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Simulation of Second Order Spectra Using SPINEVOLUTION 
 

Spring, 2012 
 

Introduction 
 
 Although we frequently assume that scalar couplings are small compared to the 
differences in resonance positions due to chemical shifts and analyze spectra in terms of 
idealized (first order) multiplet structures, this assumption is often violated.  It is 
therefore useful to understand the effects that violation can have on spectra (second order 
effects).  It is also useful to have tools that allow one to extract chemical shifts and 
coupling constants from spectra in which they cannot be measured directly from positions 
of multiplet peaks.  There are many tools for doing this, including tools based on density 
matrix calculations (GAMMA, for example, S.A. Smith et. al, J. Magn. Reson.106A, 75-
105 (1994)).  This particular approach has the advantage of being able to simultaneously 
simulate the effects of complex pulse sequences, evolution under various Hamiltonians, 
and spin relaxation.  The program SPINEVOLUTION, which we will use in this exercise, 
falls in this general class of tools. 
	  
	   SPINEVOLUTION	  was	  written	  by	  M.Veshtort	  and	  R.G.Griffin	  primarily	  with	  
the	  intent	  of	  simulating	  a	  whole	  variety	  of	  complex	  NMR	  experiments,	  including	  
solids	  NMR	  experiments,	  something	  in	  which	  the	  Griffin	  lab	  specializes.	  However,	  it	  
will	  simulate	  simple	  second	  order	  1D	  experiments	  and	  we	  will	  use	  this	  capability	  to	  
illustrate	  some	  of	  the	  principles	  discussed	  in	  class.	  	  The	  published	  article	  describing	  
the	  software	  is:	  J.	  Magn.	  Reson.,	  178	  (2006)	  248-‐282.	  There	  is	  a	  support	  website	  
with	  examples	  and	  other	  information	  at:	  	  

http://web.mit.edu/fbml/cmr/griffin-‐group/SPINEVOLUTION/index.htm	  
Downloads	  for	  a	  variety	  of	  platforms	  are	  available	  at:	  

http://web.mit.edu/fbml/cmr/griffin-‐group/SPINEVOLUTION/Download.htm	  
	  
	   SPINEVOLUTION	  is	  implemented	  through	  the	  command	  “spinev”	  followed	  by	  
the	  name	  of	  a	  script	  containing	  a	  series	  of	  definitions	  and	  commands.	  	  The	  program	  
would	  normally	  begin	  with	  an	  equilibrium	  density	  matrix,	  transform	  it	  according	  to	  
a	  given	  pulse	  sequence,	  and	  extract	  observables	  from	  density	  matrices	  at	  various	  
points	  of	  time	  in	  an	  observation	  domain.	  	  For	  X	  and	  Y	  magnetization	  this	  is	  
presented	  as	  a	  list	  of	  real	  and	  imaginary	  pairs	  of	  numbers	  –	  essentially	  an	  FID.	  	  
However,	  SPINEVOLUTION	  also	  has	  conventional	  processing	  tools	  including	  
weighting	  functions	  and	  a	  FFT	  (fast	  Fourier	  transform).	  	  When	  commands	  for	  these	  
operations	  are	  included	  in	  a	  simulation	  script,	  the	  output	  is	  a	  frequency	  domain	  
spectrum.	  	  You	  can	  look	  at	  this	  output	  file	  with	  a	  LINUX	  command	  like	  “more	  
filename”,	  but	  we	  will	  opt	  to	  display	  the	  file	  with	  a	  standard	  LINUX	  graphics	  utility,	  
gnuplot.	  	  	  
 
For students at UGA the files are in a directory named : second-order-spectra
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Simulation Exercise 1:  ABX Spectrum Analysis. 
 
1. Change to the “second-order-spectra” directory (cd second-order-spectra) Open the 
input script called:  ABX in the gedit editor (gedit ABX).  It will be useful to open this in 
a separate window from the one you plan to use to execute SPINEVOLUTION 
commands.  The script should look something like the following: 
 
***** The System ******* 
*  ABX  1 2 3 
spectrometer(MHz)  100 
spinning_freq(kHz) * 
channels           H1 
nuclei             H1 H1 H1  
atomic_coords      * 
cs_isotropic       1.30 1.20 0.60 ppm 
csa_parameters     * 
j_coupling         1 2 16.0  
j_coupling         1 3 9.0  
j_coupling         2 3 2.0 
quadrupole         * 
dip_switchboard    * 
csa_switchboard    * 
exchange_nuclei    * 
bond_len_nuclei    * 
bond_ang_nuclei    * 
tors_ang_nuclei    * 
groups_nuclei      * 
******* Pulse Sequence ****************************** 
CHN 1 
timing(usec)      5.0  (5000)1024 
power(kHz)          50  0 
phase(deg)          0    0 
freq_offs(kHz)      -0.1    -0.1 
******* Variables *********************************** 
scan_par          *  
*normalize the signal by the height of the a=0.2 peak: 
*pdata_re=pdata_re/pdata_re(512,6) 
******* Options ************************************* 
rho0               F1x 
observables        F1p 
EulerAngles        * 
n_gamma            * 
line_broaden(Hz)   .3 
zerofill           * 
FFT_dimensions     1 
options            -re 
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****************************************************** 
Comment lines begin with * and * is usually substituted for a parameter that we are not 
using.  You will note that there are a lot of parameters that we are not using.  This is 
because SPINEVOLUTION can simulate many types of NMR experiments.  You can 
deduce what many of these do by looking at examples on the SPINEVOLUTION 
webpage. For our exercise we define the systems by giving the spectrometer frequency, 
the type nucleus type we are going to manipulate (channel 1 H1), list the nuclei in our 
system (H1, H1, H1), their chemical shifts, and their coupling constants (16 Hz between 
nucleus 1 and nucleus 2, etc).  We then define the pulse sequence by giving channel 1 a 5 
µs pulse followed by 1024 sampled points separated by 5000 µs each (this corresponds to 
a 200 Hz spectra width).  The power of the RF pulse is sufficient to rotate magnetization 
at a frequency of 50 kHz.  It is applied only along the x axis (phase 0 degrees) and it is at 
a frequency 100 Hz down field from our TMS reference.  Under the “options” section we 
are going indicate that we want to observe the first incremented dimension, weight the 
resulting FID by an exponential that gives a 0.3 Hz line broadening, and save only the 
real part. 
 
2. Open a new terminal window and change directories to “second-order-spectra”.  
Execute the script by typing: spinev ABX.  This will create a file called “ABX_re.dat”.  
To observe the file start the gnuplot utility by typing gnuplot.  You will get a gnuplot 
prompt:  gnuplot>.  Enter plot “ABX_re.dat” using 1:2 with lines   
The spectrum should appear. You can learn more about gnuplot options by typing help at 
the gnuplot command prompt.  
 
3.  To expand the region around the X part of the spectrum right click at one corner of the 
region you wish to select. Drag the cursor to the opposite corner of the region and then 
left click. Your view of the plot will switch to include only the region you just selected. 
To return to the view of the full plot first type set autoscale (and press return) then type 
replot (and press return). You can also specify a region for display (0.0 to 0.1 kHz) by 
typing: plot [0.0:0.1] “ABX_re.dat” using 1:2 with lines   Measure the splittings 
between the four lines of the displayed section.  The cursor position is read out at the 
bottom of the graph.  How do the splittings compare to the coupling constants you 
entered? 
 
4.  Edit the input script to make the spectrum less second order (change the chemical shift 
of the first spin to 1.4 ppm) and save.   Execute the script, plot the .dat file and remeasure 
the splittings.  Are they closer to those expected for a first order spectrum?  Experiment 
with the positions of the lines or coupling constants to see what it takes to get a truly first 
order spectrum.  Note that you may have to change the spectral width to avoid fold-over 
of peaks. 
 
5.  Try changing the 1-2 coupling from 16 Hz to -16 Hz.  Look at a spectrum that was 
close to first order and one that is highly second order.   Are you able to tell the signs of 
couplings in a first order spectrum?  Are you able to tell the signs from the second order 
spectrum? 
 



 4 

 
 
 
 
 
Exercise 2: Extracting couplings from a second order spectrum 
 
 SPINEVOLUTION contains routines for fitting simulated spectra to real spectra.  
This can be useful in extracting actual couplings from the line positions in a highly 
second order spectrum.  This is accomplished by including the command “fit_par” 
followed by ranges to search and step sizes for starting values of the parameters to be fit 
in the “Variables” section of an input file.  The all parameters are assigned values in kHz.  
This requires conversion of chemical shifts from ppms to kHz.  The “real” spectrum is 
given a default name equivalent to the input file but with an appended “_re.fit”.  The real 
spectrum must have the same spectral width and number of points as the simulated 
spectrum.  To do this efficiently one needs to make pretty good guesses of ranges to 
search.  Even with a good set of guesses, convergence may take 5 to 10 min for the 
example below.  We have included an “ABX_inp_fit” file with parameters and ranges 
appropriate for an attempted fit to a spectrum called “ABX_inp_fit_re.fit”.   
 
***** The System ******* 
*  ABX  1 2 3 
spectrometer(MHz)  100 
spinning_freq(kHz) * 
channels           H1 
nuclei             H1 H1 H1  
atomic_coords      * 
cs_isotropic       * 
csa_parameters     * 
j_coupling         *  
j_coupling         * 
j_coupling         * 
quadrupole         * 
dip_switchboard    * 
csa_switchboard    * 
exchange_nuclei    * 
bond_len_nuclei    * 
bond_ang_nuclei    * 
tors_ang_nuclei    * 
groups_nuclei      * 
******* Pulse Sequence ****************************** 
CHN 1 
timing(usec)      5.0  (5000)1024 
power(kHz)          50  0 
phase(deg)          0    0 
freq_offs(kHz)      -0.1    -0.1 
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******* Variables *********************************** 
fit_par cs_iso_1/-0.132:0.001:-0.128/ cs_iso_2/-0.121:0.001:-0.119/ cs_iso_3/-
0.061:0.001:-0.059/ j_iso_1_2/0.015:0.001:0.017/ j_iso_1_3/0.008:0.001:0.010/ 
j_iso_2_3/0.001:0.001:0.003/ 
******* Options ************************************* 
rho0               F1x 
observables        F1p 
EulerAngles        * 
n_gamma            * 
line_broaden(Hz)   .3 
zerofill           * 
FFT_dimensions     1 
options            -re 
****************************************************** 
 
 You may edit the input file with gedit and look at the spectrum with gnuplot if 
you wish.  The spectrum is just the spectrum initially produced by running “ABX” and a 
successful fit should return the original chemical shifts and coupling constants.  Type 
spinev ABX_inp_fit to start a search.  You can check progress by opening the output 
file, “ABX_inp_fit.par” in gedit.   How close can you get to the correct coupling 
constants? 
 
 
Exercise 3:  A look at another complex system: orthodichlorobenzene 
 

Cl

Cl

orthodichlorobenzene

Ho

Ho

Hm

Hm  
 
 
1. ODCB is sometimes used to test the resolution of spectrometer systems because it has 
several lines separated by very small splittings.  Despite the apparent simplicity of the 
spin system (two equivalent ortho protons and two equivalent meta protons) the ODCB 
spectrum is quite complex.  This is because an ortho proton sees the two meta protons as 
inequivalent due to unequal couplings to the pair (8.1 and 1.5 Hz).  This spin system is 
denoted AA’BB’ to denote the chemical shift equivalence, but coupling inequivalence 
(chemical, but not magnetic equivalence).   
 
2. Look at the input file, “ODCB_inp” with gedit.  This defines the four spin system and 
makes reasonable estimates for chemical shifts and coupling constants.  Run 
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SPINEVOLUTION using this input file and display it using gnuplot.  Can you recognize 
any coupling values by just looking at the spectrum?  Can you make this look first order 
by going to higher field? 
 
 
 
Example of simulation from Acorn NMR website (using the program, wxNUTS) 
 
 

 
 


