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Chapter 1

| ntroduction

1.1 About this manual

Thismanual isareferenceto TOPSPIN structure analysis with 1D spectrum simu-
lation (DAISY). DAISY isaprogram system designed for simulation and iteration
of high resolution NMR spectra. The complete DAISY interface and functionality
is described and some examples of simulation will illustrate the power of DAISY.

1.2 Conventions

Fond conventions

dai sy -commandsto be entered on the command line are in Courier bold italic
Apply - commands to be clicked are in Times New Roman bold italic

fid -filenamesarein Courier

contents - any contents of atext fileisin Courier small

name - any name which is not afilename isin Times New Roman italic
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1.3 Getting started

1.3.1 Basic program features

The Spectrum Simulation is based on the solution of the time - independend
Schroedinger equation to calculate the energy levels. To built up the necessary
Hamilton matrix the factorisation by total spin values, chemical equivalence as
well as magnetic equivalence and fragment factorizing are taken into account to
reduce calculation time and memory requirements. Using the selection rules for
single quantum transition, frequencies and intensities are determined. Up to 10
nuclei or groups with spin quantum value I> 1/2 can be treated with one fragment.
The Lorentzian lineshapeis calculated by application of global or individual line-
widths to the transitions of as many fragments as you have defined. The calculated
spectrum will be stored in the pdata directory under procno 999 by default.

The Spectrum Iteration uses the method of total-lineshape fitting. Adjustable
parameters are resonance frequencies, scalar coupling constants and line-
widths. The program uses the digital experimental spectrum as experimental data.

1.3.2 How to start DAISY

AsDAISY isnow part of TopSpin, it will be started as a special analysis option
out of the TopSpin main window.

When experimental data (processed 1D NMR data) are loaded to the 1D datawin-
dow, there are two possibilities to start DAISY:

- enter dai sy into the command line

- click Analysis-> Structure Analysis-> 1D Spectrum Simulation [daisy] from the
menu

bar
The 1D data window now switchesto the DAISY data window.
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Figure 1.1: The DAISY data window
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1.3.3 How to usethe DAISY toolbar

The DAISY toolbar contains 22 buttons for input, data preparation, simula-
tion/iteration, display options, scaling, mathematic operation and data handling.

=" open Spin-System



A-8

Introduction

i

e

ke |

This button opens awindow for selecting files containing spin systemin-
formation. The default directory isthe TopSpin home directory with the
default file type setting MGSfile (.mgs). (Chapter 2.1.1)

import multiplets from a dataset

With this button the user opens awindow where NMR datasetswith mul-
tiplet can be chosen and imported to DAISY. (Chapter 2.1.2)

edit Spin-System

This button opens awindow consisting of three tables; Parameterslike
shiftg/frequencies, couplings, linewidth etc. will be entered here. (Chapter
2.1.3)

advanced options

Pressing this button opens awindow again consisting of threetables. Here
simulation sequence options, spectrum options, iteration options and out-
put options can be selected. All possible calculations (simulation, itera-
tion, lineshape or subspectra generation) can be started from thiswindow.
(Chapter 2.1.4 , 2.2 and 3)

run simulation

Pressing this button will execute a spectrum simulation resulting in a1D
NMR spectrum with the displayed simulated name. (Chapter 2.2.)

run iteration

This command will execute a spectrum iteration. The iteration statistics
areavailable from the protocol list and theresulting 1D NMR spectrumis
written. (Chapter 2.2 and 3)

show DAISY lodfile

Pressing this button wil display the Simulation/Iteration Protocol List
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(extension’lst’/'rst’) with the defined windows editor. (Chapter 4.1.1 and
421.,4.2.2.,4.2.3)

deselect all datasets
This command will deselect all datasets displayed inthe DAISY window.
reset individual scaling and shifts

This command resets individual scalings and shifts for the selected data-
Set.

remove all selected datasets from display
Pressing this button wil remove all selected datasets from display.
toggle the display layout

This button switches the display layout from seperated spectrato over-
layed spectra and vice versa.

switch on/off the display of dataset name and scalings

Pressing this button the dataset name and scaling will be switched on/off.
increase intensity

Pressing this button the intensity of the selected spectra will be doubled.
decrease intensity

Pressing this button the intensity of the selected spectra will be halved.
expand intensity axis

Decreases or increases intensity of selected spectrum while pressing this
button and moving the mouse.
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shift up/down

Shifts up and down the selected spectrum while moving the mouse and
pressing this button.

shift left/right

Shifts left and right the selected spectrum while moving the mouse and
pressing this button.

show a difference between the 1% and the sum of other spectra

Pressing thisbutton cal culatesthe difference between thefirst and the sum
of other spectra and shows the result as a new spectrum.

show a sum of all spectra

Pressing this button calculates the sum of all spectraand shows the result
as anew spectrum.

export Spin-System

The spin system of the actually loaded DAISY calculation will be stored
inthedirectory <home>NMRSIM/ham (default path) or another directory
of your choise. Two files are created (*.msg, *.itr)

terminate DAISY mode, save changes

terminate DAISY mode, do not save changes
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DAISY Smulations

DAISY calculations can be either simulations or iterations. A simulation means
guantum mechanical synthesis of a high resolution NMR spectrum based on given
NMR parameters, as there are Resonance frequencies, Scalar Coupling Constants,
and linewidths. A spectrum iteration needs all these NMR parameters aswell asa
starting guess for the iterative refinement of these NMR parameters. In addition
experimenta dataisrequired for adjustment of the calculated spectrum. As a con-
sequence, both cal cul ation types need the same basic data input, whilefor iterative
calculations simulation data can be extended.

2.1 Parametersfor a DAISY Simulations

This chapter will teach the user to prepare anew DAISY simulation input docu-
ment by explaining al available features and options, to execute the calculation
and display the result.

First of al you have to load the spectrum you want to simulate. It is recommended
to choose a specia region of your spectrum to simulate. This can be done by using
the int command. Otherwise the whol e spectrum will be used as basic datafor a
following iteration. This can cause bad results. You should also do peak picking
and multiplet definitions using the commands pp and mana. Then switch to the
DAISY window by typing daisy.

A-11
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Now the TopSpin data window looks like it is shown in Figure 1.1. The chosen
region of the spectrum is shown on the screen and the toolbar of the data window
indicatesthe DAISY mode.

2.1.1 Open Spin System
If simulation data already exists or has been stored with the | ™ button, it can be

loaded by clicking the | @ button on the toolbar. The window shown in figure

2.1 will appear. It shows the TopSpin home directory with the default file type set-
ting MGS File (.mgs).

Figure 2.1: The open-spin-system window

B open ]
0O T | ) TEZ Opid 1' e i |
:;. - Elaaaes
My Recant | (73 o
Detumerts | [— Do
adh
(& G
Deskiop [ A
e
__.l"  [ythain
Wy aperch
Documents 5 peri
ri.: i EECTE
My - piag
i1
Computer | (=2 91F
‘3: W TR
Ity
P EDWAT e
File name | reer |
Flles oriype | WGS Fie (*mg3 w | concel |




DAISY Simulations A-13

In general DAISY allows to use the following spin system definition formats:
« DAISY fileformat (*.mgsfile)
« NMR-SIM format (*.ham file)
e ACD prediction format (*.acd file)
» Perch prediction format (*.prp files)

2.1.2 Importing data

If you have done amultiplet definition you can import the multiplets from the data
set. Multiplet analysis is described inthe manual Structure Analysis Tools.
DAISY reads out the information from the filedai syrmul ti pl et . t xt inthe
procno directory. Multiplet definition scans the spectrum for identical line dis-
tances. It is possible to do this automatically or manually. The more complex the
system is, the more manual analysis has to be done. For really complex second
order spin systems anormal spin analysis of the spin system is recommended.

Clickonthe &8 button in the toolbar and the window shown in figure 2.2 will

appear. Here you can type in the file informations or use the browse button. Click
the OK button. Now you can decideif you want to subdivide the multiplets and if
the found coupling constants shall be used.

Figure 2.2: The DAISY import multiplet window
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2.1.3 The Edit Spin System’ window

2131

In thiswindow all relevant parameters for the ssimulation of the chosen spectrum

haveto be set. Click the “F  button in the toolbar and a new window will

appear. This’'Edit Spin System’ window isdivided into two parts. The left part is
alisting of all fragmentsfor your simulation. It depends on the imported multipl et
data, how many fragments will appear. Here fragments can be added, copied or
deleted.

The right part consists of three tables, described in the paragraph below:

The Frequency table (of the'Edit Spin system’ window)

The 15 table (shown in figure 2.3) contains all information about the frequency
range of your simulation. It is devided into three blocks.

A) Fragment Options:

In the first line a suitable title can be selected. After pressing the Apply button
this title will be displayed in the listing at the left side of the window.

Figure 2.3: Frequency view of 'Edit Spin System’ window
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For the creation of the first fragment in a new document you don’t need to care
about the Statistical weight (second line) yet. Thisvalue will start to affect the
datawhen more than one fragment is defined. For more information see chapter
2.3.

In the third line a symmetry group can be selected. The default setting for the Sym-
metry isthe point group C1, actually meaning no symmetry at all. As opposed to
magnetic equivalence, molecular symmetry leadsto chemical equivalence. It is not
aways necessary to use the maximum symmetry defined by the molecular struc-
ture. In general the lower symmetries are much easier to describe and even asim-
ple twofold symmetry greatly improves cal culation speed.

Symmetry is useful and saves computer time and memory. Inform yourself about
symmetry and gain experimental experience by doing (more in chapter 5.1).

If the selected point group remains C1, the Symmetry Description (available by
clicking the symmetry button) can be omitted, because C1 consists of only one
symmetry operator , the identity operation. Consequently, further user definitions
are not required. If you change the point group selection, all following parameters
for this fragment will be affected.

B) Reduce number of lines by:

The default limits of transitions are in normal cases big enough to cover all
important lines. The M inimum intensity defines the quantum mechanical inten-
sity limit to include a transition into the transition list or not.

C) 1SO Value/PSE/Spin Value/Frequencies/Disable:

Below block A and B afrequency block is displayed. It contains the values of
the actual fragment. If you have imported data, it is displayed here. Of course, the
above declared symmetry directly influences the input.

Thelist also contains SO Values, Spin Values, Spinsin group and Group Indices.
In figure 4 the default values are displayed.

In order to define the nucleus type press the PSE button (see figure 4) for each
shift/frequency. The ' Choose PSE’ window will appear (figure 2.4).

The values from the frequency block are the initial values. Change the element by
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pressing the corresponding button in the Periodic table. In the Nuclear |sotop
combo box the available spinactive nuclei can be selected. According to this selec-
tion the element datain the upper right part of the window are updated. Exiting the
window by pressing the ok button will take the following datato the corresponding
nucleus of your spin system: | SO Value, Element Symbol (on PSE button) and
Spin Value

Figure 2.4: ' Choose PSE’ window
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Ok Cancel

The parameters for Element Symbol and Spin Value are only changeable via the
PSE button. The | SO Value can be changed by user request to apply X-Approxi-
mation for homonuclear spin systems, too. X-Approximation will be executed if
the element symbol or the |SO value (or both) are different.

The selection of the Isotope and the number of magnetically equivalent spinsin a
group defines if asingle spin or composite particle simulation shall be executed.
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The Resonance Frequency [Hz]/ Chemical Shift [ppm] values are imported at
the start of DAISY or have to be given by the user manually. Thisisfor example
necessary when a manual spin analysis has been done. The sum of the spinsin
group defines the total size of your spin system in the actual fragment.

If we take, for example, an ethoxy-group A,B3, we have two spinsin group for A
and three spinsin group for B.

You can also activate some or all nuclei for iteration (discussed in chapter 4.1.1)
and set the upper and lower limits for the frequencies here.

The Disable option in the frequency block offersthe user to neglect the transitions,
which belong to the disabled spin/group. It does not simulate a decoupling
effect! The coupling information to the disabled nucleus remainsin the spin sys-
tem, only the transitions of the disabled nucleus are suppressed.

Thisisnecessary if you define afragment in which you have to include one
spin/group because of its coupling information towards other spins of this frag-
ment, but for this certain spin/group not all coupling partners are defined. There-
fore you want to neglect the transitions of this this special spin/group. This may be
possible by restricting the frequency limits. But if the resonance frequency of this
special spin/group islocated inthe same spectral region as the other transitions, it
isimpossible to supress its transitions by changing the frequency limits. You have
to use the disable options for this spin/group.

Another use for this option isto look at a multiplet pattern of a complex spin sys-
tem if itstransitions are overlapped by other signals.

Dueto thefact, that thistransition suppression is based on the detection of the tran-
sition origin nucleus via eigenvectors, this option may not be exact for strongly
coupled systems. Combination lines may not be possible to assign.

In this block you can activate the iterate option for resonance frequencies in the

chosen fragment by pressing the iterate All button (iteration of all fregencies) or

tagging the frequencies you want to iterate. Now it is necessary to set the lower

and upper frequency limits. By pressing the Apply button all changed values will
be stored.

The Scalars table (of the’Edit Spin system’ window)

The 2" table (shown in figure 2.5) contains all information about the scalar coup-
lings.
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Figure 2.5: Scalar Couplingstable of 'Edit Spin System’ window
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Thistable shows the possible indirect (=scalar) coupling congtants. If you have
imported the couplings by starting DAISY they will appear now. Otherwise you
have to fill in your desired values. Correspondingly the selected symmetry affects
the coupling table. For fragments with symmetry the minimum number of parame-
terswill be presented. In an unsymmetrical case the maximum number of coupling
constantsis given.

The coupling constant values are always in Hertz. The table is not influenced by
the number of magnetically equivalent spins within a group, because the inner-
group scalar coupling constant does not affect the spectrum at all if we consider
isotropic solutions only. DAISY isnot ableto calculate NEMA spectra at moment
and hence does not read in dipolar coupling constants D;;. Therefore the quantum

mechanical calculation ignores this value and no input is required.

After setting al values press the Apply button.
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Similar to the frequencies table, you can check iteration of the coupling constants.
Againit is necessary then to set lower and upper limits. When choosing a
sequence simulation you have to set the number of steps and the step
width additionally.

Totakeover the new values pressthe Applybutton.

2.1.3.3 TheLineshapestable (of the’Edit Spin system’ window)

The 39table (shown in figure 2.6) displays all lineshape parameters. By default a
global linewidth of 0.3 Hz is set.

The global linewidth means that this parameter is applied to every transition of
the fragment resulting in the L orentzian lineshape spectrum. The option to use the
Fast Lorentzian Lineshapeisfaster but in case of poor digital resolution the
resulting spectrum might be inexact. Thisway the lineshape determination does
not calculate every digital point of the spectrum, but picks up valuesfrom a model
line with the global linewidth. Therefore the transition frequency is moved to the
nearest digital point of the spectrum. For this reason the Fast L orentzian Line-
shape calculation is not suitable for spectrum iteration.

When checking the option Nuclei specific linewidth, the Fast L orentzien Line-
shapeisno longer available. The display than disables the global linewidth and
offersto set an individual linewidth parameter for every spin/group. The algo-
rithm detects the contribution of the nuclei to every transition based on the eigen-
Vectors.

There are many possible cases where nuclei specific linewith parameter are
needed:

e an hydroxyproton exchanging with water residue
« neighbor nuclei with quadrupole momentum
« unresolved long range couplings

Pressing the Apply button will store these parameters.



A-20

DAISY Simulations

Figure 2.6: Lineshape Parameters of ' Edit Spin System’ window
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The input of linewidth has to be given in Hertz. Only independant linewidth

parameters are offered for input.

You can check the iteration option like in tables 1 and 2. Now the default iteration
limits are available and can be individually modified here.

Press the apply buttons to store the new values.

By pressing the OK button you leave the ' Edit Spin System’ window.

After setting your individal parameters a simulation can be started by pressing the

| Sim button in the tool bar.
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2.1.4 The’Advanced Options window

For more detailed simulations (and, especially, better iterations) you should set
some parametersin the’ Advanced Options’ window. Thiswindow also consists of

three tables. To open this window pressthe =i button in the toolbar.

2.1.4.1 TheMain table of the’Advanced Options window

Thefirst table contains the main options for sequence simulation, iteration options
and spectrum options. It is shown in figure 2.7.

Figure 2.7: Main table of the ' Advanced Options' window

F M Advanced Options x|
% Main | B output Options | B Run|
Simulation seguence options [ lteration options
Default parameter Mode
|1 Aa
Qe ek |Standard teration ¥ |
Default number I_ Breadening
1 =

of steps Imedium ﬂ
No. of Cycles
|medium :]
Covergence 005

-Spectrum options- | Criterion :
Offset [Hz] Default number
of terations 10
|o.oooo
[ lterate Baseline
Apply
[ Iterate Freqguency Offset
[ter. Regions [0 Start Freguencies Poar

(] 54 | Cancel |




A-22 DAISY Simulations

The values displayed in figure 2.7 show the default parameters. For anormal sim-
ulation you can use these values.

If you enter afrequency offset this value is applied to all resonance frequenciesin
al fragments when the Apply button is pressed.

For more information regarding the Iteration Options see chapter 3.1.2.

2.1.4.2 The Output Optionstable of ' Advanced Options window
The second table consists of selectable output options. Figure 2.8 shows the table.

Figure 2.8: Output Options of the’ Advanced Options’ window
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In thistable you can activate simulation and iteration output options as well as
result options. In this chapter only the simulation output options will be described.
More information about the iteration output option can be found in chapter 3.1.2.3.

Output of symmetry data:

DAISY iscan use symmetry factorization (chemical equivalence factorizing) to
block out the Hamiltonian matrix more efficiently in order to speed up calculation.
Select thisitem to inspect the character table of the point group symmetry. In case
of additional magnetic equivalence (e.g. methyl groups) in your spin system the
program lists the symmetry (subsymmetry) of the subspectra.

Output of subspectra

This option writes the irreducibl e representation character of the subspectrainto
the output protocol in case of symmetry. If Composite Particles are present in the
spin system the actual term with weighting of the subspectra is reported.

Size of submatrices

In the absence of magnetic equivalence the program writes a table containing the
submatrices for every irreducible representation arranged according to descending
total spinvalues. The last column shows the total spin factorization in case of no
selected symmetry. |f magnetic equivalenceis present the program detects the size
of submatrices at runtime, so the information is given in the output protocol, when
the appropriate matrix is composed (not at the beginning of the calculation).

Linear combinations

This option gives atotal representation of the symmetrized basic spin functions
used for setup of the Hamiltonian matrix. These linear combinations are NOT the
eigen vectors, they are just the symmetrical functional basis.

Eigenvalues

All calculated eigenvalues are saved into the protocal file in the order of their
determination.
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2.2

Transitions and Energy levels

For every submatrix the transition frequency and intensity and the pair of corre-
sponding energy levels are listed.

Frequencies before degeneracy

Towards the end of the calculation all frequencies obeying the quantum mechani-
cal restrictions as defined are listed in decreasing order. In addition afile with the
extention 'fre’ is created containing the same list. The existence of thisfile enables
the additional Run command Generate Lineshape. Executing this command will
not lead to a quantum mechanical recal culation of the spectrum, but the 'fre'-file
containing the determined transition list will be read in. The actual global line
width of the corresponding fragment will be used to create the smulated NM R-
spectrum. Be careful, only the lines of afragment for which this option is checked,
islisted in thefile.

Frequencies after degeneracy

Similar to the latter option, but the transitions belonging to the same frequency are
combined and corresponding intensities are summed up. No 'fre’ file iswritten.

In the 'Result block’ of thistable you can set the Destination PROCNO. Itisre-
commended to choose ' Increment’. The simulation gets the next possible
PROCNO of the experimental spectrum. If you check 'Fixed' you can choose a
PROCNO. Thiswill be used for every simulation if you don’t change the value.

Sarting a DAISY Simulation

After setting the output options, switch to the 3" table, the’Runtable’ of the
"Advanced Options’ window, which is shown in figure 2.9. Press the Run Simula-
tion button in this table or leave the ' Advanced options' window by using the OK

button and press the |Eﬂ button in the toolbar.
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Figure2.9: 'Run table' of the ' Advanced Options' window

5.
4% Main| B output Options | I Run |
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Fun Simulation
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: Fun lteration

Generate Lineshape

Generate Subspectra

Cancel

The’Run table’ offers five possibilities to calculate spectrawith DAISY.

2.2.1 Run Smulation/Run Iteration
The buttons Run Simulation and Run Iteration correspond to the | @
and @8 - puttonsin the toolbar of the DAISY window.

2.2.2 Run Simulation Sequence
The Run Simulation Sequence button allows to calculate spectra with systemati-
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2.2.3

224

2.3

cally changed NMR parameters (resonance frequencies and/or coupling con-
stants). The number of steps and the step width for frequencies must have been
activated by pressing the Seq. Sim. button and checking the frequenciesin the Fre-
quencies table (see Chapter 2.1.3.1.). Thiscalculation is called Run Simulation,
because quantum mechanical calculations will take place for every individual cal-
culation. The first simulation will be the reference calculation - without variation
of any parameter.

Generate Lineshape

If you have selected the Output Option Frequencies befor e degener acy (see
Chapter 3.1.4.2.) alist of transitions and intensities of this fragment iswritten to a
"fre' - file. After asimulation/iteration with this option checked, pressing the Gene-
rate Lineshape button reads this list and generates a lineshape based on the
defined spectrum parameters and the global line-width of the lineshape parameters
of this fragment. Even if the option 'nuclei specific linewidth' has been selected,
this command cannot deal with specific lineshape parameters, because no eigen-
vectors (on which the individual linewidths are detected) are available. This com-
mand does not take care of if you have selected the output option for al the
fragments. It just takes the transitions of these fragments, for which the option has
been selected. For small spin systems this calculation is not faster than a quantum
mechanical calculation, because the lines have to be read from the harddisk. For
large fragments, however, (e.g. 10 spins) this option might be useful.

Generate Subspectra

In case the spin system contains either Composite Particles (groups of magneti-
cally equivalent nuclei and/or Spin Values >1/2) and/or Symmetry (for definition
of symmetry refer to section (2.1.3.1).

Special Simulation Features

There are different situations conceivable where the option statistical weight is
indispensible for spectrum simulation. It is only effective if more than one frag-
ment is defined:
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Calculation of an unequal mixture of compoundsin the solution, e.g. isomer-
ic mixtures, impurity signals.

When acompound contains not only pure, spin-active elements, the spectrum
consists of the main and a satellite spectrum. The latter one includes the not
100%-abundant spin interactions.

If parts of the molecule give equal patternsthey may be defined just once and
weighted according to their presence.
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Chapter 3
Daisy Iterations

DAISY iteration input documents are based on simulation input files with some
additional information required. The basic features and definition of indispensa-
ble parameters will be described. References to the DAISY simulation will be
mentioned if the features are already described there.

3.1 Parametersfor a DAISY lterations

The following chapter will teach you setup and start a DAISY iteration. If you

have simulated the spectrum you can use the input parameters of this simulation.
Some additional parameters for an iteration have to be added.

If you don’t have simulation parameters, start DAISY and follow the parameter
setup as described in chapter 2.

3.1.1 Additional parametersin the’Edit Spin System’ window

For iteration setup some additional inputsin all the tables of the ' Edit Spin Sys-
tem’ window are required.

Inthe ' Frequencies' table, the spin(s) you want to iterate have to be checked. Now

A-29
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itispossibleto fill in the lower and upper limit for the chemical shift or resonance
frequency (depending on what is checked ppm or Hz). An examplefor such atable
isshownin figure 3.1.

Figure 3.1: ' Frequencies' Table of 'Edit Spin System’ window with iteration

parameters
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e Group Index

Some NMR spectroscopists may not want to define chemical equivalencevia
Point Group Symmetrie or due to other reasons parameters shall be kept identi-
cal for optimization although they are not tied together by symmetry. Therefore



Daisy Iterations A-31

afeature has been added to DAISY alowing to tie parameters of the same type
together, with the purposeto keep them identical. Valid types are Resonance Fre-
guencies and Coupling Constants.

ITISNOT POSSIBLE TO COMBINE SYMMETRY AND GROUPING!

Tovisualize the difference, if parameters are dependent either because of chem-
ical equivalence or because of manual grouping, in the latter case the edit fields
are shown, but disabled. In case of symmetrical dependent parameters these
fieldsareinvisible. For grouped parameters only the first appearing group mem-
ber is enabled for editing, all others are disabled. Their connection can be seen
from the identical number in the Group Index entry. The number zero means no
grouping.

The group index is a nonzero integer number and is valid for the actual parame-
ter typeover al fragments. Thismeans, parameters can be grouped together over
al fragments of a DAISY document. For example all resonance frequencies
having the group index ' 1" in the whole DAISY document will get the same
properties, except the disable option in the ' Frequenciestable'. Properties are:

e parameter values
 iteration options
o iteration limits
and for frequencies the same number of:
e spinsper group
e spinvalue
* isotopevaue
« element symbol etc.

Group indices can be set in the ' Frequencies table and/or the’ Scalars Coup-
lings' table.

In the’Scalar Couplings' table the iteration of the coupling(s) must be activated,
too. This can be done by checking the box beneath ' Iterate’. Now the fields with
lower and upper limits are available and the desired values can befilled in. Asdis-
tinct from the 'frequencies’ table with its check box for each frequency, here you
have to choose the coupling first by clicking on it. The value of the chosen cou-
pling is now the ' Start Value' of the iteration parameters. Checking the iteration
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box activates this coupling for iteration. An example is shownin figure 3.2 .

Figure 3.2:
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In the 'Lineshapes’ table you have the possibility to do Lorentzian Lineshape cal-
culation with aglobal linewidth or a calculation with a Nuclel Specific Linewidth
(see Chapter 2.1.3.3). An iteration with Lorentzian Lineshape calculations iterates
al lines of the spectrum with the same global linewidth. If you check the Nuclel

Specific Linewidth box, an iteration for all or only some spins with their specific
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linewidth is available. An exampleis shown in figure 3.3. Do not use Fast
Lorentzian Lineshape for spectrum iter ation!

Figure 3.3’ Lineshapes' Table of 'Edit Spin System’ window with iteration param-

eter
||
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For each table the new value will be taken over by pressing the Apply button. To
|eave this window press then the OK button.

3.1.2 Additional parametersin the’ Advanced Options window

Thethree tables of the’ Advanced Options’ window contain some iteration specific
parameters, too. They are explained in the following section.



Daisy Iterations

A DAISY iteration is more time efficient when iterating only regions containing
NMR signals of the spins of interest. To define the regions for the signal groups,
each signal group in you experimental spectrum should be integrated and the inte-
gration saved.

For aDAISY iteration it is possible to import these integration regions in the
"Main’ table of the’ Advanced Options' window. Press the I ter.Regions button
(seefigure 2.7 in chapter 2.1.4.1). A new popup window will appear as shown in
figure 3.4.

Figure 3.4: Window with import data for iteration regions

© bz b C Points ‘

Import Regions | Ok I Cancel |

Select the regions for the iteration and press | mport Regions button.

In the’ Iteration options’ block of the'Main’ table you can select your desired iter-
ation mode. Two modes are available, both of them are total-lineshape fitting
methods.

e Sandard
The Standard iteration mode represents the original spiral agorithm written by
Binsch et a, which was optimized by Boenigk 9d_ based on the combination of
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steepest descent and Gauss-Newton corrections for the parameters. (Chapter
5.2.2.1)

e Advanced
The Advanced modus uses successive steepest descent and Gauss-Newton cor-
rection, optionally with a double-sum-target function, introduced by Hoffken™™.
(Chapter 5.2.2.2)

By default the Standard iteration mode is set.

3.1.2.1 Smoothing Parameters

The parameters Broadening and No. of Cyclesin this options block are connected
to the Iteration mode. The combination of these parameters define the smoothing
of the spectra. A brief explanation of the meaning of these parameters without
going deep into theory:

Total-lineshape fitting is designed to avoid letting the iteration fall into local
minima and to reach the global minimum. The starting parameters for iteration
can be quite poor. The poorer the parametersthe stronger the starting smoothing
has to be in order to enable the system to find correct solution. E.g. if your sim-
ulated spectrum with your initial parameter guess for iteration is already quite
good (or even ailmost correct), use only low smoothing (or even none).

e Broadening

Possible values are none, low, medium and high. None means, the original ex-
perimental data will directly be used for iteration without smoothing.

L ow, medium and high define the initia strength of spectrum smoothing.

The stronger the starting smoothing is selected, and the more points the spectral
regions contain, the longer the iteration will take in the first iteration cyclus.

* Number of Cycles
You can select low, medium and high.

Thisvalue defines the factor for reducing the smoothing during iterations. Here
the same effect isvalid: The higher the value is selected, the longer the iteration
will take, but the worser the starting NMR parameters can be.
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3.1.2.2 Additional Options and other Iteration Parameters

¢ |teratebasdine

Checking this option will include the correction of the experimental spectrum
with abaselineincrement and abaselinetilt in the last phase of iteration. But this
baselineiteration parameter does not substitute a proper baseline correction with
the TopSpin processing command bas before using DAISY.

In case of the Standard Iteration Mode an additional parameter may be selected:

« In case the relative differences of resonance frequencies are well known, it is
useless to iterate all resonance frequencies independently. For this purpose the
iteration of only one resonance frequency (the first in the first fragment) shall
be selected for iteration and the option lterate Frequency offset shall be
checked. When this option is used ONLY the very first resonance frequency in
the first fragment must be selected for iteration, NO other frequency is allowed
to be selected. During optimisation the fregency differences from the very first
shift to all other shifts is kept constant! This feature is e.g. very useful to ana-
lyse spectra of compounds in anisotropic solutions, when isotropic NMR
parameters are well known.

In the case of the Advanced Iteration Mode an additional parameter may be
selected:

e Sarting Frequencies poor

If this option is checked, the Advanced iteration will start with the double-sum
target function in the first phase.

There are two other parameters which are important for iteration:
e Convergence Criterion

The convergence criterion (default 0.05, means the difference between conse-
cutive error values) defines the limit, when to change to the next iteration cycle
to decide no further improvements can be made with the actual smoothing.

Normally this value doesn’t need to be changed.
e Default number of iterations

This value can be entered to stop the iteration, when no minimum can be
reached. For normal cases this number of iterations won't be reached.
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3.1.2.3 Additional output optionsin the’'Output Options window

In the ' Output Options’ window there are five additional output options besides
the simulation output options.

Correction vectors

For every iteration the parameter vector together with the gradient vector and
(Standard)/ or (Advanced) the Gauss-Newton vector is combined and written
into the output file.

Search for error reduction

For Standard iteration three different spiralswith four testing points on each spi-
ral are used and for Advanced iteration the distance is halved to achieve error
reduction. This option informs about the spiral geometry and the actual error for
each test point.

Storeintermediateresults

Especially when atime-consuming iteration is started, thisoption isvery useful.
When it is activated the resulting parameters of every single iteration are stored
inafilewith aconsecutive number aspart of thefile extension. Soinstead of file
name <name>.mgs, the first iteration result will be <name>.mgsl, the second
<name>.mgs2 etc.. Be careful, because 100 iterations will generate 100 filesin
the procno directory of the experimental NMR spectrum. |f you check this op-
tion you have to delete these files manually, if you don't need them anymore.

Covariance matrix

The parameter covariance matrix iswritten in the output file.
Correlation matrix

The correlation matrix is written in the output file.

Now all parameters are set and you can start an iteration by pressing the %

button in the toolbar or out of the’ Run’ table in the’ Advanced Options’ window.
In the procno-directory of NMR-spectrum (<TopSpin>\pdata\procno) 4 files will
be created by >DAISY:

e daisy.itr
e daisy.log
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o daisy.lst
e daisy.mgs

If you want to keep these files, you have to rename them. DAISY will overwrite
them when starting a new simulation/iteration of the choosen spectrum.

After you have done your DAISY calculationsit is possible to store the calculated

spin system by pressing the | M button in the toolbar of the DAISY window. By

default two files (*.msg, *.itr) will be stored in TopSin home directory. Any other
directory can aso be chosen , too. These files contain the data of the tablesin the

"Edit Spin System’ window. The stored data can be loaded by pressing the | F=2
button when needed.

To terminate the DAISY session press the 5l button or the .J! button. The

first one terminates DAISY saving changes, the second one terminates without
saving changes.



Chapter 4

Examples

This chapter illustrates the calculation of experimental spectrawith DAISY. A
suitable setup will be shown for each example.

Section 4.1 will illustrate the DAISY simulation, whereas section 4.2 will explain
some features of parameter optimization by DAISY iteration.

4.1 Spectrum Simulation

For all simulations and/or iterations you have to treat your experimental spectrum
in the same way before entering DAISY.

« After normal processing (ft, pk, cal) you need a peak picking for the whole
spectrum or for the signal groups you want to simulate (see TopSpin Users
Guide). Without thisthe multiplet definition will not work.

« It is recommended to integrate the different signal groups of your spectrum.
You get information about the number of protonsin asigna group. For a possi-
ble iteration after your simulation you will need the integration to define your
iteration regions (see TopSpin Users Guide).
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4.1.1 The'H-NMR Spectrum of Aspirine (aromatic protones)

Thefirst example of aDAISY simulation isthe aromatic proton system of aspir-
ine. The structure is shown in figure 4.1.

Figure 4.1: Structure of aspirine
1
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| |
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H> COOH
H,

The H-NMR spectrum shows four seperated signal groups representing the four
aromatic protons of the compound. In order to prepare the spectrum for a DAISY
simulation apeak picking is requested in the first step. Afterwards it is possible to
execute amultiplet analysis with Multiplet Definition (mana). Asthe signal
groups are clearly seperated and show good resulution, the automated multiplet
analysisisfine. Thereisno need for manual corrections. The automatic multiplet
definition starts at the low-field side of the spectrum. The numbering of the multi-
plets was adapted to the protons in the structure using the information from other
NMR experiments (see figure 4.2.).

Using the multiplet report available in the Multiplet Definition window you can
assign connections between the found shifts and couplings. (seefigure 4.3). These
determined connections will be transfered to the 'scalars’ table in the ' Edit Spin
System’ window when starting DAISY.
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Figure4.2.: 1H-Spectrum of aromatic protons of aspirine with peak picking and
multiplet definition
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For identical couplings found in several multiplets, the average of these values will
befilled in. Looking to thelist in figure 4.2, you will realize that there are no cou-
plings J(1,4) and J(2,3) visible. The coupling from H; to H, isalong range cou-
pling over 5 atoms. It can be set to 0. The coupling J(2,3) is an ortho-coupling like
J(2,4) and J(1,3). It must be of the same size like these couplings. Thismissing
value will be set manually inthe 'scalars’ table of the’ Edit Spin System’ window.
Before leaving the multiplet definition window save all data by clicking the 'termi-
nate/save changes' button.
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Figure 4.3. Assign Connection/Report in from Multiplet Definition window
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After starting DAISY you will be asked if you want to import information from the
multiplet definition. Click Ok and the following data will appear in the "Edit Spin
System window’:

Figure 4.4: ' Frequency’ table for the aspirine aromatic protons
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As multiplet definition had found 4 multiplets, a 4-spin system is built. We clear
the iterate check boxes for afirst simulation. They are always checked when start-
ing with compl ete data (frequencies and couplings) from multiplet definition.

N Frequencies| &2 Scalars| g Lineskapes |
Sralar Coupings -

[1]- Fragmert I: 4-3pins in 4 ¢

iptiore Tor Coupting [ £ 3f - Heraton, Seouence Srilatan, Goup

Group indes [
Lewr it Ebsr vals  Usmer il
[eaase | 188ne [EgEs 0 perme A |
MO f Hegr Enep WD
1 |'E.l.". T Eevy. Smutale Al |
z __3_ L] & [ T
[EEnd § frosee ¢ fpnooo ¢
feeoe ) 3w @
1550 (-]

manually set value for J(2,3)
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Figure 4.5: Scalar Couplingstable for aspirine aromatic protones
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Figure 4.6: Lineshape table fore aspirine aromatic protones
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After importing all data, the coupling J(2,3) hasto be filled in manually (see
above). For afirst simulation aglobal line with of 0.3 Hz is ok. Start the ssimulation

by pressing the | S8 putton. Figure 4.7 shows the simulated and measured spec-
trum.

Figure 4.7: Simulated and measured spectrum of aspirine aromatic protons
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Looking at the result we see both resonance frequencies and couplings fit quite
well. But the linewidth is not correct. In the simulation the lines of the different
multiplets are much better resolved than in the real spectrum. Besides thiswe need
line specific linewidth. The input data of this simulation are quite well for afinal
iteration of this system (see chapter 4.2.1).

The DAISY report of this simulation contains input data and data chosen in the
output options. In this example it was’ Frequencies before and after degeneration’.
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The following paragraphs show the DAISY log-file which appears pressing the

[3;;| button in the DAISY window. You can find thisfile named dai sy. | st in

the /procno-directory of your spectrum.

SPIN SYSTEM CONSISTS OF 4 NUCLEI

/I SINGLE SPIN SIMULATION

TITLE: Fragment 1: 4-spins in 4 group(s)

Standard Output:
detected by the programm

Standard output:
the fragment title

STARTPARAMETERS DEFINING CALCULATED sPECTRUM  Standard Output

ISO-VALUE RESONANCE FREQUENCY

4083.5864
3835.0218
3700.9119
3592.5588

COUPLINGS SCALAR

12 1.5504
13 7.7520
14 0.0000
23 7.9000
24 7.9021
34 1.5500

GLOBAL LINEWIDTH

Expected Number of Calculated Transitions: 56

LINES CALCULATED:

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

:0.3000

Standard Output:
compl ete resonance frequencies

Standard Output:
complete scalar couplings

Standard output:
the total intensity of all possible
and of al calculated linesis given here
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LINES SUPPRESSED BY

- MINIMUM INTENSITY (

- LOWER FREQ. LIMIT (-1000000.000):
- UPPER FREQ. LIMIT ( 1000000.000):

0.001):

LINES BEFORE DEGENERACY:

24
0
0

32

0.000
0.000
0.000

32.000 Freqguencies befor e degeneracy
Transition frequencies and intensities
ordered for decreasing frequencies

INTENSITY LINENUMBER

1 seconds
0.00

FREQUENCY

4088.2795 0.9737 29
4088.2784 0.9738 26
4086.7228 0.9858 20
4086.7213 0.9857 13
4080.5344 1.0136 23
4080.5339 1.0137 15
4078.9777 1.0268 11
4078.9767 1.0267 4
3843.8750 0.9156 30
3842.3183 0.9079 17
3835.9820 0.9739 27
3835.9750 1.0321 24
3834.4249 0.9671 9
3834.4183 1.0143 7
3828.0821 1.1035 16
3826.5248 1.0857 3
3709.3637 1.0631 31
3707.8049 1.0999 28
3701.6187 1.0172 18
3701.4638 0.9495 21
3700.0604 1.0554 10
3699.9050 0.9685 14
3693.7186 0.9128 5
3692.1604 0.9337 2
3597.2153 1.0476 32
3597.2142 1.0486 19
3595.6565 1.0173 25
3595.6559 1.0165 8
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3589.3223

3589.3207
3587.7635
3587.7625

LINES AFTER DEGENERACY:

0.9803

0.9809
0.9547
0.9539

INTENSITY NUMBER

FREQUENCY

4088.2795 0.9737
4088.2784 0.9738
4086.7228 0.9858
4086.7213 0.9857
4080.5344 2.0274
4078.9777 1.0268
4078.9767 1.0267
3843.8750 0.9156
3842.3183 0.9079
3835.9820 0.9739
3835.9750 1.0321
3834.4249 0.9671
3834.4183 1.0143
3828.0821 1.1035
3826.5248 1.0857
3709.3637 1.0631
3707.8049 1.0999
3701.6187 1.0172
3701.4638 0.9495
3700.0604 1.0554
3699.9050 0.9685
3693.7186 0.9128
3692.1604 0.9337
3597.2153 1.0476
3597.2142 1.0486
3595.6565 2.0339
3589.3223 0.9803
3589.3207 0.9809
3587.7635 0.9547
3587.7625 0.9539

LINES AFTER DEGENERACY:

1 seconds

22

6
12
1

1+
2+
3+
4+
5+
6+
7+
8+
9+
10 +
11 +
12 +
13 +
14 +
15 +
16 +
17 +
18 +
19 +
20 +
21 +
22 +
23 +
24 +
25+
26 +
27 +
28 +
29 +
30 +

30

Freguencies after degeneracy
intensities of degenerated lines are added

up
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0.01

4.1.2 The IH-NMR Spectrum of Allyl-glycidyl-ether

The second example for DAISY simulationsis one of the two clearly seperated 5-
Spin-systems of Allyl-glycidyl-ether. The structure of this compound is shown in
figure 4.8.

Figure 4.8: Structure of Allyl-glycidyl-ether

2
% H
i )/
Wofree
0 H 5 rotation

Between 2.5 ppm and 3.8 ppm there are five seperated multiplets which represent
the three protons of the epoxy-ring and the CH,-group.

For aDAISY simulation chemical shift/resonance frequency informations and the
coupling constants of the protons are needed. The analysis option M ultiplet Defi-
nition can help to find these parameters. For the protons 1 - 4 (seefigure 14) this
can be done by automatic multiplet definition. Each of the four protons shows a
dublett of dubletts, so there is no problem to find couplings and chemical shifts.

For proton 5 the situation is more difficult. It isin a center position of this group
and therefore shows couplings to all four protons. The linewidth of the signal
group for proton 5 indicates that some lines are probably not resolved. The multi-
plet definition is difficult and may lead to wrong couplings and chemical shifts.

The multiplet definition of the other groups contains all required couplings. So we
only read out the chemical shift for proton 5 (center of the signal group) and leave
the ' Multplet Definition’ window while storing the results in the file mul ti -

pl et.txt.

Now wetypedai sy inthe command line or choose Analysis/Structure Analy-
sis/1D Spectrum Simulation from the main menu bar of TopSpin. Figure 4.9 shows
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the actual display.

Figure 4.9: Import of datafor DAISY calculations (12 step)
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Click OK inthe popup window and DAISY will import the multiplet information
you created with "Multiplet Definition’.

After clicking OK (or Cancel) button a new popup window will appear. Now you
have to decide where you want to subdivide your system into independent fra-
gents. (see figure 4.10)

In our example we cancel thisto calculate our 5-spin-system as one fragment.
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Figure 4.10: 2Md sten of dataimport for DAISY calculation

8 bdeibs 10 4 Cribiubien I0PSI guid — e = TE)
gpactnini| pmcrars | Acguran | Tae] rusePmgl orsa| inegrats| Sanpie| souckes] Sl
=

W |3.234 ppm # LELI.A31 Nz
=

—aliylachar I0 1 C=i3cuksriTOPIRTY  qoasc

&
| ]
| £
- '\?1') Doy Wank [0 U I B SR TR miD ik Brcsan] fragmenis?
cane

.. . .

o — e —r z = e b T e e — -
12 35 3.4 Az an 28 Zh [ppm]

Finally you can to import unassigned couplingsfromthemul ti pl et. t xt file.
(seefigure 4.11)

We don't do it for this example because we have to add a frequency and the corre-
sponding couplings manually as explained above.
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Figure 4.11. 3rd step of dataimport for DAISY calculation
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Now all datagetsimported to DAISY. We can check and complete the frequencies
and couplings in the different tables of the ' Edit Spin System’ window.

Pressthe 7 buttonin thetoolbar of the Datawindow and the frequenciestable

will appear (see figure 4.12). The first four frequencies/shifts have been imported
fromthefilermul ti pl et . t xt, the fifth frequency has been set manually.



A-52

Examples

Figure 4.12: Frequencies table for the epoxy-CH,-group of Allyl-glycidyl-ether

thefour i mport%

freugencies

X
F Fregumizs| i seaan| s Lrestape |
Feperiy Wiy
g Spbera Pueduza raxsas of b by
FrogreEel 0 [Feagmand || 2 Sevm (Bfow-CHIGEN Lrwsr WELhr FO0S00TY [ _nasegn  |eped
Emialveg [5000. Upper e Faesone | 193340 o
Sty ﬂ ] *i\l-n.n.ﬂmlt\' [ ooam
Aed! [[1=] dpin TrEls  Lpoar imt Enemizal bt Upparimid Spine i Srosp
DH Dl Vake PIE vaue 5 il ] [ R L TE R N o
S B o ==
/_E i S T _|-J 1/ 0 [ [pamas [ S
/' i W I B e [rame [ i il e
W X [T or [EE e e L [
\>_., r= [ w0 am [EE] [rziz i
e} den B e
manually added frequency
press Apply button to
store data
F Fpy ©oHE oH Arply Gancel

Afterwards we have to check and complete the Scalar coupling table (see figure
4.12). Aswe did not import unassigned couplings, only coupling J;, is set in the
table. The other couplings are entered in manually.
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Figure 4.12: Scalar Couplings table for the epoxy-CHy-group of Ally-glycidyl-

ether
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The last table, the Lineshape table isimportant for our example. As explained
above, proton 5 (see figure 4.8) shows different couplings to the four other protons
of the group. The resulting signals are closely together and don’t seem to be
resolved. Therefore the signal group representing proton 5 shows linebroadening.
For the simulation of the whole spin system we use a global linewidth of 0.5 Hz.

Before starting the simulation some output options and the Destination PROCNO
are set. Figure 4.13 shows the chosen values.
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Figure 4.13: Output Options for the epoxy-CH,-group of Allyl-glycidyl-ether
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The simulation of the spectrum using these parametersis shown in figure 4.14.
Althoughitis’only’ afirst smulation, experimental and simulated spectrum fit
together very well. A closer look at the signal group for proton Hg (figure 4.15)

shows awell chosen linewidth of 0.5 Hz.
These simulation parameters are good starting values for an iteration of this 5-

Spin-System. They are stored together with your chosen output options in the sim-
ulation protocol in thefiledai sy. | st .
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Figure 4.14: Experimental and simulated spectrum of the epoxy-CH,-group of

Allyl-glycidyl-ether
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Resonance frequencies and couplings seem to fit quite well. The global linewidth

of 0.5 Hz seemsto be better justified for Allyl-glycidyl-ether than for the previous
case (aspirine) is better than the one in the first example (aspirine). neverthe less an
advanced cal culation using spin specific linewidth is requested. (see chapter 4.2.2).
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Figure 4.15: Experimental and simulated spectrum of proton Hs
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The frequencies, scalar couplings and linewidth used for the simiulation again can
befoundinthelog-file thedai sy. | st, respectively inthe/procno-directory of
you spectrum.
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4.2

Spectrum iteration

4.2.1

o ] | = e o | apny |[[aneet |

The DAISY iteration input documents are based on simulation input files with
some additional information.

Iteration of the ITH-NMR Spectrum of Aspirine (aromatic protones)

The 4-spin system of the aromatic protons of aspirine shows four clearly seperated

multipletsin the I1H-NM R-spectrum. Multiplet analysis and DAISY simulation
with determined frequencies and couplings are described in chapter 4.1.1. The
simulation results showed that the frequencies and couplings are quite well. So we
can use theses values as start input for an iteration. Looking at the simulation we
realized the need of a nucleus specific linewidth for an exact calculation of this
spectrum.

Figure 4.16: Frequency table prepared for iteration
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indicates that fregencies will be iterated
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For the following iteration all parameters available in the ' Edit Spin System’ win-
dow will be iterated. Therefore click on the iteration check boxes for each fre-
quency, scalar coupling and linewidth. The figures 4.16, 4.17 and 4.18 show the
three tables of the ' Edit Spin System’ window.

The upper and lower limitsfor iteration are automatically set by DAISY to +10
Hz and -10 Hz to the start value (see figure 4.16). These values can be changed
manually. Using fine start values, thisis not necessary.

Figure 4.17: Scalar coupling table prepared for iteration
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Similar to the frequencies, the upper and lower limitsfor iteration of the couplings
are set automatically by DAISY. For proper chosen start val ues these limits are
fine. In our example the long range coupling 1,4 is not resolved in the experimen-
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tal spectrum. So we will leave thisvalue at 0 Hz and do not iterate it.

In the lineshape table we choose Nuclei Specific Linewidth and iterate all nuclei.
Again DAISY automatically setsthe upper and lower iteration limits.

Figure 4.18: Lineshape table prepared for iteration
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In the ' Advanced Options’ window the additional parameters have to be set as
decribed in chapter 3.1.2. To get good results we import the iteration regions of the
experimental spectrum and check ' Iterate BaseLine' (Main table of this window).
Figure 4.19 shows the upcoming window for definition of the iteration regions.
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Figure 4.19 Importing iteration regions
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"Start’ and 'End’ in thistable are the start and end points of the integration region
of the experimental spectrum. The most relevant information for the spectrum
shapeis availablein the signal regions. So it is only necessary to iterate the spec-
trum in these regions. The baseline in between will be calculated. Now the itera-
tion can be started. When it is done you will be asked if you want to transfer the
calculated values in the input tables (see figure 4.20).
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Figure 4.20: DAISY window after end of iteration
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Clicking OK transfers the calculated values and frequencies etc. to the tables of
the’ Edit Spin System’. Now a new iteration could be started with these new start
values. Otherwise the input values will be kept. The calculated values can be seen
inthe log-file.
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Figure 4.21: Iterated spectrum overlayed with experimental spectrum
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The following paragraph shows the start parameters and the result of the iteration
It was taken from thefile dai sy. r st inthe directory <user>/pdata/1. Thisis
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Parameters to be iterated

Fragment Type  starting value lower limit upper limit
1 F(1) 4083.59000 4073.58640 4093.58640
1 F(2) 3835.02000  3825.02180 3845.02180
1 F(3) 3700.91000  3690.91190 3710.91190
1 F(4) 3592.55000  3582.55880 3602.55880
1 31,2 1.55040 -0.44960 3.55040
1 31,3 7.75200 5.75200 9.75200
1 3273 7.92100 5.90000 9.90000
1 324 7.92100 5.90000 9.90000
1 33,4 1.00000 -0.45000 3.55000
1 H(1) 0.30000 0.00100 2.00000
1 H(2) 0.30000 0.00100 2.00000
1 H(3) 0.30000 0.00100 2.00000
1 H(4) 0.30000 0.00100 2.00000
0 Baseline Offset 0.00000 -2.00000 2.00000
0 Baseline Ascent 0.00000 -2.00000 2.00000

Iteration 21 rms = 1.78270396

Index Parameter Type Parameter Value neg. Grad. GN-Corr.

© 0 N o 0o b~ WN PP O

=
N PO

F(1)
F(2)
F(3)
F(4)
1,2
J(1,3)
J(2,3)
X2, 4)
J(3,4)
H(1)
H(2)
H(3)
H(4)

4083.65011 2.891e-004 2.952e-004
3834.98820 -2.802e-004
3700.91634 3.834e-004
3592.53425 3.880e-004

1.69580
7.87206
7.39957
8.09810
1.08665
1.54867
1.34961
1.29116
1.71547

7.011e-004
-6.621e-004

2.575e-003
-5.682e-004
-9.393e-004
-4.263e-003
-5.573e-003

-2.614e-004
3.713e-004
3.802e-004
1.503e-003
-3.382e-004
1.005e-003
1.634e-004
2.475e-004
-4.733e-003
-5.830e-003

-3.844e-003 -3.774e-003
-7.271e-004 -1.068e-003
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4.2.2 Iteration of the epoxy group of Allyl-glycidyl-ether

As mentioned in chapter 4.1.2, the simulation input parameters lead to a simulated
spectrum which fitswell to the experimental one (seefigure 4.14 and 4.15). A final
iteration of the parameter will lead to awell simulated NM R-spectrum. In this
example, the definition of lower and upper limitsis of primary importance to
obtain a successful results. The values that are automatically by DAISY definea
widerange of parameter variation. Isistoo big for this example with its 5-spin sys-
tem and the very different linewidth for each nucleus. But if you confine the range
for the parameters, especially for the frequencies and the linewidth, the iteration
will be fast and fine. Otherwise the iteration leads to a deterioration of the simu-
lated spectrum. The system probably fallsinto alocal minimum. (see chapter
5.2.2)). Thefigures 4.22 - 4.24 show the input tables for a sucessful iteration.

Figure 4.22: Frequencies table prepared for iteration of epoxy-CH,-group of
_Allyl-glycidyl-ether
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The upper and lower limits of the frequencies, scalar couplings and specific line-
width are set manually and preferrably close to the start parameters. Thisis possi-
ble because the simulation shows that the input values are nearly the true values.
Otherwise the simulated spectrum would not fit that well to the experimental one.
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Figure 4.23: Scalar coupling table prepared for iteration of epoxy-CHy-group of
Allyl-glycidyl-ether
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Figure 4.24: Lineshape table prepared for iteration of epoxy-CH,-group of Allyl-

glycidyl-ether
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With these parameters and the iteration regions shown in figure 4.25 we start a
DAISY iteration.

Figure 4.25: Iteratiqn regions window (available under ' Advanced Options’)
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In the iteration regions window the iteration regions of the whole experimental
spectrum are availabl e because the whol e spectrum wasintegrated at the beginning
of the analysis (see chapter 4.1.2). We choose the five regions between 3.8 and 2.5
ppm and press the button ' Import Regions'. Then the iteration can be started by

pressing the @8  button in the toolbar of the DAISY window or out of the’ Run’

table of the’ Advanced Options’ window. Figure 4.26 shows the result. To illus-
trate the quality of the iteration the figure also shows the experimental spectrum.

As mentioned above the signal groups in the experimental spectrum have different
linewidths. Especially the signal group representing Proton Hg shows a significant
line broadening compared to the other signals. Iterating with specific linewidths

for each nuclei leads to a satisfying result which can be seen more detailedin  fig-
ure 4.27.
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Figure 4.26: Experimental and iterated spectrum of epoxy-CH,-group of Allyl-

lycidyl-ether
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Figure 4.27: Experimental and iterated signals of Hg-protone of epoxy-group of
Allyl-glycidyl-ether
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The detailed

results of iteration can be seen clickingthe  kge | button in the menu

bar or opening thefiledai sy. r st in <user>/pdata/1. Input values and final iter-
ation value are shown now:

Iteration

Maximal number

Convergence criterion
Correlation factor

100
0.05000
0.01000

of iterations =
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Multiplier = 6.00000
Total number of cycles = 4
Correlation factor lineshape = 0.10000

Iteration of lineshape starting in the 3rd Cycle

Parameters to be iterated

Fragment Type  starting value lower limit upper limit

1 F(1) 1877.98820  1875.49000 1880.49000
1 F(2) 1715.19580  1713.20000 1717.20000
1 F(3) 1415.76800  1413.74000 1417.74000
1 F(4) 1323.74410  1321.77000 1325.77000
1 F(5) 1596.46500  1594.46000 1598.47000
1 J(1,2) -11.45000 -12.45000 -10.45000

1 J(1,5) 3.05000 2.05000 4.05000

1 J(2,5) 5.85000 4.85000 6.85000

1 J(3,4) -4.90130 -5.95000 -3.95000

1 J(3,5) 4.25110 3.25110 5.25110

1 J(4,5) 2.70000 1.70000 3.70000

1 H(1) 0.50000 0.00100 1.20000

1 H(2) 0.50000 0.00100 1.20000

1 H(3) 0.50000 0.00100 1.20000

1 H(4) 0.50000 0.00100 1.20000

1 H(5) 0.50000 0.00100 1.20000

0 Baseline Offset 0.00000 -2.00000 2.00000

0 Baseline Ascent 0.00000 -2.00000 2.00000

Statistical Information :

Final sum of squares =297.999358
Number of spectral points = 1622
Degrees of Freedom = 1606
Standard Deviation of Measurements = 0.430760
R-Factor (%) = 3.918803

Fragm. Parameter type Initial Parameter Best Parameter Standard
No. Vector Vector  Deviation

1 F(1) 1877.98820  1878.26984  0.00072
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1 F(2) 1715.19580 1715.30507  0.00072
1 F(3) 1415.76800  1415.66754  0.00099
1 F(4) 1323.74410  1323.81176  0.00096
1 F(5) 1596.46500  1596.55872  0.00243
1 31,2 -11.45000 -11.45124  0.00101
1 J(1,5) 3.05000 3.07087  0.00137
1 J(2,5) 5.85000 5.86312  0.00135
1 J(3,4) -4.90130 -5.05153  0.00127
1 J(3,5) 4.25110 4.17002  0.00154
1 J(4,5) 2.70000 2.73139  0.00176
1 H(1) 0.50000 0.78791  0.00142
1 H(2) 0.50000 0.78866  0.00141
1 H(3) 0.50000 0.93455  0.00198
1 H(4) 0.50000 0.94549  0.00191
1 H(5) 0.50000 1.07432  0.00489
2 seconds
0.83

4.2.3 Iteration of the 1H-spe(:trum of trans-Crotonic-acid-ethylester

The last example that will be analysed with DAISY isthe proton spectrum of the
trans-Crotonic-acid-ethylester (s.figure 4.28.).

Figure 4.28.: Structure of Crotonacidethylester

H1 . H4
H
" 3 a0 . .'.'H?,
o * H5
FH2
H3

The H-spectrum of this substance shows 5 clearly seperated and very well dis-
solved signal groups (H2 - H6, see annotation in DAISY frequencies table, too).
According to the structure of the molecule it isagood example for dividing the
spectrum in two independent subspectra. The Ethylester group is totally independ-
ent from the system around the double bond. A coupling of the protons via carboxy
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Figure 4.29: Frequenciestable for iteration of Fragment 1 (Vinylgroup)
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Figure 4.30: Frequenciestable for iteration of Fragment 2 (Vinylgroup)
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For both fragments a corresponding ’ Scalar Couplings' table and a’ Lineshape’
tableis available. The values arefilled in directly from the multiplet definition file
dai symul tipl et.txt. Forthefollowing DAISY calculation of the spec-
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trum all parameters (frequencies, couplings and linewidth) are checked for itera-
tion. Inthe’Lineshape’ table Nuclei Specific Linewidth ischosen and iterated for
each spin. The result is shown in figure 4.31.

Figure 4.31 Simulated and original spectrum of trans-Crotonic-acid-ethylester
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Again the detailed results of iteration can be seen clicking the [E[; | button in the

menu bar or opening the filedai sy. r st in <user>/pdata/1. I nput values and
final iteration value are shown now:
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Iteration
Maximal number of iterations = 100
Convergence criterion = 0.05000
Correlation factor = 0.00010
Multiplier = 6.00000
Total number of cycles = 7
Correlation factor lineshape = 0.02154

Iteration of lineshape starting in the 4th Cycle

Parameters to be iterated

Fragment Type  starting value lower limit upper limit

1 F(1) 2755.16510  2745.16510 2765.16510
1 F(2) 2303.48840  2293.48840 2313.48840
1 F(3) 717.24300 707.24300 727.24300

2 F(1) 1637.97220  1627.97220 1647.97220
2 F(2) 478.85560 468.85560 488.85560

1 J(1,2) 15.49500 13.49500 17.49500

1 J(1,3) 6.95560 4.95560 8.95560

1 3(2,3) 1.72390 -0.27610 3.72390

2 J12 7.16570 5.16570 9.16570

1 H(1) 0.30000 0.00100 2.00000

1 H(2) 0.30000 0.00100 2.00000

1 H(3) 0.30000 0.00100 2.00000

2 H(1) 0.30000 0.00100 2.00000

2 H(2) 0.30000 0.00100 2.00000

Statistical Information :

Final sum of squares =109.752807
Number of spectral points = 1505
Degrees of Freedom = 1491
Standard Deviation of Measurements = 0.271312
R-Factor (%) = 1.062955

Fragm. Parameter type Initial Parameter Best Parameter Standard
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No. Vector Vector Deviation

1 F(1) 2755.16510 2755.06463  0.00279
1 F(2) 2303.48840 2303.65185  0.00322
1 F(3) 717.24300 717.15556  0.00104
2 F(1) 1637.97220 1637.93539  0.00115
2 F(2) 478.85560 478.80272  0.00083
1 31,2 15.49500 15.55628  0.00400
1 J(1,3) 6.95560 7.01139  0.00181

1 J(2,3) 1.72390 1.87399  0.00159

2 J1,2 7.16570 7.18705  0.00110

1 H(1) 0.30000 1.10007  0.00547

1 H(2) 0.30000 1.14072  0.00634

1 H(3) 0.30000 1.33525  0.00209

2 H(1) 0.30000 1.25424  0.00230

2 H(2) 0.30000 141031 0.00167

2 seconds

1.03



Chapter 5

Appendix

This chapter gives some more information about symmetry groups and symmetry
describtion (chapter 5.1) and a short summery about the theoretical background of
the DAISY simulator and the DAISY iterator (chapter 5.2)

5.1 Spin Symmetry, Symmetry groups

The spin symmetry in DAISY is described using the Schoenfliess permutation
group. Thedefault input is C; which means that the molecul e does not contain any

symmetric element. For the non-symmetry C, no input of symmetry description is
required. All other symmetries need permutation operators to fix the molecular

symmetry. The Schoenfliess symbol have been chosen here, because they are often
used in the describtion of molecular symmetry.

To give an overview which symmetry requires how many permutations, the
following table is given. The first row gives the total number of permutation ope-
rators including the unity operation, so that one permutation less than enumerated
has to be defined.

A-75
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number of permutations

Schoenfliess point group
symmetries

co o o~ W N B

10
12
16
20
24
48
60

Cy

C2 Cs G

Cs

Sy, Dy, Cy, Cyy, Coy
Cs

Se: D3, Ce: Cay Can
D2g, Don: Can,Cay Dy
Cspy Coy

T, D3¢, Dan, D, Cov: Cen
D4d: Dan

Dsg» Dsh

O, Th, Tg, Den: Deg
Op

I

Table 5.1 : Schoenfliess point groups and corresponding permutations

The Symmetry Description dialog box directly depends on the Symmetry Group
selection made. For default C1 Symmetry Group no userdefined Symmetry

Description is necessary.

The Symmetry Description dialog box informs about the number of descriptions,
which means the number of permutation operators. This value minus 1 represents
the number of lines required for permutation input. This defines the layout of the

dialog box.

In the headline the point group name and the number of corresponding symmetry
description is displayed. The unity-operation is given in thefirst lineand is at the
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same time the fixed nucleus numbering. In the first row the name of the symmetry
operation is displayed to the user preparing the input properly. It is not allowed to
interchange the sequence of symmetry operations. Thiswill lead to errors during
calculation and wrong results.

For symmetry higher than C1 all permutations have to be defined before closing
the dialog box. This is necessary because the construction of the following input
tables (for frequencies/couplings) depends on the symmetry definition.

The creation of permutation operatorsis described using naphthal ene as example:

H8 H1
7 2
i =
HE ‘5‘ HS
H> H4

The spin system of naphthalene can be either described as [AB]4 (C,,) or as[AB],
(D2p). We will show the creation of the permutation table with the symmetry group
C,, and explain that thisis the better choice, although Doy, strikes the maximum
molecular symmetry.

The C,, symmetry consists of 4 symmetry operators: the identity (E), the C,-axis
(C,) and two vertical symmetry planes (SigV and SigV’)

Figure 5.1: Initial Symmetry Description for naphthalene
B Sprmetiy Desrigtion. E
Symmatry Greup |t:-.- > Mo, OFf Descriptions 4

i | 2 3 4 85 & T B
2 [ REEFIFE
= LA I T T T T G O
A T I T T O T

ok |_cwea |

The identity results in the subsequent spin numbering. The other three symmetry
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operators are followed by the initial numbering of the spin system (seefigure 5.1).

Now the C, operation will be applied to the molecule according to the numbering
of the spin system leading to the permutation operators. The C, axisis perpendicu-

lar to the molecular plane and interchanges spins number 1 into 5, number 2 into 6,
number 3 into 7, number 4 into 8 and vice versa (see figure 5.2).

Figure 5.2: Symmetry Description completed with C, permutation

5
Eﬁl'mm!w GWUP C2v = Mo, Of Dunrlptlans 4

e [ I

- T P = 7 o e

wv [ E R

Ok Cancel I

The next operation involves the SigV plane. This (and all subsequent symmetry
operations) operate on the spin labelling as defined in the first line (identity opera-
tion E). Spins 1 and 4 change places, and so do spins 2 and 3, 5 and 8, and finally 6
and 7 (see figure 5.3).

Figure 5.3: Symmetry Description completed with SigV_permutation

[ symmetry Desrription i x|
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The fourth symmetry operation SigV’ is now perpendicular to the SigV plane. The
effect of thismirrow plane transfersspin 1t08,2to 7, 3to 6 and 4 to 5 (see figure
5.4).

Figure 5.4: Symmetry Description completed with SigV’ permutation
; |

Es:nmnub'r [reserip i

Symmetry Graup |CE-.-' - Mo, OF Dasctiptions 4

cz [ [ [ R |
sigy [+ B R [T B [
s o 7 6 5 o R [

Gl Cancel |

As mentioned before, the spin system of naphthalene satisfies al required symme-
try operations of Dy, (identity, three perpendicular C, axes, one inversion center

and three perpendicular mirror planes - every planeis constructed of two C, axes).
So there are twice as many symmetry operators in Doy, thanin C,,.

Looking at the additional permutation information about the symmetry of Doy, in
the naphthal ene case (seefigure 5.1.5), we will recognize that the permutations are
inpairsidentical (E = SigXY, Cy, =1, Cy, = SigYZ, Cy, = SigXZ). This does not
yield additional information about the molecule.

For DAISY calculation thisdoesnot result in again of calculation speed. Asthisis
the main reason for symmetry consideration, thereis no need to use Do}, symmetry
group instead of C,,, symmetry group in this case.

Conclusion: In many casesit is not necessary to select the highest symmetry that is
available in the Symmetry Description window. A partially reduced
symmetry will do for fast calculation.
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Figure 5.5: Dy, Symmetry Description for naphthalene
Hiymrnl:trrﬂur.ri'ptlm E : .ﬂ
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5.2 Theoretical Background

References; 118

5.2.1 The DAISY Simulator

References: 1-9,12,16-18

5.2.1.1 Thebasic Single Spin simulation algorithm

References; 8917

The simulation of high resulution NM R spectrais based on the time independent
Hamilton Operator (here in thefirst step for Single Spins) to satisfy the Schroe-
dinger equation in the Hilbert space.
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T
I

N N N
1
22— hBO(l G)IZI+ZZh‘]Ik| Ik (1)
i <k

H  nuclear spin Hamilton operator [Joul€]
N  number of nuclel in spin system
gammg; gyromagnetic ratio of thei-th nucleus
h  Planck constant
By static magnetic field (definesin -z direction)
sigmg;  shield constant of thei-th nucleus
|2i  spin operator of thei-th nucleusin z direction
Jik  Scalar (indirect Coupling Constant between i-th and k-th nucleus)
I;  spinoperator of thei-th nucleus

After dividing the Hamiltonian operator by h , using the definition of the reso-

nance frequency

Vi = 5 %iBp(1-0)) 2

I
1

_ZViILH

I
[EEN
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N N
2. 2. Uizl 2k +
<k

N N
1 A A A A
ézz(Jik)lil—k”—i'k 3)
g k

H nuclear spin Hamilton operator [Hz]
Iy raising operator of spini

I lowering operator of spini

called the Zeeman term (field dependent), the coupling term (including the z-spin

operator) and the mixing term (including raising and lowering term).

For first order calculation the X-approximation, which neglects the mixing term of

the Hamiltonian, is implemented.

The set of basic functions is composed of the product spin function |Phi>, defined

as the product of the spin functions |, >:

N
19) = H S (4
k=1

N = number of nuclel in spin system
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For single spin calculations involving spins with 1=1/2, the spin functions |sk> are
symbolised as |alpha> or |beta>.

The eigenfunctions |Psi> to solve the Schroedinger equation

HIY) = BIY) 5)

are derived as linear combinations of basic product spin functions.

oN
1Y) = Z Cij|‘Pj> (6)
i=1

The dimension of the Hamilton matrix is given by the number of different basic
function 2N identical with the number of eigenvalues E.

The eigenvalues E are formed by diagonalisation of the Spin Hamiltonian Matrix.
Diagonalisation of matricesis a very time consuming process. Consequently
matrices are broken down to submatrices of smaller dimension thus efficiently

reducing the time demand. The standard way of factorisation isto use the commu-
tator

[H,F,1 =0 ™

with F,, the total spin operator, defined by
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to obtain the total spin factorization.
5.2.1.2 Using Symmetry
References: 5:89.16,17

Further factorisation is archieved by introducing symmetry considerations. A com-
mutator is used:

[H,P,] =0 9)

where P, stands for the projection operator resulting from the n-th irreducible rep-

resentation of the spin symmetry group. The basic functions |Phi> are linear com-
binations of the product spin functions to create the eigenfunctions:

N

2
|D;) = Z Cijlq)j> (10)
j=1

The coefficients ¢;; are based on the information of the character table of the point
group for spin symmetry.

Using the new basic function |psi>
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N
¥\ = Z Ci P, (11)
j=1

the eigenfuctions are derived as required by the Schroedinger equation.

Each Hamiltonian sub-submatrix is diagonalised individually. Then the allowed
transition frequencies and intensities are determined according to known selection
rules. The demands for memory and processing time largly depend on the size of
these sub-submatrices. So symmetry factorisation isimportant for saving computer
time.

Of course the main factor governing the total computer time will be determined by
the number of nuclei involved in the spin system. The advanced DAISY user will
quickly learn to select the relevant spin-islands to efficiently calculate certain
regions of the total spectrum.

5.2.1.3 The Composite Particle Approach

References; 816

If magnetical equivalence occurs and/or spins with spin values higher than 1/2 are
involved, the Composite Particle approach is automatically used for speedy calcu-
lations. Here every Composite Particle group is treated like one particle in every
term of the system.

The properties of the Composite Particle will be described by the following con-
cept:

The particle is decomposed into a weighted superposition of individual states,
which will be dealt with as a Single Spin of 1> 1/2 and handled as individual quan-
tum mechanical systems. The resulting subspectra are finally combined to give a
total spectrum of the spin system. Note that the quantum mechanics to be calcu-
lated for composite particles is nearly the same as for single spins. The only differ-
enceis, that the basic functions |sk> can be composed of any possible spin value,
not just only |alpha> and |beta>.
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5214

Symmetry can be applied for the main term - the molecule itself. For all other
terms the program detects contained subgroups of symmetry automatically from
the implemented subgroup-tree. If symmetry is present some of the terms give
identical spectra, so that the spectrum will be calculated once and then summed up
including the proper statistical weights as derived from binomial coefficients.

The Hamiltonian for the Composite Particle approach for every subspectrum is of
the same type like the Single Spin Hamiltonian of equation (3). The only differ-
enceis, that for spin system calculation in anisotropic solution the Hamiltonian can
be extended.

The nucle specific linewidth

Reference: 16

Arising from various effects (neighboring of quadrupolar nuclei, dynamic effects
etc.) the presence of different linewidths in one spectrum can often be seen. To
solve this problem in the most general way for all possibilities - even for second
order systems and overlapping spectral regions - the assignment of specific line-
width to every nucleusis the best theoretical approach.

Based on these specific line width parameter (index i) HWB; for every resonance
(index j) in the spectrum aline specific width hbw; will be determinedwhich can
be traced back to the eigenvector coefficients ¢; for the actua transition (j).

N
hwbj = Z c;HWB; (12)
i=1

For normalization the eigenvectors are re-scaled in the following way:
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N
Z |ci|2 =1 (13)
i=1

5.2.1.5 The X-Approximation: Division into Subsystems

Reference; 18

For increasing size of spin systems the dimension of the Hamiltonian matrix is
growing rapidly . Various methods to break them down into smaller parts have
been developed over the years:

« thefactorisation by the Total-spin values
» thefactorisation by permutational operators
 thefactorisation by different molecular terms (Composite Particle approach)

The’simple’ X-Approximation based on different | SO-Values solely makes off-
diagonal elements of the Hamiltonian matrix to vanish. The dimension of the
matrix itself is not touched at all.

The basic equation for the X-Approximation is the pertubation parameter Lamb-
daik.

Jik

Ao =
ik
Vi —Vk

(14)

As an approximate value for neglection, the mixing term from the Hamiltonian
Lamba;, should be much smaller than 0.01. For different isotopes the numerator

(difference between the Resonance Freguencies) isin the order of 100 Hz (MH2),
so that this condition is always fulfilled for different types of nuclei, even if aCou-

pling Constant of 103 Hz is present. For nuclei of the same isotope the limit for X -
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Approximation is more difficult to fix.

However avery simple case occurs when the Coupling Congtant is zero. Then
independent from the denominator the numerator is zero. The absolute value of a
spectral parameter is zero by definition and that’s the smallest value obtainable:

0
Vi —Vk

=0 (15)

Ilm}»ik = |lim

But the neglection of the off-diagonal elementsis not the only consequence, also
the diagonal elements are not affected by any Coupling Constant contribution. The
sole influence of the other nucleus is an additive contribution to all energy levels,
so that the transition frequencies are not affected.

An extreme situation occurs when awhole cluster of nuclei present the property
against another cluster of nuclei. Here the'intelligent’ X-Approximation starts:

Real factorization according to the membership of acluster (subsystem, fragment)
leads to independent quantum mechanical systems - with much smaller matrix-
dimension - in which the former described factorization takes place. To deal with
these systems different input cases can be combined to a complete input document.
The calculation will be executed in a sequence of simulation runs for all the frag-
ments.

5.2.2 The DAISY lterator

References: 818

DAISY includes a powerful simulation and iteration algorithm. The iteration may
be classified as atotal line shape fitting or - more generally - as an intensity itera-
tion. This approach is different from traditional frequency iterations based on
LAOCOON type programs.

No trial-simulation and no line assignments are required for iterations with
DAISY. Theiteration environment uses effient smulators for Single Spins and
Composite Particles described in the preceding chapter.

The iteration algorithm is a modification of previous results obtained or used by
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Binsch et a1 in DAVINS, e.g. the iteration routine is based on the spiral algo-

rithm published by Jones'®. Previous DAISY versions®®) were designed in FOR-
TRAN IV and FORTRANT77 to run on mainframe computers and work stations.
The FORTRAN versions were able to handle up to 8 spins. Considerable progress
was made with WIN-DAISY, the new modified C-version using totally dynamic
memory alocation. The 1994 version coveres up to 10 spins/groups (Composite
Particles) per fragment. The current DAISY version, now implemented in Top-
Spin, is based on this 1994 version of WIN-DAISY, which was developed as a
cooperative project between the research team of G Hégele in Dusseldorf and

Bruker Spectrospin, Karlsruhe®1216-18),

As mentioned above the iteration routine uses the spiral algorithm, which is based

on previous studies from D.W. Marquardt!® and K. Levenberg!®. The error of the
initial parameter guess (which hasto be minimized) is calculated using a Gaussian
least square treatment for all spectra data points.

n

Z (resi)2 (16)

=1

n number of data points
res,  residua inthei-th data point
Theresidual is defined as:

res; = f;(p) —exp; (17)

fi(p) calculated intensity in the i-th data point

exp;

experimental intensity in th i-th data point

p = NMR parameter
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The Jacobian matrix J, consisting of first differentials of the Lorenzian line shape
and the NMR parameters, are determined.

’ , }
—TF(P) =—TF1(P)
op, 177 9p._ 1

3= M Pn (18)

0 0
=T (P) =—f (P)
k k
_8 Py ap, |
n = number of data points
k = number of parameters to beiterated
p = NMR parameter

The Hessian matrix, the second derivative matrix , is built by multiplying an expo-
nential weighting vector to the approximate Hessian, briefly defined by the
expression Jacobian (transposed) * Jacobian.

-
Hessa|o|or =JJ (19)

The Gauss-Newton correction is defined as

= —H 3’
CGauss—Newton = ~ eSSappr res (20
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CcaussNewton = Gauss-newton correction
Hesspor = approximated Hessian matrix
J’ = transposed Jacobian matrix
res = residual

The negative gradient can be defined as:

- _3'
Cheg, grad = —J €S (21)

The corrections applied to the NM R parameter are composed of negative gradients
and Gauss-Newton correction, which can be done in different ways.

In many cases, sharp local minima occur in the total line shape fitting, conse-
quently an efficient smoothing adopted to the iteration algorithm is required which
can be done again in different ways.

5.2.2.1 The Sandard Algorithm

References: 8,9,12,15,16

Iteration theory derives, that one of the best error reductions in these complicated
casesis situated in the plane between the Gauss-Newton correction and the nega-
tive gradient.

Corrections applied to parameters are thus not simple Gauss-Newton corrections
used in traditional frequency iterations, but composed of the Gauss-Newton vector
and the negatively scaled gradient.

The error reduction starts with applying the total length of the Gauss-Newton cor-
rection to the parameters under iteration. If no reduction of the error isarchieved, a
spiral is constructed and three more testing points in the plane are inspected to
reduce the error value. If thisis not successful, the same procedure will beretried
with other test spirals starting from alower Gauss-Newton correction (reductions:
division by afactor of three).
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Altogether twelve error reduction tests are made, if necessary, for every iteration.

The effective correction can be defined as:

- 22
- }“CnegGrad +(1 }‘)CGauss—Nevvton (22)

Ceff

with 0 < lambda < 1

The differentials forming the Jacobian matrix are calculated numerically. For each
parameter two spectral simulations with small changesin the actual parameter val-
ues in positive and negative direction are performed. Thisiteration procedureis
valid for the linewidth as well. Base line increment and base linetilt are deter-
mined directly.

5.2.2.2 The Advanced Algorithm

References; 10.11.17

Asit isessentia to have properly adjusted main spectral parameters for the use of
the Standard Algorithm, anovel double sum target function (17) was devel oped.
This function was created to be used with conjugated gradients ("starting frequen-
cies poor").

n i

Z Z (resj)2 = min

i=1j=1

The result of thisiteration is not exact, so the standard target function with quasi-
Newton minimization is applied afterwards. The difference to the former described
Gauss-Newton method is the substitution of the Hessian matrix by proper matri-
cesto avoid theinversion procedure.

This calculation is faster than the standard method but there is no general rule,
which approach (Standard or Advanced) would be the optimum to reach the cor-
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rect result. Even more, thereis no exact solution to predict the iterability of agiven
spectrum.
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