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development and application of solid-state NMR in research laboratories world-wide.
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Since it is release in 2000, the SIMPSON software package [1]
has been the most extensively and most widespread used piece
of general-purpose software in the solid-state NMR community.
It has been cited around 650 times, there has been numerous fol-
low-up papers with demonstrations and new contributions in
terms of embedded or auxiliary software [2–9], and there have
been an uncountable number of training events and presentations
at conferences. Overall a very large fraction of active solid-state
NMR researchers including students at all levels have used SIMP-
SON either directly or indirectly in their research, that being for
method development or pure applications.

These facts are not listed to set a special status neither set igno-
rance to other equally important contributions in the area, but
rather establish focus on the very positive appreciation from the
NMR community and some of the ingredients leading to its devel-
opment. The latter includes the effect of apparent long-standing
need in the community, some luck and coincidences, and the ever-
lasting need of timely assembly of teams with the right resources
and spirits to make something like a large software package effec-
tive in a short period of time.

SIMPSON (simulation program for solid-state NMR) was devel-
oped primarily over the years of 1998 and 1999 – not from scratch
ll rights reserved.

mark.
as for most research contributions it was based on strong funda-
mental developed previously – but notably it did not take more
than a couple of years from idea to release. The acceptance from
the NMR community came immediately after release. The initial
ingredients of SIMPSON was (i) existing knowledge on the theory
of solid-state NMR and hundreds of pieces of less structured soft-
ware made in FORTRAN-77 for simulation of solid-state NMR
experiments (Niels Chr. Nielsen), (ii) a Ph.D. student with excellent
capabilities in programming in essentially all languages (Mads
Bak), and (iii) a very talented M.Sc. student with strong program-
ming skills and very good ideas on how to make simulations effi-
cient (Jimmy Tønners Rasmussen).

In 1998, I (Niels Chr. Nielsen) had the pleasure teaching a young
student (Mads Bak) in a computer course and later in an advanced
course in solid-state NMR spectroscopy. In both courses there was
focus on programming, coding programs for Fourier transforms,
and later solid-state NMR simulations along with introduction to
the basic theory required for this. Short after Mads Bak, on his
CV saying that he was an autodidact programmer (despite I
thought we learned him a few tricks in the programming course
– but clearly, as became very visible later, not nearly enough to
meet his standards) joined the newly established BioNMR group
at Aarhus University to participate in the development of
solid-state NMR methods, in addition to biological liquid-state
NMR studies of bioactive peptides and 31P solid-state NMR on case-
in micelles – a quite diverse project which also here puts credibil-
ity to the capability of good students (or the lack of focus of
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supervisors). In relation to the solid-state methodology projects,
Mads Bak was introduced to my software package containing a
large number of subroutines assembled in custom-made fashion
to each project, triggering the comment: It should be possible to
this smarter! The first claim was that existing broadly-oriented
software packages such as GAMMA [10] would be a good entry
as most of the framework of object-oriented programming, funda-
mental matrices, Hamiltonians, etc. were present there already –
we just needed to add powder averaging and spinning. It turned
out, however, in his implementations the code was even longer
than my present custom-made software and it in the relevant
implementation was substantially slower. The combination of
these observations, lead to the decision that Mads Bak would try
to establish a user-friendly software package for simulation of
any solid-state NMR experiment with a user-programming effort
comparable to or less complicated than setting up a pulse sequence
on a commercial NMR instrument. I had no problems supporting
this idea knowing the programming skill of Mads Bak from previ-
ous courses and our present knowledge on the fundamentals of so-
lid-state NMR. We should note that numerous other NMR software
packages were present at this time including ANTIOPE [11], STARS
[12,13], and QUASAR [14], which, however, did not meet the desire
of being sufficiently general or flexible.

To meet the requests of a program generally applicable for
solid-state NMR simulations, the required theory was assembled
based on existing solid-state NMR teaching notes [15], numerous
previous projects and coding initialized using earlier software as
inspiration, but here build in the language C to form the computa-
tionally efficient core shell of SIMPSON. The user interface was
established using the at that time very widespread Tcl scripting
language [16] as a base to form input files with easier program-
ming load and a high degree of flexibility (including the possibility
to interface with other programs and ability to perform indepen-
dent evaluations, establish useful output, etc.) while providing
transparent input files with similar coding ease as typically
encountered on spectrometer interfaces. With the aim of conduct-
ing fast simulations, we in parallel carried out projects on impor-
tant elements of solid-state NMR calculations including for
example development of the widely used REPULSION powder aver-
aging scheme [17] and the so-called c-COMPUTE [18] algorithm
efficiently exploiting the analogy between one of the three powder
Euler angles (cCR) and the rotor rotation angle (xrt). In this work,
Jimmy Tønners Rasmussen entered the project with strong exper-
tise from previous studies on solid-state NMR homonuclear decou-
pling sequences and simulations of solid-state NMR spectra from
his M.Sc. projects. Among many other contributions to SIMPSON,
he designed smart procedures to efficiently reuse propagators for
fast calculation of spectra for static as well as rotating solids. Jim-
my Tønners Rasmussen was central in the work with many of the
key matrix operations and assembly of the program together with
Mads Bak.

After setting up the main elements of the program, the team
tested it very extensively against previous simulations and exper-
iments in essentially all areas of solid-state NMR to provide
widely-oriented challenges to the setup (triggering numerous revi-
sions) and very importantly a voluminous catalog of examples later
forming a major ingredient in the SIMPSON paper [1]. This paper
still constitutes the major manual to the program – and has
inspired descriptions in many languages, including Chinese. We
believe this careful work of testing formed a very important
element in the later success of SIMPSON in the sense that it had
very few errors and surprises relative to the big task of making a
program being sufficiently flexible to simulate essentially all types
of NMR experiments. Fair to say, we also learned a lot about solid-
state NMR in this process.
With the SIMPSON program up running, we had to make a seri-
ous choice. A well-functioning program would set our research
group in a good position to make strong moves within the field
exploiting the advantage of having a tool not available to others.
Another option could be to establish a commercial platform har-
vesting income from selling the software, partly for own benefit
and partly to ensure funding to maintain the program. A third
option would be to release it as open-source software. The latter
became the choice, and we are convinced – in retrospect – that this
was the only real choice and that it has been extremely important
for the success of SIMPSON. Free release of the program immedi-
ately gave an enormous expressed respect and gratitude from the
solid-state NMR community, including the many students immedi-
ately having access to a tool that could simulate experiments prior
to and after the experimental work to test ideas, confirm theories,
and extract parameters from experimental spectra. Not least, ac-
cess to the code – although for the vast majority not used for direct
changes despite existing possibility – provided the researchers vis-
ible information on the underlying theory, thereby inducing trust-
worthiness relative to a ‘‘black-box’’ approach often seen in
commercial programs.

SIMPSON was indeed very well received by the NMR commu-
nity, as mentioned it is heavily cited and had a steady use in and
citations from the solid-state NMR community in the past decade,
witnessing a long-standing impact. It has been followed up by
further development of procedures, including most notably the
SIMMOL program [2] (and its predecessor PDB2SIMPSON [19]),
offering possibilities to establish large spin systems with reliable
tensorial interactions, and optimal control procedures enabling
automated numerical design of NMR experiments [8,20]. These
and other supplementary packages demonstrate that SIMPSON
– although less intensive than we wanted due to funding issues
– is still being developed to fulfill the ever increasing need for a
fast and versatile tool for simulations of solid-state NMR experi-
ments. In combination with recent developments leading to sub-
stantially faster operation, SIMPSON and its further developments
has certainly made an impact on the field of solid-state NMR as
expressed to us by many colleagues over the years. Mostly
through private communication, but also through statements as
the one made by H. Eckert (Westfälische Wilhelms-Universität
Münster) in a overview paper on solid-state NMR in the Bunsen
Magazine: ‘‘The design of new pulse sequences is greatly aided
by the availability of program packages that calculate the behav-
ior of the spins under the influence of the external and internal
interaction Hamiltonians using standard time-dependent pertur-
bation theory. Especially noteworthy is the program package
‘‘SIMPSON’’, which enables the simulation of complex NMR exper-
iments under the precise conditions used at the spectrometer
[22]. This freeware has proven invaluable in the analysis of
complex experiments and profoundly influenced NMR research
in many laboratories.’’ [21].

In addition to its direct impact, we also believe that SIMPSON
has made an indirect impact to the solid-state NMR community
through stating the worth and necessity of efficient software pack-
ages as an important ingredient in experiment design and data
interpretation. Such needs have since the release of SIMPSON lead
to the development of numerous numerical and more analytically
based software packages for experiment evaluation in solid-state
NMR spectroscopy [22–30]. Development of new software
packages as well as running up-date of existing packages is in our
opinion extremely important for the steady development and
application of solid-state NMR spectroscopy fully exploiting the
enormously rich source of information about molecular structure
and dynamics through isotropic as well as anisotropic nuclear spin
interactions.



M. Bak et al. / Journal of Magnetic Resonance 213 (2011) 401–403 403
Acknowledgments

In the work establishing SIMPSON, and all the work laying the
grounds for this, we acknowledge help, contributions, and
inspiration from numerous coworkers, students, and collaborators,
including Henrik Bildsøe, Hans Jørgen Jakobsen, Jørgen Skibsted,
Morten Hohwy, Andy Lipton, Malcolm Levitt, and Paul D. Ellis at
the time of setting up SIMPSON. Later invaluable contributions to
the further development of SIMPSON (and auxiliary software) has
been delivered by Thomas Vosegaard, Robert Schultz, Zdenek
Tosner, and Rasmus Andersen.

References

[1] M. Bak, J.T. Rasmussen, N.C. Nielsen, SIMPSON: a general simulation program
for solid-state NMR spectroscopy, J. Magn. Reson. 147 (2000) 296–330.

[2] M. Bak, R. Schultz, T. Vosegaard, N.C. Nielsen, Specification and visualization of
anisotropic interaction tensors in polypeptides and numerical simulations in
biological solid-state NMR, J. Magn. Reson. 154 (2002) 28–45.

[3] T. Vosegaard, A. Malmendal, N.C. Nielsen, The flexibility of SIMPSON and
SIMMOL for numerical simulations in solid- and liquid-state NMR
spectroscopy, Monatshefte Fur Chemie 133 (2002) 1555–1574.

[4] T. Vosegaard, N.C. Nielsen, Towards high-resolution solid-state NMR on large
uniformly N-15- and [C-13,N-15]-labeled membrane proteins in oriented lipid
bilayers, J. Biomol. NMR 22 (2002) 225–247.

[5] A.C. Sivertsen, M. Bjerring, C.T. Kehlet, T. Vosegaard, N.C. Nielsen, Numerical
simulations in biological solid-state NMR spectroscopy, Ann. Rep. NMR
Spectrosc. 54 (2005) 243–293.

[6] N.C. Nielsen, Computational aspects of biological solid-state NMR
spectroscopy, in: A. Ramamoorthy (Ed.), NMR Spectroscopy of Biological
Solids, CRC/Taylor & Francis, 2006, pp. 261–304.

[7] N.C. Nielsen, T. Vosegaard, A. Malmendal, Analytical and numerical tools for
experiment design in solid-state NMR spectroscopy, in: G.A. Webb (Ed.),
Modern Magnetic Resonance. Applications in Chemistry, Biological and Marine
Sciences, Springer, Berlin, 2006, pp. 679–687.

[8] Z. Tosner, T. Vosegaard, C. Kehlet, N. Khaneja, S.J. Glaser, N.C. Nielsen, Optimal
control in NMR spectroscopy: numerical implementation in SIMPSON, J. Magn.
Reson. 197 (2009) 120–134.

[9] T. Vosegaard, Challenges in numerical simulations of solid-state NMR
experiments: spin exchange pulse sequences, Solid State Nucl. Magn. Reson.
38 (2010) 77–83.

[10] S.A. Smith, T.O. Levante, B.H. Meier, R.R. Ernst, Computer-simulations in
magnetic-resonance – an object-oriented programming approach, J. Magn.
Reson. Ser. A 106 (1994) 75–105.
[11] F.S. Debouregas, J.S. Waugh, Antiope a program for computer experiments on
spin dynamics, J. Magn. Reson. 96 (1992) 280–289.

[12] H. Bildsøe, STARS User’s Guide. Spectrum Analysis for Rotating Solids, Publ. No.
87-195233-00, Rev. A0296, Varian Associates Inc., Palo Alto, 1996.

[13] J. Skibsted, N.C. Nielsen, H. Bildsoe, H.J. Jakobsen, Satellite transitions in mas
NMR-spectra of quadrupolar nuclei, J. Magn. Reson. 95 (1991) 88–117.

[14] J.-P. Amoureux, C. Fernandez, P. Granger, Interpretation of quadrupolar
powder spectra: static and MAS experiments, NATO ASI Series 322 (1990)
409–424.

[15] N.C. Nielsen, Lecture Notes on Solid-State NMR Spectroscopy: Introduction to
Calculation of Solid-State NMR Spectra (in Danish), Aarhus University, Aarhus,
1989, pp. 1–133.

[16] J.K. Ousterhout, Tcl and the Tk Toolkit, Addison-Wesley, Reading, MA, 1994.
[17] M. Bak, N.C. Nielsen, REPULSION, a novel approach to efficient powder

averaging in solid-state NMR, J. Magn. Reson. 125 (1997) 132–139.
[18] M. Hohwy, H. Bildsoe, H.J. Jakobsen, N.C. Nielsen, Efficient spectral simulations

in NMR of rotating solids. The gamma-COMPUTE algorithm, J. Magn. Reson.
136 (1999) 6–14.

[19] M. Bak, R. Schultz, N.C. Nielsen, Numerical simulations for experiment design
and extraction of structural parameters in biological solid-state NMR
spectroscopy, in: S. Kiihne, H.J.M. de Groot (Eds.), Perspective on Solid-State
NMR in Biology, Kluwer, Dordrecht, 2001.

[20] C.T. Kehlet, A.C. Sivertsen, M. Bjerring, T.O. Reiss, N. Khaneja, S.J. Glaser, N.C.
Nielsen, Improving solid-state NMR dipolar recoupling by optimal control, J.
Am. Chem. Soc. 126 (2004) 10202–10203.

[21] H. Eckert, Solid state nuclear magnetic resonance: a versatile tool in solid state
chemistry and materials science, Bunsen-Magazin 10 (2008) 159–179.

[22] P. Hodgkinson, pNMRsim: A General Simulation Program for Large Problems in
Solid-State NMR, Durham University, 2000.

[23] K. Eichele, R.E. Wasylischen, WSolids NMR Simulation Package, 2001.
[24] D. Massiot, F. Fayon, M. Capron, I. King, S. Le Calvé, B. Alonso, J.-O. Durand, B.

Bujoli, Z. Gan, G. Hoatson, Modelling one- and two-dimensional solid-state
NMR spectra, Magn. Reson. Chem. 40 (2002) 70–76.

[25] A. Jerschow, MathNMR: spin and spatial tensor manipulations in mathematica,
J. Magn. Reson. 176 (2005) 7–14.

[26] M. Veshtort, R.G. Griffin, SPINEVOLUTION: a powerful tool for the simulation
of solid and liquid state NMR experiments, J. Magn. Reson. 178 (2006) 248–
282.

[27] J.D. van Beek, matNMR: a flexible toolbox for processing, analyzing and
visualizing magnetic resonance data in Matlab((R)), J. Magn. Reson. 187 (2007)
19–26.

[28] H.J. Hogben, M. Krzystyniak, G.T.P. Charnock, P.J. Hore, I. Kuprov, Spinach – a
software library for simulation of spin dynamics in large spin systems, J. Magn.
Reson. 208 (2011) 179–194.

[29] M.E. Smith, T.F. Kemp, QuadFit – a new cross-platform computer program for
simulation of NMR line shapes from solids with distributions of interaction
parameters, Solid State Nucl. Magn. Reson. 35 (2009) 243–252.

[30] M.H. Levitt, SpinDynamica, Southamton, 2011.


	SIMPSON – An important driver for numerical simulations in solid-state NMR spectroscopy
	Acknowledgments
	References


