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ABSTRACT

Zitke, V. 1981. Computer programs fo
Rep. Fish. Aquat. Sci. 1025, iii

Listing and documentation of seven programs for mass spectrometry data manipulation are presented. The
programs are written in FINNIGAN BASIC Revision I. Two additional programs for the assignment of elemental
formulae and for the calculation of isctopic abundancies are documented. These programs are written in the
BASIC version of the Tektronix Plot 50 system.
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v vlation des données de

On présente une liste et 1'exposé détaillé de sept programmes pour la man
spectrométrie de masse. Les programmes sont rédigés en FINNIGAN BASIC Revision I. Deux programmes
supplémentaires pour 1l'affectation des formules &lémentaires et pour le calcul de 1'abondance des isotopes
[

ont ddtaillés. Ces programmes sont rédigfs la version BASIC du systéme Tektronix Plot 50.







INTRODUCTION

Programs used routinely to evaluate gas
chromatography-mass spectrometry (GOMS) data
obtained on a Flanigan 1015 mass spectrometer and
processed by a Finnigan Model 6100 Data Svstem are
presented. The programs are generally applicable to
GCHMS dinstrumentation with small (16K) central
processors. Larger data svstems allow the ugse of
more complex software.

The programs assume that GCMS dag
as nominal mass—intensity avravs, G{I}, where I =
nowinal mags, G{I} = Intensity, one array corres-
ponding to one scan of the specified mass range
{(usually 50-500 m/z). A file consists of 200~300
scans {maximum 1000), and corresponds to one gas
chromatographic analysis. In the Model 6100 Data
System, files are stored on the disc and are read
for processing by the DREAD statement. The central
processor has space for only a few scans.
Consequently, most of the programs use only two
scans at a time. One is the scan of interest
detected, for example, as a pezak in the reconstru
ted gas chromatogram or limited mass reconstructe
gas chromatogram. The other scan is that of the
“baseline,” immediately preceding the peak. Thelr
difference is the "background-corrected” mass
spectrum. Reconstructed gas chromatogram is an
arvay R{I}, where I = scan number, R{I) = summed
intensity of all fons in scan I. In a limited mass
creconstructed gas chromatogram, R(I) is the
intensity of 2 specified ion in scan 1.

O

A program detecting peaks and backgrounds in
the reconstructed gas chromatogram can be written.
Howsver, in practice, it is better to examine the
chromatogram manually, because of its complexity,
and to let the computer perform only the subseguent,
more routine tasks, requiring less judgment.

In addition to programs dealing with mass
spectral data retrieval and processing, two programs
alding the interpretation of mass spectra are
presented. For given masses, these programe derive
molecular (or fon) formulse and calculate their
igotope distributions. These programs alse assume
nominal masses and unit resoclution, but could be
modified easily for more accurate masses and a
nigher resclution.

PROGRAM MGPRTC

Program MSPRTC retrieves and prints background~
corrected mass spectra. The presented version prints
major ions” with intensities zl% and "minor ifons”
with intensities 23 standard deviations from the
background mean intensity. Such detailed presen~
tation is neesded only in some applications. In most
cases, "minor fons” are not needed and thelr output
may be eliminated by placing RETURN in line 630.

The minimum intensity of "major lons” is determined
by line 620. For many applications a threshold of
5% may be sufficient (V < 5).

s

Scan numbers of mass spectra to be retrieved,
followed by their respective backgrounds, are
entered as DATA in line 20-44 and "07 is used to
indicate termination of the data.

When running the program, the Information in
lines 3~7 is printed and the program stops to give
the user a chance to enter or modify scan numbers
and name of the file. The latter is done by typing

ot

10 FILES abe {Return). Program is then restarted by
the command GOTC 10 (Heturn}. After this, user's
input is still peeded in line 12 to specify the
desired mass range {such as 50,300).

]

The arrave M{1000} and G{1000) are set to O's
{lines 45 and 50) and the First DATA value is read
{line 80}, 1If 4t is 0, the program ends {line 83},
otherwise, the next value (Y}, assumed to be
background scan number, is read.

In the dats system mass spectra are stored as
one-dimensional arrvays of intensities with w/z
values ags indices. The spectrum and background
arrays are read from the disc by commands DREAD #1
{lines 100, 110, respectively); #l refers to the
file; | may be replaced by an integer variable if
the program is to retrieve spectra from more than
one file. In such case a loop for this variable
must be added. In practice, however, the work is
most frequently done on only one flle at a time.

The background correction {(subtraction of the
"background” array Y from the spectrum array %) is
accomplished in line 120.

The rest of the program {lines 300-8350) is a
subroutine, normalizing (intensity of the most
intense ion = 100) and printing the mass spectra.

First the heading is printed, % (scan number
of maximum}, SB (scan number of background) in line
500, and the absslute intensity of the base 1
{line 390). This value is useful to assess the
overall intensity of the spectrum. Tt

The base ion is
found by the K loop in lines 530-380. The spectrum
ig then normalized and printed by the ¥ loos in
lineg 600-640. The printout is limited to the
integer part of the normalized intensity (line
610} .

Level of background "noise” is determined in
lines 670~780. For the averaging, intensities
larger than 50 {absolute count)} and negative
intensities are excluded (lines 690, 700). The
latter may occur gs the result of the background
subtrection. HMesan and standard deviations are
caleulated (lines 740-760) and printed {(lines 770,
7803,

Masseg and intensities of "minor” ions are
printed in lines 790-830. Ions with intensities less
than three times standard devistion {line BO0) are

not considered. Intensities are then sormalized
again {line 801). Ions with intensities shove 1%
ave excluded (line 803} since these have been
printed put zlyeady. The remaining masses, and
intensities multiplied by 100 {(line 810), are
printed.

The background-corvected spectrum i3 normalized
twice during the execution of the program (lines 610
and 801). This is to save memory. Execubtion of the
program is slowed down by thig only negligibly.

Plote of mass gpectra are easier to scan
visually than prints, but the printer used on our
system Is more relisble in unattended cperation than
the plotter. The program may be modified easily to
plot rather than print mass spectra.




PROGRAM MSPRTC

t DIM 4C10005,G(1000)

3 PRINT “DPROGRAM MSPRTCY

5 PRINT “ENTER 20-44 DATA,MAX. FOLLOWED BY BACKGR.®
7 PRINT “10 FILES --- GOTO 10V
g SToP

0 FILES LSWA2

i PRINT “ENTEP MASS PANGE”
2 INPUT Ki,i2

C DATA 126, 123,136,133,0

S MAT M=ZEP

50 MAT G=ZER

80 REZAD X

85 IF X=0 THEVY 150

90 READ Y

100 DREAD #1, %

110 DREAD #1.Y,0

120 MAT M=M-G

130 GOSUB 500

135 GOTC 80

150 END

500 PRINT "SM="3X;"SpB=";V
520 LET C=D=0

530 FOR K=Kl TO K2

S40 LET C=M{X)

550 IF C<D THEY 580

560 LET D=C

580 MEXT X

90 PRINT D

600 FOR K=K1 TO K2

610 LET U=INT(100%M(K)/D)
620 IF V<] THEY 640

630 PRINT K3V,

640 NEXT X

650 PRINT

660 PRINT "MINOR PEAKS,NORAALIZED =100"
670 LET 5=5i=0

680 FOR K=Kl T0O K2

690 IF M(KX)<C THEN 730

700 IF M(K)>S50 THENY 730

710 LET S=S+M(K}

720 LET Si=SI1+M(K)t2

730 NEXT K

740 LET N=KS-Kl+1

750 LET S=S/

760 LET S1=((S1=N%(512)3/(i-1737.5
770 PRINT "BASELINE=";§

780 PRINT “DEVIATION=":iS1
790 FOR K=KI TO K2

800 IF M(K)<3%S1 THEN 830
801 LET U=INTCIO00%MCK) /D)
805 IF V»=1 THEY 830

810 LET V=INT(10000%M(K)/D)
820 PUINT KiV.

830 NEXT K

840 PRINT

850 RETURN




PROGRAM OUTS

This program retrieves and prints background-
corrected mass spectra and keeps records of limited
mass reconstructed gas chromatograms {LMRGC) leading
to a given set of scan numbers. The spectrum
retrieval and printout algorithm is the same as in
MSPRTC. 1In the presented version, the output is
limited to "major” ions with normalized intensity
>5% (line 2110} in a mass range determined by lines
2020 and 2090.

The examination of data begins usually by
retrieving mass spectra of major components
appearing as peaks in the reconstructed gas
chromatogram. MSPRTC is suitable for this. The next
step is to locate compounds whose spectra contain
specified ions. This is done by reconstructing
chromatograms of those ions only {(limited mass
reconstructed gas chromatogram as opposed to recon—
structed gas chromatogram summing up intensities of
all ions}. The limited mass reconstructed gas
chromatograms may contain several peaks and it may
not be lmmediately obvious which one corresponds to
the searched~for compound. At the same time it may
be interesting to look at mass spectra of the other
peaks as well.

Routinely, searches according the specified
masses are performed for at least 10-15 compounds.
Because of the large number of retrieved mass spec—
tra, the reasens for obtaining a particular spectrum
may be lost easily. Program OUT4 keeps track of
limited mass reconstructed gas chromatograms leading
to the retrieval of spectra.

The program uses the standard sign on procedure
{lines 19}, allowing for data entry and file speci-
fication. The execution, stopped in line 9 is
resumed by the eommand GOTG 0.

Data must be entered as specified in line 4, in
the following format: mass of the limited mass
reconstructed gas chromatogram (in the listing
abbreviated to RGC), up to 5 maximum and background
scan numbers, 17 terminating the scan number set
for a given mass, and "07 terminating the vhole set
of data. The size of the input is limited by user’'s
work area. For the Finnigan 6100 Data system, soft—
ware revision I, the maximum possible data arvay is
A(B0,12), line 500.

The array A is initialized {line 510} and the
data are read by the 1I,J loops {(lines 520-585). ¥
{line 380} counts rows of A actually used for data.
Lines 5380 and 595 are to assure the user that the
program is running as expected.

For easier orientatlion, the data are sorted
according to increasing masses {lines 600-710) and
the user is informed (line 720). The sorted data
are printed to serve as an index of the retrieved
mass spectra (lines 730-780).

The program then proceeds to retrieve and print
mass spectra by the 1 loop {lines B00-880) for
limited mass reconstructed gas chromatograms with a
nested J loop for spectra retrieved by a given mass.
The spectra are retrieved and printed by the routine
in lines 1G00-2150. This is the same routine as in
MEPRTC.

PROGRAM RTRV]

This program constructs mass gpectra in given
scans from ions whose intemnsity has z maximum within
a specified. window arocund the scans. The program is
based on an algorithm developed by J. E. Evans
(Finnigan Corporation}.

This type of spectrum retrieval complements the
information provided by background-corrected mass
spectra as retrieved, for example, by MSPRTC. On
pure compounds, both programs yield very similar
mass spectra. For mixtures of compounds, compara-—
tive examination of spectra provided by these pro-
grams may give a better insight into the composition
of the mixture or at least may alert the user to the
possibility that a mixture of compounds is present.

The program uses the standard sign on procedure
(lines 1-9). Following data entry and file specifi-
cation, the execution is resumed by GOTO 10.

The array P{500) in line 15 is a “scan number
register.” Its use will become obvicus in the
description of the algorithm.

User's input is required in lines 510 (scan
range} and 530 (window). The latter specifies which
ions will be included in the mass spectrum. For W =
0, only fons with maximum in the specified scan §
wiil be included. Por W = -I1{1l), ions with maxima
in scans S-1 (S+1) or § will be included.

The spectrum construction algorithm is given in
lines 1000-1170, The obtained mass spectrum is then
normalized {lines 1200~1270) and printed (lines
1290-1340). 1In the presented version, only ions
with normalized relative Intensity 25% are printed
(line 1310). This sensitivity should be adjusted
according to needs.

In the spectrum construction algorithm, the
arrays M,G, and P are initialized (lines 1000-1020).
In the ¥ loop (lines 1030-1110), 5 spectra (5-2 to
§+2} are read successively from the disc into the
array M (line 1040}. In the nested I loop (lines
1050~1100), the intensities in the array M are
compared with those in the array ¢ within the
specified mass range (Z to Z1}. Higher values are
placed into G (line 1080}, recording their scan
numbers in P,

The array M is then initialized (line 1120} and
the spectrum is reconstructed according to the
specified window (W) in lines 1130-1170. For
example, if W = 1, according to 1140 the program
execution continues to 1150. If the scan number,
stored in P, is §, the intensity is placed into the
array M (line 1160). If the scan number 4s not §,
control is transferred to line 1154 and, if the scan
number is S5+1, the intensity is placed in M.

PROGRAM RTRVSI

This program retrieves mass spectra composed of
ions whose Intensities have maxima within a speci-
fied window around & given scan. Record is kept of
masses leading to the retrieval of the spectra. The
algorithms used are those of RTRVI and 0OUT4,
respectively.
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PROGRAM OUTS

DI 4€10003,GC1000)
PRINT “PROGRAM CQUTA™
PRINT 4 PETTIZVES

iOG-E@?Qﬂ*“
MASS RANGE

PRINT
PRINT

2020,2090, FCR

0- 123

o,
4

TO 60
TO 12

Isdi=aA

»Jy¥=0 THEN 590

sJ¥=1 THEN 540

Ml
590 vazxr “DATA MATRIY CONSTRUCTED™
598 PRINT “N=in
600 DIM PC123,SC12)
610 FOR K=1 TO N-1
620 FOR I=1 TO N-K
630 FOR J=1 TO 12
640 LET R{JI=A(I,JD
850 LET S(JI=6C1+1, 00
660 MEYT
670 IF RC13<5{1) THEN 700
680 FOT J=1 TO 12
685 LET ACI,J)=5(d) .
690 LET ACI+1,JI=R(J) 1000
695 NEXT J 1010
700 NEXT I 1620
710 NEXT K 1030
720 PRINT “DATA SORTED® 1640
730 FOR I=1 TO ¥ 1050
740 FOR J=1 TO 12 1060
750 PRINT A(I,J)3 2000
760 NEXT J 2010
770 PPINT 2020
780 MEXT I 2030
800 FOR I=1 TO M 2040
810 PRINT TAB(IO)I"BGC"3ACI, 1) 2050
820 FOR J=2 TO 12 STEP 2 2070
830 IF ACI,Jy=1 THEY B8O 2080
840 LET X=A(I,Jd) 2090
50 LET Y=A(I.J+1) 2100
860 GOSUB 1000 2110
870 NEXT J 2120
875 PRINT TAB(30);%-m-mn-mmm- “ 2130
880 NEXT I 2140
900 END 2150

£

SPELCTRA SOPTED ACCORNDING TO
RGC,S4-5B, 1,860,845, 58 o » 1,07

K=eooeTO assott

RGC™

PRINT "AVAILABLE SPACE 60 RGC.5(84,SBIPER RGC™
FIN Y10 FILES ceeese/ GOTO 10V
TCF
0 FILES LSWRB2
S PRINT ”"EADI%U BEGINS™
00 DAT 168, S 104,123, 018,136, 134,142,140, 146, 143,1
SR ?Qé;AQE;EBE;EQS)‘43;%&8;146;&&8;i&3;§
204, 179,177,192, 187,200,197, 1
189,171, 166,190,184,201,198,1.0
300,301,302,303,304,305:,306,1,200,201,202.1.,0

MAT M=ZEPR

MAT G=ZER

DREAD #1.,XoM
DREAD #1:Y.6

MAT M=M-G

GOSUB 2000
RETURN

PRINT "SM=";A(I,J),"
LET C=D=0

FOR K=70 TO 450
LET C=M(xXD

IF C<D THEN 2070
LET D=C

NEXT X

PRINT D

FOR K=70 TO 450
LET V=INTCLIO0®M(K) /D)
IF V<5 THEN 2130
PRINT HiV,

NEXT K

PRINT

RETURN

SBE=TIA(LS RO
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PROGRAM RTRVSI

DI MOI000), 6010000
PRINT "PROGRAM RTRVSLY
DRINT URETRIEVES SPECTRA WITH MO BACKGROUND
PRINT “SPECTRA ATE CONSTRUCTED FROM MAXIMIZING PEAKS™
PRINT “ENTER 20-80DATA RGCLM, S¥s SMye .« (4AX 93, 1, END BYQY

“DATA SPACE IS (40,1007
10 FILES.../G0TO 10

ES LSWAZ

P3000

ACL40, 100, RC1I02,5C10)

“DATA MATRIX CONSTRUCTED™

PRINT "N="3N

FOR K=1 TCO N-1
Fonr I=1 TO N-K
FOR J=1 TO 10

LET ROJI=ACL.JD
LET SCJ¥=al+l.d2
NEXT J

<S(1) THEN 390

FOR I=1 TO N

FOR Jd=1 TC 10

IF AClsJo=1 THEN4S50

PRINT AC(I.J75

HEXT J

PRINT

NEXT 1

PRINT "ENTER THE MASS RANGE"
INPUT Zs 2%

PRINT "ENTER THE WINDCW (-1,0,+1)"
INPUT @

FOR E=1 TO N

PRINT TAB(20); 7 "RGCLYJIA(E, 1)
PRINT TAB(IS) } mmemme e e e — v
FOR F=2 TO IO

1¥ A(E,Fy=1 THEN €70

IF A(E,Fy=0 THEN 700

LET S=a(EsF>

GO5UB 1000

HEXT F

HEXT E

XD

1000
1010

1c20

1630
1040
1050
1060
1070
1080
1690
1100
1110

1120

1130
1140
1142
1150
1152
1154
1160
1170
1200
i210
1220
1230
1240
1250
1270
1280

1290
1300

1310

1320
1330
1340
1350

SUBTRACTION®

284,139, 186,207,1,109,54,200,1,194,158,171,182,1,0

ER
MAT G=Z2EP
E

TO £+2

DREAD #1.,Ye¥

FCR =2 TO 71

IF MCID>G(I)Y THEN 1080
GCTO 1100

LET GC(Id=M(D)

LET P(ly=v

NEXT I

NEXT Vv

MAT M=ZEF

FOR I=2Z TO Zt

IF We>-1 THEN 1150
IF P(I)=5~1 THEN 160
IF P(L)=S THEN [16&C
IF W<>1 THEN 1170

IF P(Iy<>5+1 THEN 1170
LET M(I¥=G(L)

NEXT I

PRINT "SCAN';S

LET C=D=0

FCR ¥=Z TOC Zi
LET €=M

IF C<D THEN 1270
LET D=C

NEXT ¥

PRINT D

FOR K=2 TC Zi
LET V=INTCI0O0®M(K) /D>
IF U<5 THEM 1330
PRINT KiV.

NEXT K

PRINT

RETURY
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The subroutine In lines 500-720 normalizes the
spectra within the specified mass ranges. The
spectra are plotted by the L loop in lines 660-680
by printing the character =" up to ¢ times. This
variable is normalized to 60 for the base ion {lines
620-630}). The value of the normalized intensity is
printed next to the “drawn” intensity (line 700}.
This “plotting” algorithm was described by J. E.
Evans of Finnigan Corporation.

PROGRAM CORY

The occurrence of mixtures complicates the
interpretation of mass specira since ions present in
a scan may be generated from several compounds. The
program COR7 assists in deciding whether this may be
the case. The program retrieves the intensities of
up to five ions from a maximum of 20 consecutive
scans and calculates their correlation coefficients.
If the correlation coefficients are 20.98, there is
a good chance that the lons were generated from the
same compound. However, the possibility that
several compounds are eluted from the gas chromato-
graph exactly together cannot be excluded.

The scan range examined should be rather
narrow, usually about 5-10 scans.

the intensities of
a visual pattern examina—

The program can also
the ions or plot them for
tion. I is often helpful to see the
values and their pattern, in addition to
correlation coefficients.

print

intensity
the

The sign on procedure (lines 1-9} is s
Array A (20,5) is reserved for the ion intensi
arrays X{20} and Y{(20) are used in the correla
coefficient subroutine; and array V(5) is fo
storage of the selected ion masses.

The masses are entered in the I
110-160), followed by the scan range.
entered range is more than 20 scans,
asks for a new range (line 195). Spectra are read
from the disc and selected intensitvies are placed
into array A by the ¥ loop (lines 200-250).

loop (lines
If the
the progranm

The printout of intensities is optional

297-360), and the program proceeds to
correlatien coefficients. The subroutine in 1
600~700 is used. Lines 440-530 select, in turn, all
pairs of ifon intensities and place them into the
and Y arrays, rvespectively, for the calculation.

(lines
catouate the
lines

several
ered by line 5530.

After completing the calculations,
self~explanatory options are off

The plotting subroutine {lines 1000-1310) is
the same as in the program RGEVA4. The intensities
of one fon at a time are plotted with the option to
terminate the plotting routine after each fon.
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PROGRAM RGEVA4

1000,G6C1000)

YEYTER 30-49 DATA THE FOLLOVING INFORIATION :RGCHASS,™

PUP TG 3 MASS RANGES(BALAYMCE 0°S),5 HMAX.&BACKHGRE. (#0787
UDATA MATPIXN IS (20, 17)3R0VWS=REC*S, COLUMNSE AS ABOVE'™
10 FILES----GOTO 107

171402

(205 17Y,F8(6)
NUMBE® OF POUS™

411G, 415,430,05050,0,151,148,263,260,269,26%,0,0,0,0

TA 405,400,415,50,0,0,0,212,207,220,21750,0,0,0,0,0

§oDIM HC
2 PR

3

4 i

5 PRIN

& STOT
{0 FILES
13 DIM oD
15 PRINT
te INPUT
30 DATA
31 DATA
32 DATA
33 paTa
34 DATA
35 DATA
36 DATA
37 DAT
38 DAT
43 DATA
44 pATA
45 DATA
46 DATA
47 DATA
48 DATA
49 DATA
50 FOR I
52 FOR J
53 READ
55 NEXT
S7 NEXT
60 PRINT
70 INPUT
85 PRINT
86 PRINT
%0 PRINT
100 PRIN
{10 FOR
120 IF D
1306 PRIy
140 PRIN
150 FOR
152 MAT
154 AT
160 IF D
170 LET
180 DREA
190 LET
200 DREA
21

2e

457, 4505 4€65,050,0,0,268,266,292,289,276,275,0,0,0,0

A 3065,300,318,0505050,253,251,271,2695276,275,0,0,0,0

403,400,4155,0,050,0,274,2715278,276,280,276,0,0,0,0
471,469, 480,0:0,0,0,303,302,366,3655050,0,0,0.0
318s316,32650,0,050.304,302,0,0,0-0-05050,0
366-,362,372,0,0,0,0,344,34150,0:0,0,0,0,0,0
4925490,506,0,0,0,0,191.,188,291,289,351,349,0,0,0,0

L 262,260,275,0,0,0,0,230,227,300,298,310,307-315,312,0.0
v 406,400,4155050,0,0,256,251,279,275505,0,0-0,0,0

385,380,395,0,05,05,0,132,130,174,171,210,207,228,226

239,236

376,372, 386,0,0,0,0,239,2358,253,250,290,288,300,298,0.0
408,406,420, 05050,0,252,250,279,276,304,301,315,312
3215318:419,415,430:0,0,0,0,151, 148,263,260,269,265,0,0,0.0
=i TC It

=1 TC 17

BCIad)

[

I
“FILE"
F$

BRS04 000 S S LLPEELPANLEAEL IS0V LIAMEELAMALAAESP.0.0.0.0.5 41
TAB{30)Y,"FILE"sF3
[$$.9.0.0.0. 5 HOARE I LRSS A.$60.9.9.0.9.9.9. 0090 ¢ 00 AUAAASESLAS S AGSAELE$.0.9.0 44
I=1 TC 1C

(i 13= N 310

T TAB(203,"RGC"sDCIs 1D
T TABCI9), Ummmmmme e n "
J=8 TO & STEP 2

M=7ER

G=ZEF

CI,J3=0 THEN 300
Y=D{1,J3

D #l,YsH
Y=D{(Ils,J+1>

D #1,Y,0G

O MAT M=M-G

G PRIV

225 PRIM
230 FQR

24
25
26

0 IF D
o LET

O LET

DI, Jo, "BACKGR. "3 DI, Jd+ 12

T TABCIO), "™™MAX":
X2 R R R RN ESEEE AN

o

=

T TABCIO,"#
¥=2 TO & STEP
(I,¥2»=0 THEY 290
X=DC(I1,10
Hi=D(I.K+17




PROGRAM RGEVA4 (cont'd)

270 GO0SUB 500

275 PRINT TADB(30Y,"e o s o o o o ¢ « o o o
280 NEXT X

285 PRINT TAB(307s Ve e eonesnscosncvasosnasal
290 NEXT J

295 PRINT TAB(30), " +++ 544 s+ttt bt dstrttbstt?
300 NEXT I

310 END
500 LET A
510 FOR N
520 LET A=M(

530 IF A<B THENS560
540 LET B=

550 LET ZI=
560 NEXT N
S70 PRINT "BASE PEAK 15';7
S80 FCR N=X TOX!

590 LET G=M{N3I/B

6500 LET ¥Y=100%0

&10 LET ¥=INTLY?

620 LET Q=0%60

630 LET Q@=INT(O)

640 PRINT

650 PRINT N3

60 FOR L= TC &

670 PRINT =%;

680 NEXT L

690 IF Q«=0 THEN 710

700 PRINT TAB(G+6).,Y;

710 NEXT N

715 PRINT

720 RETURN
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PROGRAM COR7

MOMOL000. 6010000

YPROGRAM COTTY

“OROGRAM CORRELATES THE OCCURRENCE OF I0NEY
“SPACE AVAILABLE FOR 5 IQNS AND 20 sSCavs™
10 FILES +es.es/G0TO 107

b

i

3

4 F

5

9 STO

10 FILES LSwAZ

20 DI AC20-53,X(203,Y(20)

30 DM U(S}

100 LET ¥=0

105 PRINT “ENTER I0MS, TERMINATE BY 0OV
110 FOR I=1 TO 5

115 P T OUIONYSI

L3¢ I A

140 1 y=0 THEM (70

156 L Ml

160 NEX

170 “Q’WT tSCAM RAMGE.MAXIMUM 20V

180 INPUT XK. L
i85 LET Ki
190 LET WNi=L~K+i

195 IF N1»20 THEY 170

196 LET C=0

200 FCR X=K TO K#1
210 MAT M=ZER

220 DREAD #1.,%X.M
221 LET C=C+1

2285 FOR J=1 TC N
22¢& LET VU=UWJD

230 LET ALC,Jr=MV)

240 NEXT J

250 NEXT X

251 PRINT "PRINTOUT: YESC1,NN00(23"
252 INPUT Q1

260 FOR I=1 TO N

270 PRINT V(1

280 MEXT I

2G0 PRINT

DGE DTIIMT e e o e e o e S m T T
297 1F Qi=2 THEN 440

300 FOR I=1 TC NI

310 FOR J=1 TC N

320 PRINT AC(Isd),s

330 NEXT J

340 PRINT
350 NEXT 1
FED DRINT oo o e "

440 FOR J=1 TO N-1
445 FCR K=dJd+1 TO X
450 FOR I=1 TO NI
460 LET X(

470 LET Y(

480 NEXT I

490 GOSUB 600

500 PRINT R

510 NEXT K

520 PRINT




._.z l_

PROGRAM COR7 {(cont'd)

530 NEXT J
SH0 PRIYT oo o oo o o e o

550 DPRINTVANCTHER SCAN RANGE(1),SET OF I0MS(2),PLOT(3Y,E1D(4)"
551 INPUT Q2

552 IF @2=1 THENITO

553 IF Q2=2 THEN10O

554 IF @2=3 THEN 1000
560 END

600 LET Z1=72=723=74=73=0
&10 FOR I=1 TO Wi

620 LET Zi=Z1+X{1)

630 LET Z2=22+4X(1)¥t2
640 LET Z3=73+Y(1}

650 LET 7Z4=74+Y(1)t2
660 LET 75=Z25+X{13*Y (1)

L o N LI I PH R v B

ET TI=SQRMNi*x72-721¢2>
676 LET TE2=S00FR(I=*Z4-23°2)
680 LET R=N1%Z5-71x7%3
681 IF Ti<=0 THEW 710
682 IF T2«=0 THEN 710
690 LET F=PR/(Ti%xT2}
695 LET R=INT(I000%R3/1000
700 RETURN
710 LET R=999

720 GOTC 7006

1000 PRINT IO NUMEBER (TERMINATE BY 0%
1008 INPUT J

1010 IF J=0 THEMN 550

1020 LET A=B=(

1030 FOR I=1 TO Wi

1040 IF ACI,J2=0 THEY 1500
{0S0 LET A=A(I,Jd0

1060 IF A<E THEY 1100

{070 LET B=A

1080 LET Z=1

1100 NEXT 1

1120 PRINT "ICU"3V(J)

TIZ0 PRINT YEsbsdddesbibdsaddés”
1135 LET ¥2=Ki

1140 FOR I=1 TO Wi

1150 LET Q=A(I1.dJ3/B

1160 LET Yi=100%6

TE70 LET Yi=IMTIOYLD

1180 LE Q= 60% 5

1190 LET S=14TL(&?

1210 PRINT K2+I~-13:

1220 FOR L=4 TO 4

1230 PRINT "=-%3

1240 NEXT L

124% PRIVT

1250 NEXT I

1310 GCTC 1000

*




PROGRAM QUANTY

This program detects peaks in limited mass
reconstructed gas chromatograms and determines their
areas. The program performs well on chromatograms
with sharp, clearly separated peaks. It may fail on
chromatograms containing poorly resolved peaks and
drifring baseline.

gn on routine is standard (lines 1-9).

The {1000y is used in the background correc~—
tioﬁ ctra (lines 2030, 2040}, since the array

{1060 tains the reconstyructed gas chromatogram.
The io r guantitation are entered as 20-30 DATA
(actu 1 additional 9 lines are available), and
the input is terminated by "0.7

The limited mass reconstructed gas chromatogram

is obtalned in line 200. #™l is the current mass;
reconstruction of the chromatogram begins in scan
"1," and the chromatogram is placed into the G{1000)
arvay. The chromatogram is examined frowm scan 1 to

lines 210, 220). be

ag required.

This range should

The peak detecting algorithm is the 15 loop
{lines 500-~700). The first condition for a peak is
that the next two scans have higher intensities
{(iines 510, 520). these conditions are true, the
current 15 becomes the bhackground for the peak (PO},
and the algorithm examines up to 10 following scans
{lcop 12, lines 540-580} to detect the maximum. The
maximum (P1l) is found, however, if the 12 + [ scan
ie less intense than the 12 + 2 scan; the following
12 loop (lines S590-630) is shifted by one scan (J1)
to avold premature termination of the peak to be
detected in this loop. FEnd of the peak (P3} is
found {line 610).

The peak width must be more than three scans
(line 632). This condition tends to minimize the
effect of noisy baseline.

a peak has been detected, its area is deter-
the subroutine in lines 820-890. In a
unusual programming procedure, 15 is then

modified go that the examination of the recon-

structed gas chromatogram resumes only after the end

of the currently detected peak (line 6350).

mined by
somewhat

Baseline correction is determined by linear
interpolation (lines 820-830), intensities within
the peak are summed up {lines 850-870), and the
background area is subtracted (line 880). The
statements 885 and 886 eliminate peaks due to a
nolsy baseline. Parameters of the peak: scan number
of maximum (P1) and its boundaries (P0 and P3), and
their respective intensities (G(P1), G{(P0}, and
G(P3)) are printed (lines 887, 888}, followed by the
area B4, background area B2, and baseline slope BI
(line OJO) These values help to judge the quality
of the peak and the accuracy of area determination.

To confirm the identification of the guanti-
tated compound, the background-corrected mass
spectrum is retrieved (lines 2000-2040), normalized

lines 2050-2110), and printed (lines 2120-2180),
the intensity of the base ifon is at least 300
absolute units. The mass range for the printout is
70-450 {line 2060) and only peaks with intensity
>10% are printed. These parameters should be
adjusted as required.

_}2.,

PROGRAM ELANAL

This program, developed by Xavanagh (1980),
derives all empirical formulae for a given ion,
calculates isotope abundancies, and compares these
to the observed values. Listing of the program,
obtained from the author, was translated into
Tektronix Plot 50 BASIC. The formula computing
algorithm was slightly modified and the isctope
abundancies algorithm has not been changed. Program
output has been directed to magnetic tape and
several minor modifications have been implemented.

A detailed documentation of the new version is given
below.

N$(60) in line 10 is the name of the file on
tape for recording the output. The file is found
and the title is recorded {lines 16~20).

The arrays dimensioned in lines 50-60 are used
as follows: N(10) contains maximum possible number
of atoms of elements in a formula of given mass.
L{10) contains the list of elements under considera—
tion (l-iodine, Z-bromine, 3-chlorine, 4-~sulfur,
S5-phosphorus, 6-silicon, 7-fluorine, 8-oxvgen,
9-nitrogen, and 10-carbon). Input of 0" or "1”
into L{I) means that the I-th element is or is not
considered, respectively. Carbon and hydrogen are
considered automatically. The array Z(51) is
expanded compared to the original version and
containg factorials from 0! tfo 50!. T(20) contains
atomic weights of the lightest stable isotopes of

the 10 elements potentially under consideration, and
"apparent” atomic weights used in the formula
algorithm. 0(10) contains numbers of atoms of
individual elements in a given formula. (18>
contains calculated isctope abundancies, B(18) final

isotope abundancies, and F{18) is an array of
normalized intensities. C(10,3) describes a given
isotopic formula, rows represent elements, columns
represent isotopes. 5(10,3) contains natural stable
isotope abundancies of the 10 elements. Masses of
ions investigated are stored in W(10). The array
%(50) contains "procedural instructions” stored as
follows: positions 1-10 contain either "0 or "1"
for analysis (calculations of formulae, isotopic
abundancies, and comparison with observed abun~—
dancies) or formulae calculation only, respectively;
positions 11-20 contain "0" or "1" for molecular or
even electron lon, respectively; positions 21-30
contain numbers of ions; positions 31-40 abundancies
of "A-1" ions; and positions 41-50 are used to store
the required “"goodness of fit.” Y(10,15) is used to
store observed isotope abundancies for 10 ions
(rows) and up to 15 masses. G{10) contains numbers
of formulae found.

The arrays are initialized (lines 61-76) and
elements are chosen (lines 115-210). The choice is
recorded on tape (line 212). Arravs T, 7, and § are
filled in lines 230G-275.

A parameter input loop ¥ {(lines 280-390) is
used to enter nominal masses of up to 10 ions, pro-
cedural instructions (molecular or even electron
ion, comparison of observed and calculated isotope
abundancies or calculation of formula only, number
of nominal mass peaks, abundancies of A-l ions, and
“goodness of fit"}), and observed fsotope
abundancies.
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The entered values are recorded on tape (lines
391-3933.

The Finnigan BASIC function MOD(X,Y), X modulo
Y is translated as user—defined function FNM{X),
line 395.

lines 405-1800) carries
to 10 ions.

The main loop {loop II,

out the complete calculation for up
Although all results are written on tape, some
are displayed on the screen to give an indication of

the status of the calcelations. The first such
massage fs in line 425,
Line 426 ses the system to PAGE {clear

screen) when
gram

full and continue (otherwise the pro-
execution would be halted).

Lines 430~445 establish
dural instructions for current iown: M2
or even electron M3 for number of
formulae; M4 for A-l abundance; and M5

of fic.

addresses for proce-
for molecular
isotope

for goodness

ion;

550-460 obtain the wvalues stored at these
positions in ¥(50%; AZ analysis or
formula; Al ar even electron ilon; and Ad
number of isotope formulae; P3 (line 4653) counts the
formulae found; and P9 {s the current goodness of
fit.

Lines
the array
moalecular

1f formula only is required, according to line
480, the abundance normalization loop {lines
485-495) and normalization of the A-l ion in line
500 are bypassed. It should be noted that the
abundancies are normalized to the A ion (not to the
most abundant ifon). The other normalization is more
convenient for display purposes and is used in the
program ISOTOPE. The values of the goodness of fit
are different for these two modes of normalization.

W9 (line 515) becomes the mass of the current
Maximum numbers of atoms of elements con-
idered in a formula are obtained by dividing given
g5 by atomic weight (line 535). This operation is
cecuted for all elements by the loop in lines
-550.

and double bonds (R or
If a

Maximum number of rings
02 in the program) is calculated in liné 650.
formula of weight M contains only C and B, the
maximum value of R is INT(M/12) 1 (Cy can form
a maximum of n double bonds and for this the atoms
must form a ring, consequently R =n + ).

The second major loop in the program is the
“Rings and Double Bonds” loop DI {lines 680-1720).

The loop starts with paraffins and derivatives (Dl =

0) and ends with the maximum possible number of
rings and double bonds, DZ.

The number of rings and double bonds is the
"hyrdogen deficit” relative to the corresponding
paraffin {or its derivative). The formula of
paraffins is CyHy,y + 2+ Consequently, for a formula

CheHpy the hydrogen deficit or rings and double
bonds is given by (1).
R = ne ~ O.5nh + 1 (L)

For a paraffin, R = (substitute nh = 2Znc + 2 in
{1}}. Values R<0 are not possible (the hydrocarbon

would be "oversaturated”}. In the mode of bonding,
halogens are equivalent to hydrogen {one bond) and
(1) can be expanded to (2.

-1~

Wi

R = nc - 0.5nh - 0.5 nel - O.5nbr - (23

0.5n1 - 0.5nf + 1

Oxygen bound to carbon by a single bond does
not affect R. Double-bonded oxvgen replaces two
hydrogens which is equivalent to one double bond in
(1) and (2). Sulfur behaves in the same way. On
the other hand, silicon forms four bonds and is
analogous to carbon.

In contrast, nitrogen normally forms three
bonds. Thus, for the formula C“CthNnn, the term
0.5non in (3) accounts for the “extra” hydrogen due
to the presence of nitrogen.

R = 0.5nh + 0.5 nn + 1 (35

ne —

Phosphorus forms five bonds and, consequently,

provides three "extra” hydrogens. As a result, the
formula including all the discussed elements is:
R = nc - 0.5(nh + ncl + nbr + ni + nf) +
- 4
sl + 0.5mm + 1.5np + 1 4
Mass spectrometry deals with fons. Positive
ions may be formed by the loss of one electron
{molecular or odd electron ions). R calculated from

(43 will be an integer for these ions. Tons formed
by the loss of one bond (even electron ions), which
is eguivalent to a "hydrogen deficit” of 1, will not
have Integer R values (the fraction of R will always
be 0.5). To accommodate even—electron fens, a term
"3" is subtracted from the right-hand side of (4

Its value is "0" for odd- and "0.5" for
even—electron ions.

ELANAL calculates formulae from equatioen (&)

and from equation {5) for the mass of the ion, W9.
W9 = nh + 35ncl + 79nbr + 127ni + 19nf +
12nc + 28nsi + l4nn + 3lnp + l6no + (53
32ns
By rearranging (4}
nh + nel + abr 4+ ni + nf - Ine -
p et -3 4 on - s (6)
Insi an np = 2 ZR i
After subtracting (6) from {5)
W9 - 2 + 2R + 3 = 34ncl + 78nbr + 126ni +
18nf + lénc + 30nsi + (7)

150 + 34np + 16no + 32ns

Value of the left-hand side of (7) is calcu-
lated in line 700 {(Wl). The variable Al is "J" and
is determined by the procedural instructions. The
“"apparent” masses of the right-hand side of (7) are
stored in T{11)-T(20) in decreasing order of
magnitude.

and
considered
are set to
Uz, ... U8

Equation {7) is solved first for carbon
nitrogen. In lines 710-9053, elements
are bypassed, numbers of those considered
“0" in the first pass through the loop (Ul

= () and are stored in the a3,

ot

array 0(1

At this stage, the "unallocated” mass K5 equals
{line 910), which is the left~hand side of (7).
If all mass had been allocated (K5 = 0), the formula
is not possible since it does not contain carbon,
and the program proceeds to calculate ancther




formula (line S20).
K5 < 14 (line 925).

The same situation arises when

The innermost loop in the empirical formulae
calculation is the U9 loop. The loop operates from
U9 = 0 to the maximum numbers of nitrogen atoums,
currently possible {unallocated mass/15, line 940).
The loop is solving the equation

WS = lidnc + 15an (8)
If (W9~15nn) /14
U9 = 0(9) and
If 850 is not true, ancther value of U9

for interger values of nc and nn.
is an integer (950 FHM = 0), then nn =
nc = 0(10).

is tried.

if nitrogen is not to be considered (L(9) = I,
line 935}, then the unallocated mass must be
Givisible by 14 (line 970). If it is not, another
formula 1s sought.

Line 995 calculates the number of hydrogens (W2
= nh} from equation {(6); lines 1000 and 1005 calcu-
late the formula mass. W3 in line 1010 1is the
difference between glven and calculated formula mass
and {s O for the correct formula.

At this stage, additional constraints may be
introduced in lines 1021-1024. For example, in
current applications of ELANAL, the number of
oxygens or nitrogens is not to exceed the number of
carbons (line 1022), and the sum of oxygens and
nitrogens is not to exceed the number of carbons
{line 1023).

If all constraints are satisfied, the formula
is counted (line 1025}, displayed (line 1026} and,
if required (A2 = 0, line 1030), the isotope abun—
dancies are calculated. The abundancies calcula-
tions (lines 1070-1590) are discussed in connection
with the program ISOTOPE.

Depending on the specified goodness of fit
(line 1535), the formula may be displayed (lines
1550-1557) and recorded on tape (line 1563). If
formulae only were calculated, the results are
written on the tape in a different format (line
1622).

Lines 1625-1700 close the formulae loops. Line
1705 initializes the 0{10} array and the "Ring and
double bond” loop is closed in line 1720. The
number of formulae is stored in the array G(i10) and
the ion loop is closed in line 1800. Lines 1810,
1815 conclude the output operations.

The subroutine in lines 1825-1870 revises down
the maximum number of atoms of elements, depending
oun allocated mass. JI is the current element, Kl is
the next element, and K2 is the allocated mass.

Examples

For a fragment ion w/z 235 and isotopic sbun~
dance 234 0, 235 100, 236 16, 237 68, 238 10, and
239 12, ELANAL examines 17 formulae (Br and Cl
considered). Two formulae have goodness of fit
(8USQ) <« 20: CjpHy Cly (13) and Cy3HyCly (7). The
second formula is correct (isotope abundancies of
the m/z 235 ion of DDT from the data hase MSSS were
used) .

For a nonachloroterphenyl molecular ion
CygHsCig, m/z 536 (Wright et al. 1978}, and isotope
abundancies read off Fig. & in the original paper,

ELANAL finds the following best fitting (5USQ <
10000) formulae out of a total of 135 examined:

Formula Rings and
c H Br Cl double bonds SUSG
18 31 1 6 g 4420
19 28 0 8 2 8900
17 17 4] 9 5 5340
i9 19 1 6 7 4700
20 16 4] 8 3 8880
18 5 8] g 12 6050
20 7 1 6 14 5100
21 4 0 8 16 8900

For a nonachlor ion CjgHsClg, m/z 405 from a sample
of tuna liver {Zitko 1980), ELANAL examines 64
formulae. The 3 best fitting (SUSQ) are CypH5Clg
(15000), CqHgBrCly (17000), and Cp H,gBrsCly (18200},

Tons in the spectrum of a chlordane component,
postulated to be a monochlorinated adduct of tetra-
chlorocyclopentadiene and cyclopentadiene, CypHyClg
(Sovocool et al. 1977) were analvzed by FLANAL.

The isotope abundancies were obtained from Fig. 3 of
the original paper. Br, ClL, 0 were considered.

For the low intensity parent fon, 27 out of 144
formulae had SUSQ < 10000. The "correct” formula had
SUSQ 7900. Best fitting formulae were CgHy0Clg
(1330} and CyHgClg (1450). For the (M~Cl) ion,

m/z 267, presumably CygH7Cl,, 49 out of 111 formulae
had SUSQ < 10000. The correct formula had SUSQ
1100. Eight other formulae had a better fit,
C4Hg04BrCly giving the best fit at SUSQ 680, The
corresponding parent ion C4HgU0,4BrCly had SUSQ of
3000. On the other hand, the (M~Cl) ion corres—
ponding to the best fit for the M ion, C;HgCls had
SUSQ 1600. The base cluster at mfz 202, assumed to
be formed by retro Diels—Alder fragmentation,
CsHyCly, had SUSQ 41, This was the best fit out of
49 formulae examined. An additional 4 formulae had
SUSG of about 1100.

PROGRAM TAPE

This program reads
written by ELANAL. The

from tape and prints files
arrays {lines 100, 101) are
the same as in ELANAL. The file is selected (lines
105-115), the system is set for output on a teletype
{line 120}, file name is read from tape (line 123}
and displayed. Goodness of fit is selected (line
128). For formulae exceeding this level, formulae
only will be printed.

In lines 130-4535, the "header” information of
the file, including elements considered, ion masses,
and operational instructions, is read and printed.
Record reading starts in line 462. Il = 100000
indicates that the next record is a summary table at
the end of the file (lines 655-~690).

Depending on the type of calculation specified
in ELANAL (formula only or isotope abundance calcu-
lation), X(Il) is either "0" or "1" and the respec-—
tive records (line 465 or 468) are read. Il is ion
number, Dl is the number of rings and double bonds,
0 contains number of atoms of elements in the
formula, W2 is the number. of hydrogen atoms, D3 is
the intenslty of the (A1} peak, B is the calculated
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PROGRAM ELANAL
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INPUT LCT)
PRINT Q"
INPUT L8

PRINT a7

FA N A B L -
o e e S GG D OO B S G G DO e e G

Ny
o
[
o}
]
oot
&
Y

o]
[EURVIR SRS O S S G IR IRV IS (I IS IR IR N IS (LIRS R S (I

N

DRINT "Hel ARD
2 TINPUT TH

285 INPUT Mi

Z38 DATA 127579+ 35:32,31:285 109, 16514512128, 7% 345302034533, 18216515:214

235 READ T

240 DATA 15152,6,24, 128, 723,5543, 483205 3628803, 356088030, 3. 9G1 5BE+7

258 DATA 4. T9E+8, 6. 227TE+9, 8« TIBE+[35 [« 3077E+12:2.8908E+1 73

251 DATA 3¢ SB7E+ 14,6+ 4F2E+15, 1. 21645E+17,2.4309E+18,5.18G1E+10

252 DATA 1o 124E+2152. 5B52E+22, 6. 2045E+23, 1551 1 2E+25,4.033292E+25

253 DATA | -0BBEBOE+26, 3-04888E+29, 8. 841 76E+30, 2. 565253E+32

254 DATA B.22283E+33,2.63131E+35-8.588332E+36,2.95S233E+36

255 DATA Lo @333VE+40,3719903E+41,1.37637E+43,5.0233023E+44

256 DATA 2 B3FBBETL6, 8. 1SFISE+47, 3. 345253E+49, | - 485G 1 E+51

257 DATA G+ Q451 3E+32, 2. 65825 E+54, 1. 1 962E+56, 5. SELE2E+57

Z58 DATA 2»58623E+595 1« 24130E+61,6.0B288E+462, 3.841415+64

25%9 READ Z

263 DATA i:ﬁ:@:@-S@E@;ﬁ-Qgﬁé:z)ﬁa7547)8»2453:3:5-95J@-3@76:3-§422

265 DATA l}@;ﬁ:ﬂ-9221:@0@47:@»@3@9:11%;5)@'gg?éﬁE-@QﬂE'Q:@nﬂﬁlgg

273 DATA 2.9963, 3000753 3.958%5,8.8111.6

275 HREAD S

288 FOR K=1 TO Ml

28BS MZ=K+1§

294 M3=K+28

295 PRIAT TFOPR 10N NUMBER K Ysasikzz'

3@ PRINT "INPUT MOLECULAR WEIGHTY

3@S INPUT W(K»

b

13"




PROGRAM ELANAL {cont'dy

IHPUT YLKs 13

148 P FOR MOLECULA® OR EVEN ZLECTROWN 10MNY
15 It

28 P FOR ANALYSIS 0% FORMULAY

25 1

3¢ 1

38 PRL OF PEAKESY

4 INPUT MIiM3o

45 PRINT YINPUT RELATIVE INTENSITIES STARTING WITH A-1Y
S8 Mag=KE+ 3¢

55 MS=K+ad

63 INPUT X(Mad

6% FOR I=1 TO XMisr-i

7

7

MEXT 1

DS DEEDRDDE DD SR WG WL W WL W LW WL W W W W

x’;?

5
B@ PRINT “INPUT SUSo
§5 I[NPUT X(MS)
9% NEXT K
91 WRITE 833:V¥
32 WRITE &33:%
93 WRITE 833:Y
$5 DEF FUM{X)=X-1a®INT(X/14)
@5 FOR 1i=1 TO MI
25 PRINT 10V NUMBER "3 1, "MASS “,U(Il)
26 PRINT 32,2632
3B M2=11+13
35 M3=11+20
43 Ma=11+32
45 ¥S=11+48
53 A2=¥(11)
S5 AL=X(M2)
58 ma=Y(M3)
85 P!

79 P9=¥(ME)
§5 1 THEN 515
&5 FOR I=1 TO a4~}

498 FLI¥=sY(Il,13=128/7YC1Lis1)
455 HEXT ]

S08 D=V HMa=138/Y (L1170

515 Wo=wW{illy

528 REM ESTABLISH MAYIMUM LIMITS FOR ELEMENT NUMBERS
2% FOR I=1 TO 18

IF LOIJy=1 THEN 345
NOI)=IdTIWG/TCLID )

G0 TO 558

NCly=8

NEXT 1

L L

I
a

REM MAYIMUM LIMITS FOR RINGS & DOUBLE BONDS

D=1+ ilgd

REM RINGS&DOUBLE BONDS LOOP
FOR Di=2 7O D2

BRINT "RLDB= ;D

738 Wi=wg-2+2%Di+Al

735 REM SOLUTION OF EQUATIONS
718 IF L{1J)=1 THEN 735

7185 FOR Ui=8 TO 41D

T8 Ji=}

725 0(1)=U]

738 GOSUB 1E82S

0 W n &y
S B oo © o B

el
5

775 0(33=U1

795 Ji=4




PROGRAM ELANAL

[ASIR Cal e AR e s I 4 3]

oy 00
O R A A I e
Aoleon & oyt S R &

[EXRRP A

oo e e 3 O8O D
G o W :

N DD D O O

g ETS e e 8D ND D ND D S0 D

G ) G B 0 g g U B G
DRy e e &L S g R W

W &y &

,..
&
e

o4

FoRU o R LIRS ]

(o)

<

wawwmw»«u—o&t\(ﬁ){‘gc
Toen G (h G G By Sn

L3 DO RO e b

e T e R T
s
[
o

Us=g TO N6

F 14 <]

IF G = ST
FOR U923 TO INT(HE/159

IF FNMUHS-1S*U9<>2 THEY 1625

Clgr=19
SISV STXS:
GG TC 9

IF Fu

S341
o=

Ky

K

IF W3<>@ THEW 1625

IF We<d THEY 1625

IF O(l@2<0(9) 0OR 0C12)<0(8) THEY 1625
IF 0C1@3<0(B3+0(3) THEN 1625

P3=p3+]

PRINT "ION "iI11:"™ RaDb "3;DL3" MaX "3 D23"FORMULA Y593, 05
I¥ ag2=1 THEZIV 1558

CALCULATIONS OF

2= THEN 11432
i=2 TO G2
J=91
1=0(2)~N1
3)=0 THEN 1125
§N2=% TO 0(3)
Zr=dd
P2=0033-52
(43=2 THEd 1179
G 93=¢ TO 04
CCa,2)=N3

Clds12=0C43-N3

FOR §&=2 TO 0C4)

C 4, 3i=Ng

Cl4s 23503
CCa4,13=004)-N3-N4a
IF Clas10<@p THEN 1485
IF 0¢H3=0 THEN 1215
FoRr % TO 046
Clbs0r=4b

CiBs 13=0(H3-N5

FOR §46=8 TO 008D

CL8,33=06

£g Fyu
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PROGRAM ELANAL {(cont'd}

1208 C(B,2)=N5

1285 C(6,12=0(6)=Nn=NS
1219 IF C(6:13<8 THEN 1418
1218 IF 0(8)=@g THEY 1263
1228 FOR N7=3 70 0(&)

1225 C(8B,20=N7

1238 C(B,13=0(83~-N7

1235 FOR 48=2 TO 082

f248 C(B,33=18

1248 C(8,23=N7

1258 C(B,1=0(8)-NT7-NE
[255 IF CiBs1J<2 1395
1268 IF 0(9)=0 THEN 1283
1265 FOR N9=8 TO 097
1278 C(%$,21=H9

1275 CU9513=009r-N9

1288 IF 0{1@5=8 THEN 1322
P28% FGR PI=8 TO 0Ci@>
1293 C(lB,2=7]

1295 CC16,12=00185-P1

1362 REM CALCULATION OF PEAK NUMBER

[388 AS=CU1@,23+C(9,20+C B, 23+C{6,2)+C 420+ 0xC(3,21+2%C (2,2
1385 AS=AS+2#C (B, 3)+02xC(6s33+240C (4,304

1314 IF AS»A4 THEN 1365

1315 FOP I=1 TO 18

1320 IF 0C1)=8 THEW 1352

1328 FOR Jd=1 TO 3

1330 IF S{lsJi=0 THEN (348

133% A(ASI=ACASIRS(IsJI1C I+ dI/Z(CCLIodI+1 )

1340 NEXT J

134% A{aS)=n(AS%RZ(0(13+1 )

1358 JEXT I

1355 Basi=B(ASI+A(AS)

1368 Al(ASI=]

1385 IF 0(i83=¢ THEN 13785

1378 HEXT P}

137% 1F 0(9)=0 THE4 138
1383 WE¥T N9

13685 IF OCE3=0 THEN 14U2
1398 WEYT 8

13895 NEXT 47

1488 IF 0(&r=d THEY 14
L4835 NEXT Hé

14ld NEXT 4%

F415 IF 004)=3 THEN 1432
1423 WEXT H4a

1425
1438
1435
P 443
L 4as
1459
14535
Lasd
14558
14783
1475
1488
1485 °
1 499
14%% FOPR I=}1 TO A4~
1523 BOIy=B{1I%*[G2/78
1885 HesH+{(F{I)-B(IX)2
1818 NEXT 1

1835 IF H»29 THEW | 582
1558 PRINT "FORMILA D3
1555 BPRINT "Cde T3 0013 3 TKe RIS WS TR DT OB Y T He 3R
1554 PRINT "HKelLJde"300303 "KeFd=""50(705 " Keld="3001 5" Kedd
1557 PRINT YHePde" 00503 "KeSde="5 00433 "K-S1d="30053

(%]

e

>

ta4az

1453

(233
3009

v O

1 558 THEN 1574

1553 33:11,D015,0,%2,D03,B,H,73
1565 584

1578 33:11s01.0,¥2,73

1587 =} THEY 1625
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PROGRAM ELANAL (cont'd)

620
525 1633
639
635 1645
640
645 1555
652

(o b Bt o s Ame b e wes fen e bt e (o et he g g

555 1655
658

L65 1675
573

575 1685
683

685 1595
598

695 §7 s
v

T35

1728

1768
183G

(818 WRITE @33:180830,0
1815

1828
1825
1838
1835
1 848
1845
1858 K2=K2+0(K3I*T{K4)

1853 WEXT K3

L8638 J2=d1+1

1865 RNIJ2I=INTWI=H2X/T(KL2)
1878 RETURNY

K3=1 TO Ji
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PROGRAM TAPE

P98 DM NE(EG L0133, v (1B FUIEIs Y2015, ¥(583,0018),B018&)
1ar ¢

UPPER LIMIT™

VEEIVERV LRIV RS
SRR G R VIS IS N IO B S

Ji
Do YU

i
Ml
o

FILE NUMBEP 7

3
¥ s e s 0 K A SR ok R K K K i R KK R R K K R R AR B RO R R OR R

[N
s B s
bt Bt o ped et

2

IF Liz2y=1
PRIy S48
IF Li3i=1
PRINT 248
IF Ligr=i
PRINT @49
IF L(5)=1
PRINT €49

IF L{&r=1
PRINT @48:"51
IF L(7)=1 THEN 225
PRINT 848:"F "3

IF L(8r=] THEN 2385
PRINT €43:"0 "5

IF L(%9)=1 THEN 245
PRINT @48:"N
PRINT e4g:"C
PRINT @48:"I0N5"
READ @33:1W
Ny=3

FOR I=1 T0 i
IF wll)=3 TREY
WHO=09+1]

PRINT @840:W (135
NEXT 1

PRINT @437 "
REAL 833:X

INT @48 :"aANALYSIE (4 UR roOnMuULA ONLY (1) 7

[yvd
e
T

F I=1 TG 49

P T 843015

N T

PRINT @483

DOINT BB UMOLT 0% EVEN ELECTRON (1) I0N™
FOR I=]1 T0 49

DPRINT $42:%(1+130;

NEXT I

PRINT &4’ *

PRINT 842 :"NUMBER OF PEHAKS
FOR I=1 TO ¥9

PRINT 840:1%(1+2833;

MEXYT I
PRINT @4g:" *
PRINT @4B:" {4~
FOP f=1 TO NG
DRINT 843X (1+38
HEXT I
376 DRINT Bady v
JES PNINT g4danant
388 FOR =1 TO 49
396G PRINT 243 ¢>1+ad);
g
™

ot

INTENSITIES

395
398




PROGRAM TAPE (cont'd)

4FE PRINT @43 ¢ IITENSITY MATRIX™
4835 READ 33:Y

418 * I TO N9

412 y=1 THEN 445

415 XY R AR ]

416 EEP R

420 I TO I3

438 GaBev{lsdi}

435

[
4d s
JFE (G 714
&33:c1d
=18883% THEN 655
Plr=1 THEN 452
= E33:D1,0,W2503,8,H.23
A4EE F4Td
458 3301t
469 ;AT

B
<
B}

47t

472 ESTom DLt F vsos
P (1@

485 IF 5

498 PR 123

495 IF 535

532 PRINT «43 tOTi0(E);

52% IF 0(23y=¢ TRHEY 5%

Sig PRINT @40:"BRY;0(2)3

515 IF 0(3)=9 THEY 528

528 PRINT @43:"CL"30(32;

525 1F 0(7)=8 THEW 535

SAE PRINT @4d:VFUI0(T) S

535 IF 0C1o)=2 L 545

S4¢ PRINT €48:7° 1500105

54% IF 0(93=¢ THEY 555

558 PRINT @4¢:"8";0(93;

555 1F 0(5J)=¢ THEY 565

563 PRINT @42:""P"30(5);

565 IF 044)=2 THEN 575

578 PRINT €4@:V5"3004);

575 IF 0(5)=4 THEWY 579

576 PRINT 2848:"51750(5335

579 PRINT @48:"

582 1F ¥(Ill=1 THEN 460

SES H=INT(l@8%HI/180

586 IF H»EL THEN 645

598 PRINT &43:"SUsSQ "jH

597 D3=INT(IEE*D )/izﬁ

588 PRINT €48:"A-1 "5D3

6835 FOR I=1 TO0 18

612 BCI)=INTUIB*ECLIII/ 10

515 NEXT I

628 FOP I=1 70 1E

525 IF B{1)=g THEN 635

638 PRINT @43:8(1);

535 NEXT 1

64 PRINT &48:" %

6545 PRINT #4d:¢'s======z==s=z===="

558 GO TO 468

655 READ #33:0C

668 PRINT €43:7104 JUMBER OF FORMULAE EXAMINED"

665 PRINT @4f 1 v mr e o s e e s
&78 FOR I=1 TO §¢

675 PRINT @48:1-.GC17

&8 NEXT I

GRS PRINT B4 remm e o s s mm s
698 PRINT €4f:"END OF FILE"

788 PRINT 83742619

718 END




isotope abundance array, H is goodness of fit, and
P3 the number of the formula.

The information is printed by lines 470-579
(heading and formula}, 585-590 (gocduness of fit},
and 597-635 {(calculated isotope abundance).
PROGRAM ISOTOPE

Program ISOTOPE calculates isotope abundancies
of gpecified icons containing C, H, O, Br, CL, F, I,
M, P, S, and Si. The algorithm developed by
Kavanagh (1980) in ELANAL is used. The program
ISOTOPE is applicable when the isotope abundance of
a particular ion is to be calculated and,
optionally, compared with the observed abundance.
The program avoids the formula calculation procedure
of ELANAL since the formula is specified by the
user. Consequently, the result is obtained much
faster than by ELANAL. On the other hand, no alter-
native and possibly better fitting formulae for the
observed isotope abundance are presented.

The arrays dimensioned in lines 50-60 are
similar or the same as in ELANAL.  Z{(31) is array of
factorials, T{10) contains atomic weights of the
lightest isotopes of the 10 elements, 0(10) contains
numbers of atoms of the elements in the specified
formula, A(18) contains the calculated, and B(18)
the final isotope abundance, C(10,3) stores isotopic
formulae, S{10,3) contains the stable isotope abun-—
dancies of the 10 elements, and Y{(2,15) is used to
store entered iscotope abundancies. The arrays are
initialized and filled as applicable in lines
63-492.

The formula is entered in lines 500-566 and the
formula weight is calculated (lines 710-726). Rings
and double bonds are calculated in line 740. The
information is displayed (lines 750-800).

At this stage, the observed isotope abundance
may be entered {lines 840-880) or the program may
proceed directly to the calculation of the isotope
abundance. If the observed abundance is available,
its maximum is found {(lines 890-320), the abundance
distribution is normalized and stored in the second
row of the array Y (lines 930-950).

Lines 1040-1445 contain the Kavanagh algorithm
calculating the isotopic abundance distribution.
ALl {sotope distributfons for the given formula are
calculated consecutively in Lines 1055-1295 and
stored in the array C(10,3). Since iodine 1is
moncisotopic, the calculation begins with Br (line
1085) or the first polyisotopic element present in
the specified formula.

In the first pass through the loops the array C
contains the lightest isotopes of all elements (the
A ion}. For example, for the formula CqHigN3S,H,
the rows 4, 9 and 10 of the array C are 2,0,0;
2,0,0; and 3,0,0, respectively. ALl other rows
contain “0"'s. This represents the formula

39 .
12C3310§4N2)‘32

The probability that all three carbon atoms are

2¢ isotopes is 0.98893 = 06,96707 (0.9889 is the
abundance of 12g), Similarly, the probabilities of
iaNg and 3287 are 0.9926 and 0.9025, respectively.
The probabilzty of simultaneous occurrence of 12¢
}4N2, and 325, is the product of these probabili-
ties (0.86633). This calculation is performed in
lines 1315-1355.

After the second pass (in the innermost loop

Pl, lines 1285-1370), the array C is
zZ 0. 0 (row &)
z2 0 0 (row 9)
2 1 0 {row 10)

and represents the formula §2C7i3CkHEO}4N93232.
The probability of 120213C£ is 3 x 0.98892 x
0.0111 = 0.03256, and the overall probability for
this formula is 0.02917.

On the next pass the array C becomes

2 4] 0 (row &)
2 0 0 (row 9)
1 e 0 (row 10)

and represents the formula IZC£13C281014N23282.
The calculations continue as indicated uwntil all
isotopic formulae are constructed and their
probabilities calculated.

The index A5 (lines 1302-~1305) determines the
mass of the formula relative to the A ifon (A5 = |
for the A4 ion, AS = 2 for the A +! ion, etc.).

The summed calculated abundancies, stored in
array B, are normalized (lines 1455-~149%) and
displayed (lines 1511~1518). If observed abun—
dancies were entered, goodness of fit is calculated
in lines 1550-1570, and the observed sbundancies are
also displayed (lines 1587-1590).

The results may also be printed on the teletype
(lines 1620-1794 and 1900-1950). Lines 1900-1950
contain a "graphic” subroutine for a more illustra-
tive "graphic” presentation on the teletype.

An example of ISOTOPE output for a hexachloro-
biphenyl, CyipH4Clg, is given below. 1In addition to
the formula, the observed isctope distribution was

. entered as well. Conseguently, the "goodness of
fit" (SUSQ) was calculated and the observed isotope
distribution was normalized and printed for
comparison.

FORMULA C12H4C16
WEIGHT 358

R&DB 8
S Hmm o e e e 51
359~ 6.8
360 e e e e e 99.9
361— 13.4
362 - e e 81.7
363~ 10.9
364 —m—mmmm e 35.7
365~ 4.7
366— 8.8
367- 1.1
368~ 1.1
369- 0.1
SUSQ 28.15
NORMALIZED INPUT
358 - 54.6
359- 6.6
360 e e e o 106
361— l4.6
3B e e e e e 81.3
363- 8
364 ———m e 36
365~ 2.6
366— 8

FEERR AR AR Ak b hd bk hd
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PROGRAM ISOTOPE

3127TCE23,0018,al1er,8018)
185332801253
2+ 182

127579535 323128, 19-16514512

10122065245 125,728, 5548, 483208, 3628849, 3528883, 3. 991568E+7

4. TOE+8,6.227TE+9, 8. TIBE+18, 1. 3877E+12,2.892E+13

358 7E+ 14554 482E+1551-21645E+17,2«4329E+1855.189%
1« 124542122 5852E+22, 6. 28448E+2351.55112E+25%

4.PR292E+255 1 - BBBEGEF2H, 3. B4BEBE+29, B B41T6E+38

2+ 65283E+32

zZ

1E+19

18200 5054524946533 754753.2453,3,3-95:3.3876.8-3422

12882092215 2.847+8.838%921223,2:8-997623+99E~4.-48
3.5963:,3-2237,8:2-988%,48-8111.3
S

TINPUT FORMULA T
CCARBONY
cligo

"HYDROGES 7
we

“OXYGEY

0e8)

UHALOGENS YES(1)s NG (23 7
02

2 THEN 540
CBROMINE”
o2l
U"CHLORINEY
0C33
CFLUORINE ™
(SRS
CTIODINE U
[S1 G ]
UYITROGEN
SRQD]
YOHOSTHORUS T
3452
FSULFURY
G4
USILIcoN”
(52

[}

TO 18

SR E9Y

R=Z+ 5% (2%00122+0(9)+2%x0(63+3%0(51+2~-W2=-0(3)-0(2)-0C1»-C(73)

58 DiM 2
55 Dim O
68 DIM v(
&3 Z=9¢
64 T=d
&6 0=32
657 A=0
&8 B=9
71 €=
72 5=8
75 Y=3
234 DATA
23% READ
248 DATA
258 DA
251 DATA
2 52 DATA
253 DATA
254 DATA
255 READ
264 DATA
265 DATA
278 DATa
275 READ
498 PAGE
491 O=8
492 Y=
582 PRINT
585 PRINT
sS@6 ILIPUT
518
511 It
515 ¢
516 I T
517 PRINT
518 IN=UT
519 IF &2
528 PHRINT
S21 INPUT
525 PRINT
526 INPUT
533 PRINT
531 lNPUT
535 PRINT
536 INPUT
548 PRINT
S41 INPUT
554 PRINT
551 INPUT
568 PRINT
561 I4PUT
565 PR
566
568
718

5
728 O
7253

126
T4d

758 PRINT
768 PRINT
T78 PRINT
768 PRINT
792 PRINT
838 PRINT
813 PRINT
2@ INPUT
&3y L¥ Q2
848 PRINT
845 07=0
858 FOR I

YFOR FORMULADY
ORS00I S HeHI - TS WE S KA 0J T 0B S THSBRI -3 0

VKo CLJe"I0(3) K FJ =TI 0(T I3 MK e TSR 001 ) I H AN ST

CHeRJ e TS 0B K SIeT i 04 K-S LT 006D
A& WEIGHT I8 "3u

"R&DB= ;R

CINPUT OF 10N IWNTENSITIES: YESCII.nNo(2r

ae
=2 THEY (348

TINPUT INTENSITIES STARTING WITH [ATION, END BY
=1 TG 1%

233

0093

e




PROGRAM ISOTOPE (cont'd)

B8 INPUT v

E68 IF Yo=-1 E90
B78 Y1, 1)=Y9

875 Q7=07+1

BEG NE¥T I

890 Mi=¢

891 ™M2=3

g FOR I=i TG a7

85 Mi=sY(ls1)

966 IF Ml<M2 THEV 923
988 M2=Hl

928 MEXT 1

938 FOR I=1 TO &7

4% Y2, 1y=19TL1@088xY L, L2/ME3/713
953 WE¥T I

1348 A=t

1345 B=2

1355 REM CALCULATIONS OF INTENSITIES
V8T8 C=3

1885 IF C(2)=8 THEN 11d%

1898 FOR 41=8 TO 0422

1395 C(2,20=81

1188 CL2,12=0(2)~41

i85 IF 0(3)=¢ THEY i
1188 FOR 92=3 TO 06(37
L1153 C{3.2)=42

1120 C(3:13=0(35-42
1125 IF 0(&)=3 THEY 1173
1133 FOR A43=8 TO 0¢(4)

1135 Clas2=83

V143 CC4s1)=004)-N3

1145 FOR N4a=¢4 TO 0C4)

1158 Clas3i=84

L1S% Clas23=43

1164 Clas 13=00a3-83-N4
1165 1IF C(4.1<3 THEY 1425
1E78 IF 0(&)=0 THEY 1215
1175 FOR 45=8 TG 062

1188 C(6523=43

L1185 C(5,1)=0(6)-45

1198 FOm N6=8 TO 0(5)

1195 C(6.3)=46

1288 C(6,23=45

1235 C(6, 13=0(B3~46~45
1216 IF C(Bs13<@ T
1215 IF 0(&)=g THEY 1253

1228 FOR 497=7 TO 0(E2

1225 CCE,2)=N7

1238 C(8s 1)=0(EY-17

1235 FOR N8=¢g TO 0(8&)

248 C(8s,3)=148

1245 C(8,2)=47

1258 C(8s13=0(8I-N7-NE&

1255 IF C(8&,1)<3 THEWN 1395

1268 IF 0(93=8 THENY 12882

1265 FOP 99=¢ TO 0(93

L1278 C(9s23=49

1275 C(9s13=0(8)~-49

1282 IF OC13)=8¢ THEN 1363

i285 FOR Pl=g TO 0C1g)

1293 Cl1g.2)=P1

1895 CCiBs13=0C10)~P}

1389 REM CALCULATION OF PEAK VUMBER

1382 ASSCI8,2)+C(9s23+C (8, 2040 (62340 (4, 20+2%0(3,20+2%0(2,2)
1325 AS=A5+2%C(8, 3)+2%C (6, 33+2%0 (4233 +1

1314 IF 45»18 THEY 1365

1315 FOR I=1 TO 19

1328 IF 0(1)=¢ THEY 1353

1325 FOP J=i TQ 3

1336 IF S{l,J)=2 THEN 1242

1335 ACABI=ACASI®S (1,120 L33 /2LCCLsd+1)

1348 NEXT J

1345 ACASI=ACASI®Z(0(L)+17
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PROGRAM ISOTOPE (cont'dj

o e g e
e o) L L L2 L) W (D 2

[ oI e s e I e LA ¢ S ]
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Fe

L
i PO PO e e B

ot B oo S oo S Son & G S @

bl

455
4sd
tast
Labs
Latd
a4z
1475
P4 88
1493
1492
1495
1511
1512
1513
i514
1515
1516
1517
1518
1545
1558
1555
1565
156%
{565
1578
1571
1576
1587
1e6g
1589
1598
1591
1592
{682
1685
i612
1615
1623
1639
1635
1634
L6483
P 545

JEXT 1

BLAB =3 A% +A (AT
ACAS)=]

IF 0Cl¥r=3 THEN 12375
HE¥T P71

IF 0(9)=8 THEN 1385
HEXT A9

IF OC&y=8 THEN 1483
NE

0(6y=8 THEN 14153

Olar=4 THEY 1430

=Z THEN |44¢

e
-3

=4 THEW 1458

e
T B ) B
TR o
3
m
s

o4
8

Mo THEN [atz

RO
[T

TO 18

I=1
=14TCI@GE2*BCLI/ MO/ 13

§

RT 65, 133.28,88

v
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DRAY
NEXT 1

IF Q2=2 THEN 1639
St=¢

FO¥ I=1 TO 15
Si=851+(BCIy~v(2,12312
NEXT 1
SI=INTLIBE%S12/182
PRINT "SUSQ= ""iS1
PRINT €37,26¢1

SRINT 837,26:8

FOR I=1 TO Q7

MOVE 1+3.2.0

DRAY I+3.2:Y(2,1)
NE¥T I

YIEWPORT 2.138-2.188
MOVE @+5

>

PRINT “TTY QUTPUT YES (13}, NO (207

INPUT 01

IF Qi=2 THEN 18208
PRINT €37.26:8
PRINT &37-26:1
PRINT 843 :"FORMULA"
PRINT €48:7C"504180
IF W2=8 THEN 1645
PRINT @43:"H"W2

IF 0(8¥=¢ THEN 1655




T F

PROGRAM ISOTOPE (cont'd)

1658 PRINT €48:70750(8)
1655 1IF 0(2)=3 THEN [685
1663 PRINT €43: BR":0(2)
1665 IF 0(3)=0 THEN 1675
1673 PRINT @48:"CL"30(3)
1675 IF Q(7)=8 THEN 1685
1688 PRINT 848:"F"30(7)
1685 1F 0(l)=8 THEN 1695
1693 PRINT €48:"17:001)
1698 IF 0(9)=0 THEWN 1785
1788 PRINT 848:"N";0(9)
1785 IF 0(53=3 THEN 1715
1718 PRINT 8483:"PU"30(5)
1715 IF OdC4)=¢ THEN 1728
1728 PRINT 848317550040
1725 1IF 0(6)=3 THEN 1735
17380 PRINT €48:"81"50(53
1738 PRINT @43:"WEIGHT "3V
1748 PRINT @40:"RaDb "IR
1745 FOR I=} TO 17

F752 IF BOIJ<@3.] AND B(I+1)<3.] THEN 17723
1768 Y7=IWNTC(@3-6%BCL))

1761 GOSUB 1928

1765 JEXT I

1778 IF Q2=2 THEN 1794
1771 PRINT @48:"5USqg 151
1772 PRINT @43:"NORMALIZED INPUT"
1778 FOR I=1 TO Q7

1777 BCII=Y(Z, 1)

1788 Y7=1NT(Z8.6%B(1))

1782 G0SUB 1988

1785 HE¥T 1

1704 PRINT @43 "®¥kaxpkinkkbrkurkxx'
1795 PRINT @37-26:8

1832 PRINT "ANOTHER FORMULA (13, END (20"
181@ INPUT Q3

1828 IF Q3=! THEN 4603

1833 END

192@ PRINT @43:V+I-|;

1916 FOR dJ=4 TO Y7

1928 PRINT 948:"-";

1938 NEXT J

1943 PRINT 849:B(1)

19658 RETURN
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