo this by 
setting sr to 0Hz. 

• Pulse errors in the proton pulse lead to incomplete refocusing of the 
proton chemical shift during the evolution period t1, and hence to a 
splitting of the peaks along the F1-dimension (see Figure 9.4). These 
artefacts can be easily assigned, as their distance from the correct 
correlation signal increases with the distance to the centre of the 
spectrum o1p. 

 



Avance 1D/2D Bruker  169

11 The HSQC Experiment  
11.1 General information about the experiment 

The HSQC (Heteronuclear Single Quantum Correlation) correlates the proton 
signals to a directly bonded heteroatom, mostly 13C. Of course basically 
every heteroatom can be chosen instead, but as carbon correlated spectra 
are the ones that are mostly run, we will discuss this as example here.  
Like the HMQC, the HSQC delivers information about the chemical shift of 
the directly bonded carbons. Compared to the HMQC experiment no line 
broadening along the ω1 dimension appears as only 13C single-quantum 
magnetization is present during the t1 evolution period. On the other hand, 
the pulse sequence is much more complex and thus more sensitive towards 
pulse errors. While the HMQC will always yield some cross peaks, as long as 
the proton pulse is calibrated correctly, the HSQC will show severe artefacts 
if the pulse of the heteroatom was not calibrated correctly. Hence, if the pulse 
of the heteroatom is not known and perhaps hard to calibrate, it is better to 
run an HMQC. Another disadvantage of the HSQC is due to the fact that the 
magnetisation transfer from carbon to proton relies on a reverse INEPT 
sequence. This works fine, as long as there are no passive couplings 
interfering that do have about the same size or are even bigger than the 
active coupling. However, if those couplings do exist, they have to be taken 
into account, otherwise the signal will be smashed. Therefore in many 
heteroatom compounds the HMQC works much more reliable than the 
HSQC. 

11.1.1 Pulse sequence and a few NMR details 
All predefined parameter sets for different versions of the HSQC contain 
gradients. Therefore we will also discuss a gradient experiment here. 
Gradients can be used to improve spectral quality and run spectra in a 
shorter time, as phase cycling can be reduced or may even become 
superfluous. 
Generally the challenge of an inverse chemical shift correlation experiment is 
that the large signals from 1H not coupled directly to a 13C nucleus must be 
suppressed in a difference experiment, which poses a dynamic range 
problem. Common techniques for the suppression of 1H bound to 12C are the 
BIRD-sequence in HMQC experiments and a trim pulse of 1-2ms during the 
first INEPT in HSQC experiments. However, the suppression is still imperfect 
and usually additional phase cycling is required. The introduction of pulsed 
field gradients in high-resolution NMR greatly improved the problem of 
suppressing signals from 1H bonded to 12C: The suppression is almost 
perfect without additional phase cycling. 
An HSQC yields the same spectrum as an HMQC but is based on single-
quantum NMR. In the HSQC sequence, the pulse scheme prior the t1 
evolution period represents a so called INEPT sequence and creates 
transverse single-quantum magnetization on the X-nucleus, e.g., 13C or 15N, 
which evolves X chemical shift during t1. The G1 gradient dephases all the 
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transverse magnetization. This gradient is located in a spin echo in order to 
refocus chemical shift evolution during the gradient. Then, a second INEPT 
segment transfers the magnetization to 1H, where it is detected after it has 
been rephased by a second gradient G2. 
The field gradients in this version of an HSQC experiment are solely used for 
the coherence selection. The gradient ratio G1:G2 for  an HSQC is 4:1 for 13C 
and 10:1 for 15N. 
This version of the HSQC experiment is phase sensitive. The pulse 
sequence for the HSQC is shown in Figure 11.1. 

Figure 11.1: GRASP-HSQC  Pulse Sequence 
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Gradient

 π  π / 2

t1/2 t1/2

1/(41JXH) 1/(81JXH) or 1/(41JXH)

 

11.2 Preparation and Acquisition 

The steps that belong to the spectral acquisition are all arranged in the NMR 
spectra acquisition guide, which may be invoked from the Acquisition  
Data Acquisition Guide menu.  

11.2.1 Data acquisition step by step 
• Make sure that the sample tube is properly adjusted in the spinner if 

needed and insert it into the magnet. (For more information on sample 
preparation and handling, please refer to chapter 1.4).  

• If needed, make a new dataset, type edc or new or select File  New 
from the menu. 
Here, the dataset name, the experiment number (EXPNO), the 
processing number (PROCNO), the directory and the user name are 
entered. All of these entries will become directories on the respective 
hard-disk. (For more information on directory structures, refer to chapter 
1.3).  
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You may also chose the correct solvent in the Solvent field and select a 
parameter-set here in the Experiment field. The experimental 
parameters for acquisition, processing, plotting and output will be loaded 
from the selected parameter-set as if you would have typed rpar. You 
may also give a title. 

• Lock the sample by typing lock and select the correct solvent.  

• Enter edasp or click on the button  and select “13C” for the second 
channel. Press “Save” to return to the main window. 

 
• Match and tune the sample either manually by typing wobb and 

physically adjusting the matching and tuning sliders or screws on the 
probe for both channels – if you do not have an ATM probe – or 
automatically by typing atma – if you do have an ATM probe.   

• Shim the sample either manually or by using the gradient shimming 
automation routine, type gradshimau.  

• If you have not selected a parameter set yet (see above), type rpar 
PROTON all. This will select the 1D PROTON standard parameters. (For 
more information on parameter-sets, refer to chapter 1.3.)  

• Type getprosol and run a preparatory 1D proton experiment to judge 
spectra quality and to get a reference for sweep width and transmitter 
offset (see capter 2). 

• Increase the experiment number in the same experiment set by typing 
edc and changing experiment number and eventually the parameter set 
to HSQCGP. You can also type in the command iexpno instead. This will 
just increase the experiment number by 1. 

• If you have not selected a parameter set yet (see above), type rpar 
HSQCGP all, respectively. This will select the HSQC standard 
parameters, which may be used as they are or which may be adjusted to 
your needs later. (For more information on parameter-sets, refer to 
chapter 1.3.)  
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• Type getprosol to load the probe dependent parameters! 

• Type in the command edc2 to define the reference proton spectrum. 
Enter the correct experiment and processing number in the according 
field of data set 2. If a 1D carbon spectrum exists, it can be entered as 
data set 3. 

 
• Adjust acquisition parameters or start the acquisition. We recommend that 

you use the automation mode by typing xaua. You may also start the 
receiver gain adjustment manually (type rga) and then start the 
acquisition and type zg. 

11.2.2 Important acquisition parameters for this experiment 
There are some acquisition parameters that may be modified for this 
experiment. The values of the parameters may be edited by clicking the 
AcquPars tag in the main window. You may access the full set of all 
acquisition parameters also by typing eda or a reduced set, where only 
parameters are displayed that are relevant for the selected pulse program by 
typing ased. Each parameter may also be accessed by typing its name in 
lower case letters.   
In contrast to the 1D experiments there are 2 columns visible in the 
acquisition parameter editor. The first column belongs to the direct or F2 
dimension, the second one to the indirect or F1 dimension. Note that for 
inverse heteronuclear experiments, the proton parameters are set in the 
dierect dimension F2, whereas the parameters for the heteroatom are set in 
the indirect dimension F1. 

Table 11.1: Acquisition parameters that my be adjusted from the default parameter-
set 

F2 Parameters 

Parameter  Explanation  Comments and possible values 

PULPROG pulse program for 
the acquisition 

Use the hsqcetgpsi2 pulse 
program which  yields a phase 
sensitive gradient HSQC.  

NS number of scans The minimum number of scans is 
1. You can use any number of 
scans to yield a better signal 
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intensity, however the experiment 
lasts longer then.  

DS dummy scans  16 dummy scans are appropriate 
for this experiment. 

TD, AQ time-domain, 
acquisition time 

These 2 values depend on each 
other. To avoid too much data td in 
F2 is generally set to 1-2k.  

SW 
 
  

spectral width sw (in ppm, or correspondingly 
swh in Hz) defines the width of the 
proton spectral window and it has 
to be large enough to incorporate 
all peaks of the spectrum.  Choose 
the whole range where signals are 
visible plus one additional ppm to 
either side. If you run a 1D proton 
spectrum in advance, define it as a 
reference with edc2 and start the 
acquisition with xaua, an automatic 
sweep range adjustment will be 
done. 

O1P transmitter offset  o1p (in ppm or o1 in Hz or sfo1 in 
MHz) defines the center of the 
proton spectral window (sw or 
swh). The signals should be 
centered around this value. If you 
run a 1D proton spectrum in 
advance, define it as reference 
with edc2 and start the acquisition 
with xaua, an automatic offset 
adjustment will be done. 

D1 recycling delay 
between two 
scans 

To save time, d1 is set to about 
1.25*T1 of the protons. For most 
molecules, 1.5-2 s is an 
appropriate value. 

D24 delay for 
multiplicity 
selection 

If d24 is set to 1/8*J(CH) all 
multiplicities will give rise to a 
cross peak (this is the default), if it 
is set to 1/4*J(CH) only XH  will 
show a signal. 

CNST2 1J(CH) coupling 
constant 

The typical value is 145 Hz for an 
intermediate one bond CH 
coupling constant. This value will 
yield good signals for almost all 
common molecules. However, it 
may be a good idea to adjust the 
value, if the molecule contains for 
example only aromatic carbon 
atoms. The program will 
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automatically calculate the delay 
d4 necessary for an effective 
magnetization transfer from cnst2. 

RG receiver gain This is automatically adjusted 
using the commands xaua or rga.  

NUC1 nucleus in F1 For inverse experiments this is 1H. 

P1, PL1 probe dependant 
pulse length and 
high power level 

These parameters are dependant 
on the individual probe and are 
loaded by the getprosol 
command. p1 defines the length of 
the 90° proton pulse at the power 
level pl1. 

P28 trim pulse Probe dependant pulse width of 
the trim pulse that will be 
automatically loaded by the 
getprosol command. 

GPNAM1 – 
GPNAM4 

Gradient shape Shape of the gradients used. Set it 
to SINE.100. 

GPZ1 Gradient strength This value must be set correctly for 
the coherence selection. Set it to 
80%. 

GPZ2 Gradient strength 20.1% for a CH correlation, 8.1% 
for an NH correlation. 

GPZ3 Gradient strength 11%. 

GPZ4 Gradient strength -5% 

P16, P19 Gradient pulse 
length 

Probe dependant gradient pulse 
length. They will be automatically 
loaded by the getprosol 
command. 

F1 Parameters 

Parameter  Explanation  Comments and possible values 

TD number of 
experiments 

This value determines how many 
points are recorded in the indirect 
dimension. 256 is an appropriate 
value. 

FnMODE determines 
quadrature 
detection in F1 

For phase sensitive spectra 
gradient spectra choose “Echo-
Antiecho”. 

ND_010 number of 
incremented 
delays 

2. There are two incremented 
delays in the experiment. 

SW sweep width Choose it large enough to cover 
the whole chemical shift range of 
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the carbon atoms bound directly to 
a proton. Usually 160 ppm is 
enough. This value will not be 
automatically adjusted. Note that 
signals that are outside the range 
defined by sw and o2p will fold in 
the spectrum! 

O2P 13C offset  o2p (in ppm or o2 in Hz or sfo2 in 
MHz) defines the centre of the 
carbon window (sw or swh). It 
should be chosen in a way, that 
the expected signals are centred 
around this value. 80 ppm is an 
appropriate value. This value will 
not be automatically adjusted. 
Note that signals that are outside 
the range defined by sw and o2p 
will fold in the spectrum! 

NUC1 nucleus in F1 Set it to 13C. 

P3, PL2 probe dependant 
pulse length and 
high power level 

These parameters are dependant 
on the individual probe and are 
loaded by the getprosol 
command. p3 defines the length of 
the 90° carbon pulse at the power 
level pl2. 

CPDPRG2 decoupling pulse 
sequence 

This determines the composite 
pulse sequence that will be used 
for carbon decoupling during the 
acquisition time. A garp sequence 
is used here. 

PCPD2, PL12 Probe dependant 
decoupling pulse 
length and power 

These parameters are dependant 
on the individual probe and 
magnetic field. They are loaded 
with the getprosol command. 
pcpd2 defines the length of a low 
power 90° pulse used by the 
decoupling sequence while pl12 is 
the corresponding power. 

 

11.3 Spectral processing 

After the spectral acquisition has finished, the data has to be processed. You 
may do this either automatically using the xaup command or manually.  
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11.3.1 Automatic processing 
The command xaup will invoke the automation AU program that is stored 
along with the processing parameters in the aunmp parameter. In this case 
the aunmp AU program is called proc_2dinv.  
Typing xaup will automatically process the data and thus it will generate a 
phase corrected spectrum and it will also perform a baseline correction. By 
default, a plot will be created using the plot-layout which is also stored in the 
processing parameters. For the HSQC parameter-set this layout file is called 
2D_inv.xwp.   

11.3.2 Manual processing 
The acquired data may also be processed manually. The steps that belong to 
the spectral processing are all arranged in the NMR data processing guide, 
which may be invoked from the Processing  Data Processing Guide 
menu.  
Window function: In 2D experiments the window functions can be used to 
diminish truncation artefacts, to enhance wanted signals over unwanted (for 
example diagonal peaks) and to improve the peak shape. 
As the number of acquired points in a 2D experiment must be kept rather low 
for time reasons and to avoid too much data, the recorded FID is heavily 
truncated. The same issue occurs in the indirect dimension, although here 
the effect is even bigger, as the number of increments defines the number of 
points here. To avoid truncation artefacts (wiggles) in the resulting spectrum, 
sine-functions are used in both dimensions to force the FID to go down to 
zero.  
To set the window functions it is easiest to click on the tag ProcPars and go 
to the sub menu Window Functions. For the parameter WDW several 
functions can be chosen from the pull down menu. Use SINE for a normal 
sine bell function or QSIN for a squared sine bell function, which approaches 
the zero value at the end of the FID a little smoother, than the pure sine bell. 
SSB is a value that determines, by how much the sine function is shifted. If it 
is set to 0, the maximum is in the beginning of the curve. If it is set to a value 
n, the sine bell is shifted by π/n. For a phase sensitive HSQC ssb should be 
set to 2 in both dimensions. If there are still some wiggles occurring after the 
fourier transformation. Try some other values for ssb (3 or 4) and see 
whether this improves the appearance of the spectrum. 
Fourier transformation: After the application of the window function, the time 
domain data has to be Fourier transformed to yield a frequency domain 
spectrum. This is achieved with the command xfb.  
Phase correction: After fourier transformation, the spectrum needs to be 
phased. There is an au-program that takes care of an automatic phase 
correction. It can be started with the command calcphinv. The program 
calculates the required values for a phase correction in F1 and F2. After this 
the data needs to be fourier transformed again to apply the calculated phase 
correction. 
It is also possible to manually phase correct the spectrum. Click the phase 
correction button  or type ph and select manual phasing from the dialogue 
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window. The window will now show the spectrum with a cursor cross and 
some icons on top. Now some rather strong peaks should be selected that 
are spread as far as possible over the spectral range. To do this move the 
mouse, until the cursor is over a peak, click the right mouse button and select 
Add from the menu. That way, the rows and columns along the cursor cross 
will be added to the rows and columns that will be shown when going to the 
phasing itself.  

To adjust the phasing of the rows, click on the  button. The selected rows 
will be displayed as 1D spectra. The position of the reference- or pivot point 
is indicated by a red vertical line. By default, the highest peak of the first row 
is defined as the pivot point. However, this may be a peak which is located in 
the central part of the spectrum. If this is the case it is advisable to define a 
peak somewhere close to the edge of one of the rows as pivot point. Move 
the cursor over the peak, press the right mouse button and select Set Pivot 
Point from the context menu.  
Use zero order phase correction to correct the phase around the area of the 
pivot point: place the cursor over the  button, hold down the left mouse 
button and move the mouse up or down. Thus, adjust the 0 order phase 
value until the baseline around the peak at the pivot point is flat and the peak 
itself is positive. 
Then adjust the first order phase value in the same way by holding down the 
left mouse button over the  button. Move the mouse up and down until a 
cross peak on the opposite side of the spectral region is phased and the 
baseline around this peak is flat as well.  
Note that it may not be possible to phase all peaks into pure absorption, as 
they may be dephased as well in the indirect dimension. If this is the case, 
some peaks will contain a negative part. Therefore it may be more useful to 
look at the baseline, than just at the peaks phase.  
By clicking the save-and-return button ( ), the phase correction will be 
applied to the spectrum and the values for zero- and first order phase 
correction will be stored to the corresponding processing parameters of the 
F2 dimension: phc0 and phc1. Whenever you type xfb these phase 
correction values will be taken into account, as long as the PH_mod under 
the ProcPars is set to pk.  
Now the spectrum may still be out of phase in the indirect dimension. Press 
the button  and proceed with the phasing of the columns exactly the same 
way, as with the rows. The resulting phase correction will then be 
automatically entered into the parameters phc0 and phc1 of the indirect 
dimension F1. 
Leave the phasing by clicking the button . 
Calibration and referencing: The chemical shift ppm axis may be calibrated. 
The sref command automatically looks for a peak at around 0ppm (± 
0.5ppm) and assumes that this is the TMS or another internal reference 
substance. It will then calibrate the axes of the spectrum in a way that this 
peak is at exactly 0ppm in both dimensions. If sref does not find a peak at 
around 0 ppm, it uses the solvent information for the axis calibration.  
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This method only works unambiguously if you have added TMS or another 
internal reference compound to your sample and if no peaks from your 
compound are in the area around 0ppm.  
You may also use the manual mode to calibrate the spectrum. Zoom into a 
diagonal peak of interest, which you’d like to set to a certain ppm value (e.g. 
a strong signal whose chemical shift is known). To zoom into a certain region 
of a spectrum, hold down the left mouse button in the spectrum display and 
drag the cursor over the area of interest. Then click on this button  to enter 
the manual calibration mode.  
Place the cross of the cursor over the center of the peak that you’d like to use 
for calibration and click the left mouse button. Enter the desired frequency for 
both dimensions into the calibration window that opens up. Click OK and 
you’re taken back to the default display and the axis calibration is stored into 
the processing parameters as the sr parameter. This parameter is also 
adjusted by the sref command.  
Baseline correction: The baseline of the spectrum may be corrected 
automatically. This has to be done separately for both dimensions. Type 
abs2 and then abs1. This will perform the correction first in the F2 dimension 
and then in F1. The commands will apply a polynomial baseline correction 
where the order of the polynomial function is defined by the processing 
parameter absg. The value of absg may range between 0 and 5. The default 
values of absg stored with the HSQCGP parameter sets are 5 for both 
dimensions.  
Automatic baseline correction may also be applied only for parts of the 
spectrum. The processing parameters absf1 and absf2, which can be found 
under the ProcPars tag for both dimensions, define the left and the right limit 
of the spectral region (in ppm), where the baseline correction should be 
applied. Then use the command absf1 and absf2, respectively to correct 
only the selected regions.   

11.3.3 Processing parameters 
The processing parameters may be displayed by selecting the ProcPars tag 
in the TopSpin display window or by typing edp. Some of these processing 
parameters govern certain processing commands and may be optimized 
before the application of the respective processing command. Each 
parameter may also be accessed by typing it’s name in lower case letters.   

Table 11.2: Processing parameters that my be adjusted from the default parameter-
set 

F2 Parameters 

Parameter  Explanation  Comments and possible values 

SI Size of the real 
spectrum 

This corresponds to TD in the 
acquisition parameters. si defines 
the number or real data points that 
are used for the processing. If the 
value for si is larger then ½ td, zero 
filling is applied since td is given in 
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complex numbers. Zero filling 
smoothes spectra, so usually si = td. 
If si < ½ td, then some of the 
acquired data points are not taken 
into account!      

SR Spectral reference This parameter is altered by the 
spectral referencing. It is 0 if no axis 
referencing is performed. 

WDW Type of the 
window function  

This parameter defines, which type 
of a window function will be applied 
in the diredt dimension. Choose 
SINE or QSINE 

SSB Shifted sine bell ssb determines where the maximum 
of the applied sine bell window 
function is. Set it to 2 for phase 
sensitive spectra. 

PH_mod Phase correction 
mode 

This must be set to pk. The phase 
values of ph0 and ph1 will then 
automatically be applied in all 
proceeding fourier transformations. 

ABSG order of the 
polynomial for 
abs  

0 ≤ absg ≤ 5. Usually absg = 5 
works for most spectra.  

BC_mod Baseline 
correction on the 
FID 

This value determines the 
polynomial order of the baseline 
correction that is performed on the 
FID. Set it to quad. 

F2 Parameters 

Parameter Explanation Comments and possible values 

SI Size of the real 
spectrum 

If the value for si is larger then ½ td, 
zero filling is applied on phase 
sensitive spectra since td is given in 
complex numbers. Zero filling 
smoothes spectra, so usually si = td. 
If si < ½ td, then some of the 
acquired data points are not taken 
into account!      

SF Spectral reference This parameter is altered by the 
spectral referencing. It is 0 if no axis 
referencing is performed. 

WDW Type of the 
window function  

This parameter defines, which type 
of a window function will be applied 
in the diredt dimension. Choose 
SINE or QSINE 
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SSB Shifted sine bell ssb determines where the maximum 
of the applied sine bell window 
function is. Set it to 2 for phase 
sensitive spectra. 

PH_mod Phase correction 
mode 

This must be set to pk. The phase 
values of ph0 and ph1 will then 
automatically be applied in all 
proceeding fourier transformations. 

MC2 Type of fourier 
transformation 

The value of mc2 depends on the 
FnMODE that was chosen during 
acquisition. Set it to Echo-Antiecho. 

 

11.4 Post-processing 

After the spectra are processed (Fourier transformed, referenced and 
baseline corrected), peaks may be picked and the spectrum may be plotted 
for further interpretation.  

11.4.1 Peak picking 
There are different options on how to perform peak picking. 
In order to display the picked peaks, right click in the spectrum display 
window and select “display properties” from the context menu and tick the 
box “Peak labels”.  
The picked peaks are stored in a peak list text file which may be displayed by 
selecting the “Peaks” tag in the main window. The peak list is interactive and 
you may correlate it with the spectrum and display spectrum and peak list at 
the same time. Right click in the peak list table and select “show spectrum” 

 “in correlated window” from the context menu. If you now move the mouse 
cursor over any entry in the list, the cursor in the spectrum will automatically 
jump to the corresponding peak in the spectrum. The peak list may also be 
exported as a text file or peak list file. Right click in the peak list window and 
select the “export” option from the context menu.  
Automatic peak picking on the displayed region: To start the peak picking 
dialog window, type in the command pp. 
You have the option to append the data to a presumably already existing list. 
If this is not checked, the procedure will create a completely new peak list. If 
it is checked it may be wise to skip already existing peaks within that list, this 
means: not entering it a second time to the existing peaks. 
The parameters that can be set include the region. Click on the “Set to” 
button. Here you can choose, whether you want to peak pick the complete 
processed spectral range, only the displayed region, the region that is 
defined by the F1/F2 parameters (which can be adjusted with the command 
f1p and f2p, respectively) or the region that was chosen during the last peak 
picking routine. Of course you can also type in the desired values directly in 
the peak picking dialog window. Note that the whole region can also be peak 
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picked without opening the graphical interface with the command ppf, 
whereas only the region defined by f1p and f2p is used when the command 
pps was applied. 
The sensitivity can be altered in several ways. First a lower limit for the 
smallest intensity that should be recognized as a peak can be entered. You 
can type in any value for MI or got to the “Set to” button and choose either 
the lowest contour level, the MI value already stored with the dataset or the 
MI value used during the last peak picking routine. If the value is too low, too 
many peaks will be picked, if it is set to a too high value, weak peaks will be 
missed. A similar limitation can be applied to the maximum intensity. If MAXI 
is set to a smaller value than 1, every peak that has a higher intensity will not 
be picked. The diagonal gap allows to define a certain number of points 
around the diagonal, that will not be considered during peak picking. That 
way the diagonal peaks of homonuclear spectra will not be entered in the 
peak list. The smaller the resolution value is, the closer 2 peaks may be to be 
still considered as 2 separate peaks. 
For an HSQC only positive peaks need to be detected. 
Manual peak picking: The manual peak picking mode can be started either 
from the peak picking dialog box by pressing the button  or 
directly from the main TopSpin window by clicking on the icon . You will 
enter the peak picking window. Set the cursor over a peak, click with the right 
mouse button and confirm, that the peak should be added to the peak list. To 
delete a peak, right click on an already marked peak and click on “Delete 
Peak From List”. If you click on “Annotate Peak” it is possible to add any 
desired assignment to the peak. Leave the dialog with the  button. 

11.4.2 Projections 
It is possible to show 1D spectra on either side of the 2D plot. This may be 
helpful, to identify cross peaks within spectrum. To toggle the display of the 
projections on, right click on the 2D spectrum and select the “Display 
Properties…”. In the dialog window toggle on the option “Show projections”. 
On the bottom it is possible to choose, whether the projections in F1, in F2 or 
in both dimensions should be visible. The moment, the projection display is 
turned on the positive projections are displayed above the spectrum and to 
the left as a default. 
Display of a recorded 1D proton or carbon spectrum: Right click with the 
mouse over the displayed projection and choose the option “External 
projection”. A dialog box will open where you can type in the path information 
of the dataset that should be displayed. 
Alternatively it is possible to start a projection display dialog box with the 
command projd. On top the option “Display 1D spectra along with the 2D 
spectrum” should be toggled on. If the checkbox is ticked it is possible to 
enter any 1D dataset for the F2 (left) and the F1 (right) dimension, 
respectively. After clicking OK the spectra will be displayed. 
Display of internal projections: To switch back to the internal projections, right 
click over the projections and choose the option “Internal Projection”. The 
positive internal projection will be displayed again. 
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Alternatively it is again possible to use the command projd and toggle on the 
option “Display projections along with the 2D spectrum” on the top. After 
clicking OK the internal positive projections will be displayed. 

11.5 Spectra interpretation 

.Constitution and molecular structure: In an HSQC cross peaks are showing 
a one bond coupling in between a proton and a carbon spectrum. Hence it is 
possible to find out, which protons are directly bonded to which carbon. It is 
also a rather quick method to record a carbon spectrum, as the sensitivity is 
higher than in a 1D carbon experiment and the relaxation delay can be 
chosen a little shorter. Note however, that quaternary carbon atoms will give 
no signal in an HSQC! 

11.6 Possible pitfalls  

Using the standard parameter set, which is called up by typing rpar 
HSQCGP all and getprosol (see the chapter on data acquisition), will lead to 
satisfactory spectra without the need to change parameters.   
Some basic issues (lineshape, sample concentration and shim) should be 
checked already in the preparatory 1D proton experiment (see chapter 2) 
However some common pitfalls and artifacts that may lead to unsatisfactory 
results are described here. We describe the most commonly observed 
phenomena and the causes as well as solutions to these relatively common 
things.  

• For 2D experiments, spinning should always be turned off, as the 
spinning may introduce artefacts leading to criss cross noise in the 
spectra (see Figure 7.4). Note that you have to adjust the z and 
eventually also the z2 shim, if you stop sample rotation. Therefore it is 
best to run already the preparatory 1D experiment without spinning. 

• The number of scans and dummy scans needs to be a multiple of the 
minimum given in the pulse program. If that is not the case, the phase 
cycle is not completed which may lead to auxiliary diagonals parallel to 
the real diagonal (see Figure 6.4). 

• Miscalibration of chemical shifts by up to 0.5ppm: This happens 
sometimes in the automation – either in IconNMR or using the xaup 
command – if no internal standard has been added. The reason is that 
the sref command finds a very small peak (possibly noise) close to 0ppm. 
It assumes that this is TMS and sets it to 0ppm. You may undo this by 
setting sr to 0Hz. 
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• If the recycle delay d1+aq was chosen too short, rapid scanning artifacts 
will show up in the spectrum. In an HSQC they will appear as axial peaks 
(Figure 11.2). To avoid them increase the relaxation delay d1. 

Figure 11.2: Axial peaks in an HSQC resulting from a too short relaxation delay d1. 
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12 Plotting  
12.1 Starting the program 

The program is usually started directly from TopSpin, by typing the command 
plot on the command line. This will open a new window, where the spectrum 
is displayed with a layout that is defined under the Automation menu of the 
ProcPars of the dataset the program was started from. This layout file is 
usually a standard Bruker file that defines which objects (1- or 2D spectra, 
parameters, title, logos, etc.) will be displayed on the plot, as well as their 
size and exact position.  
Starting the plot editor with plot means that the ppm-scale and y-scaling will 
be taken directly from the TopSpin view. So you can zoom into the desired 
region in TopSpin already before starting the Plot Editor. The plot command 
will then first store the actual spectral limits in F1/F2 and then switch to the 
Editor. However, you can also start the program with plot -r, which will 
include a reset action on the actual spectrum. This will lead to an automatic 
adjustment of the axes and y-scaling according to the region defined in F1/F2 
for the actual spectrum as well as the intensity of the signals. These are 
parameters stored with the dataset. Another option is plot –n which uses the 
scaling information of the layout. This can be useful, if you want to plot 
several spectra with exactly the same regions and scaling. 
Once the program is started, changes and adjustments can be made via the 
menu, the icon buttons and the mouse. Many features are implemented in a 
way, you will know from many drawing programs available on the market, so 
that the usage is quite intuitive for people who had been working with such 
programs before. Generally a printout will look exactly the same way, as the 
picture visible on the screen (What you see is what you get). However it is 
still possible to adjust everything precisely to a certain scale or position, if 
that is wanted. 
As mentioned before, the layout file only stores information about the size 
and position of the objects. So you are not storing the complete printout. To 
reprint the same spectrum the same way once again, you would have to use 
the same layout file and read in the dataset. This can be done either by 
starting the plot editor directly from the wanted dataset or you can work with 
portfolios – these are simply a bunch of spectra that can be used and read in 
directly from the Editor without going back to TopSpin. It can also be used, if 
you want to print more than one spectrum on a plot. 
If you have the necessity to plot a spectrum without any user interference, 
this is possible by using the command autoplot. If you type this the program 
will plot the actual dataset with the layout file stored under ProcPars. This 
command is also used in some au programs that are responsible for the 
processing and plotting during automation. 
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12.2 Plotting a 1D spectrum 

After acquiring and processing a 1D spectrum zoom into the region you want 
to print and start the Plot Editor with the command plot. A new window will 
open, with the actual spectrum showing exactly the same region as in 
TopSpin. If you like it the way it is, you can directly press the print button   
or the multiple print button  if you need more than one printout. 

12.2.1 Basic editing of a 1D spectrum 
If you don’t like the appearance of the plot, you can edit it in several ways. 
To change anything about the plot objects you have to select them by first 
clicking the  button and then the object you want to change. The moment 
an object is selected, all following editing tasks will only affect this one object. 
To get rid of an unwanted object click on  in the object tools bar.  
Resizing can be achieved by left clicking on the border of the selected object 
and keeping the mouse button pressed while moving it. 
To change color and appearance click on . A window will pop up, where 
you can choose an appropriate color, line width and style and font type and 
size. Choose something and click on  to adapt the attributes to the 
object and stay in the menu or directly on  to confirm the changes and 
leave the attributes window.  
With the  button you can always revoke the last command.  
The  button allows you to edit some basic features of the object. For 
every object there are the 2 submenus called “Data Set” and “Basic”. Under 
“Data Set” you can chose a different NMR-dataset. As the information for 
NMR objects is stored within the dataset, this means for example, that you 
can choose to display a spectrum, title or parameters of a different 
measurement. If you click on the  button you will come to the portfolio 
editor. All datasets included in the actual plot (projections, 1D- and 2D 
spectra) can be selected by clicking on them and pressing “Apply”. If other 
datasets are needed, go to “Edit”, select the missing dataset from the 
browser, click on “Append” to add the dataset to the portfolio and leave the 
browser with “Apply”. The new dataset will then be available in the portfolio. 
The “Basic” parameters contain the exact position and size of each object. If 
an interactive size adjustment is not precise enough for your needs, you can 
tell the program exactly, where the object should start and how wide and high 
it should be in total. The  button brings you back to the color, line and 
font window like the same button in the object tool bar on top of the layout 
window. 
The other submenus of the editing window are object dependant. If the object 
contains text, there is a “Text” menu, where you can change the alignment 
and allow some options. Furthermore you can edit the text itself or load a text 
from a data file which can then be loaded.   
Interesting to most users are only the 2 submenus showing up when editing a 
spectrum. Here you will find a “1D Spectrum” menu where you can define 
whether the axes shall be labeled in ppm, Hz or points, whether you want the 
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peak marks and labels to be displayed or not and whether you want the 
integrals to be shown and how many digits the integral labels should have. 
Furthermore, a scaling information for the x axis is available. 
The “Graph” menu allows you to define precisely how much of your spectrum 
shall be displayed in terms of ppm or Hz. Besides that you can choose where 
the axes and grids shall be displayed. For all (axes, grids, integrals, spectral 
curve) you can chose separate attributes by clicking on the button in the 
appropriate field. 
Only in cases, where you selected an NMR object containing a spectrum or 
FID the  button will be active. If you click on it, a window will open where 
you will find the scaling tools known from TopSpin on top (Figure 12.1). With 
these you can easily shift, expand or rescale your spectrum to the measured 
region. For shifting and interactively expanding the spectrum, you have to 
keep the left mouse button pressed while moving it. The other buttons will 
just resize the spectrum by left clicking the button once. Depending on, 
whether the checkbox “Spectrum” or “Integral” is checked theses actions will 
affect only the spectrum or integral, respectively. If both are checked, 
spectrum and integral are changed. 
Below the scaling tools there are a few checkboxes, where objects can be 
turned on or off. You can choose here, whether you want to display an axis, a 
grid, integrals and peaks. Please note, that checking the “Integrals” and 
“Peaks” boxes will result in integrals and peaks respectively and their labels 
to be shown. To display only part of it, you have to go to the  menu. 
On the bottom you can choose, how many ppm or Hz should be shown per 
cm on the x-axis. Furthermore you can define an exact ppm-value, you would 
like to have to the left, right or in the center of the spectrum. 

Figure 12.1: 1D editing box. 
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After applying all necessary changes you can save the new layout by clicking 
the  button and giving it a new name. Note that this will only save the 
layout! The dataset needs to be read in separately. However, this allows you 
to use exactly the same layout for several different datasets. 

12.2.2 Inserting an expansion 
The predefined dataset 1H+zoom.xwp already contains an expansion 
additionally to the normal 1D spectrum. Enter this layout in the processing 
parameters and start the Plot Editor with plot. Two spectra will be generated 
on the same plot with the same width and spectral region displayed. You can 
now interactively zoom into the desired region of the upper spectrum using 
the expand button, . Left click on it and then click inside the spectral 
window on the point where you want to start zooming and keep the mouse 
button pressed while moving it. The release point will define the end point of 
the zoom region. Of course you can as well select the spectrum with the  
button and zoom in with the scaling tools of the  menu. 
If the 1D spectrum already looks the way you want, you may not like the idea 
of changing to a different layout. In such a case, it may be easier to introduce 
an extra 1D spectrum. Toggle on the NMR objects on the main switches to 

the left and click the button . Then click on the starting point of the spectral 
window and keep the mouse button pressed while moving it. The release 
point will define the end point of the zoom region.  The spectrum in the new 
window will look exactly like the other one. However, again you may zoom 
into the desired region using the expand button or the editing menu. 
After creating the zoom layout, it can be saved and reused for other datasets. 
If you want to use exactly the same scaling for a different spectrum, start the 
Plot Editor from that dataset with the command plot –n. That way, the 
spectral regions defined in the layout are used, not the regions defined in the 
dataset. 
To reuse the layout without leaving the Plot Editor, select all NMR data 
related windows by clicking the  button and selecting the items with the 
left mouse cursor while keeping the shift key pressed for multiple selection. 

12.3 Plotting of a 2D spectrum 

Before entering the Plot Editor it is a good idea to define eventually wanted 
projections on the x- and y-axis already in TopSpin. To do so click with the 
right mouse button inside the spectrum and chose . Check the 
option “Show projections” and choose on the bottom which projections you 
would like to have. Leave the window with . Now there are automatically 
the internal projections of the 2D spectrum displayed. To displace them by 
real 1D spectra, right click with the mouse over the projection and choose 
“external projection” from the menu. Choose the wanted 1D spectrum an 
click . The spectrum will be displayed in TopSpin. If you do this the 
projection spectra will already be included in the portfolio and the projections 
will be automatically displayed the moment you enter the Plot Editor. 
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Otherwise they would need to be entered in the Portfolio Editor manually and 
defined later as the projection spectra. 
Now the Plot Editor can be started with the command plot. A new window 
will open, with the actual spectrum showing exactly the same region as in 
TopSpin. If you like it the way it is, you can directly press the print button   
or the multiple print button  if you need more than one printout. 

12.3.1 Basic editing of a 2D spectrum 
If you don’t like the appearance of the plot, you can edit it in several ways. 
To change anything about the plot objects you have to select them by first 
clicking the  button and then the object you want to change. The moment 
an object is selected, all following editing tasks will only affect this one object. 
To get rid of an unwanted object click on  in the object tools bar.  
Resizing can be achieved by left clicking on the border of the selected object 
and keeping the mouse button pressed while you move it. 
To change color and appearance click on . A window will pop up, where 
you can choose an appropriate color, line width and style and font type and 
size. Choose something and click on  to adapt the attributes to the 
object and stay in the menu or directly on  to confirm the changes and 
leave the attributes window.  
With the  button you can always revoke the last command.  
The  button allows you to edit some basic features of the object. For 
every object there are the 2 submenus called “Data Set” and “Basic”. Under 
“Data Set” you can chose a different NMR-dataset. As the information for 
NMR objects is stored within the dataset, this means for example, that you 
can choose to display a spectrum, title or parameters of a different 
measurement. If you click on the  button you will come to the portfolio 
editor. All datasets included in the actual plot (projections, 1D- and 2D 
spectra) can be selected by clicking on them and pressing “Apply”. If other 
datasets are needed, go to “Edit”, select the missing dataset from the 
browser, click on “Append” to add the dataset to the portfolio and leave the 
browser with “Apply”. The new dataset will then be available in the portfolio. 
The “Basic” parameters contain the exact position and size of each object. If 
an interactive size adjustment is not precise enough for your needs, you can 
tell the program exactly, where the object should start and how wide and high 
it should be in total. The  button brings you back to the color, line and 
font window like the same button in the object tool bar on top of the layout 
window. 
The other submenus of the editing window are object dependant. If the object 
contains text, there is a “Text” menu, where you can change the alignment 
and allow some options. Furthermore you can edit the text itself or load a text 
from a data file which can then be loaded.   
Interesting to most users are only the 3 submenus showing up when editing a 
spectrum. Here you will find a “2D Spectrum” menu where you can define 
whether the axes shall be labeled in ppm, Hz or points. Furthermore the 



Avance 1D/2D Bruker  189

attributes for the positive and negative levels can be defined. Note, that here 
you can only give a unique color to all positive and/or all negative levels. To 
create a color flow, got to the menu  (see below). 
The “Graph” menu allows you to define precisely how much of your spectrum 
shall be displayed in terms of ppm or Hz. Besides that you can choose where 
the axes and grids shall be displayed. For all (axes, grids, integrals, spectral 
curve) you can chose separate attributes by clicking on the button in the 
appropriate field. 
The “2D Projections” menu allows you to determine the size and position of 
the projections as well as their color and line width. If you press one of the 

 buttons, you may choose one of the 1D spectra of the portfolio file as 
a projection. Note that all projections have the same attributes. 
If you select the 2D spectrum the  button will be active. Clicking on it will 
open a window where you will find the scaling tools known from TopSpin on 
top. With these you can easily shift, expand or rescale your spectrum to the 
measured region. For shifting and interactively expanding the spectrum, you 
have to keep the left mouse button pressed while moving it. The other 
buttons will just resize the spectrum by left clicking the button once.  
Below the scaling tools there are a few checkboxes, where axes and grids 
can be turned on and off.  
The scaling tools in the middle of the window will affect the projections that 
are selected in the toggle menu. So it is possible to position and resize every 
projection independently of each other.  
The levels displayed in the PlotEditor correspond to the number of contours 
defined in TopSpin whereas their color is taken from the layout file. To create 
the desired number of contour levels it is easiest to first adjust the correct 

level height with the  button. The number of positive and/or negative 
levels together with the absolute values of theses levels will be displayed in 
the lower left corner of the window. Now you can add or remove individual 
levels by typing in the value and clicking on  or selecting the unwanted 
level and clicking , respectively. However it may be more convenient, to 
use the level editing dialog which is started by clicking . In the dialog 
window (Figure 12.2) you can now enter about the same value for the base 
levels as you find in the levels list – if they were previously adjusted and have 
a suitable value. If one of the base level fields is left empty, the accordant 
contours will be preserved. The maximum number of contour levels for each 
range (positive and negative) is 17. However you have to give in 20 to get 10 
positive and 10 negative levels. The increment defines the distance in 
between 2 contour levels. Usually a value in between 1.2 and 1.8 works out 
fine. Click on , to see whether you are pleased with the settings. 
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Figure 12.2: Dialog window for the edition of the contour levels. 

 
 
To change the color of the contour levels, select the desired levels with the 
left mouse cursor and choose a color from the color palette. Click on  
to set the color. You can select a whole sequence of levels by choosing the 
first one and then keeping the shift button pressed while selecting the second 
one. To get a better impression of the relative peak intensity it might be 
useful to vary the colors of adjacent contour levels slightly. This can easily be 
achieved by coloring the two outermost levels in a different color and then 
selecting only these two levels and pressing the   button. The 
selection of two or more different non adjacent levels can be done by keeping 
the ctrl key pressed, while selecting additional levels with the left mouse 
button. 
After applying all necessary changes you can save the new layout by 
clicking the  button and giving it a new name. Note that this will only save 
the layout! The dataset needs to be read in separately. However, this allows 
you to use exactly the same layout for several different datasets. 
 
 
 
  

 


