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1, INTRODUCTION (*,

In order to arrive at the interpretation of E.S, R, spectra, a theoretical
reconstruction and a comparison with the experimental spectra is neces-

sary.

The hand made theoretical reconstruction is very time consuming; this is
specially true for aromatic radicals and ions, with which we are mostly
concerned, where the number of lines can be very high, Furthermore,
with a hand made reconstruction it is not always easy to visualize the ef-
fect of overlapping between adjacent lines and the effect of line widths.
Owing to these facts, several programs have been written to determine
line positions and intensities from assumed hyperfine splitting constants.
These programs can calculate absorption and derivative spectra using

Gaussian or Lorentzian line shape,

This report describes an IBM 360/65 version of the '"Electron Spin Reso-
nance Spectrum Simulation Program'' written by Lawrence C. Snyder | 1 ]
(Bell Telephone Laboratories) for computer simulation of E,S, R, spectra

of aromatic ions and radicals.,

The program has been written to compute and plot a theoretical reconstruc-
tion of the E,S.R. spectrum of an electron having isotropic interaction
with several groups of protons; the protons belonging to the same group
having the same value of hyperfine splitting constant. Lorentzian line

shape is assumed,

We will now describe the modifications introduced in order to make the

program suitable for our requirements and the machine.

2, MODIFICATIONS INTRODUCED IN THE PROGRAM

2.1 In the original version of the program, only the presence of hyperfine

splittings due to protons or some other nucleus with spin 1/2 was con-

L. Mongini was concerned with the methodological and physical aspects
of the problem, A, Inzaghi in writing the program for the IBM 360/65

(*) Manuscript received on June 10; 1968,



2.3

sidered. The program is now extended to the cases where the hyper-
fine splittings are due to nuclei with spin 1 and 3/2 *). The number of
lines for n equivalent nuclei with spin I is given by the expression

2nl + 1; the relative intensities have been memorized by a data state-
ment. For the sake of homogeneity, also for nuclear spin 1/2, the in-
tensities are now introduced under the data statement; the part of the
program calculating the intensities by a recursive formula is now sup=-

pressed.

The plotting by points is not suitable for spectra with a big number of
lines. In fact in this case some lines are lost, or the output becomes
very extended. In order to use the CALCOMP data plotter [ 2 ], and
to obtain a continuous plotting of the spectra, the subroutine Plot has

been suppressed from the program.

The height (cm) of the biggest line of the experimental spectrum is
now given in input. This in order to obtain the superposition of theore-
tical and experimental spectrum along the Y axis. As concerns the
X axis, the superposition is obtained by expressing in cm the line width
at half height, the interval at which the spectrum is sampled and the

hyperfine splitting constants.

The memory capacity of our machine, in comparison with the memory
available for the original program in 1960, is much bigger. Owing to
the fact that the cases to be treated until now do not need an enlarge~
ment in the memory capacity as concerned before, the excess of me~
mory is now utilized in the present version, for memorizing 4 cases
and plotting them together. With this method we can define only one
file for CALCOMP; this means a great sparing in the number of con-

trol cards.

It is necessary to emphasize that this utilization of the memory capa-
city seems to be, at the moment, the more practical for our machine

installation. It is obviously easy to modify the program in order to use

*)

A further extension to the cases of other nuclear spins, by the method
outlined in 3, 2, would be very easy.



the excess of memory also for a single case if the number of lines be=~

came very big. This point will be reconsidered later on.,
DESCRIPTION OF THE MODIFIED PROGRAM

The program in its present version, apt to an IBM 360/65 computer,

is able to calculate and plot by a CALCOMP data plotter, a theoretical
expression for the E, S, R. spectrum (or its derivative) of an electron
having isotropic hyperfine interaction with several groups of nuclei,
with spin 1/2, 1, or 3/2. The spectrum is assumed to have a Lorentzian

line shape,

In the program, the input data to be supplied for a given problem to be

studied are in the first card:

NMKD - the total number of groups of equivalent nuclei, gene-
rating hyperfine patterns

IDEC - an indicator specifying if the absorption spectrum or
its derivative has to be calculated

W(cm) - the half line width at half height (fig. 1)

ANINT (cm) - the interval at which the spectrum has to be sampled

XXXX(cm) - the height of the spectrum

RIB - an indicator which states if the sign of ordinate of

the plot is to be changed

Besides, for each of the groups, the following data have to be specified:

INDGR - the nuclear spin multiplied by two
NMEK - the number of nuclei belonging to the group
DHEK(cm) - the hyperfine splitting constant

Now for the description of the work of the program after the reading
of the input data, it is necessary to look into some detail at what hap-
pens in a single group. Let us consider first the case of protons or any

nucleus of spin 1/2.

It is known that hyperfine interaction of the unpaired electron with n
equivalent protons produces n + 1 lines having relative intensities and
spacings as specified in the following diagram (the separation between

any two lines being the value of the hyperfine splitting constant).
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In the case of nuclei with spin 1 (for instance Deuterium and N14) the
hyperfine splitting produces 2n + 1 lines, if n is again the number of

equivalent nuclei. The relative intensities and spacings are specified

in the following diagram,
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In this triangle the relative intensities of a line can be obtained by sum-=-
ming up the 3 immediate top elements of the upper row.

2
In the case of nuclei with spin 3/2 (for instance Na 3) the hyperfine

splitting produces 3n + 1 lines. The relative intensities and spacings

are

In this triangle the relative intensities of a line can beé obtained by sum-

ming up the 4 immediate top elements of the upper row.

To shorten the execution time of the program, the values of the relative
intensities in the above described triangular diagrams, have been stored

in memory once for ever through a DATA statement. Relative intensities
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for a given number of equivalent nuclei with spin 1/2, 1 and 3/2, can
be asked for in the program till 12, 6 or 4 nuclei, respectively. That

is up to 13 lines,

As soon as the input data are read the program starts to compute for
each line both the distances from the origin and the relative intensities.
To do so the following procedure is adopted, which, for the sake of
clearness we will describe in a particular simple case rather than in

general,

Suppose three groups are present having respectively 1 nucleus with
spin 1/2, 2 nuclei with spin 1, and 1 nucleus with spin 3/2. In such a
case we will have for the first group a splitting in 2 lines, for the se-
cond group in 5 lines and for the third group in 4 lines, Let us suppose
then that the splitting constants are respectively 13, 2.5, 0.5, In such
a case the diagram showing the computation of the relative intensities

and of the distances from the origin is given in fig. 2.

The program follows each branch which appears in the diagram of

fig. 2, from top to bottom, ordering the branches from the right-most
side to the left-most side, and stores for the final points of each branch
both the intensity and the distance from origin. That is, in the present
case, 2 vectors of length 40 will be stored. These vectors named in the

program DS(LIST) and HS(LIST) are respectively (positive part)

12,75
11.75
11.25
10.75
9.75
9.25
8.75
8.25
7.25
6.75
6.25
5.75
4,75
4,25
3.75
3.25
2,25
1.75
1,25
0.75

e NN WWWWNNRN RN - -
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The ordering number of the considered branch (and of the correspond-
ing position in the vectors) is named, in the program, LIST.

A CALCOMP plot for the above case is shown in fig. 3 and 4. It is im-
portant to note that the ordering numbers in the vectors are still the
ordering numbers of the branches also in the cases in which the bran-

ches overlap,

In the program herein described, for the memorization of the above

vectors, fast memory use is chosen with respect to tapes or disks, in
order to shorten execution time., Consequently, some limitations must
exist in the total number of groups to be considered and in the number

of nuclei of each group.

If NL(I) is the number of lines of group I (being: NL(I) = NMEK(I) ,
INDGR(I) + 1) it follows that the total memory occupied by the 2 above

introduced vectors is equal, in the case of NMKD groups to:
2 NL<I) L] NL(Z) ® 5 9 8 06960000000 NL(NMKD)

In the present version of the program we have reserved 2 x 4096 word-

positions to the above product (see 3. 6).

In order to give an idea of what such limitation really means, let us
suppose the NL equal for all groups. In such a case the table given be-

low holds

NL NMKD maximum
2 12
3 7
4 6
5 5
6 4
7 4
8 4
9 3
10 3
11 3
12 3
13 3

The program assumes in each of the peaks which have been found, the
presence of a Lorentzian curve having as half width at half height the

input value W(cm). All such Lorentzian curves are summed up together
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giving rise to a unique curve Y(X) of which, if so required, the deriva-

tive curve Y¥X) is calculated.

Such a curve is calculated and printed at a finite number of points on

the abscissa scale, as specified by the input quantity ANINT. The choice
of these 2 input parameters W and ANINT requires some skill and care.
A too great value of W can give rise to spectra which, still being symme-
tric with respect to zero of abscissa, lose however some of their peaks;
a too great ANINT can produce spectra which besides can also appear

completely asymmetric, Generally it is advisable to have W/ANINT 5.

The program can deal with many cases, and the possibility of storing
the points of Y(X) for each consecutive 4 cases is provided for.

Two stops are provided in the program, one for number points to be
plotted larger than 6000 and the other one for LIST indicator larger than

4096, These 2 stops are related to the memory utilization mode.

In fact, at our computer (IBM 360/65) the total memory capacity is of
128 K=words (K = 1024), of which about 60 K available for users. In the
present version of the program, 56192 words are used for the storage

of 4 cases, These 56192 words are distributed as follows:

Vector specifying intensities DS(LIST) 4096
Vector specifying distances HS(LIST) 4096
Abscissas of 4 curves Y(X) 6000 x 4 24000
Ordinates of 4 curves Y(X) 6000 x 4 24000
56192
As already stated, the choice of the above described dimensions is

mostly a matter of convenience. It is very easy, the case being, to
change them, for instance in order to deal with larger vectors, that is

with a greater number of allowed groups, or atoms in a group.
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FLOWCHART

BLOCK 1 - STORAGE
Store intensities data for the three cases of spin = 1/2, 1, 3/2

}

BLOCK 2 - READ GENERAL INPUT
Read and write NN = number of problems, IWRT =

I <

writing indicator

BLOCK 3 - READ INPUT FOR A PARTICULAR CASE
read and write:

TITLE

NMKD =number of groups of equivalent nuclei

IDEC =indicator specifying if the absorption spectrum or
derivative is required

w =half line width at half height

ANINT =sampling interval

XXXX =maximum height

RIB =indicator specifying if the sign of the ordinate is to
be changed

INDGR(I) =spin value times two (I= 1, NMKD)

NMEK(I) =number of nuclei (I= 1, NMKD)

DHEK(I) =hyperfine splitting constant (I= 1, NMKD)

l

BLOCK 4 - CALCULATION OF THE 2 VECTORS SPECIFYING INTEN-~-
SITY AND POSITION OF EACH LINE

Follow the branches (see 3. 2) from top to bottom and from right
to left, Calculate by means of the stored values of intensities and
DHEK values, the 2 vectors giving intensities and positions of
lines. The length of the 2 vectors is equal to

[NMEK(1) x INDGR(1)+1] x ... [:NMEK(NMKD) x INDGR(NMKD)+1]

l

BLOCK 5 - CALCULATION OF THE ABSORPTION SPECTRUM OR
ITS DERIVATIVE

Calculate in each peak, Lorentzian curves having half line
width W; sum up all such curves giving rise to:

l

YES @/ NO

A function being the absorp- A function being the deriva~
tion spectrum, sampled at tive spectrum, sampled at
intervals ANINT, having intervals ANINT, having
maximum height XXXX maximum height XXXX

B —

NO
\ A 4

Multiply ordinates by RIB

>3
&

v

IWRT%—— YES —>—

\r/
NO
v
Vv
Write ordinates and abscisses
V\
NUMBER OF PROBLEMS> YES >
TREATED < NN 2~
-

BLOCK 6 - CALL CALCOMP - STOP
Call Calcomp and plot NN curves
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TEST ABSORPTION
INPUT DATA

NMKD= 3 10EC= 0 W= 0.5000E-01 ANINT=
INDGR(1)
1 3 0 0 0
NMEK ( 1)
i 1 0 0 o
DHEK (1)

0.1300E 02 0.2500E Ol 0.5090E 00 0.0 0.0 0.0

AIDIFIED ELECTRUON SPIN RESONANCE

MAX VaLJUE  OF YL(I) = 0.271997E OC

JANT 123 Al 12.30

0.1000E-01 LENG OF Y (CM)
0 4] 0
0 0 0

0.0 0.0 0.0

SPECTRUM SIMULATION PROGRAM

A2-12.80 It 256l

= 0.1200€ 02
0 0
0 0
0.0 0.0
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JART 128 Al 12.30

A2-12.30 I1 2561
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