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Listing aiid doctment:rtioi: of seven programs for :n;iss spectrometry data icarllpu'ntioir are r>resenteti, T;ie 
programs are written in FINNLGA?; BASIC Revision 1. ?do additional programs for t h e  nssignrnei~t o f  elemental 
Eor~cLae and for tile caicttlation of isotopic abundancies are docriraented. These programs are writtan i:i Ltic 
B A S I C  version of t i l e  Tektronix Plot 50 sysrern, 

Key words: Nass spectra, reconstruction, Lsotope, obundafice, PCB, PBB, organochlorine, pesticides, 
quantitatioa 

On prPsente ejne liste eer l%xpos6 d6taillg de sept ~ropramaes pour La nar;-ip~tLa"Linri d e s  donniies de 
spectrorngtrie de mnsso. Les programmes sont ridlgis en FINNfGAIII BASIC Revision I. Deux programes 
s~pp16menraires pour I'affectation des formules 6IGmentaires et pour l e  calciil de L'abondance des isotows 
sonc dgtail16s. Ces programqes sont r6digPs 1s version B A S I C  du systsme Tektrnnix Plot 50. 





Programs used routirrely to e-aeli~ate gas 
chrornatograpizy-mass spectrometry (GCMSI data 
obtained on a F i n n i g a n  101 5 mass spectrometer and 
processed 5y a Finnigan Model 6100 Data Systea are 
presented, The program are generally applicable to 
GmS fnstra%entatilon w i t h  small ji6Xj central 
processors, Larger data systems ailow tire use af 
more complex software, 

The pr0grarr.s assme tilatGCMS data are stored 
as nominal mass-intensity arrays, G(l), where I = 
nominal mass, G ( I )  = intensity, one array corres- 
ponding to one scan of che specified mass range 
(usually 550-500 m j a ) =  A file consists of 200-300 
scans (maxiritml i000), and corresponds to one gas 
chromatographic analysis, Ini tire Yodel 6100 Data 
System, files are stored or? the disc and are read 
for processing by tlio IIREAD statement, The central 
processor hiis space for only a few scans. 
Consequently, most .;f tlie programs irsr only two 
scans at a t ime. Gna is t he  scan of i.nterest 
detected, for example, as e peak in tho recensrrac- 
ted gas chromatogram or liinited mass reconstructed 
gas chromatogran, Trie other scan is that c i E  the 
"'baseline, " immediateely preceding the peak, Their 
difference is the "background-cnrrecred" mass 
spectrum, Reconstructed gas chrornatograx I s  en 
array R ( ' l j ,  where Z = scan xrmnber, R(l) = summed 
intensity of all ions in scan I*  ic a limited mass 
reconstructed gas chromatogram, R ( L )  is Lhe 
intensity of a specified ion i n  scan 1. 

4 progrdn: ditecting peaks and backgrounds in 
tne reconstructed gas chromaragran can be wrftten, 
However, in practice, rt is bertpr to examire the 
c"io*natogram nanbaliv, because 3 f  ~ t s  complexit y I  
and to Leir the conpurr.r perform only the si~5sequent, 
mare routlne ta~ks , reqdxrlng less judgment. 

117 adiiiti~in tc prdigrarnh dsaiirig s z t h  nass 
spectral data retrieval and processing. ewo programs 
aidisg the mterpretatian of mass spectra are 
prese.i"id, For given wassass these qrogranis der~ite 
mislecalar (or i o n )  formirlae ;.-d ,alciil+te ~relr 
isotope distrAbutio~~s. These prcgraiis i~Inu assume 
narnrnal masses and unit resolurron, Sbi: coiild be 
modified easily for more accurate rnsses aqd a 
higher resolut+an, 

Program LISPSTC retrieves and priites background- 
corrected mass spectra. The presented vzrsio.i prints 
"major ions" with iniensttiee 21% and "'minor ions" 
w ~ L h  intensities r J  standard deviations from the 
background moan intensity, Such detaiied presen- 
tation is needed only in some s p p f  icatlons. In most 
cases, ""minor inns "re not needed and their output 
may he eiinlminated by placing RETURN in Lirte 650, 
The minLmiirn Intensity of "major ions" 'is determined 
by line 420. For many appllcarion.: n tlireshold of 
5% may be sufficient ( V  .=z 5)- 

Scan numbers o f  mass spectra to be retrieved, 
followed by t h e i r  respective backgrounds, are 
entered as DATA in line 20-14 and "0" is used rc- 
indicate termination of the data. 

16 P I E S  abe (Return). Prcrgran i s  theri reszarted by 
the command WTO 1C (Return), After tixis. iiscr's 
Inpuc  1s still needed in itne 12 :a s p ~ c i f v  tire 
desired mas.: reiige (sue\ a~ SOp  ciOO)* 

The arrays MjkOat)) arid G l i O C i O )  are set *P 2's 
(lines 452nd SO) and the flrsr DATA velrrc i s  read 
!Line 801, If i t  is 0, tte program wds (?ins 851, 
otherwise, the next value (Uj, assumed ", be 
background scan number, is read* 

In the data system mass spectra are stared as 
one-dlmenslonal arrays o f  intensities with m/z 
values as indices, The apectrtrs and hckgriiund 
arrays are read fro% the disc ~ J J  comar~de DREAD # ?  
<Lines 100, l?O, respectively); !jl refers to the 
file; I may be replaced by an integer variable if 
the program is to retrieve spectra from rfture than 
one file, In sue0 case a Loop for this variable 
3ust he added, In practice, however, the work Is 
most frequently done on only one file ;it a time, 

The background carrec t i o n  ( sa iS t rnc  t ioi~ of the 
"background'" array X f r a n  "ie spec;rim array :<) is 
accomnlPsYied in line 120, 

The rest of the program (Lines 500-850) is a 
subroutine, normalizing (Intensity c~f the nost 
interne Lon = 100) and printing the rases spectra, 

Firs: the iz@.,iding i s  printed, SM (sisir .tt~inber 
of tnaximurn) , SB (scan noher of bartgi.iririd i Ir, line 
400, ar?d tlie absolute irrtensit:~ of fire 1aw  io-3 
(line 590). value is usefiaL to aqses.; tlie 
overail. Inrerisity of rhc spectru-r. The bak? Icrn 1s 
found by the li loo0 rrr lines 530-580, The sorctrrm 
is then rror;nalized and pririted by the R loop an 
lines 600-640, The printout is LLmrted to the 
integer part of the normalized -Intensity (line 
6 i 0 ) ,  

Level of backgronnd "wise" AS de*ernl~red .n 
l~nes 570-780, For the averagiop, i?tensltles 
larger than 50 (absolute count) and ceggtlve 
intensities are excluded (lines 690, 700). Vie 
latter may occur as rhe result of the bcligroiirid 
subtrzc tion. Vaan and standard deviations are 
calculated (lines 740-7601 and prnnrod (1  r1.e.i 770, 
78111, 

Masses and ~ntsfisecies of 'm-.-,or' r o l i  are 
printed Ln Zfnes 796-530, Ions wl:h , -~ t ensx t r e s  less 
than three times standard derxation <I--a pPD? are 
rmt cansidercd, Interredties are tbnn ci~rina: lzed 
again (line 8 O i ' ) ,  Ions iirlth intensities above IY, 
are excluded (larre 805) since these nave bern 
printed out already. The re.nainlrg qasses, and 
iqterisities m~ltiplied by iCO (11-e till), are 
printed. 

The background-correc te8 spe~ tr riis is wrmal 17s.J 

twtce during the execution of the prugretn ilifces 610 
and 8011, T n h  is to save mesarye Execr_tiora c f  the 
program i s  sicwed down by this only w g 1 i g i h I . r .  

Plots of mass spectra are enseer eo S C R ~  

visually Chap prilts, but the prlrter used oi: our 
system is more reliable in rm~ttended ~prratlon thnn 
the plotter, %E program nay be milofffed c a s i i v  rq 
plot rather than print mass spectra, 

When running the program, the Lnforrnation in 
Lines 3-7 is printed and the progran stops to give 
c h e  user a chance to nnter UP modify scan nurnbecs 
and name of the file, 'i%e latter is done by t-yp-lng 



i DI3 4(103C)rGOOOC) 
3 PKI 'JT ''D!?PGPA 1 'fs?'PTC'$ 
5 ""IVT 'TCJTET 20-44 DATA, <AX. FOLLOL'ED EV EjACiiGri. " 
7 wFI:ST "'10 FILES - - -  GOTO 10'" 
8 STOP 
:?  FILES L"ZA2 
I r D? I"JT 'XE'JTF :.ZASS FAY GE" 
12 I"JDL'T ! i t  2 i(2 
2C C f i l A  126, 12311361 1332 0 
45 YAT M = Z L P  
50 'IAT G=IE" 
80 rLAD X 
85 IF X = O  ViEV 1 5 0  
90 ".EAD Y 
I00 DCEAD #'I>Xat.I 
I10 DaEAD Yi,Y>G 
i 2 0  TAT Y=M-G 
130 GOSUB 500 
:35 eo?o 80 
150 E*ID 
500 DRIyT "sM="" ; ; "~~=" ; ' f  
520 LET C=C=O 
530 F-CQ I < = K 1  T O  '(2 
540 LET C=Y t:O 
55C IF C c D  THE'J 530 
560 LET D=C 
580 "IEXT I( 
593  D Q I m I T  D 
60C FCP I<=iCI  TO K2 
610 LET V=I'JT( 100*Y(IO/E) 
620 IF V< I TliE'I 640 
630 =?IVT i(;'J, 
640 VEXT I C  
650 'FIVT 
660 DeIhJT "?4IVOF DEAiCS>VO~4ALf7EC *100'" 

LET 5=51=0 
FOP K=Kl 1 0  ;:2 
I F  .qcx)<e THEV 730 
I F  Y(K>>50 W E V  730 
LET S=S+W(K) 
LET SI=Si+M(K)t2 
VEXT Y 
LET Y = I I 2 - i C I +  I 
LET S = S N  
LET S!=((-Cl-~I*(St2))/f'I- 2 >)7.5 
PRINT "'BASEL lVE='V ;_C 

780 DIIVT "'DE~ilIATIO?J=": SI 
790 FCP K = X i  TO K2 
800 IF X"1(1(S~3*51 TiiEV 830 
801 LET V=IJT(100*Y(K)/D) 
805 IF V > = l  THC'J 830 
810 LET V= 7V.17( 10000*51(IC)/D) 
920 Pwl"l? X:Vr 
830 YEXT K 
840 DQ;YT 
850 QETUPV 



Elis program r e t r i e v e s  and p r i n t s  hackground- 
c o r r e c t e d  mass s p e c t r a  and keeps r e c o r d s  of  l i m i t e d  
= a s s  r e c o n s t r u c t e d  g a s  chromatograms (LMRGC) l e a d i n g  
t o  a  g i v e n  s e t  o f  scan  numbers. The s p e c t r t n  
r e t r i e v a l  and p r i n t o u t  abgori t l im is t h e  same a s  i n  
MSPRTC, I n  the  p r e s e n t e d  v e r s i o n ,  t h e  o u t p u t  is 
l i m l t e d  r o  " i r a f o r ~ '  i o n s  w i t h  normal ized  i n t e n s i t y  
?iZ ( l i n e  2110) i n  a  n a s s  r a n g e  d e t e r ~ i n e d  by l i n e s  
2020 and 2030, 

-s Lne e x a m i n a t i o n  o f  d a t a  b e g i n s  t i s u a i l y  by 
r e t r i e v i n g  mass s p e c t r a  o f  major components 
a p p e a r i n g  a s  peaks i n  t h e  r e c o n s t r a c t e d  g a s  
chromatogram. ?lSP'ZTC i s  s u i t a b l e  f o r  t h i s .  The n e x t  
s t e p  i s  r o  l o c a t e  crimpoirnds witose s p e c t r a  c o n t a i n  
s p e c i f i e d  i o n s ,  T h i s  i s  done hy r e c o n s t r u c t i n g  
chrometograms of  t h o s e  i o n s  o n l y  ( l i m i t e d  mass 
reconstructed g a s  chromatogran  a s  opposed to  recon- 
s t r u c t e d  g a s  chromatogram svtmrning tip i n t e n s i t i e s  of  
a l l  i o n s ) ,  The 1 f l i t t e d  Inass r e c o n s t r u c t e d  g a s  
c  hrurnntngrarns may c o n t a i n  s e v e r a l  peaks ;stid i r. miiy 
n o r  be LmmedTnteLy obvious  MII~CR one c:,rrespoiids ttr 
~ h e  s e a r c h e d - f o r  coapor~nd,  A t  t h e  same t ime i t  may 
b e  i n t e r e s t i n g  to look  a t  mass s p e c t r a  of  t h e  o t h e r  
peaks  a s  w e l l ,  

R o u t i n e l y ,  s e a r e i r e s  a c c o r d i n g  t h e  s p e c i f f  e d  
=asses = r e  performed f o r  a t  Leas t  10-15 compounds. 
Because of  t h e  l a r g e  n i a b e r  of  r e t r i e v e d  n a s s  spec- 
t r a ,  t h e  r e a s o n s  f a r  o b t a i f i i n g  a  p a r t i c r ~ i a r  spectrum 
may be l o s t  e a s i l y ,  Program OUT4 keeps t r a c k  of  
l i m i t e d  mass r e c o n s t r u c t e d  g a s  chromatograms l e a d i n g  
co t h e  r e t r k v a l  of s p e c t r a ,  

Thi- prnp,riiin i r s c ? ~  t l i c  SI- t indard slgi-i on p-tierdilrr. 
j l inc t :  1-91, n i  t o w i n g  f o r  c i : ~ t ; i  e n t r y  :itad i-i te s p c ~ i -  
f i e a t i o n .  'Rte i>x t i~ i t t i i ) i i ,  s t o p p e d  i n  I i n i s  9 is 
resumed by t i le  eoiniaantl GUT0 10. 

Data inus-, he e - ~ t e r e d  a s  s p e c i f i e t i  i n  l i n e  4 ,  i n  
t h e  f o l l o w i n g  format :  mass of  t h e  l i r r i i t ea  mass 
r e c o n s t r u c t e d  g a s  chrolnatogram ( r n  t h e  l i s t i n g  
a b b r e v i a t e d  t o  K C ) ,  up t o  5  maxrmum arid background 
s c a n  numbers,  " I  ' t e r n i n a t r - g  t h e  s c a n  n m b e r  set 
f o r  d g ~ v e n  mac,b, and "0" t e r r l i n a t i n g  t h e  whole s e t  
o f  d a t a *  The s i z e  o f  tile i n p u t  i s  l i m i t e d  by u s e r ' s  
work a r e a .  For  t o e  F l n n i g a n  6100 Data sys tem,  s o f t -  
w a r e  r e l i i s i o n  1, t h e  naxiaum p o s s i b l e  d a t a  a r r a y  is 
A(60,12), l i n e  560, 

The a r r a y  A i s  r ~ i c i e l i z e d  ( l i n e  iiO) and t \ e  
d a t a  a r e  r e a d  by t h e  1, J i o o c s  ( l i n e s  520-585). N 
( l i n e  580) c o u - t s  rows of  A a c t u a l l y  used f o r  d a t a .  
L l n e s  590 and 595 a r e  t o  a s s u r e  t h e  u s e r  t h a t  t h e  
prGgram is r u n n i n g  a s  e x p e c t e d ,  

For  e a s i e r  o r i e n t a t i o n ,  t h e  d a t a  a r e  s o r t e d  
a c c o r d i n g  t o  i n c r e a s i n g  masses  ( l i n e s  500-710) and 
t h e  u s e r  i s  i r f o r m e d  ( l l n e  7 L C ) ,  X!e s o r t e d  d a t a  
a r e  p r l n t e d  to s e r v e  a s  a? m d e x  o f  t h e  r e t r i e v e d  
mass  s p e c t r a  C l i n e s  730-7803, 

The program then proceeds  t o  r e t r i e v e  and p r i n t  
mass  s l e c i - r a  by the T Loop ( l i n e s  800-883) f o r  
l i m i t e d  moss r c c a n s t r u c t e d  g a s  chroinatograrns w i t h  a  
n e s t e d  J l o o p  f o r  s p e c t r a  r e t r i e v e d  by n &rven  mass. 
Thr s p e c t r a  a r e  r e t r i e ~ e d  and pr~r: tc .d bv tile rn t i t rne  
;n l ~ f i e s  ICIOCI-2: 50, Tn"n? i s  t n c  same ror i t lne  a s  1.p 

MSTRTG. 

T h i s  program c o n s t r u c t s  mass s p e c t r a  LR g i v e n  
s c a n s  from I o n s  whose l n t e n s r t y  has  a  m a a i m m  f i t t h i n  
a s p e c i f i e d  window around the  s c a n s .  The progra-ii is 
based  on an a l g o r i t h m  developed by J ,  E, Evans 
( F i n n i g a n  C o r p o r a c i o n f  . 

T h i s  t y p e  of spec t rum r e t r i e v a l  complements t h e  
i n f o r m a t i o n  provided  by background-correc t e d  n a s s  
s p e c t r a  a s  r e t r i e v e d ,  f o r  example,  by HSPliTC, Otl 
p u r e  compounds, b o t h  p r o g r a n s  y i e l d  v e r y  s l m ~ l a r  
mass s p e c t r a ,  For m i x t u r e s  o f  compounds, compara- 
t i v e  examiqa t ion  of  s p e c t r a  provided  by t h e s e  pro- 
grams may g i v e  a b e t t e r  i n s i g h t  ~ q t o  t h e  r o n ~ o s i t i o n  
o f  t h e  m i x t u r e  o r  a t  l e a s t  may a l e r t  t h e  u s e r  to  the  
p o s s i b i l i t y  t h a t  a  m i x t u r e  of compounds LC p r e s e n t ,  

The program rises t h e  s t a n d a r d  s i g n  on procedure  
( l i n e s  1-99. Fol lowing  d a t a  e q t r y  and f i l e  s p e c i f i -  
c a t i o n ,  t h e  c*xec.:ii-ion is resrimeil by Cur0 10. 

The a r r d y  P(500) ~ n  l i n e  15 is a %can liumhc* 
r e g i s t e r , "  I t s  m e  w i l l  become obvious  i n  rlie 
d e s c r i p r i o n  of  t h e  a l g o r i t h m ,  

User" i n p u t  is r e q u i r e d  i n  Lines  510 ( s c a n  
r a n g e )  and 530 (window). The l a t t e r  s p e c i f i e s  A i c h  
i o n s  w i l l  be i n c l u d e d  i n  t h e  mass s p e c t r i m .  For W = 
0, o n l y  i o n s  w i t h  maximum i~ the s p e c i f i e d  scan  S 
w i l l  he i n c l u d e d ,  For W = - 1 ( i ) ,  i o n s  -&ti? maxima 
i n  s c a n s  S-l ( S t i )  o r  S w i l l  be i n c l u d e d ,  

The spec t rum c o n s t r u e t i o i ;  a l g o r i t l m  r -  qiveri i n  

l i n e s  1000-1170. The ubteitncii m.ivi, sprcrvtrm i c ,  t i ~ e i ~  
normal ized I l in r . ;  1 2 0 0 - 1 2 7 0 )  itid p r i n t e n  ( i int.\ 
12.90-1340)- i n  t l ~ e  presrr i teiI  vi.r-,~orr, o i i i \  i i m s  
w i t h  tmrsi i i  i 7 e d  r e l a t i v e  inter~.; i  t v  25: srrv p: I S I ~ P C !  

C l i n e  1310). Tills  s e n s i t i v l t v  +ikonLd "x r ~ ~ i j i l ~ t t ~ d  

a c c o r d i n g  to  a e e d s ,  

I n  the  spec t rum c o n s t r u c t i o n  d i g o r r t h n ; ,  the  
a r r a y s  MSG, and P  a r e  r n l t i a l r ~ e d  ( l l n e s  lOOO-i020) 
I n  t h e  'r l o o p  ( l i n e s  1030-iiiO), 5 s p e c t r a  ( 5 - 2  t o  
S+2)  a r e  read  s u c e e s s i v e l v  from the  d r s c  ~ n t o  t h e  
a r r a y  N I l i q e  1 0 4 6 ) .  I n  t h e  q e s t e d  1 l o o p  ( 2 1 n ~ s  
1050-?160), t h e  i n t e n s i t - e s  ~ n  t h e  a r r a y  "2 a r e  
compared wrtl, t h o s e  1n t h e  a r r a y  G w i t h i n  the  
s p e c r f r e d  mass range  ( 2  t o  Zl), %gher  v a l u e s  * r e  
p l a c e d  r-ito G i l r n e  '080), r e c o r d r n g  t h e i r  .;can 
numbers ~ n  P. 

The a r r a y  M i s  t h e n  i n i t i a l i z e d  ( l i n e  : i 2 r i )  a.iC 
t h e  spec t rum is r e c o n s t r r r c t e d  a c c o r d i n g  to the  
s p e c i f i e d  window (W) i n  l i n e s  1130-1170, For 
example.  i f  W = 1, a c c o r d i n g  to  1110 t h e  program 
e x e c u t i o n  c o n t i n u e s  t o  l lSO,  If  t h e  scan  ntimber, 
s t o r e d  i n  P, is S, t h e  i n t e n s i t y  is p laced  i n t o  the  
a r r a y  M ( l i n e  1160). If the scan nurcher &is not  S, 
c o n t r o l  is t r a n s f e r r e d  to l i n e  1154 a n d ,  i f  t h e  scan  
number is $41, t h e  i n t e n s i t y  is o laced  i n  '1. 

T h i s  program r e t r i e v e s  mass s p e c t r a  eonposed of 
i o n s  whose i n t e r l s i t i e s  tieve maxima w i t h i n  ,i s p e c i -  
f i e d  window around a  g i v e n  s c a n ,  Record 15 kept  of 
masses  l e a d i n g  t o  t h e  r e t r i e v a l  of t h e  s p e c - t r a ,  The 
algoriithrrrs used .Ire those  of RTRV2 and RiTT4, 
r e s p e c  c i v e l y  , 



5 3 0  FC' J= 1 TO 12 
540 3EAD A 
541 LET A C I x J ) = A  
5&5 I F  A <  l , J ) = O  TEiZ*J SYC 
550  I F  A( I , J I =  I TiiE'I 593 
560 "IVVT J 

540 - ? I = J T  '",%-A . ;A-r l5"  ;g%jS^-r- C T ~ T ) - -  

595 "-.P,JT s..d="';\J 

609 D I Y  l ? > r C (  12) 
610 FC9 K = i  '0 V - l  
620 FC?" 1-1 ' 0  U-I< 
630 FOw J= I TO 1 %  
646 LE- "iJ)=A(lrdj 
650  LET S(J)=4(I+IJ J) 
660 'SET J 
070 I F  1 )<5< 1 )  'izC'd 733 
680 F C "  J=: TC l 2  
635 LET MCIIJ)=S(J) 
680 LET A:I+l,J>=F(J) 
695 VEYT J 
70C ' i c y m  1 
710 VEYT I( 
720 "PINT ""DATA SORTED'" 
7 2 6  FCQ I = I  TO %i 
740 FCC J= I TC 12 
750 DQIYT A( I I J ) ;  
7 5 0  VE"T J 
770 P"f"jT 

7 8 0  " I Z W  i 
803 FQP i = i  TO 'I 
810 "FL"49' "TAB< iO);""CGG"';A( I >  I )  
820 F09 J = 2  "0 12 STE* 2 
830 IF A(IlJ)=1 ThZV 880 
840 L v  X = R C : , J )  
850 LET Y=k( L, J+ 1 )  
860 GOSVE 1005 
870 MEYT J 

1000 V A T  M=?EF 
I0 l o  ?2AT 6= ZEP 
1020 DFEAD Y l , X , Y  
1030 GFEAD d i r Y , G  
1040 HAT Y=H- G 
I050 GOSUB 2000 
I060 FETUcZl 
2003 PPIVT "'$"?="fiA(i~J)> ""C.="";A(I,J+l > 
2Ol0 LET C=D=O 
2020 FOP I<=70 450 
2030 LET G='?O<) 
2040 IF &<D THEV 2070 
2050 LET D=C 
2070 NEXT X 
2080 V I Y T  D 
2090 FOP I<=70 Tt; 450 
2100 LET %'=IYT( 100*Y(K)/C> 
21 10 IT V c 5  TIIm 2130 
2120 D F I V T  !{;I?, 
21 30  ?IEXT K 
2140 PPIXJT 
21 50 FETLIPV 



1319 :IAT ,;= ?cc 
: ,320 ;1;;T "= 55'; 

FCF y ~ y - 2  TC ;+2 
- Q V - - P  u. LhJ # 1 > '<> 8.1 

1050 FCF TC t 
1060 1"' : . i ( I i rCri!?  "?:it': i03C 
:070 GOTC 1 :20 
, 3 3 0  LCT 6 1 1 ) = l ( i i  

1220 FC" I < = ?  IC 71 
1233 LC" C= bii:) 



i 81'1 X i  iO00),GC 1000) 
2 !7"1x$ *V"FOG"'Q:< 1 '" 
3 ?Qlv' "DET?EC!J"S 5FECTPA $!ITii 1jG i;i;CI(G?DT-bJL f-TJETTACT 1 Q V ' "  

4 PTl'JT "'_CPrCTEI: AYE GO\JST?i!CTED F50:4 :?AXI:-IIZI'JG pER!CS" 
5 DPiVT "E"ITEF 20- 80EATA I)GCL:.f, 5'1> 5:-fr a. ( +AX 9 > ,  I a E"JD 3Y0" 
6 ? X X T  "CATA SPACE 15 < 4 0 >  l a ) "  
7 @3i'-IT '"0 FILE". . .. /GOTO 10" 
9 STOF 

r;:LEr t-$".in2 

20 DATA 284, i 39#  166> 2071 1 r i 09 ,541  203, I d  1941 158, f 7 1 182, 3 
163 '?AT :q=tEP 
1 1 9 LET x= 0 
800 FC? 1- 1 TO 40 
210  FOR J = l  TO 10 
223 DEAD A 
230 LET AC:,J)=A 
240 IF A i  ilJi=O THEY 225 

275 : j=? j+k  

280 I 
285 ?p.IiJT "'DATA "IA4'PiV CO'31CTp.UCTSC'" 
240 pn:xT * " ? j = " ' ; ~  

300 FCP K= 1 TC ?I- 1 
310 FOP E = l  TO N-K 
320 F O R  a= i TO 10 
330 LET n(J)=A(I, JI 
540 Lz r  S(J>=A<T+I,J) 
350 VEXT J 
36'3 IF " (  1)<XII) T!i.S"J 39G 
3'70 F O n  J = i  TC 10 
375 LET A<PaJ)=S(J> 
380 LET A <  I + ? *  J)=F(J) 
385 'IEYT J 
390 *IEVT I 
395 VEVr K 
400 FCP I = I  TC 'J 
h i 0  FOF J = I  TC 10 
420 1°C l r  J>= 1 Tf:EV450 

640 LET S=A(E> F )  
650 GOSL'E 1000  
660  YEYT F 
670 U'DU7 E 
700 C"33 

1060 IF M(I)>G(I) THE" 
1070 GCTC 1109 
lO8C LET G(I)=%(I) 
1090 LET ?( I ) = "  
i I00 VEYT I 
i i 1 O  XEXT V 
1 1  20 YAT " I =  ZEc 
i f 3 1 3  FOP I=Z TO Z 1  
1140 IF M < > - 1  THEV 1150 
ii42 IF n ( l ) = S - i  THE! 1160 
1150 IF P(I)=S THE'J l l t C  
I 152 IF Lr<> 1 TIILV i l 70 
1154 IF "CI)<>S+1 THEY 1170  
1160 LET 'I<i)=G(IS 
1170 NEXT I 
1200 PRI'JT "SCfi'J": 5 
1210 LET C=D=C 
1220 FCD !I=Z TC Z l  
1230 LET & = : 1 ( I O  
1240 IF C c D  THEN 1 2 7 0  
1250 LET 3 = C  
1270 "IEY" K 
1280 DnXVT C 
1290 FOR II=Z TC 71 
1300 LET V= IU'( i 00*;4( !<>/6> 
I 3 I G  IF V < 5  TIIE'I 1330 
1320 "FIYT K;V> 
1330 VEYT I( 
1340 WI"IT 
1350 nETIjf2l 



1,i:ie--: I - - ?  i ; i n t , i i ?  :r>r stas-.d;rrd sign on proce-  
6 s r e b  fo rmat  of d a t a  e n t r y  is sass used "iii 

-ilr . _ - r  r r v e  - tixi. s c a n  r:lmthiir, ai:d up LO sir-ie srer i  

n ~ n ~ b e r s .  FP.;..;c e i ~ t r i ~ ~  :ire s e p a r a t e d  by " I "  end tile 
2";c-a iu;,i:r i 7 ~c)crqfr:ii;p: b:~ '"3."' 

..xzoe ,-.,ic~i;i:r .,< s c a q  ::,miters s i n c e  t h e r e  I s  no need 
f o r  =.i..ie ;>iir?,,>rs ;f b;ickgroiiad cor:rct lorrs .  

..,. - 
.!I(. .~,ir,l 8 - r  rcnd  by Ifr;c?s 110-280 and s o r t r i i  
. . :.ccr::.c:nc; to i : i . r t ~ i i ~ l i n #  ~ - c t r i f s i l  mass i n  ? I r e s  

2';0-'-52n, i:nilev:*.ig the ;or-iifig, the i l se r  IS esked  
f u r  -;i,-,s.: :nt2;;c (1 " r e s  53C-51": end  nwindou ( l i n e s  
r ,LO-i3S), "iie S , F  Loops i l i - i e s  606-670) s e l e c t  rhe 

.;Cali r?:~r.ii'r-, S p e c t r h  iire r e t r i e v e d l  n o r - n a l i z c d ,  
a n d  p r i z t c d  by ~ i i c  s c f i r a : : ~ i n e  i n  l i n e s  l000-1356, $. 

d e t n i i e i l  d e s t  -rii?r l o -  3f the  ~ i u b r o u f  f n e  i s  p r e s e n t e d  
w i c b  :he prsgra i?  RTRVi. 

Y i h i ; :  progr;t:u i s  i:.~riicrui;i;Iy t i s s f i i i  f o r  v i s i i a i  
ir1spe.c i f  on (if i::c?t.)l,i i. c l i i s i c r s  o f  : , rgi i i~~ii . i i lor  iite 

- * v  :nc progr;rsn p l o t s  i c t c n s i t P ? s  of i n n s  i n  up t o  
three c a s s  r;rrigi?s O F  backgr$iur:d-ci?rset.ied mass 
s p e c t r a ,  ' i h i s  '- - : .- c o r ~ v i i n i c n t  presentation f o r  t h e  
canfbrs:n:- i:,:? of o rga i \och l  o r  ii-#e :ind cirgarto1;rornfne 
c o n s  '?he mass rai igps a a g  he  s j w c i t i e d  t o  
k w 1 i : d s  file it1oi~~1il~2r i o n  r - l ~ ~ s t e r  and ;idi?itiona:. 
c ~ r a r a c i c r : s t l c  c l i ; s t c ? r s  ( f u r  exampic ,  t i lose st ?I-35 
a r ~ d  3-71) For crg,at i .ocklorine compsirnds) , The program 
also heef t s  r e c o r d  of f i  i e  exnrnined arrd of masses  
l e a d i n g  tq t h e  r e t r i e ; i a i  of t h e  s p c r t r a ,  AS 
d i%:.i:si:cd i n  crinncz tion with t h e  program OliT4, t h i s  
i s  a n  ':isptx"r~l!t F e a t u r e  For d a t a  i n t e r p r e t a t i o n .  

?or i? ,?iver? r e t r i e v a l  mass ,  up to f i v e  maximum 
aiid liackj; roi?!:ri s c a n  ni~mher. p a i r s  ooy ire specif",d d, 

S h c e  ilio q b z e  of  ~ h r  d,rt<i a r r a y  is f i x e d  a s  
D(21,17) i n  l i n e  i'i, I r lo i ik  s j ~ + c c i s  w i t h t n  tined rriws 
(Z-i-tc ii r i i  1 i COWS 7 i ime  I ! ? )  riit!;t h e  F l  i i c d  wi D l :  

. 'Os ' ' s s  For exafi~ple~ 1 f n c ~  '$0 DATA V I C ~ ; I ~ I S  : - ~ , t r  i e v a l  
laitas 419, :i!ars riarig" ' i i  5 - h j 0 ,  rwo . i d r ? i t i t t n : i i  :iuiss 
r:%rlges ~ i s p t ? ~ -  i f i c - d  ( f  i 1 1  c-d .+I! :!I "0'" s) t h r e c  
%*xi-tirr/Sackgri:rtnd s c a n  ;iiimber p a i r s  i i 5 l ,  1/43; 
253,260; 269,265), a?:<: t w < r  irns;>ecZf l e d  jmir i ;  I f o u r  
*' <. .- * 

i d  9 1 ,  T h i s  l i n e  was e11Lared biecatise cI?e recon-  
s c r c c i a d  g a s  c h r o m a t o g r a n  oE mass 419, obtained 
mrroiial; y and  Ins7ec t e d  v i a i ~ h  17 y on tiie s y s t e m ' s  
d i s p l e y ,  c o n t a i n e d  i h r e e  qnxirnz ( ? T I ,  263, and 2691, 
1: uzo >C L r l t c r e s t  t o  d e t e r m i n e  ~ t ~ e t ? i e r  t h e s e  inaxirria 
c o n t a i n e d  i ons  of o r g a n o c h l o r i n e  o r  organcbrwmine 
coinl:oi"n"ils. The i s o t a l i c  c l u s t e r s  woulc? he d e t e c t e d  
by rx;i:n-iniag tire rqass r a n g e  i i  5-43!?, 

The s i g n  on yrrcicedure ( l i n e s  1-10) i s  s t a n d a r d ,  
the d a t a  i t r e  read in  l i n e s  50-57, The u s e r  is asked  
f u r  the riame of t h e  "1.e ( l i n e s  63-70) f o r  e a s y  
iderat i  f i c n r h o n  o f  t h e  o r i n t o u t  . 

The s u b r o u t i n e  i n  l i n e s  500-720 n o r m a l i z e s  t h e  
s p e c t r a  w i t h i n  rire s p e c  i f i t i d  mass rangc?s. The 
s p e c t r a  ;ire p l o t t e d  by t h e  L l o o p  i n  l i n e s  660-663 
by p r i n t i n g  t h e  c h a r a c t e r  "-" up t o  (! t i m e s .  Tnis 
v a r i a b l e  is aorioa ' i ized to hi: f o r  the  h a s e  ion  ( l i n e s  
620-6301, The v a l u e  of  t h e  n o r m a l i z e d  i n t e n s i t y  i s  
p r i in ted  n e x t  t o  t h e  '~drawn"  i n t e n s i r y  ( l i n e  70O), 
T h i s  " p l o t t i n g "  a l g o r i t h m  w a s  d e s c r i b e d  hy i .  E. 
Evans  of  F inn iga i i  C o r p o r a t i o n .  

The o c c u r r e n c e  o f  m i x t u r e s  coap2:cates  t h e  
i n t e r p r e t a t i o n  o f  mass s p e c t r a  s i n c e  t o r s  p r e s e n t  i n  
a  scan  may be g e n e r a t e d  from s e v e r a l  compounds. The 
program COR7  a s s i s t s  i n  d e c i d i n g  w h e t h e r  t h i s  may be 
t h e  c a s e ,  The program r e t r i e v e s  tile i n t e n s i t i e s  of  
up t o  f i v e  i o n s  from a maximum of 20 c o n s e c u t i v e  
s c a n s  and c a l c u l a t e s  t h e i r  c o r r e l a t i o n  c o e f f i c i e n t s .  
I f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  20.98, t h e r e  is 
a  good c h a n c e  t h a t  t h e  i o n s  were g e n e r a t e d  f 'rt i in t h e  
same compound, However, t h e  p c i s s i b i l i i r y  clrii t 
s e v e r a l  compounds ; i re  e l i i r r d  froin t h e  gas chroinat:~- 
g r a p h  e x a c t l y  t o g e t l l e r  caili\ot be ~ i . w c . i  i1di.d. 

The program can a l s o  p r i n t  the iiitensi t i e s  of 
t h e  i o n s  o r  p l o t  them f o r  a  v i s r m i  p a t t e r n  t~xnmina-  
t i o n ,  It is o f t e n  he lp f r s l  to  s e e  t h e  I n t r i - i s i r y  
v a l r i e s  nnil t h e i r  jk? t t e rn9  i n  a d d i t i o n  to 511i: 

c o r r e l a t i o n  c o e f f i c t e n t s .  

The s i g n  on proeedrtre  ( l i n e s  1-9) i s  s t s n d n r d .  
A r r a y  A 120,5) i s  r e s e r v e d  f o r  t h e  ioii i i i t e n s i t i e s ;  
a r r a y s  X(201 and  Y(20) a r e  used i n  t h e  c o r r c i e t i o n  
c o e f f i c i e n t  s u b r o u t i n e ;  and a r r a y  V ( 5 )  i s  For 
s t o r a g e  of  t h e  s e l e c t e d  i o n  masses .  

The maqses a r e  e n t e r e d  17 t h e  I l o o p  ( 1 1 q e i  
110-i60),  f o l l o w e d  by t h e  s c a n  r a n g e ,  if t b r  
c q t e r e d  rang-  1s more t i i a r  2 0  s c a n s ,  t h e  program 
a s k s  f o r  a  new r a n g e  ( l ~ q e  195). S p e c t r a  a r e  l e a d  
from the d i s c  s n J  s e l e c t e d  r n t e T I s l i i @ s  * r e  ,>1nceci 
I n t o  a r r a y  A by  t h e  U l o o p  ( l i n e s  200-25f1). 

The p r i n t o u t  ':f i n t e i ~ s i t r e s  rs  opt ,o;i r :  ; x r~cc ,  
297-360), ar-ici t h e  prrrgr-atn proceei ik ?r, cl:ru,i t ib the 
c i ~ r r e l ~ 3 t i o n  ' o e f f l c i e n t s .  The s u b r o i l t r n e  ri-t : i p t e %  

600-700 i s  used. i r n c s  "140-530 s e l e c t ,  In rurr i ,  ,:I1 
p a l r s  uf Lon l n t e n s i t i e s  arid p l ~ c e  t h e n  i i ~ t t ,  t h e  Y 
a n d  U a r r a y s ,  r e s p e c t i v e l y ,  f o r  ttre c a l c i i l = r i o n .  

A f t e r  c o m p l e t i ~ g  t h e  c a l c u l a t i o n s ,  s e v r r n L  
s e l f - e x p l a n a t o r y  o p t i o n s  a r e  o f f e r e d  by l,iie 550. 

The p l o t t i n g  s ~ j b r o u t i r ~ e  ( l i n e s  1000-13; ' l j  is 
the s a a e  a s  i n  t h e  program R G E V A 4 ,  The i i r t e r l s i t i e s  
o f  one  ion  a t  a  t ime  a r e  p l o t t e d  w i t h  :lie o p t i o n  to 
t e r m i n a t e  t h e  p l o t t i n g  r o u t i n e  a f t e r  e a c h  ( 0 1 7 .  

" a s s  s p e c t r a  a r e  r e f r b e v e d  i n  Lines  150-290, 
w i t h  t i c  back<roiiiiG c o r r r c t ! o n  per fa rmc~d  ir: l i n e  
210. ".:ass ra r igss  z r e  rcsad '7y the i< l o o p  in l i n e s  
2 30-283, 



q FCI-JT '"bT,q :qnT?E:*: IS ( 201 17) ;"OirS=?.GC' 5 ,  COL~II1"IS A S  AS"-OrEE"' 
5 "PINT "10 FILES---- GOTO IS'" 
6 T F P  
?O FILES iT1402 
13 51:1 D(23r 1 ? ) a P 3 t 6 )  
15 R ? ~ = T "  -qvj;-;cc_n rgvc*. 

3 i EATA 405, .ciOi;> 1, I51 C a  C;zC, G, 2 i 2, E07r 5201 2 i 71 3a 3, G I  O,O, 0 
32 3A*A 45% 450~4C 5 ,  C> 3,0, 0> 2681 2661 2921 2891 276a 275>0, O a  0.s 0 
33 DATA 3C6r 300a3 1 8 ~ 0 ~  31 0~0~2531251a 27i1269s 276~275a0a0>0*0 
34 DATA 4031 4001 4 I 5 r  0,0101 08 2741 271,276i 2761 230t 276, C a  0 s  3 ~ 0  
35 DATA 471 14691 4635 0>0,0, 3>3C32 3321 366> 365, Sz O> 0) 0,  GJ 3 
36 DATA 3 184 3 1 6 a  326, 0, Or C I  3 r  304,302r0, 0, Or 01 01 Q, 0, 0 
37 DATA 3661 362,3721 CI 31 G a  0 s  344.3 34 1 GI 0s 0, C ! I  01 0;1 0> 0 
35 CATA 432,4901 506, C, 01 O I O >  I 9 1 1  188129112891351, 349, C s  O* 0 ,  C 
43 DATA 262a 2602 275s 0, C, §a01 230,2271) 33C1296>3 101 307,3 i 5,3 i 2, 0a 3 
44 GATt2 &C98 LOG* 4 15~01 C, Or 0.a 2561 25 1 1  279x275s GI  O,O, 0,0> 0 
45 DA"A 3G5i 380,395> C' 0, C, 31 i 3 2 ~  1301 174, i 7 1,2 IO,207,22S, 22C 
46 EATA 2398236 
47 CATA 376,3721 38" Ct 0 s  3,0a23'3> 2388 2531 2501 24Sa 288> 300> 29SaCa 9 
48 DATA 4389 a061 42C> C, 0,0> OI 252,25012791 2761 304s 30 1,3 15,3 12 
49 DATA 321>3iD,4i4* 415, 430t 0,0,0, 31  1 5 i ,  i481i2631260,269a265s3, O>0*0 
50 FCP I = i  TC i I 
52 FOP J = I  TC 17 
53 FEAD D ( L r J )  
55 ?IEXT J 
57 NEXT I 
60 PF'1:JT "FJ LE" 
70 INPUT FS 
85 ?PI217 
86 PPI:JT 'TXiXXXXXXVXYYXXXXXXXXXXYXXXXXXXXXXXXXXXXXYXXYXYXYYVXXXYXYX" 
90 ??Ivy  TABC30)a "FILE", FS 
100 PEl'lT " Y r . Y X V V X X X X ~ V X X X X X X X ~ Y X X X X X X X X X X X X X X X X X X X Y X X X X Y X X X X X X Y X X Y X X X "  
iI0 T O 1  : = I  TO 10 
120 1 %  Dllr T)=O T1iE51 310 
130 ?"EST TAF;(SO),"FGC""" 3 i i (  1, 1 ) 
i4fJ WFIVT TAB( ] 9 ) ,  'L - - - - - - - - - Is  

150 FOP. J=8 TC 16 STEP 2 
152 ;4AT :*=ZEE9 
154 :IAT G = ? E P  
160 IF D( I>Jf=O TIIE"1 300 
170 LET Y=DII,J) 
180 D??EAD %1,"1:.l 
190 LET Y=C(ZaJ+l) 
200 DREAC C l r  YI G 
210 X k T  : q = M - G  
220 ??IVT TAD< i0Iat'..IAV"';D( P,$)."SACKGR.";D( I , J + l  1 
225 Pli1'1T T A B ( i O ) ; . " # # P n D P m i t # k ' s l # i t b n # k # # # # # # # f f # # "  
230 FC? I(=Z TO 5 STE? 2 
240 IF D( I , l O = C  THE\) 290 
250 LET U = D ( I a I O  
200 LET X i = D ( I a i < + l )  



500 LET A=B=O 
510 Ft? V = X  TC Y1 
5 2 0  LET A = ? i ( Y >  
530 IF ACE. THEV5 tC  
540 L E T  Z=A 
5 5 0  L E T  Z="J 
560 YEYT hj  

570 - P I \ l T  "BASE WEAK IS'';'' 
5 8 0  F C Q  V = U  TDXl 
5 9 0  L E T  0=;1<'J: /ii 
603 LET V= i00c: 
610 LET ' s = I r l v I V >  
620 LET O=O*hO 
630 LGT Q=IVT<G) 
4&0 CQ!YT 
650 D F I V T  V J ;  
660 FO" L= 1 -C 2 
570 r P I " J T  'L-"'; 

680 NEXT i, 
690 IF Q<=O THEV 7 : G  
700 D n l U T  TAEfC+6),V;  
716 'JEYT % 
715 DQIhJT 
720 nErURaV 



4 vPI-]T ":PACE A l . Q I L A E t C  FOR 5 IOtJS AFJD 2 0  SCA\JS" 
5 pFI ' J7  '"6 FILES .. . . . / i ; D T O  10" 

10 FELZS LS?rA2 
20 E l 4  AC20>5)>X(20>9Y<20) 
30 DIX V ( 5 j  
100 LET ' J = C  
105 nplg-f **EN?ET: 10'JCr TEC-UTjA?E 5Y O" 
i l C  FOF I=! TO 5 

i s 5  LET l i l= i<  
136 LET '; l=i-EC+l 
195 IF "JIDSO THEYI 175 
196 C=C 
200 FC? X=K T@ K + \ I I  
2 f 0 FIAT X= 'En 
S2C D P E A D  I l r  X,;.I 
221 LET C=G+l 
225 FCR J=i T C  U 
226 LET V = \ ? < J i  
230 LZT A < C a d ) = ? I ( f )  
240 V E X ?  J 

252 IYPUT 01 
260 FO? I= i TO \J 
2?0 P P I V T  V C I  
283 *JLXT I 
290 CPIVT 
295 *",E.,JT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
297 I F  01=2 Tii5:I 440 
300 FOP I= l TC N 1  
3 i 0  FOR J = i  TC >J 
320 ?PINT A ( I , J > ,  
333 "!5XT J 
340 P9I"JT 
350 NEXT 1 
360 P"P%JT ' " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * .  
440 F G ?  J= I TO V- 1 
445 FC!? K=J+f  TO 3 
450 F09 I =  1 TO 3 1  
400 LET X(I>=A4 I I J )  
470 LET V<I>=A(IaK) 
480 IrEXT I 
490 GCSITE' 600 
500 i"n1:g-r "I 

5 1 0  VEX7 E< 
520 ??? l t lT  



530 ZICXT J 
540 ??I JT " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - e w  

550 "FIVT"A~JCTHF3T: S C X J  ?AC-GE( 1 )sCET OF I C X S S ( 2 ) , " L O T ( 3 ) > S ' J D ( 4 > "  
55 1 lUPIfT G2  
552 IF C2= 1 TIIEU 170 
553 IF c2=2 T I E N  106 
554 IF' 0 3 = 3  THE" 1030 
560 EXD 
6C0 LET 1=72= 53=24= 95= 9 
610 F C R  I = 1  T0 V 1  
620 LET ?l=tI+yfl) 
630 LET Z2= Z 2 + X (  I > ? 2 
640 LET 73=13+Y(I) 

L L .  ?4=14+Yf I )?2 6 5 0  ' -- 
660 LET ?5=25+X11 ) *V (  I ) 
070 :$EX? 1 
675 L11T Ti=C,3?("i f *?2-? l P 29 
676  LET ? 2 = C . Q F ( \ j i k ? , 4 - ? 3 ; 2 )  
680 LET ?=\I ? *55-? 1 *?3 
68I li TI<=O TiiE'J ? l a  
582 I F  T2<=0 T i { r i  7i 0 
690 'ST F=F/(TlrT2> 
695 LET ;?= 1'4°C t 000*F) 1 i 000 
700 ?ETT7F?I 
7i0 LET F = 9 9 9  
720 GBTC 700 
iCfJ0 DFI%JT '20'1 h j l ~ ~ ~ F E ? ?  (TEY<IvATE DV 0'' 
lo05 I=Jotr'r J 
iOl0 IF J=0 Tiir"? 550 
1020 LET A=B=C 
1030 F0" I=! TP U i  
i040 IF A('I*J)=O "ifi3'1 1500 
1050 LXT A=A(I,J) 

1070 LET b=A 
1080 LET ?=I 
1 I eo IIEYT I 
1120 3F;IUT "IC\I";V<J~ 
1130 PQIVT " # t # # d # s # b r d ~ # # t i & # # "  
1135 LET : < 2 = K I  
1140 FOR I= I TO V 1  
1150 LET Q=A(IaJf/E 
1 1  03 LET "i= 100*C 
1170 LET YI=I"IT("i) 
E i 80 LCT 6=60*9 
i i 9 C  LET Q=IIT<Cl 
i 2 i C  " " I ' J "  K2+1-1; 
I220 FCa L = 4  TC G 
1230 W I J T  "--"; 

1250 VE?:T I 
1310 GCTC 1000 



?. . ? c i s  prograin d e t e c t s  peal" Sin l i m i t e d  mass 
r e c o n s t r u c t e d  g a s  chro;natograms and d e t e r m i n e s  t h e i r  
a r e a s .  Tne program per forms  w e l l  on c i~romatograms 
w i t h  s h a r p ,  c l e a r l y  separated peaks ,  It may f a i l  on 
chromatograms c o n t a i n i n g  p o o r l y  r e s o l v e d  peaks and 
d r i f t i n g  h a s e l - i n e .  

,... r n e  s i g n  on r o u t i r e  is s t a n d a r d  ( l i n e s  1 - 9 ) .  
The a r r a y  L(100Oj i s  used i n  t h e  background c o r r e c -  
t l o n  3 ;  s p e c t r a  ( l i n e s  2Ci30, 2 C I O ) ,  s i z c e  t h e  a r r a y  
C: 1000) c o n t a i n s  t h e  r c c o n s t r t i c  t e d  g a s  chromatogram, 
,-%? rne i o n s  f o r  q u a i l t i r a t i o r r  a r e  e n t e r e d  a s  20-30 DATA 
( n c t i r a l l y  en  a d d i t i o n a l  9 ll:;es a r e  a v a i l a b l e ) ,  and 
tire i n p u t i s  termirtatei i  by '-0," 

The l i m i t e d  mzss r e c o n s t r u c t e d  g a s  chromatogram 
i s  o b t a i n e d  i n  l i n e  200. Fi  i s  t h e  c u r r e n t  mass;  
r e c o n s t r u c t i o n  of  t h e  cnromatogram b e g i n s  i n  scan  
"*is" and t h e  chromatogram is p laced  i n t o  t h e  G(1000) 
a r r a y -  The chronatogr; im :s examined from scan  1 to  
scarr 753 ( l i n e s  210, 2201, T n i s  range  sItcluld be 
a d j i i s t v d  as r e c p ~ t  red 

The peak d e t e c t i n g  ; i lgori t t tm i.; the  1 5  Loop 
(Lir ;es 500-7011), Tne F i r s t  c o n d i t i o n  f o r  a  peak i s  
t h a t  tilo :text two s c a n s  have h i g h e r  i n t e n s i t i e s  
(1inc.s 510, 520). 'it t h e s e  c o n d i t i o n s  ; i re  t r u e ,  t h e  
c t i r r e n t  1 5  boi'~ifirx~ !.he h;lrkgrotind For L11e peak (PO) ,  
a n d  t h e  i i igor i thm examines t ip  t o  10 f o l l o w i n g  s c a n s  
( l o o p  12, I i n r s  540-5801 t o  d c t e c t  t h e  maximum. The 
naxiiniin ( P i )  i s  found,  however, i f  t h e  I 2  4 1 s c a n  
i s  l e s s  i n t e n s e  rl:an t h e  I 2  + 2 s c a n ;  t h e  Following 
1 2  l o o p  ( 1  i n e s  590-630) i s  s h i f t e d  by one scan  (Ji) 
t o  a v o i d  prematrlre t e r l n i n a t i o n  of  t h e  peak t o  be 
d e t e c t e d  i n  t h i s  Loop. End of t h e  peak ( P 3 )  i s  
found  ( i i r ~ e  h l C i ) .  

The peak wrdth  must be more than  t h r e e  s c a n s  
( L i n e  6 3 2 ) .  T h r s  c o n d i r r o n  t e n d s  t o  minimize t h e  
e f f e c t  o f  n o i s y  b a s e l i n e .  

I f  a  peak !-?as been d e t e c t e d ,  i t s  a r e a  i s  d e t e r -  
mined by t i le  s u b r o u t i n e  i n  l i n e s  820-2390, In  a  
somewha: u n u s u a l  programming p r o c e d u r e ,  I5 is t h e n  
m o d i f i e d  s o  t h a t  t h e  e x a m i n a t i o n  of  tile reeon- 
s t r u c t e d  g a s  chromatogram resumes o n l y  a f t e r  t h e  end 
o f  t i le  c u r r e n t l y  d e t e c t e d  peaic ( l i n e  650) .  

B a s e l i n e  c o r r e c t i o n  i s  determined  hy l i n e a r  
i n t e r p o l a t i o n  ( l i n e s  820-630),  i n t e n s i t i e s  w i t h i n  
t h e  peak a r e  stirnmed up ( l i n e s  850-R70), and tile 
background a r e a  is s u b t r a c t e d  ( l i n e  8803. The 
s t a t e m e n t s  885 arid 8236 e l i m i n a t e  peaks diie t o  a  
n o i s y  b a s e l i n e .  P a r a m e t e r s  of  t h e  peak: s c a n  nrirnber 
o f  maximinn ( P I )  and i t s  bot lndar ies  (PO and P 3 ) ,  and 
t h e l r  r e s p e c t i v e  i n t e n s i t i e s  (G(Pi), G(PO), and 
~ ( P 3 j )  :;re p r i n t e d  ( L i n e s  887, 8881,  fo l lowed by t h e  
area R i ,  background a r e a  B2, and b a s e l i n e  s l o p e  R I  
( l i n e  8 9 0 ) -  These v a l u e s  h e l p  t o  judge t h e  q u a l i t y  
o f  t h e  peak and the  a c c u r a c y  of  a r e a  d e t e r m i n a t i o n .  

To c o n f t r n  t h e  i d e n t i f i c a t i o n  of  t h e  q u a n t i -  
t a t e d  compound, t h e  background-correc t e d  mass 
s p e c t r u m  is  r e t r i e v e d  ( l i n e s  2000-2040), normal ized  
( l l n e s  2050-2i10),  and p r i n t e d  ( l i n e s  2120-21801, i f  
clle i n t e n s i r y  of  t h e  base  i o n  is a t  i e a s t  300 
a b s o l u t e  u n i t s .  The mass range  f o r  tire p r i n t o u t  i s  
70-450 ( l i n e  2060) and only  peaks w i t h  i n t e n s i t y  
210%: a r e  p r i n t e d .  These p a r a m e t e r s  s!tould be 
at1 j u s t e d  a s  r r q i i i r e d  .. 

T h i s  program, deve loped  by Kavanagh ( 1  980), 
d e r i v e s  a l L  e m p i r i c a l  formulae For a g iven  i o n ,  
c a l c u l a t e s  i s o t o p e  a b u n d a n c i e s ,  and compares t h e s e  
t o  the  observed  v a l u e s .  L i s t i n g  of the  program, 
o b r a i n e d  from t h e  a u t h o r ,  was t r a n s l a t e d  i n t o  
T e k t r o n i x  P l o t  50 BASIC. The formula  computing 
a lgor i thn!  was s l i g h t l y  m o d i f i e d  and the  i s o t o p e  
a b u n d a n c i e s  a l g o r i t h m  has  n o t  been changed. Program 
o u t p u t  has  been d i r e c t e d  t o  magnet ic  tape  and 
s e v e r a l  minor m o d i f i c a t i o n s  have been implemented. 
k d e t a i l e d  documenta t ion  of t h e  new v e r s i o n  i s  g i v e n  
below. 

:d$(601 i n  l i n e  i O  i s  t h e  name of t h e  f i l e  on 
t a p e  f o r  r e c o r d i n g  t h e  o u t p u t .  m e  f i l e  is  found 
and the  t i t l e  is r e c o r d e d  { l i n e s  i6-201, 

The a r r a y s  dimensioned in  l i n e s  50-60 a r e  i ~ s e d  
a s  f o l l o w s :  N(10) c o n t a i n s  maximom p o s s i h l e  number 
o f  a t o n s  of e l e m e n t s  ~n  a  f o r m t l l ~  o f  given  imqss. 

1 , j i O j  cointdins t h e  l i s t  of  elemelt ts  iirtdcr ~ o t - t s i ~ + r r a -  
Lion ( I  - i o d i n e ,  2 - b r o ~ 1 i n e ,  3 -ch lor r i ie ,  4-wniftrr, 
5-phosphorus,  6 - s i l i c o n ,  7 - f l u o r i a e ,  8-oxvqer~,  
9 -n i t roge i i ,  and 10-carbon) . h > u c  of "O" o r  " I "  
i n t o  C(L) meaos t h a t  t h e  I - t P  e lement  1s a r  1s ~ o t  
c o n s i d e r e d ,  r e s p e c  t r v e l y ,  Carbon and hvdragen ,ire 
c o n s i d e r e d  , ~ i i t o m a t i c a l i y .  The a r r a v  Z( 5;  ) :s 

ear3anded compared to  the  o r r g i n a l  versl i i r i  
c o n t a i n s  f a c t o r i a l s  from 0 I  t o  5 0 ' .  T ( 2 0 5  c o n t a i n s  
a tomic  w e i g h t s  of  t h e  l i g h t e s t  s t a b l e  i s o t o p e s  of 
t h e  10 e l e m e n t s  p o t e n t i a l l y  under c o n s i d e r a ~ r o ~ ,  and 
" a p p a r e n t "  a tomic  weights  used in  t h e  formula 
a l g o r i t h m .  O ( i 0 )  c o n t a i n s  numbers of atoms of 
i n d i v i d u a l  e l e m e n t s  i n  a  g iven  formula .  4: 1 8 )  
c o n t a i n s  c a l c u l a t e d  i s o t o p e  a b u n d a n c r e s ,  R( 1 8 )  f i n a l  
i s o t o p e  a b u n d a n c i e s ,  and F(18)  i s  an a r r a y  uf 
normal ized  i n t e n s i t i e s .  G(I0 ,3)  d e s c r i b e s  a g lven  
l s o t o p i c  f o r m u l a ,  rows r e p r e s e n t  e l e m e n t s ,  colamrls 
r e p r e s e n t  i s o t o p e s .  S ( 1 0 , 3 )  c o n t a i n s  n a t u r a l  s t a b l e  
i s o t o p e  a b u n d a n c i e s  of  t h e  I0 e l e m e n t s .  Vasses  of 
i o n s  i n v e s t i g a t e d  a r e  s t o r e d  i n  W(i0). The a r r a y  
X(5O) c o n t a i n s  " p r o c e d u r a l  i n s t r u c t i o n s "  s t o r e d  a s  
f o l l o w s :  p o s i t i o n s  1-10 c o n t a i n  e i t h e r  "0" o r  "1" 
f o r  a n a l y s i s  ( c a l c u l a t i o n s  of  f o r m u l a e ,  l s o t o p i c  
a b u n d a n c i e s ,  and comparisoo w i t h  observed  abun- 
d a n c i e s )  o r  formulae  c a l c i l l a t i o n  o n l y ,  r e s p e c t i v e l y ;  
p o s i t i o n s  11-20 c o n t a i n  "0" o r  " I "  f o r  ~ o i e c u l a r  o r  
even e l e c t r o n  i o n ,  r e s p e c t i v e l y ;  p o s i t i o n s  2i-30 
c o n t a i n  numbers of  i o n s ;  p o s i t i o n s  31-40 abundai lc ies  
o f  "A-1" i o n s ;  and p o s i t i o n s  41-50 a r e  trsed to  s t o r e  
t h e  r e q u i r e d  "goodness of f i t . "  Y( !P , t5 )  1s used to 
s t o r e  observed  i s o t o p e  abundancies  f o r  iG I o n s  
( r o w s )  and rrp t o  1 5  masses .  G f  10) c o n t a i n s  number5 
o f  formulae Eound. 

The a r r a y s  a r e  i n i t i a l i z e d  ( l i n e s  01-76) arid 
e l e m e n t s  a r e  chosen ( l i n e s  115-210). m e  c h o i c e  1s  
r e c o r d e d  on t a p e  ( l i n e  2 i 2 ) ,  Arrays T ,  %, and S  a r e  
f i l l e d  in  l i n e s  230-275. 

A parameter  i n p u t  Loop K ( L ~ n e s  280-3901 is  
used t o  e n t e r  nominal masses of up t o  I5 I o n s ,  pro- 
c e d u r a l  i n s t r u c t i o n s  ( m o l e c u l a r  o r  even e l e c t r o n  
i o n ,  comparison o f  observed  and c a l c u l a t e d  i s q t o p e  
a b u n d a n c i e s  o r  c a l c u l a t i o n  of formula o n l v ,  number 
o f  nominal mass p a k s ,  a b u n d a n c i e s  of A-1 ~ o n s ,  and 
"goodness of f i t " ) ,  and observed i s o t o p e  
abundnnc ips .  
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Ttie e n t e r e d  v a l u e s  a r e  recorded  on t a p e  ( l i n e s  
391.-393), 

The tFinnigan B A S I C  func  t i o n  MOD(X,U), X modulo 
Y i s  z r a n s l a t e d  a s  u s e r - d e f i n e d  Eunc t i o n  FN?I(X), 
l i n e  395,  

The main l o o p  (lor;p 11, l i n e s  405-1R00) c a r r i e s  
out t h e  cornpieti? c a l c u l a t i o n  f o r  up t o  10 i o n s .  

" i l thougii  a i l  r e s u ?  r s  a r e  w r i t t e n  o:t t a p e ,  some 
a r e  d i s p l i y c d  ort tile s c r e e n  co g i v e  an i n d i c a t i o n  of 
r h e  s t a c u s  r i f  t h e  c a l c u l a t i o n s .  The f i r s t  such  
message  is i n  l i n e  425. 

v . . , i n e  4 2 6  c.ni~st?s  he sys tem t o  PAGF, ( c l e a r  
s c r e e n )  when f i i L ?  and c o n t i n u e  ( o t h e r w i s e  the  pro- 
gram ez:ecijt i l n  would be Rzil ted),  

t i n e s  4?0-445 e s t a b l  i s k  a d d r e s s e s  f o r  proce- 
d i i r a i  in?;crrict",ons f o r  c u r r e n t  i o n :  Lt2 f o r  molecuiar  
o r  eve11 e l e c e r o n  i o n ;  "$3 f o r  nunher o f  i s o t o p e  
ier inul , ie;  M.4 f o r  A-1 nbiinii;ince; and l l ' i  f o r  goodness 
o f  f i r ,  

L i n e s  b5:i-iihO oht i i in  ii!r- va1i;c.s sri,re<i nt i h e s c  
p o s t t i i i r t s  i n  Tlic .?rraiy X(50); A% z innlys i s  o r  
Focin,iLn; A! i iolei*i i iar  o r  even eler,:roi> ;on; <;nti A4 
nioaiier of i s o t o p e  formulae ;  '23 ( l i n e  4 6 5 )  c o u n t s  t h e  
fi>rrnt:L:+e i-aund; and 1'9 i s  r h c  triirrent goot i i~ess  of  
f i t ,  

It' f o r m u l a  o n l y  is r e q u i r e d ,  a c c o r d i n g  t o  l i n e  
480, rEie abundance n o r m a l i z a t i o n  l o o p  ( l i n e s  
b85-495) and norli!aiizatioir of t h e  A-1 i o n  i n  l i n e  - * >is0 a r e  b y p a s s e d ,  I t  silould be no ted  t h ; ~ t  t h e  
a b u n d a n c i e s  'are lrorrnaiizcd to  t h e  A i o n  ( n o t  to  t h e  
nost abundant  i o n ) .  Tile ocher  nor rna l iza t io r t  is more 
c o n v e n i e n t  f o r  d i s p l a y  p u r p o s e s  and is used i n  t h e  
prcigrain ISOTOPE. The v a l u e s  o f  t h e  goodness of  f i t  
a r e  d i f f e r e n t  Fqr t h e s e  t9wo modes of n o r m a l i z a t i o n .  

:'!ti ( l i n e  515) becomes t h e  mass of  tile c u r r e n t  
Iori, hioximriin n imhers  of atoms o f  e ie rnents  con- 
s i d e r e d  i n  a  ft?rmuia a r e  o b t a i n e d  by d i v i d i n g  g iven  
mass by ntun ic  weIght ( l i n e  575). T h i s  o p e r a t i o n  is 
e x e c u t e d  For all e l e m e n t s  by t h e  l o o p  i n  l i n e s  
525-5565, 

:"lximr!in niwber of  r i n g s  and d o u b l e  h o r ~ d s  j R  o r  
D2 i n  che program) i s  c a l c t i l a t e d  i n  l i n e  650. I f  a  
f o r m u l a  of  weight  M ccontatiis o n l y  C and H ,  t ile 
1.iaxlrnt:m valtue of R i s  ~ N T ( M / I ~ )  + I (C, can  form 
a  maximum of n  d o u b l e  bonds and f o r  t h i s  t h e  atoms - 
int is t  form a  r i n g ,  consequent1.y R = n  + 1 ) .  

The seeond major l o o p  i n  t h e  program is t h e  
" R i n g s  and Double Bonds" l o o p  R1 ( l i n e s  680-1720}. 
The l o o p  s t a r t s  w i t h  p a r a f f i n s  and d e r i v a t i v e s  ( D l  = 

0) and e n d s  w i t h  t h e  maximrim p o s s i b l e  n m b e r  of 
r i n g s  and d o u b l e  bonds ,  D2, 

The n m b e r  of r i n g s  aird d o u b l e  bonds i s  t h e  
a * .  hyrdogen d e f i c l t "  r e l a t i v e  to  the  c o r r e s p o n d i n g  
p a r a f f i n  ( o r  its d e r i v a t i v e ) .  Rie formula of 
p a r a f f i n s  is C,il2, + 2, Conseqriently,  f o r  a  forntxla 
Cn,Wnil t i le  hydrogen d e f i c i t  o r  r i n g s  and double  
bo i~ t l s  i s  g i v ~ ~ i  by ( 1 ). 

? o r  a p a r a f f i n ,  R = O ( s r i h s t i t i a t e  rrh = 2 n c  + 2 i n  
( 1  1 ) -  Values  R< 0 a r e  no t  p o s s i b l e  { t h e  hydrocarbon 
would be " o v e r s a t u r a t e d " ) ,  I n  t h e  mode of  bonding,  
h a l o g e n s  a r e  e q u i v a l e n t  t o  hydrogen (one  bond) and 
( 1  ) car1 he expanded t o  ( 2 1 ,  

-1 4- 

R = nc - 0.5nh - 0.5 n c l  - 0.5cbr - 

Oxygen bound t o  carbon  by a s r n g l e  bond does  
n o t  a f f e c t  R. Double-bonded oxygen r e p l a c e s  two 
hydrogens  which r s  e q u i v a l e n t  to  one double  bond i n  
( 1 )  and ( 2 ) .  S u l f u r  behaves i n  the  same wag. OR 
t h e  o t h e r  hwnd, s i l i c o n  forms f o u r  bonds 2nd 1s 
a n a l o g o d s  t o  carbon .  

I n  c o n t r a s t ,  n i t r o g e n  n c r n a l l y  forms t h r e e  
bonds.  Thus,  f o r  t h e  formula CncGhYnn, t h e  te rm 
0.5nn i n  (3) a c c o u n t s  f o r  the  " e x t r a  hydrogen due 
t o  the  p r e s e n c e  of n i t r o g e l .  

Phosphorus Forms f i v e  bonds and ,  c o o % e q u e n t l y ,  
p r o v i d e s  t h r e e  " e x t r a "  hydrogens.  4s a  r e s u l t ,  t h e  
formula  i n c l u d i n g  a l l  the  d i s c u s s e d  eleven;? is: 

R = nc - 0 = 5 ( n h  + nc? + nbr  t n i  + n i l  f 

n s i  + O.inn + i , 5 n n  + I ( b )  

Yasc s p e c t r o n e t r v  dc , i i s  w l t h  I n n + .  i ' c . i ~ t i v e  
I o n s  nrav be f o r r c d  by tile l o % \  of  one ciiv t ro l l  
! rno le~u4ar  O P  odd e l e c t r i l n  ~ n n s ) ,  R c ~ I i . r r l ~ t r i 1  from 
( 4 )  w i l l  be an i n t e g e r  f o r  t h e s e  i o n s ,  i n - l r  formed 
by t h e  l o s s  of  one hond (evert e l e c t r o n  r o n s ) ,  wiiich 
I.; e q u i \ i a i e n t  to  a  "'hydrogerl d e f r c ~ t "  of 1, n-i l l  not  
'lave I n t e g e r  R v a l u e s  ( t h e  f r a c t r o n  of R w d l  a lwavs 
be 0 .5) .  To a c e o r n o d a t e  e v e n - e l e c t r o n  10115, a  term 
" J" 1s s u b t r a c t e d  from the  rrght-hand s r d e  ~f (4). 
I t s  v a l u e  r s  "0"ffnr odd- and "0.5" f o r  
even-e lec  t r o n  i o n s .  

ELANAL c a l c i i l a t e s  formulae from eq~i;. t l o n  ( 4 )  
and from e q u a t i o n  ( 5 )  f o r  the  mass of the  lo^, CS3. 

By r e a r r a n g i n g  ( h  j 

ith + n c l  + n h r  t ni + nf - 'tic - 

A f t e r  s u b t r a c t i n g  ( 6 )  from ( 5 )  

Value of  t h e  left- 'nand s i d e  of ( 7 )  1 s  e a l c u -  
l a t e d  i n  l i n e  700 ( W l ) .  The v a r i a b l e  A l  i s  "J" a d  
1s de te rmined  by the p r o c e d u r a l  i n s t r u c t ~ o n s  , m e  
" ' a p p a r e n t "  masses of t h e  r igh t -hand  s i d e  of ( 7 )  a r e  
s t o r e d  i n  T( I1) -T(20)  i n  d e c r e a s i q g  o r d e r  t ) f  
magni t u d e .  

E q u a t i o n  ( 7 )  is so lved  f i r s t  f o r  'arbon z:~d 
n i t r o g e n .  I n  l i n e s  710-905, e l e m e n t s  n i i t  cons i i i e red  
a r e  bypassed, nrrmbers of  thc>se c o i ~ s i d e r e i i  .ire s e t  to 
"0" i n  t l~ i -  f i r s t  pass tl i rough tile I n o p  iiJ I ,  l l ? ,  , , -118 
= 0) and a r e  s t o r e d  in tlic nrr:iy O (  10). 

A t  t h i s  s t a g e ,  t h e  " : l n a l l . o c a t e d ' b a s s  K5 eijri;ils 
Wi ( l i n e  9101, which i s  t h e  l e f t - h a n d  sicic of ( i ) .  
I f  a l l  mass had been a l l o c a t e d  (K5 = O), t h e  f o r m i ~ l a  
i s  n o t  p o s s i b l e  s i n c e  it does no t  c o n t a i q  c a r b o n ,  
and t h e  program proceeds  to  c a l c t i l a t r  nnott ier  



f o r m u l a  ( l w e  9 2 0 ) .  The salie s i t u a t i o n  a r i s e s  when 
K5 5 14 ( l l n e  925). 

The innermost  l o o p  i n  t h e  e m p i r i c a l  forn i t lae  
c a l c u l a t i o n  is t h e  U9 l o o p ,  The l o o p  o p e r a t e s  from 
U9 = 0  t o  t h e  maxlwum numbers o f  n i t r o g e n  a toms,  
c u r r e n t l y  p o s s i b l e  j u n a l l o c a t e d  m a s s / l 5 ,  l i n e  940) .  
The l o o p  r s  s o l v i n g  t h e  e q u a t i o n  

f o r  l n t e r g e r  g a l ~ e s  of  rlc and f11. I f  (W9-f5nn)/44 
i s  an I n t e g e r  (950 FIM TO), t h e n  nn = U9 = 0 ( 9 )  arid 
n c  = O(iD). I f  950 is  n o t  t r u e ,  a n o t h e r  v a l a e  of  U9 
i s  t r i e d .  

- - 
Lr n i t r o g e r r  is n o t  t o  be c o n s i d e r e d  ( L ( 9 )  = i ,  

l i n e  9351, t h e n  t h e  u n a l l o c a t e d  mass must be 
d r v i s i b l e  by 14 ( l i n e  9 7 0 ) -  If  i t  is  n o t ,  a n o t h e r  
f o r m u l a  is soug%t  . 

Line 905 c a l c u l a t e s  t h e  number of  hydrogens  (W2 
= n h j  fro17 e q u a t i o r  (6); l i n e s  1000 artd LO05 c a l e u -  
l a t e  t i l i .  for rn i~ ln  mass. k 3  r n  Line 1 0 i 0  r s  t h e  
d i f f e r e n c e  b e r d c s n  g i v e n  .~nd  c . i Ieu in te i i  formula mass 
and  :s 0 fo r  trip c orret  i formtila. 

At t i l t s  s t r igc ,  add i t i n n a l  c o n s t r a i i i i s  may be 
introdui. 'd in  Lines  1921-1024, For example,  i n  
c u r r e l i t  a p p l i c a t i o n s  of  EI,ANAL, t h e  ~riimher of 
oxygens  o r  n i t r o g e n s  i s  no t  t o  exceed t h e  r~tmrber o f  
c a r b o n s  ( l i n e  i 0 2 2 ) ,  and t h e  sum of oxygens and 
n L t r o g e n s  is n o t  t o  exceed t h e  number of c a r b o n s  
( l i n e  1023).  

P i  a l l  c o n s t r a i n t s  a r e  s a t i s f i e d ,  t h e  formula  
i s  c o u n t e d  ( l i n e  1025) ,  d i s p l a y e d  ( l i n e  1026) a n d ,  
i f  r e q u i r e d  ( A 2  = 0, l i n e  1030) ,  t h e  i s o t o p e  abun- 
d a n c i e s  a r e  c a l c u l a t e d .  The a b u n d a n c i e s  c a l c u l a -  
t i o n s  ( l i n e s  1070-1590) a r e  d i s c u s s e d  i n  c o n n e c t i o n  
w i t h  the program ISOTOPE. 

Depenrrng  n l  t h e  s p e c i f i e d  goodvess o' E r t  
( l i n e  1 5 3 5 ) ,  t h e  formrrla may be d r s p l a y e d  ( l i n e s  
1550- i557j  ant3 recorded  on rape  j l ~ n e  i>h3). If 
f o r i n i ~ l ~ i e  o n l y  were caIr i11 a t e d ,  t h e  r e s u l t s  a r e  
w r i t t e n  on t h e  t a p e  in  a  d i f f e r e n t  format ( l i n e  
i 6 2 2 ) .  

L i n e s  1625-1700 c l o s e  t h e  formiilae i o o p s .  L i n e  
1705 i n i t i a l i z e s  t h e  O(10) a r r a y  and the  "Ring and 
d o u b l e  hond" l o o p  is c l o s e d  i n  l i n e  1720. The 
number of  formulae  is s t o r e d  i n  t h e  a r r a y  G(10) and 
t h e  i o n  l o o p  i s  c l o s e d  i n  l i n e  1800. L i n e s  1810,  
181 5 c o n c l i ~ d e  t h e  o u t p u t  o p e r a t i o n s .  

The s u b r o u t i n e  i n  l i n e s  1825-1870 r e v i s e s  down 
t h e  maximum nrmber of  atoms o f  e l e m e n t s ,  d e p e n d i n g  
on  a l l o c a t e d  mass. J i  i s  t h e  c u r r e n t  e l e m e n t ,  R 1  i s  
t h e  n e x t  e l e m e n t ,  and Y2 i s  t h e  a l l o c a t e d  mass. 

F o r  a  fragment i o n  m/z 235 and i s o t o p i c  abun- 
d a n c e  234 0 ,  235 100,  236 16,  237 68 ,  238 10,  and 
239 1 2 ,  EI,ANAL examines  17 formulae  (Br and C l  
c o n s i d e r e d ) .  Two formulae  have goodriess o f  f i t  
(SUSQ) L 20: C12H21Cl? ( 1 3 )  and C13Q3C12 ( 7 ) .  The 
second formtrld i~ c o r r e c t  ( i s o t o p e  a h ~ n d ~ i n c i e s  o f  
t h e  1'1/7 2 3 5 i o n  of  BDT from t h e  d a t a  base  'lSSS were 
u s e d ) ,  

For a  r i o n a c h l o r o t c ~ r p i ~ e r ~ y l  molecir lar  ion 
C 1 ~ l l j C i g ,  m/z 536 (Wright e t  a l .  1979) ,  and i i o t o p e  
a b u n d a n c i e s  read  o f f  Fig.  8  i n  t h e  o r i g i n a l  p a n e r ,  

15- 
ELANAL f i n d s  t h e  f o l l o w i n g  bes t  f i t t i n g  (SUSQ c 
10000) formulae  ou t  of a  t o t a l  of 135 examined:  

Formula Rings and 
C  H Br Cl double  bonds SiiSQ 

For a  nonachlor  i o n  CIoR5&18, m/z 405 from a  sample 
o f  tuna  l i v e r  ( Z i t k o  1980) ,  EI,ANAL examines  64 
formulae .  The 3 b e s t  f i t t i n g  (SlJSQ) a r e  G~oHjGlg  
( 1 5 0 0 0 ) ,  CgH8BrC16 !17000), and Cl l r i l ,>Br2Cl3  (18200). 

lo t i s  i n  t l tr'  sper t ru in  o f  r ;hlordarir- ~ o n ~ ~ o i i e ~ i i ,  
p o s ~ i s l n t t ~ : i  :ii be ,I  monochlorli-cntr~ii a.tidiic: t,f t e t r a -  
c h l o r o c y c 1 o ~ ~ r ; t ~ r d i e n e  and e v c l o p e n t a d i e n e ,  ( ' i , ~ N 7 ? ' l i  
(Sovocool e t  a l .  1977) were a ~ t a l v z e d  hv F1,AF;AL. 
The i s o t o p e  abrmdancies  were o b t a i n e d  from F i q ,  7 of 
t h e  o r i g i n a l  p p e r .  Rr ,  C l ,  0 were c o n s i d e r e d ,  

For the  low i n t e n s i t y  p a r e n t  i o n ,  27 o u t  of 144 
formulae  Imd SUSQ d 10000. The " c o r r e c t "  formula  had 
SUSQ 7900. S e s t  f i t t i n g  formulae were CgHqOClh 
(1330)  and C7HgC16 (1450) .  For the  ( Y - C l j  i o n ,  
m/z 267, presumably C10H7C14, 49 out  of 111 E o r m u l ~ e  
had SUSQ c 10000. The c o r r e c t  formula h a d  SUSQ 
1100. E i g h t  o t h e r  formiilae had a  b e t t e r  f r t  , 
C4H604BrC12 g i v i n g  t h e  b e s t  f i t  a t  SUSO 683, Thc 
c o r r e s p o n d i n g  p a r e n t  i o n  C4H604BrC13 had  S"S0  o f  
3000. On the  o t h e r  hand,  t h e  ( X - C l f  i o n  c o r r e s -  
ponding to  t h e  b e s t  f i t  f o r  t h e  Y i o n ,  C7HgG1 had 
SUSQ 1600, The base c l u s t e r  a t  d z  202, a s s u r e d  to 
be  formed by r e t r o  Die l s -Alder  f r a g m e n t n t r o n ,  
C;H2C14 had SUSQ 41.  T h i s  was t h e  bes t  f i t  ou t  of 
49 formulae c,xamined. iil~ a d d i t i o n a l  4  formri1;le b3d 
SUSQ o f  about  llO0. 

PROGRAM TAPE 

T h l s  program r e a d s  from tape  and p r x n t s  f l i e s  
w r i t t e n  by ELANAL. The a r r a v s  ( l i n e s  100, i 0 i )  a r e  
t h e  same a s  i n  FLANAI,. The f ~ i e  i s  s e l e c t e d  ( l i n e s  
105-115), t h e  sys tew is set f o r  o u t p u t  on ,I t e l e t v p e  
( l i n e  1 2 0 ) ,  f i l e  name is read  froin tape  (Llile 125) 
and d i s p l a y e d .  Goodness of ~ L K  is s e l e c t e d  ( l ~ n c  
128) .  For formulae e x c e e d i n g  t h i s  l e v e l ,  fo rmulae  
o n l y  w i l l  be p r i n t e d .  

I n  l i r i e s  130-455, t h e  "header"  i n f o r n a t r o n  of 
t h e  f i l e ,  i n c l u d i n g  e l e m e n t s  c o n s i d e r e d ,  ron m a s s e s ,  
and  o p e r a t i o n a l  i n s t r u c t i o n s ,  i s  read  aqd ~ r i - t t e d .  
Record r e a d i n g  s t a r t s  i n  l i ? e  452,  I i  = 100000 
i n d i c a t e s  t h a t  t h e  n e x t  r e c o r d  is a  summarv t a b l e  a t  
t h e  end of  t h e  f i l e  ( l i n e s  655-6901. 

Depending on t h e  type  of  c a l c u l a t i o n  s p e c i f r e d  
I n  EI,ANAL ( f o r m u l a  o n l y  o r  i s o t o p e  abund m r e  calcrr- 
l a t i o n ) ,  X ( 1 i )  i s  e i t h e r  "0" o r  "1" anti fl-ii. r e spec-  
t i v e  r e c o r d s  ( l i n e  465 o r  4 6 8 )  . i t  e rend ,  i t  1 s  i o n  
number, D 1  i s  tI-ce number of r i n g s  ,l~-ict ciorrhie honds ,  
0  e o n t z i n s  nirmbfr of  atoins of c~lernent i  i n  the  
f o r m u l a ,  W2 i s  t h e  ntrmber of hytirt>gt*n a t o m \ ,  R3 i s  
t h e  i n t e l s i t y  of  tile (A -1 )  peak ,  R t i  t h e  1 i i c i r l a t e d  







~ ; 3 @  0 ( 4 ) = 1 r i ,  
G O S I ' E  i825 

8 1 3  IF Li51=1 '?hi,,J 8 3 5  
8 ;  5 1;3r> , : ~ = r ? ;  TO i < 5 >  
l ; zd  J i = 5  
e s s  0 ( 5 ) = ; - 5  

;g'r:3 Ih.25 

525 IF L(61=? 7EE.J 86i? 
:;jp r : 5 = '  d T3 '.J(6) 

545 d!=9 
:'5,? ( < . % - .  , - . . 

- .. . 1 .. 
- i  i r  L(7)=! ' k t ? j  ce,: 

. -55 ~ 2 - 2  1.7=2 - .  ii 4 C 7 j  

i i 7 Z  dl-7 
875 C ( 7 ) = i . 7  
682 GCsYE l t ; ? 5  
* a F  c , . ~  I: L ( 8 j = i  7kE.j '31,j 
698 F O ?  T . l t . = J  -i: J ( E }  
E95  < j ! = t  

4 3 2  cct.r=r.ti 
9 3 5  40_C';;l i r k 5  
3 i d  %5=.>;!-; , ,2 <. * .- I t  d < < j > = J  
315 3113)=3 
:>:?a 1 -  :<51-,: - i ; t , J  1625 
3 2 5  IF J : 5 < ? 4  T h t , l  1655 
335 I F  i(i"i=1 - 1 : t J  37.4 
94fi 1:9=3 T(3 I"3T(i:5/15) 
9 5 J  IF F9M(t:5-i5*i"9j<,r: 7C:.J 1623 
955 9 ( 4 j = r * ?  

963 0(101=0<5-15* ' !9) / ] i :  
955 GrJ ?3  995 
9 7 0  IF ,;3r<(:(5)<> 3 1625 
975 O( i a > = i i 5 / 1 4  
995 YS=ZrSCldj+CC9i+2rG(j>+ 3+9(5j+2-2r,31-0(1 ) - ~ < ~ > - ~ ~ ( 3 ) - ~ ( ~ ) - ~ ~  
i d d g  K X = O C I ) * ? ( ? ) + ~ < ~ ) + ? ( ~ ~ + ~ ~ ( S > P T < ~ > T Z ~ ~ ) . ~ T ( ~ ) + ~ ( ~ > * T ( ~ ) + : < ~ ~ * ~ ( ~ )  
i d 0 5  i ; 9 = h E - + h ( 7 i r T C 7 ) + 1 3 ( P r i + T ( b ) + G < 9  >*-<9)+3(~;~)+~(~a)+:~2 
1 2 13 LT3=;:9-K9 
1 3 1 5  IF Y3<,3 T h E d  1525 
1 8 ~ ~ :  i b  ;iz<a T ~ E J  1 6 2 5  

1 6 2 2  .IF C ( l d j < O f 4 )  O R  9 ( 1 6 i < O ( B j  ThE! 1 6 2 5  
1823 11; Cj<lt?><O(E>+0(9) 7 n ~ . d  1625 
i d 2 5  ~ 3 = 3 3 + 1  

3 R 1 q 7 '  " i d ;  "; i 1;" 'y;Dl;"p;..H:.' ' y ; ; 7 2 ; v ~ ~ q ~ ; i s t s i  ";32, 0; 
I d O i  I r  & S = l  ThXJ 1 5 5 J  
i J 4 d  . i = i  
1 6 4 5  13=d 
i 3 5 5  7.33 C A i i ; r ' i A - I o : . J i 5  L\F I JT;,J,? I T I E I  

:=C 
iZS5 IF 0 < 2 1 = 6  THEA! lid5 
1893 io?? : J i = %  TO C(2) 
1 2 9 5  c<:?>r>=,Ji 
1 i d @  C C Z *  1 )=O(I)-N1 
1 l @ 5  IF 3(3)=:j TkiE',J 1 1 2 5  
1 l i d  FO" :$2="3 T(3 C(3) 
I 1 1 5  C ( 3 * 2 ) = 1 2  
1 l ? d  i;c3,1)=Gc31-;2 
1 1 2 5  IF Cj(ii)=Z T l t i d  i i 7 3  
i StJ FO" 3 3 = J  7 9  O(4) 
1135 CiLia % ) = . 4 3  
: I 4 @  C(4r i )=0(4)-N3 
1145 FOR J 4 = ' 3  70 O(4j 
i 15@ C(413)=N4 
1 1 5 5  C ( 4 r  2 ) = S 5  
i 1663 6 ( 4 *  1 ) = 0 ( 4 ) - V 3 - V 4  
1 1 6 5  I F  C(4> i )<O T1iE.J iii:15 
1 1 x 4  12; O ( ? ) = i i  Tlik.r\i 1:!15 
1 1  7:: FO'? rv5=b? 'ro O { t > >  
1 1 6 6 3  C ( S r ? ) = J t j  
1 1  [$5 tLtb, I > = f ? ( + > > - : J 5  
i 1 n2 FOP d 5 = $  TO D (  6 )  
i t 9 5  CiS>.3i= i l  



1280 Cf6,2>='.J5 
1255 C(4s 1 >=010)-'g'>-'45 
121B I F  C(611)<8 THEN f 4 i O  
I215 IF O ( E > = 3  THE.J 126d 
1225 j7=0 TO O ( H )  
1225 5(8>2)=>J7 
123a 6(8> 1 ) = 0 ( 8 ) - ' J 7  
1235 FD? db=a TO o l e >  
124.3 C(tr3)=i8 
I245 C ( 8 1  2>='-17 
1253 C(b> 1 j=C(b)-N:-NE 
1255 t F  GCE,I><E ThEN 1355 
1263 IF OC9>=a THLJ 1263 
1265 FOP J9=d TO 0(9> 
i 273 6 ( 9 * 2 ) = ? : 9  
1275 619, l j=CC9>-Id0 
1280 IF aila:=a r H w  i3ea  
1285 FO? ?I=@ TO O C 1 B )  
125a ct la,2,=31 
1255 CC I @ >  1 ) = 0 (  15 > - P i  
1 3 ~ 3 ~  ?!EL". CALL' i : tHT i 0.4 ( i ~  PEAK III:MI.<E~? 
i 3 5 2  ; IF.=(J(~LL~>++C(% 22)+t:(8, 2 i+ i ; i6 ,  i':+C(4,:~)c:?cC<3, 2 ) + ' % * i : ( % ,  2 )  
13165 A"31i5+%*2Ck, S ) + i ' + C ( b n  3)+2*C(/i, 3 ) i . i  
1314 li. 1i5,iili T H t - l  1 3 6 5  
13i5 FOG 1 x 1  7 0  Id 
1320 I F  O ( I ) = i ?  THt:J 105d  
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i s o t o p e  abundance a r r a y ,  R i s  g o o d r ~ e s s  o f  f i t ,  and 
P 3  the nnumher of  clie formula .  

The i n f o r m a t i o n  is p r i n t e d  by l i n e s  470-579 
( h e a d i n g  and f o r m u l a ) ,  585-590 (goodness  of  f i t ) ,  
and  597-635 ( c a l c u l a t e d  i s o t o p e  abundance) .  

PROGiL4)'! ISOTOPE 

Program ISOTOPP c a l c u l a t e s  I s o t o p e  nbundancles  
u f  s p e c i f i e d  I o n s  c o n t a i n i n g  C, H, 0 ,  Br,  C l ,  F, I, 
N ,  P, S ,  and Si. The algorithm developed  by 
Kavanagh ! 1980)  I n  EL4NAL i s  u s e d *  The program 
ISOTOPE r s  z p p l r c a b l e  when t \ e  I s o t o p e  abundance of  
a p a r t s c u l a r  r a n  is t o  be c a l c u l a t e d  a-id, 
o p t i o n a l l y ,  cornpared w r t h  t h e  o b s e r v e 6  abundance.  
The n r o g r a n  a v o l d s  t h e  formula  c a l c u l a t r o n  procedure  
o f  Fi,iiNAt = i n c e  t h e  formula  1s s p e c r f l e d  by t h e  
a s e r ,  Co.rsequei-itly, t h e  r e s u l r  i s  o b t a i n e d  wuch 
f a s t e r  ti-an by ELANAL,, On t h e  o t h e r  band, no a l t e r -  
na t ;v=  sild p q s s r b l y  b e t t e r  f i t t i n g  formrilae For t h e  
o b s e r v e d  I s o t o p e  abundance a r e  p r e s e n t e d .  

TRC a r r a y s  dimensioned m l i n e s  50-60 a r e  
s r m i l a r  o r  t h e  same a s  i n  ELANAL. Z ( 3 i )  i s  a r r a y  of 
factorials, T ( 1 0 )  c o r t a i n s  a tomic  w e i g h t s  of the 
l i g h t e s t  r s o t o p e s  of  t h e  I0  e l e m e n t s ,  O(10) c o n t a i n s  
numbers of  a toms o f  t h e  e lemencs  i n  t h e  s p e c i f i e d  
f o r m u l a ,  A( i 8 )  c o n t a i n s  t h e  c a l c u l a t e d ,  and R(18) 
t h e  f l n a l  i s o t o p e  abundance,  6 ( 1 0 , 3 )  s t o r e s  i s o t o p i c  
f o r m u l a e ,  S ( i 0 , 3 )  c o n t a i n s  t h e  s t a b l e  i s o t o p e  abun- 
d a n c i e s  o f  t h e  10 e l e m e n t s ,  and Y(2 , IS)  i s  used t o  
s t o r e  e n t t r e d  i s o t o p e  a o u n d a n c i e s .  %.e a r r a y s  a r e  
i n ~ t s a l i z e d  and f i i l e d  a s  a p p l i c a b l e  in  l i n e s  
63-49', 

Tlie formula  i s  e n t e r e d  L n  l i n e s  50"3-566 and t h e  
f o r m u l a  weight  is c a l c u l a t e d  ( l i n e s  710-726). Rings  
a n d  d o u b l e  bonds a r e  c a l c u l a t e d  i? l i n e  740. The 
i n f o r m a t i o n  is  d i s p l a y e d  ( l i n e s  750-800). 

A t  t h i s  s t a g e ,  t h e  observed  i s o t o p e  abundance 
may be e n t e r e d  ( l i n e s  840-8801 o r  t h e  program may 
wroceed d i r e c t l y  t o  t h e  c a l c u l a t i o n  o f  t h e  i s o t o p e  
abundance .  If t h e  observed  abundance is a v a i l a b l e ,  
i t s  maxim~liii i s  found ( l i n e s  890-9201, t h e  abundance 
d i s t r i b u t i o n  is normal ized  and s t o r e d  in  t h e  second 
row o f  t h e  a r r a y  Y ( I i ~ e s  930-950). 

L i n e s  1040-1445 znn: , i ln  tlre Kavariag" ~ ~ I g o r i t i r m  
c l l c u l a t i n l j  t h e  i s o t i ) p i c  rtbuncl.tnce d i s t r  ibrit i o n .  
411 lao to l ie  d i s t r i h i i t l o i ~ r  f o r  tltc given Tormula , l re  
c i l l c u !  , r ted c o n s e c u t i v u l y  irl 1 i l ~ e s  1055-1295 arid 
s t o r e d  i n  t h e  a r r a y  C(10 ,3) .  S i n c e  i o d i n e  is 
m o n o i s o t o p i c ,  t h e  c a l c u i n t i o n  b e g i n s  w i t h  Rr ( l i n e  
1085)  o r  t he  f i r s t  p o l y i s o t o p i c  element p r e s c n t  i n  
t h e  s p e c i f i e d  Forintila. 

I n  t h e  f r r s t  p a s s  t h r o u g h  t h e  loops  t h e  a r r a y  C 
c o q t a i n s  t h e  l i g h t e s t  i s o t o p e s  of  a l l  e lements  ( t h e  
A i o n ) .  For  example,  f o r  t h e  f o r q u l a  C3H10Y2S2, 
t h e  rows 4, 9  and 10 o f  t h e  a r r a y  C  a r e  2 , 0 , 0 ;  
2 , 0 , 0 ;  and 3 , 0 , 0 ,  r e s p e c t i v e l y .  A l l  o t h e r  raws 
cont , i . in " 0 " ' s .  Ris r e p r e s e n t s  t h e  formula 

Tile p r o b . l b i l i t y  c h a t  ,iJ1 t h r e e  carboil , , tom$ .are 
I2C i q o t o p e s  t s  0.98893 = G,96707 (0.9889 i.; t"l7 
a b u n d m c e  of  I~c). S i m i l , i r l y ,  t h e  p r o h a h i l i t i p s  of 
1 4 ~ 2  ,rid 32S2 a r e  0.9926 and 0,9025,  r e s p e r t r v e l y .  
The p r o b a b i l i t v  o f  simultaneous occur re r ice  of I2C3, 
1 4 ~ 2 ,  and 3 2 ~  i s  t h e  p r o d u c t  of  t h e s e  p r o b a b i l i -  
t i e s  (0.86633$,  m i i s  c a l c u l a t i o n  is performed in  
l i n e s  1315-1355. 

A f t e r  t h e  second pass  ( i n  t h e  innermost  l o o p  
P I ,  l i n e s  1285-1370), t h e  a r r a y  C  is 

2  0 0 (row 4 )  
2 0  0  ( r o w 9 1  
2 1 O  (row 1 0 )  

and r e p r e s e n t s  t h e  formula ' *c ; '~c  l i f i 0 i 4 ~ 2 3 L ~ 2 .  

The p r o b a b i l i t y  of 1 2 ~ 2 1 3 ~ 1  i s  3 x 0 . 9 8 8 9 ~  x  
0.0111 = 0.03256, and the  o v e r a l l  p r o b a b i l i t y  f o r  
t h i s  formula  is 0.02917. 

On t h e  n e x t  pass  t h e  a r r a y  C becomes 

2  0 0 (row 6) 
2 0 0  (row 9 )  
1 2  0  (row 10)  

and r e p r e s e n t s  t h e  formula  1 1 3 ~ 2 ~ 1 0 1 4 ~ 2 3 2 ~ 2 .  
The c a l c u l a t i o n s  c o n t i n u e  a s  i n d i c a t e d  u n t i l  a l l  
i s o t o p i c  formulae a r e  c o n s t r u c t e d  and t h e i r  
p r o b a b i l i t i e s  c a l c u l a t e d .  

The index  A5 ( l i n e s  1302-1305) d e r e r m i n e s  t h e  
mass of  t h e  formula  r e l a t i v e  to  the A i o n  ( A 5  = ! 
f o r  t h e  A i o n ,  A 5  = 2  f o r  t h e  A f l  i o n ,  e t c  .). 

The sammed c a l c u l a t e d  abundanc i e s  , s t o r e d  In 
a r r a y  B, a r e  normal ized  ( l i n e s  1455-1595) avd 
d i s p l a y e d  ( l i n e s  1511-1518). I f  observed  a h u w  
d a n c i e s  s e r e  e n t e r e d ,  goodness  of f i t  i s  c a l c u l a t e d  
i n  l i n e s  1550-1570, and the  observed  ahundqncies  a r e  
a l s o  d i s p l a y e d  ( l i n e s  1587-1590). 

The r e s u l t s  may a l s o  be p r i n t e d  on the t e l e t y p e  
( i i n e s  1620-1794 and 1900-1950). L i n e s  5900-1950 
c o n t a i n  a  " g r a p h i c "  s u b r o u t i n e  f o r  a  more r ? l i ~ s t r a -  
t i v e  " g r a p h i c "  p r e s e n t a t i o n  on the t e l e t y p e  . 

An example of ISOTOPE o u t p u t  f o r  a  bexachloro-  
b i p h e n y l ,  C12t14C16, i s  g i v e n  below, i n  a d d x t r o n  to  
t h e  f o r m u l a ,  t h e  observed  i s o t o p e  d i s t r i b u t i o n  was 
e n t e r e d  a s  w e l l .  Consequent ly ,  t h e  "'goodness of 
f i t "  (SUSQ) was c a l c u l a t e d  and t h e  observed  i s o t o p e  
d i s t r i b u t i o n  was normal ized  and p r i n t e d  f o r  
compar i son .  

363- 10.9 
364------------- 35.7 

365- 4.7 
366- 8 .8  
367- 1.1 
368- 1.1 
369- 3-1 

SUSQ 28.15 
NOKHALIZED INPUT 
358--------------------- 54 

359- 5.6 
360--------------------------------------- 100 

361-- 14.6 
~62-------------------------------- 81.3 

363- 8 
36 

365- 2.6 
366- 8 

****A**************** 
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1 5 5 5  FOP I:: TO 15 
1560 5 1 = S 1 + < 3 ( L i - " ( 2 ,  i )  ) ? 2  
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5 7 1  ??P..IT @ 3 7 , 2 0 r i  
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