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1 Introduction

1.1 What is ASICS

The analysis of single-crystal NMR, spectra
will often require handling of large amounts
of data and it is therefore imperative to have
a computer at disposal. The ASICS software
package uses a graphical interface to provide a
fast, safe, and routine analysis of single-crystal
NMR spectra. ASICS handles all the ”book-
keeping” of resonances and their assignment,
determines the relevant interaction parameters,
and provides the relevant graphical output in
PostScript format.

With ASICS the spectra may be interpreted
in terms of the quadrupole coupling and chem-
ical shielding anisotropy (CSA), either one of
them or their combined effect. ASICS is planned
to include the hetero- and homo-nuclear dipole

1.2 System Requirements
ASICS requires an X-Windows based work-

station, PC with Linux, or an X-Terminal for
remote execution. The software has so far been

1.3 Equipment

BO
1 2 3
z' yr ST X'
X yT‘— yT

Figure 1.1: A typical single-crystal NMR go-
niometer with three perpendicular rotation
axes.

The single-crystal probe should be of the

coupling interactions but the implementation
has not been performed at this stage.

The input for ASICS is the experimental
single-crystal NMR spectra which are stored by
ASICS in its own file format. The software
is supplied with a routine that converts Var-
ian’s VNMR file format into that of ASICS. The
experimental spectra should be acquired using
a conventional single-crystal NMR, probe de-
sign with three mutually perpendicular rotation
axes. A further description of usable equipment
is given in Section 1.3.

The capability of ASICS will throughout this
user guide be illustrated by the analysis of
some 87Rb single-crystal spectra of RbyCrQy,
an analysis recently published elsewhere (1).

successfully tested on SUN and Silicon Graphics
workstations, and on PC’s running Linux.

conventional type with three orthogonal rota-
tion axes, as exemplified in Fig. 1.1. The rota-
tion angle § defines the angle between 27, 27T,
and —zT for the three different mountings of the
crystal. Rotation should be performed as indi-
cated by the arrow, corresponding to clockwise
rotations about the —2T, 4T, and —zT axis for
the three mountings, respectively. For further
details see Refs. (2, 3).

Rotation should be performed as indicated
by the arrow, corresponding to clockwise rota-
tions about the —zT, y*, and —z7T axis for the
three mountings, respectively. For further de-
tails see Refs. (2, 3). If your definition of rota-
tion axes and -angles is inconsistent with that
described above, these axes may be redefined in
the ASICS ressource file (see Section 3.2). Note
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that this type of design leads to some identical
spectra for the different mountings of the crys-
tal. These pairwise identical spectra are

1.4 Theory

ASICS allows to include the quadrupole cou-
pling (Q) and chemical shielding anisotropy (o,
CSA) interactions in the analysis. Therefore the
effective Hamiltonian, expressed in the Zeeman
representation, is given by

jjfeﬁ? = j‘va + j‘vfa. (1.4)

It is beneficial to express these terms us-
ing average Hamiltonian theory since they be-
come very simple in that case. Each interaction

may be expressed according to the Magnus ex-
~ =1 =2
pansion: Hy = H, + H, + ... where only

the first term is relevant for the the CSA in-
teraction while also the second-order term may
be relevant for the quadrupole coupling inter-
action. The resonance frequency is given by
v = <m|§(|m> - <m — 1/H|m — 1>. This re-
sults in the following expressions for the first-
and second-order terms of the two interactions

yf;’))\ (0) = Apx+ Bpacos20
+Cpmasin20, (1.5)
I/ii)%)\ (0) = A1/2,/\ + Bl/g,)\ cos 260

+C]_/2)\ sin 20 =+ D1/2,)‘ COs 49

+E1/27)\ sin 46. (16)

The coefficients M, » are functions of the

interaction parameters and are given elsewhere

(2,8). The quadrupole coupling and CSA pa-
rameters are defined as

Cq = eQ}‘L/” [MHZ  (L.7)
Voy — Vau

o= (1.8)

diso = Oref — Uiso [ppm] (1-9)

0o = 0.z — Tiso [ppm] (1'10)
Tyy — 9zo (1.11)

Ne = T7

—2T(0=90°) (1.2)
256 =0°) (1.3)

since they only differ by rotation about the mag-
netic field direction.

where oper is the isotropic shielding of a refer-
ence compound, oiso = 1/3Tr{e}, and V4, and
Oae are the principal elements of the electric
field gradient (proportional to the quadrupole
coupling) and CSA tensors, respectively.

The orientation of the interaction tensor is
determined from diagonalization of the tensor
expressed in the Tenon (T) frame which is de-
termined from the coefficients M, . This diag-
onalization is described by the equation

AT =R, - A" RJL (1.12)
ASICS describes the orientation matrix by three
Euler angles (R = R(a, 3,)) which are defined
according to the definition given by Mehring (4)
and as illustrated in Fig. 1.2.

Ze Ze
Ux o =90° Xp‘>/ p=30°
P
Ye
Ze Zp Z:
o | |
Xp > e e > Yr
Ye P Xt

Figure 1.2: Illustration of the rotation from the
P to the T frame. This transformation corre-
sponds to (a, 8, v) = (90°, 30°, 90°).

In simulations including the combined effect
of the quadrupole coupling and CSA interac-
tions ASICS uses a, 3, and v to describe the
orientation of the quadrupole coupling tensor
in the Tenon frame. The orientation of the
CSA interaction is then described relative to the
quadrupolar principal axis frame (PQ) by three
Euler angles (¢, x, and &) according to the def-
inition (3)

ﬁo("b;X:f) = Rél(a,/@,'y) ) RG’(aO"IBUJ’YO')‘
(1.13)



2 How to Use ASICS

This Chapter describes all features of the
software package ASICS. ASICS consists of four
parts corresponding to the four steps in the
analysis of single-crystal NMR spectra:

1. Measurement of resonance frequencies in
the experimental spectra.

2. Assignment of resonances for different ro-
tation angles to different sites in order to
generate rotation plots.

3. Correlate the rotation plots for the three

rotation axes for determination of an ini-
tial set of parameters.

4. Optimize the initial parameters and deter-
mine error limits.

The software is run from a unix-prompt typ-
ing
> asics -<option> <name>
where <option> refers to either of the four steps
in the analysis as explained in the following Sec-
tions.

2.1 View and Deconvolute Experimental Spectra

Figure 2.1: This is the window pro ided for iewing and decon olution of experimental spectra.

R inR T

ASICS gives the possibility to view and plot
the experimental spectra. Moreover, the soft-
ware allows to deconvolute discrete or overlap-
ping resonances in the spectra.

In order to use these facilities, the experi-
mental FID’s should be fourier-transformed and
processed by the spectrometer software, e.g.,
Varian’s VNMR, and stored in ASICS-format.
A macro, sa esc, is supported for Varian’s
VNMR software that reads the processed spec-

tra and stores them in ASICS-format in a local
directory. In the following, this directory will
be referred to as r st.
ASICS is started by typing
> asics -s r st
from a unix-prompt. The option -s indicates
that ASICS should start in Spectrum mode.
This command provides the window shown in

Fig. 2.1.
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it Quit ASICS.

Inde Scroll through spectra acquired for dif-
ferent rotation angles and for the rotation

axis indicated by the buttons.
The current rotation axis.
is a Provides a pop-up window which al-
lows to change the parameters that deter-
mine the vertical scale and range of the
spectrum shown (see Section 2.1.2).

| S

There are two types of interactions with the
spectrum window: () Ad ustment of the ver-
tical scale and frequency range of the spec-
trum and ( ) Fitting experimental resonances
to Gaussian Lorentzian lines (see Section 2.1.3).

When the mouse pointer is within the spec-
trum window it is possible to do interaction us-
ing the three mouse buttons

eft Creates a cursor (vertical line).

idd e If the mouse is placed over under a
resonance and the middle mouse button is
pressed, the vertical scale is scaled up or
down.

Rig t If one cursor is present ASICS provides
a second cursor for expanding the spectral
window. If no cursor is present ASICS re-
turns to the original spectral window.

Figure 2.3: Result of the decon olution of one
or two resonances. The pop-up shows the o er-
lay of the experimental and tted resonances.
The dashed line on the left window indicates
that the region a o e this line is used for the
decon olution.

ot Provides a pop-up window which helps
the user to choose the right output format
(see Section 2.1.4).

Saves a line with the resonance fre-
quency indicated by the cursor in the spec-
trum window (see Section 2.1.3).

ar

ow fit Provides a pop-up window which
shows the parameters determined for a
line (see Section 2.1.3).

Figure 2.2: isplay pop-up

Alternatively the button is a may be
used to manipulate the appearance of the spec-
trum. Activating this button provides the pop-
up shown in Fig. 2.2 on the left. s is the ver-
tical scale (default 100), p the vertical posi-
tion (default 0), sp the lower frequency of the
displayed spectrum, and p the width of the
spectrum. The one button makes the pop-
up disappear. H is a menu that changes the
frequency scale between kHz, Hz and ppm. Fi-
nally, if pressed, vsad shows all spectra with
the same maximum intensity no matter their
actual intensity.

To deconvolute the resonances in the exper-
imental spectrum press the i t tr key for
a Gaussian Lorentzian line. Place the mouse
pointer under the resonance and press the
mouse button while keepingthe i t tr key
down. This action creates the Line fit window
shown in Fig. 2.3a. Only the region of the res-
onance, that is above the mouse pointer when
the mouse button is pressed, is used for the de-
convolution. In Fig. 2.3a this corresponds to the
region of the resonance above the dashed line.



ie and Deconvolute E perimental Spectra

Figure 2. : how t pop-up.

i t tr keyis down, ASICS will make a de-
convolution of resonances. In this case, the
resonance frequency of the mouse pointer will
be used as an initial guess of the resonance fre-
quency for the first line. ASICS now prompts the
user to mark the second resonance. This action
creates the Line fit window shown in Fig. 2.3b.

It is possible to verify the parameters de-
termined for a deconvoluted resonance:
nance frequency, line width, intensity, Gaus-
sian Lorentzian fraction, and phase. By default
ASICS fixes the Gaussian Lorentzian fraction at
1 0forthe it tr key, respectively. In a
second optimization, using the O timi e but-
ton, it is possible to change the starting param-
eters simply by typing a new number for this
parameter. Moreover, it is possible to fix any of
the parameters using the check-button on the
right of each parameter. This pop-up is shown

reso-

If the mouse button is pressed while the when the ine fit button is pressed.
S

XxT yT zT
620 |4 b L
9 ) i Meht
18 SV 8% Mo a
27 | S ok ¥ PN
36 A A A 1] |
45 A A ML M Ak
54 Mk R | I
8 A Y
72 ol _w
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90 |x Jus L
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126 "\ i J_ i Ak
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180 Jx Jn L
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iz

Figure 2. : (a) Plot pop-up and ( ) Post cript output from

(a)) R imR r

To plot the experimental spectra press the
ot button. This brings up the plot pop-up
shown in Fig. 2.5a. There are five different out-
put setups available. Plot one spectrum, all
spectra for one rotation axis, or all spectra for
the three rotation axes. It is, however, possi-

W 2 0 20 40 60 80 W . 0 20 40 60 80
iz iz

using the plot setup from

ble to omit some of the spectra in the plots by
scrolling the counter ot 1
tra. The plot uses the current display parame-
ters. The setup in Fig. 2.5a gives the PostScript
output shown in Fig. 2.5b.

n oft es ec
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2.2 Assi nment o Experimental Resonances

Figure 2. : This is the window pro ided y

rotation angles. It displays the resonance fre uency ersus the rotation angle.

When all the resonances have been deconvo-
luted, the next step in the analysis is to make
the assignment of resonances for different rota-
tion angles for each of the three rotation axes.
For this purpose ASICS provides the window
shown in Fig. 2.6 that displays the resonance

Before starting ASICS in Assignment mode
the input files with the resonance frequencies
should be created for each of the rotation axes.
If ASICS has been used to deconvolute the ex-
perimental spectra, simply type

<an e > <K re > <
<an e > <K re > <
<an e n> <re n > <

If ASICS has not been used for the decon-
volution of the experimental spectra, the fre-

for assignment of the resonances for di erent
R inR r

frequencies versus the rotation angle. This win-
dow is created when typing the unix command
> asics -<a is> r st
where <a is> = x, y, or z.

When the assignment is complete, the win-

dow shown in Fig. 2.6 changes to that in Fig. 2.7.

> ma e re r st <a is>

where, again, <a is> is x, y, or z. This com-

mand creates a file r st re .<a is>with
the format

re < re n>

re < re n>

re n > < re n n>

quency files r st re .<a is> should wust

be created manually.



Assi nment of E perimental Resonances

Figure 2. : ame window as in Fig. 2. ut now with all resonances assigned to four di erent

cur es.

| A

The assignment is performed pseudo manu-
ally by selecting deselecting the resonances us-
ing the mouse (Left mouse button). When more
than three or five resonances have been assigned
ASICS calculates the optimum coefficients to
Eq. 1.5 or 1.6 (first- or second-order interaction)
and draws the corresponding curve. Thereby
it becomes much easier to assign the remaining
resonances, either manually or using the Com

ete button (see Section 2.2.3). The coeffi-
cients and m deviation is shown in the upper
right frame of the window.

It is often beneficial to wuse the
linewidths intensities in the analysis since these
parameters may be used to characterize reso-
nances from the same nucleus. If the mouse
pointer is placed over a resonance and the
middle mouse button is pressed, ASICS dis-
plays all the information (resonance frequency,
linewidth, intensity, etc.) about this resonance
in a small pop-up. On the other hand, if the
mouse pointer is placed over a resonance
but points at a rotation angle for which an
experimental spectrum exists, the spectrum is

drawn in the window as shown in Fig. 2.8.

Figure 2. :

se the experimental spectrum to

facilitate the assignment.

When the

mouse button is pressed and



o to Use ASICS

the mouse is moved towards the lower right, a
frame is drawn. When the mouse button is re-
leased ASICS expands the plot to cover only the
region selected by the frame. To get the full

it Quit ASICS.

H1 H 2 Decides whether to use a first- or
a second-order Hamiltonian (Eq. 1.5 or
1.6) for the current line.

ine Indicates the current line. The arrows
are used to change between the different
lines.

Com ete When this button is pressed, an al-
gorithm tries to complete the assignment
of this line using the already assigned reso-

2.3 Correlation

Figure 2.9:

The next step in the analysis when the as-
signment of resonances for different rotation
angles has been performed is to correlate the
curves between the three rotation axes. Type
the unix command
> asics -c r st
which provides the window shown in Fig. 2.9.

Obviously a tool is needed to select the right
correlation between the curves among the many

possible combinations. Such a tool is provided

indow pro ided for correlation etween the three rotation axes.

plot back, press the right mouse button. If the

mouse button is pressed when the full plot
is shown, ASICS doubles the frequency range
shown in the plot.

nances. Therefore, this algorithm requires
that at least three five resonances (first-

second-order interaction) have been se-
lected manually.

This menu is used to save the current as-
signment or to load an already stored as-
signment.

ie

i Uses the current values for the My,
coefficients independently of the selec-
tions deselections.

etween the Three Rotational Axes

R inR r

by the identical spectra summarized in Egs. 1.1-
1.3. Above the three plots of the curves (see
Fig. 2.9) are listed two frequencies labeled A B,
A C, and C B for the —z* (upper), y* (mid-
dle), and —z"1 axis (lower), respectively. These
frequencies correspond to those of Eq. 1.1 (A),
Eq. 1.2 (B), and Eq. 1.3 (C). Thus, only combi-
nations, where the frequencies labeled A and A,
B and B, C and C are approximately identical,
are valid.
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et een the Three Rotational A es

The counters labeled ine are used to scroll
between the different curves for each rotation
axis. When a correct combination of curves is
reached, press the This
makes ASICS calculate an initial set of parame-
ters from the M) coefficients. These parameters
are listed fields within the

etermine button.

arameters
frame.

For the calculation of these parameters
ASICS uses the spectrometer frequency (s r ),
nuclear spin quantum number (i a ), spin tran-
sition (m a represents the m
tion), and parameter mode (the button labeled

uad C  in Fig. 2.9) as input in addition to
the selected curves.

The site input field in the
frame denotes the site-index for the current

m — 1 transi-

arameters

Figure 2.9: og window of . The param-
eters may e highlighted for determination of a
set of a erage parameters. R inR r

Crystallographically equivalent but magnet-
ically nonequivalent nuclei will have the same
magnitude but different orientations for the in-

it Quit ASICS.

etermine Determines parameters from the
three curves selected and marked in white.
However, if parameters from the og
frame are highlighted ASICS will calculate
the average parameters.

ite Decides which directory to use when the

parameters. This parameter is only used in
the presence of crystallographically equivalent
but magnetically nonequivalent sites within the
crystal structure of MyCryst.

The mo e field shows the parameter mode
for the determined parameter set which is usu-
ally identical to that shown by the parameter
mode button.

The parameter set may either be saved or
stored in the Log. The parameters are saved
by the ave button which saves the parame-
ters and corresponding resonance frequencies in
the directory r st <site> where site is the
number given by the ite counter in the Com
mands frame. It is possible to change ite by
its arrows.

teraction tensors. Therefore it is often desired
to make a simultaneous fit of several magneti-
cally nonequivalent nuclei. In this case the in-
teraction parameters (Egs. 1.7-1.11) are equal
for each nucleus while the P — T Euler angles
are different.
The current parameters may be stored in the
og using the tore button. Figure 2.3.2 shows
the Log from Fig. 2.9 where four parameter sets
are stored. Each of these may be highlighted us-
ing the mouse. In this case the two parameter
sets have similar values for the quadrupole cou-
pling and CSA parameters. These parameters
may be saved by the following: () determine
a set of average parameters by the
button and ( ) save the parameters by the ave
button.

etermine

parameters are saved (see Section 2.3.1.
ave Saves the current parameters.

tore Stores the current parameters in the

og.
uad C Menu used to change the param-
eter mode.
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2.4 Re nement o the arameters

Figure 2.10:

The initial parameters determined as de-
scribed in the previous Section must be refined
because the initial parameters are calculated
from the M,  coeflicients that are determined
without taking into account any of the mutual
constraints of these coefficients. Moreover, it is
often desirable to keep some of the parameters
fixed during the optimization, e.g., because of
constrains imposed on some of the Euler angles
by the crystal symmetry.

The parameters describing the relevant
NMR interaction(s), in Fig. 2.10 the quadru-
pole coupling and CSA interactions, are listed
in the wuadru oe C , oniometer, and

in s stem frames. The parameters in

uadru oe C are the parameters defined
in Egs. 1.7 - 1.11 and 1.13 while the parame-
ters in  oniometer are the Euler angles de-
fined in Eq. 1.12. All of these parameters
may independently be fixed during optimiza-
tion. The fixed optimized status of the pa-
rameters is changed by the yellow check-button
on the right of each parameter. The label

indow pro ided for re nement of the parameters.

R site2in R r

For the refinement of the parameters ASICS
provides the window shown in Fig. 2.10. The
unix command that gives this window is
> asics -<site> r st
where <site> is the subdirectory in which the
parameters are stored (i.e., r st <site>)as
explained in Section 2.3.1 on Page 13. The win-
dow consists of numerous frames so the different
buttons and input fields are arranged according

to their functions.

uadru oe C indicates the current pa-
rameter mode which may be changed by the

arameter mode menu.

The Euler angles in the  oniometer
frame are labeled a a

<n>, where the number <n> refers to the site-
labels for each of the magnetically nonequivalent
sites as described in Section 2.3.2. The C ange
site button is used to show the values of the

Euler angles for the other sites.

The in s stem frame contains the infor-
mation about the spin system. s r is the spec-
trometer (Larmor) frequency and i a is the
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nuclear spin. m a determines which transitions
to be included in the calculations and is only
relevant for quadrupolar nuclei (i a 1/2).
When m a 1/2, all the satellite transitions
are included, and when m a = 1/2 only the
satellite transition is included. For nuclear spins
larger than 3/2 it is moreover possible to in-
clude only one pair of satellite transitions by
settingm a to the negative value of the desired

it Quit ASICS.

O timi e Optimizes the parameters that are
highlighted by a yellow check-button. The
parameters are optimized according to the
minimum m deviation between the sim-
ulated curves and the experimental res-
onances. The m value and number of
experimental resonances are listed in the

erimenta frame. There are cur-
rently two different algorithms avaliable
for optimization: Powell and Simplex ( ).

can Creates the scan window for 95% con-
fidence interval calculation (see Section
2.4.4).

ASICS automatically draws and updates the
rotation plots that correspond to the current pa-
rameters. The parametersin the is a frame
are controls for the rotation plots. sp denotes
the lower resonance frequency and p the fre-
quency range shown. H is a menu used to
change the unit of the frequency scale between

kHz, Hz, and ppm.

Figure 2.11: Resonance assignment.

C I

The error limits for the interaction param-
eters are evaluated as 95% confidence intervals
according to the procedure described in

( ) and with the nomenclature used

transition (e.g., if we are only interested in the
outer satellites in an 27 Al (spin 5 2) spectrum
( 5/2 3/2) setm a = —2.5).

Likewise the sites input is used when only
some of the magnetically nonequivalent sites.
When site all sites are included.
By giving site an integer value only site
is included if is positive. If is negative, all
sites but site are included.

or

ng es Calculates the m deviation for all
combinations of 8 (steps of 2°) and ~
(steps of 5°) Euler angles for the current
site and returns the 3,~ pair correspond-
ing to the lower m value.

ave Saves the current parameters and error
limits.

i Redefines the principal elements and recal-
culates the Euler angles if either n), 0,
nx 1, or if some of the Euler angles are
outside their definition interval.

Out ut Menu for printing and plotting the

output (see Section 2.4.5).

The curves and resonances for the sites and
transitions that are not included (see Section
2.4.1) are drawn in blue while those included
are in green.

When the experimental resonances are se-
lected by the mouse the pop-up shown in
Fig. 2.11 on the left appears. This is particularly
useful when there is doubt that some resonances
have been properly assigned or if a resonance is
far away from the simulated curve, since ASICS
prints the information about the resonance fre-
quency, site, transition, etc.

in this user guide ( ). In order to calculate the
error limit for the parameter p (= ¢ , eta , ...)
this parameter is fixed at different values near
its optimum value. For each value of p an op-
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timization of the other parameters is performed
to obtain the lower m (actually x? which is
proportional to m ?2) value for this value of p.
The theory predicts that x?(p) should fit a sec-
ond order polynomium in the vicinity of the op-
timum value for p. The 95% confidence interval
is inversely proportional to the second-order co-
efficient of this polynomium.

Figure 2.12:  indow pro ided for calculation
of 9 con dence inter als. The result is writ-
ten on the screen. In this particular example:

=3 9 0013M for R site 2in

R r

The screen shown in Fig. 2.12 is provided by
ASICS for calculation of 95% confidence inter-
vals. The three buttons have the functions

it Closes the Scan window and returns to
the Analysis window.

can Menu with all the interaction parame-
ters. This button is used to select a pa-
rameter to scan.

Using the Out ut menu (see Fig. 2.10)
there are two output options. p ot creates
a PostScript output of the rotation plots and
the current parameters as shown in Fig. 2.14.
This output is either sent to the default
PostScript printer, to a PostScript viewer, or
to a file named

r st <site> ps. print

It s allytaes . - s for a calc lation on a 1

O tions Menu with entries to delete the cur-
rent calculation or to delete the calculated
error limits for all interaction parameters.

When a parameter has been selected ASICS
performs the calculation.! A graphical repre-
sentation of x?(p) versus p is plotted along with
the best-fit second-order polynomium as shown
in Fig. 2.12.

Sometimes one or several points fall far away
from the expected (e.g., when 5y 0). In such
cases it is desirable to omit these points from the
calculation of the confidence interval. Points are
deselected using the mouse button and se-
lected again using the

Figure 2.13: Final parameters
for the selected point.

If trapped in a local minimum for the m
function some values of p may result in a smaller
m deviation the that for the assumed opti-
mum value of p. In such cases it is impor-
tant to know the parameters that give the new
minimum. By selecting a point with the
mouse button the small pop-up shown in
Fig. 2.13 appears. In this pop-up all the final pa-
rameters corresponding to this point are listed.

prints the parameters (right frame in Fig. 2.14)
to the default ascii printer or to the file
r st <site> print.

The setup of the default PostScript and ascii
printers and the PostScript viewer are explained
in Section 3.2.

MH enti m comp ter.
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0 60 120
6[deg]

ASICS - Analysis of Single-Crystal Spectra
File: /hone/tv/Rb2CrO4 site 2

Date: 10/07/98 13:49
PARAMETERS SPI N SYSTEM
*cq = 3.549 +- 0.013 sfrq = 130.826
*etaq = 0.362 +- 0.011 ival = 1.5
*csa = 109.8 +- 0.6 mal =0.5
*etas = 0.038 +- 0.016 nsit =
*viso = -1099 +- 30 sites = All
*psi = 90 +- 10 node = Quadrupol e/ CSA
*chi = 68.86 +- 0.15
*xi =0+ 3 DI SPLAY

scale = kHz
GONI OVETER sp = -25.00
*al =4.8 + 1.7 wp = 38.00
*bl = 60.31 + 0.12
*gl =186.8 +- 0.3 EXPERI MENTAL
*az2 =194 + 2 nfreq = 126
*bh2 = 18.15 + 0.12 rms = 121.7
*g2 = 176.3 +- 0.8

0.1592 0.8626

0.1416 -0.9846 -0.1029

0.8657 0.0727 0.4953
rq2:

0.9362 0.1637 0.3109
-0.1788 0.9837 0.0203
-0.3025 -0.0746 0.9502
rs

0.0028 0.3607 -0.9327

1.0000 0.0046 -0.0012

0.0039 0.9327 0.3607

Figure 2.1 : Post cript output pro ided y
R r site 2.

er iew o ASICS Co

3.1 ASICS nix Commands

The different unix commands used to start
ASICS in its different modes (Sections 2.1 - 2.4)
are listed below
asics -s r st: Starts ASICS in Spectrum
mode.

r st: Starts ASICS in Spec-
trum mode but shows the spectra for the rota-

tion axis <a>.

asics -s<a>

Starts ASICS in
Spectrum mode. Shows the spectrum with in-
dex <i> for axis <a>.

r st: Starts ASICS in Assign-
ment mode for axis <a>.

r st: Starts ASICS in As-
signment mode for axis <a> and with the <n>’th
order Hamiltonian as default (<n>=1,2).

asics -s<a>.<i> r st:

asics -<a>

asics -<a><n>

nds nd esource Con

in analysis mode. R parameters for

ur tion

asics -c r st: Starts ASICS in Correla-
tion mode.
asics -<s> r st: Starts ASICS in Analy-
sis mode using the parameters for site <s> cor-
responding to the directory r st <s>
There are several other unix commands that
come along with ASICS to handle the different
files created and used by ASICS.
r st <a>.<i>: This command
shows the Spectrum file head and the decon-
voluted lines for spectrum <i> of axis <a> on
the terminal. An example is given in Fig. 3.1.
-<n> r st <a>.<i>: Clear
(delete) deconvoluted lines from spectrum <i>
of axis <a>. The optional -<n> is used if only

the <n>’th line should be deleted.

spec ea

c ear ines



8 Overvie

text = Rb2Cr&4
axis =X
angl e = 18.00
sp = -259. 1000
wp = 500. 0000
np = 8192
intensity = 1.02e-07
sfrq = 130. 826
ival =1.5
nlines =4
Li ne Freq Error Lw Intensity Phase Lor/Gauss
1 -5.036 0. 000 1.158 79.21 0.0 0.00
2 -6.674 0. 000 1.213 89.52 0.0 0.00
3 -15.137 0. 000 1.147 79.03 0.0 0. 00
4 -39.175 0. 000 1.240 63.89 0.0 0.00
Figure 3.1:  utput from the com-

mand. in this case the command was

r st <a>: Make the fre-
quency file for axis <a> from the deconvoluted
spectra. When the option -  is present the file
.<a> is created. This file contains
the linewidths for the resonances and has the
same format as the frequency file.

ps r st < >.<a> e ice:
the frequencies in the file r st <
function of the rotation angle. <
ther re or , and <a> is the rotation axis.
An example is given in Fig. 3.2.

ma e re =

r st

re Plots
>.<a>as

> may be ei-

3.2 The Resource Con

ASICS may be configured to the particular
system on which it is installed.

An example of a resource configuration file is
given in Fig. 3.3. The different entries explained
below

Post Scri pt - vi ewer - |
Post Scri pt - vi ewer - p

ghostvi ew -l andscape -a4
ghost vi ew - a4

Post Script-printer I pr -Pps

Printer I pr

Name Vosegaar d

Key ASI CS- Vose- D470592031- 0
X-Rot ati on 190

Figure 3.3: An example of a resource

con guration le.

ost cript- ie er- : Device command used
to display PostScript files with Landscape ori-
entation on the screen. (Default: gs).

ost cript- ie er-p: Device command used
to display PostScript files with Portrait orienta-
tion on the screen. (Default: gs).

ost cript-printer: PostScript printer. (De-
fault: default printer from the PRINTER envi-
ronment defined in the unix shell).

uration

of ASICS Commands and Resource Con uration
MyCryst/freq.y
w0 —
30 - |
g 20 .
g 10 .
g
g wf 8
20 -
N LA S
0 20 40 60 80 100 120 140 160 180
Rotation angle [deg]
Figure 3.2: Plot of the experimental reso-
nances. This plot corresponds to that of
Fig. 2. and is o tained y the command
mo ere r st < >: Move the reference fre-

quency of the frequency scale for the experimen-
tal spectra and the deconvoluted resonances.
< > specifies the number of Hz to move the res-
onance.

A command used by the
macro sa esc for Varian’s VNMR software to
convert spectra from VNMR, to ASICS file for-
mat.

nmr asics ...:

ile

rinter: Ascii printer. (Default: default
printer).

ame an e : Name and key checked by
ASICS for validation of the software.
Redefinition of the key used for
Gaussian deconvolution (Section 2.1.3). (De-
fault: Shift_L Shift_R).

Redefinition of the key used for
Lorentzian deconvolution (Section 2.1.3). (De-
fault: Control L Control R).

- otation: Redefinition of the rotation angle
used by ASICS as described in Section 1.3 and
used to configure ASICS to other single-crystal
probe geometries. The general nomenclature is

6 where

it_e:

ontro _ e :

<a is>- otation

Ogis= O gert0. (3.1)

= 1 indicates the orientation of the rotation
and 6 represents the zero-point. For the go-
niometer design described in Refs. (2,3, ) the
configurations for all three axes are = 1 and
6 =0°.
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