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ABSTRACT
A computer program, SIAS, which calculates the concentrations of
species in aqueous solutions of any complexity, is described, It is a

corrected and augmented version of COMICS, which contains some errors

and has an unsatisfactory output.
Full details of the input required for the brogram and its output

are provided and a complete listing is given.
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1. INTRODUCTION

Before the availability of fast electronic computers, the deter-
mination of the distribution of chemical species in gll but the simplest
systems was an arduous task and approximate methods had to suffice.

Thus, the method of conditional stability constants [Ringbom 1963]
allows estimates of free and complexed metal ion concentrations, for
example, to be calculated in the presence of a number of competing
equilibria.

Increased demands by analytical and environmental chemists have
made it necessary to be able to calculate the speciation of systems of
unlimited complexity. Some computer programs have been published in
recent years with this capability but these vary considerably in efficiency
and approsach.

The computer program COMICS [Perrin & Sayce 1967] can calculate the
equilibrium speciation in solution of very complex systems. Like all
such programs, it requires a knowledge of the appropriate equilibrium
constants which is the greatest limitation. Indeed, this limitation can
only be overcome by the provision of more relisble equilibrium data,
particularly data concerning the hydrolysis of metal ions and the formation
of mixed complexes,

The published version of COMICS unfortunately contains some errors
and other undesirable features. The errors have been found and corrected
and the nature of the output extensively revised. The purpose of the
present report is to give details of the updated program, referred to as
SIAS ('species in agueous solution'}), and to provide an example of its
use.

2. NUMERICAL METHCD

Consider the mass balance equations for just one metal and one

ligand together with that for protons (ignoring any charges):

Ty = M1+ P [L)? (E)"
T, o= L1+ 38 o (MIP (L)% [x]7
Ty = (e [P [L? [m)” .

Here, TM’ TL and TH are the total analytical concentrations of metal,
ligand and protons, and the quantities in square brackets are the free
concentrations. The Bp r values are the overall {cumulative) equi-

LN ]
librium constants. Note that since r is negative for hydrolysed sgpecies,



the value of TH can be negative when the total bound hydroxide exceeds
the equilibrium hydrogen ion concentration. To calculate the speciation

in a given model, values of T, T , [H] and Bp are required. These

generate a series of polynomial eguations whicﬁ?,gor more than one metal
or ligand, requires simultaneous solution for [M] and [L].

The application of the standard Newton-Raphson method of solution
of such equations is often not satisfactory except in very simple
cases. This is a result of the fact that the initial estimate of the
root has to be (a) very close to the true value, or (b) smaller than the
true value. If neither of these conditions is fulfilled, a false root
is often obtained making the numerical results meaningless. Since [M]
and [L]) can vary over orders of magnitude, condition (a) cannot be
easily met. Alternatively, condition (b) can be achieved by using
unrealistically small estimates all the time which, however, will make
the process of convergence inefficient. It should be noted that Perrin
& Sayce [1967] were unsuccessful in their attempt to use the Newton-
Raphson method for this type of calculation.

The numerical method in COMICS uses an empirical approach which
solves this problem. Initially, metal complexation is assumed to be nil

(that is, [M] = TM); [L] is then calculated from T,, the pH value given

s
and the appropriate Sp,q,r value {pKa value). A cilculated value of TM
is then formed from the caleculated [L] value and the mass balance equation
for the metal ion. Obviously, TM (calc.) will be larger than TM. The
current value of [M] is then multiplied by the quantity {TM/TM-(calc.)]$
and is thus reduced in amount. The analogous calculation is done with
[L}, the current value being updated by multiplication by [TL/TL(calc)]%.
The process is repeated for all metals and ligands present until the
difference between calculated and given values of TM and TL is less than
0.001 per cent. To increase efficiency, results from the (n—l)th pH
value after convergence, are used as initial estimates for the nth pH
value. The proton mass balance equation is not involved in this itera-
tive preocess but can be used to calculate TH from the equilibrium con-
centration, H, once convergence has been achieved.
3. THE PROGRAM

The program consists of the main program and a subroutine, COGS,
which carries out the iterative procedure. The present version is in
double precision, There are no limits to the number of pH values that

cen be used. The limit on the number of metals (10) and ligands (10},



and the total number of complexes produced (200), is dictated solely by
the dimension statements which can be altered as necessary. Thus, since
the convergence properties of COMICS as indicated by Perrin & Sayce
[1967] and as verified by the present authors are excellent, it is
possible to consider thousands of competing equilibria simultaneously.

L, THE INPUT AND OUTPUT

The input (Appendix A) consists largely of an array containing
numbered species, their stoichiometry and the formation constants. The
exact nature of the input is described at the head of the main program
(see Appendix C) in o series of comment statements. In the output
(Appendix B), each species is written with the accompanying concen-
tration and the totals are provided to check on convergence to the
correct roots. The species are each tagged for identification purposes
by the metal number as it appears in the order given in the input.

5. AN EXAMPLE OF USAGE

Consider an aqueous system containing the ligands, lactic acid and

diethylenetriamminepentaacetic acid (DTPA), and the actinide and lanthsanide
metal lons shown in Table 1. Table 2 lists reactions for which equi-
librium data are available. Most of the constants in Table 2 are for

unit ionic strength and 25°C or as close as possible to these conditions.
Various pH values of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 were

chosen for this example.

The input and output for this example are given below. The output
only contains the initial results since the rest are repetitive. This
calculation took 22 seconds on an IBM360/65 computer. A full compiled
listing of the program is provided in Appendix C.

6.  REFERENCES

Perrin, D.D. & Sayce, I.G. [1967] - Talanta, 14 : 833-8L2,

Ringbom, A. [1963] - Complexation in Analytical Chemistry. Interscience,
New York.






TABLE 1

LIGAND AND METAL ION CONCENTRATIONS

Ligand or Program Concentration
Metal * Coding mol E-l
Lactate L1 1.0
DTPA L2 5.6 x 1072
put M1 5.0 x 107°
pu’t M2 5.0 x 1077
At M3 1.0 x 107°
et Mb 1.0 x 107°
La?t M5 1.0 x 107°
ce>t M6 1.0 x 107°
prot M7 1.0 x 107°
gt M8 1.0 x 1078
smt M9 1.0 x 107°
B>t MLO 1.0 x 10°°




TABLE 2
REACTIONS AND EQUILIBRIUM CONSTANTS

Reaction Log B
H' + LACTT = H LACT | 3.64
ot # ACTT e Pu LacT?T 2.90
put + 21aCT” @ Pu(LACT)2+ 5.10
p’t 4+ LacT” o Pu(racT)”t 5.67
pu®t & 20ACT” = Pu(LACT)22+ 9.28
ant + LaCTT = Am LacT?t 2.77
ant 4 20ACTT o am(LACT) " 4.64
em”t + LactT = om racr?t 2.79
et + 2LACT” @ Cm(LaCT), 4.55
Laot + LACT” = La(racm)?t 2.60
La’t + 2nact” = La(LACT) " 4.3
La T + 3LACT” @ La(LACT) | 5.60
ce”t + LacT” = ce(racT)?t 2.43
cedt & 21ACT” = Ce(LACT)2+ 4,11
ce™ + 3LacT” @ Ce(LACT) , 5.30
pe?t 4+ LacT” = pr(racm)?t 2.85
prot 4 204CTT @ Pr(LACT)2+ 4.90
prot 4 3nacT” @ Pr(LACT) , 6.10
Na>* + LacT” < wd Lactet 2.87
Na>Y + 21ACT @ Na(LACT)," 4.97
Na>t + 3Lact” e Nd(LACT) , 6.40
smot 4 LACT” e sm(racT)?t 2.88
smot 4 20aCT” @ sm(LACT) )" 5.09
smot & 3LacT < sm(LACT) , 6.35




REACTIONS AND EQUILIBRIUM CONSTANTS
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TABLE 2 (Continued)

No. Reaction Log B
25 Bt + 1acTT = Eu racT?t 2.95
26 Euot + 20aCT < Eu(LACT)2+ 5.18
27 Eu>t 4+ 3LACT” e Eu(LACT) , 6.43
28 si’ + DTPAT = H, DTPA 27.91
29 pu>’ + DTPA’T = pu DTPAZ" 21.20
30 Pa’* + DIPA’ = Pu DTPA” 29.56
31 ant + DIPA’T @ am DTPAZ” 22.80
32 cn®” + pTPA’T = cm DTPAZ” 22.90
33 La®t + DTPA’” = 1a DTPA®" 19.50
34 cet + DTPA°" = Ce DTPAZ” 20,40
35 Prot + DIPA® o Pr DTPAZ" 21.10
36 Na> + DTPA’” < wd DTPA’T 21.60
37 sm>T + DTPA’” = sm DTPA%” 22,30
18 Eut + prPA°” = Eu DTPAS” 22.39
19 Pt 4 0 < PuoH’t -6.95
40 putt 4 HO = Pu o>t -1.60
41 At o+ HO @ amon’t ~7.00
42 et o+ H)0 = cmou’t -7.00
43 La t 4 HO = La ou?* -10.12
4h ce>t + HO = Ge ot’" ~9.29
45 Prot 4 H0 e pron’t -8.50
46 na> + H0 e Nd oHoF -8.50
47 st & HO = sm on*t -8.50
48 et 4+ 00 e ruowtt -8.20
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APPENDIX A
INPUT

SAMPLE CALCULATION USING SIAS
L1 - LACT, L2 - DYP4
M1 - PUS, M2 - P4, M3 - AM, MA - €M, %5 - LA, M6 - CE, N7 - PR, M8 - ND
Mg - SM, MiD - EU

210 48

1 HLAGT 1 -1 3.64

2 PU3ILACT 1 1 2,98 1
3 PUSCLACT)Z 2 1 5.18 1
4 PU4LACY 1 1 5.67 2
5 PU4(LACT? 2 1 9.28 2
6 AMILACT)YL 1 1 2.77 3
7 AM(LACT)Y? 2 1 4,64 3
8 CM(LACT 1 1 2.79 4
9 CM(LACT)? 2 1 4,55 4
1@ LA(LACT)1 1 1 2.60 5
11 LAGLACTY?2 2 1 4,34 5
12 LACLACT)?Z 3 1 5.60@ 5
14 CE(LACT Y2 2 1 4.11 é
15 CE{LACT}3 3 1 5.30 6
16 PR(LACT)1? 1 1 2.85 7
17 PR{LACT)2 2 1 4,99 7
18 PR(OLACT)Z 3 i 6.10 7
i¢9 NDC(LACT)Y1 1 1 2.87 8
20 NDCLACTY? 2 1 4,97 8
21 NDC(LACTY3 3 1 6.40 8
22 SM(LACT)L 1 1 2.88 9
23 SM{LACT)? 2 1 5.09 9
24 SM(LACT)3 3 1 6.35 9
25 EUlLACT)1 1 1 2.95 14
26 EUCLACTY? 2 1 5.18 1@
27 EUCLACT)3 3 1 6,43 1p
28 HSDTPA 1 -5 27.91

29 PU3DTPA 1 1 21.2 1
3n PU4DTPA 1 1 29.5 2
31 AMOTPA 1 1 22.8 3
32 CMDTPA 1 1 22.9 4
33 LADTPA 1 1 19.5 5
34 CEDTPA 1 1 20.4 6
35 PRDTPA i 1 21.1 7
36 NDDTPA 1 1 21.6 8
37 SMOTPA 1 1 22.3 9
38 EUDTPA 1 1 22.39 1@
39 PUZ0OH 1 1 -6,95 1
40 PU4QH 1 1 -1.60 2
41 AMOH 1 1 -7.0 3
42 CMOH 1 1 -7.8 4
43 LAQH 1 1 -102.12 5
44 CECH 1 1 -9.29 6
45 PROH i 1 -8.50 7
46 NDOH 1 1 -8,50 8
47 SMOH 1 1 -8.,5 9
18 E£UOH 11 -B.2 i@

g.1d0€+01 ¢.5P2E-61
@.580£-74 0,508E-04 0.199E-25 D.10ME-05 B.1R0E~05 0,1PPE~A5 A,100E~05 9,.106E-05
#.190£-05 0.1928E-G5

2.5909

1.0004

1.5094

2.,3880

2.5000

3.90¢09

3.5009

4.20881
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SAMPLE CALCULATEON USING SIAS

LOG BETA

M5 M6 M7 M3 Mg Mlo OH

L9 L10 ML M2 M3 M4

L2 L3 t% LS L6 LT L8

Ll

3.6400
2.9000
5.1000
5.6700
9. 2800
2.7700
4.56400
2.1900
443500
2.6000
443400
5.6000
2.4300
4.1100
5.3000
243500
4.9000
5. 1000
2.8700
449700
6,4C00

[= R NN ]

Qoo

oo oo

DO Oo0

T
i
2
1

HLACT
PU3LACT
PUS(LACT)Z
PUsLALT

1
2
3
4

SO0 O

Qoo oO

Q00O

QO

L=

ooco0

oQ0Q

oooo

o000

oo

PULATLALCT)Z
AM{LACT)L
AM{LACT)2
CHM{LACTIL
CHM{LACT)?
LALLACTIL
LALLALT 2
LACLACT)3
CE(LACT)L
FCELLACT )2
CELLACTIS
PR{LACTIL

oo

o0

oo

Qo

(=0 =]

[= )

-0

o0

oo

oo

o0

oo

o0

oo

o0

L3

oo

Doo

[=ReRe)

[>-N=Na)

(=R =Rl

OO0

=R =N

o0 o

DC o

(=R e

oo

o000

oo

OO

1
12
3

o

[+

=]

o

~

(]

Lo

L]

L4

3]
0
a
Q

CcCoo00

o000

oDooco

O o

- oo

SO0 0

o0

oo

C0 oo

Qoo

QO C

(o R RN

OQOoo

PR{LACT)2
PRE{LACT})3
NO{LACT)1
ND(LACTYZ2
NU(LACT)3

>

o
L7
L3

19
20
21

o

—

[=]

(=]

o

L=

Q

[}

SMILACTL
SM{LACT)Z

22
23

11

OUTPUT

51300

OO~

-t DO

CcCOoOD0

OO0 0

OO0

OO0

SooO

DOoO0oOo

oo oo

[oR =g Rl

ocCooQ

oD o0

ocooQ

(= N

SM{LACT}3
FU{LACTI
FUILACTIZ2
FUILACTIS

ASGTPA

24
5
&

4
27.3100
21.2300
29.5900
22.3000
22.9000
19.5020
20.4009
21.1000
21.6090
22.3000
2243900
~6,9500
—-1.5000
-7.2000
-7.0200C0

-10.1230

(2 =]

o0

oo

oo

27
2

PUIGTPA
PUACTP A

AMBTPA

29
32
31
32
33

APPENDIX B

Q

0

CHATRPA

1ADTRA
CECTPA

9
Q
8]

<

1%

o0

oo

PROTEA
NUQTPA

35
3

~O O

Do O

(=3 =N )

[=R=Ns)

(=Rl

SO0

D000

SMOTPA

EX)
3¢
3
4

OO

[=R-Ra)

OO

FUoTePa
PUYIQOH

PU&LH
AMOH
CMOH
1 AQH
CECH
PROK

oo

oo

(=]

oo

Do

O

O

o0

Qo

oo

o0

[=Rw]

41
42
473

[=]

Q

44
45

-9..2990
-5.5000
-8.5000
-8.500C
-5.20090

NCOH

et
O -
-
oo
[= Kl
oo
oo
ao
[=]
=z
o0 i
w0
oo =
-
ol
a
o0
I
Lad
(s Rl x
-
w
oo (%]
1
oS Q2
x
-
fa o] -
wt
|
oQ
w
x
oo -
x
v
co 1
&
oo x
»
x
oo <
}
L
[= Rl x
1
o -
¥
o 2
o
'
|
~
- 2]
x
-
T I = -
20 (=] [sa)
¥ D X >
v - a
| '
bt e | —
-+ - ¥

{continued)

SM, M1lQ Y

M3
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DISTRIBUTION OF METAL 3

31
4t

CISTRIBUTION OF METAL 4

32
42

DISTRIBUTION OF NETAL 5
i0
11
12

EX)
43

OISTRIBUTION OF METAL 6
13
14
15
34
44

LISTRIBUTION OF METAL 7
16
17
18
35
45

DISTRIBUTION OF METAL 8
19
20
21
36
46

DISTRIBUTION OF METAL 9
22
23
24
37
47

DISTRIBUTIUN OF METAL 10
25
26
27
38
48
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¥
AMILACT}L & 2.9410+01
AM{LACT)2 T 1.5780400
AMDTPA 31 3.4660-013
AMOH 41 2.1820-05
FREE M 6.9000+01

CM{Lacmii 8
CM{LACT) 2 9

CHDTPA 32
CMOH 42
FREE M

LA{LACTIL 10
LACLACT)2 11
La{Lacm)a 12

LADTPA a3
LAOH 43
FREE M

CE{LACTIY I3
CELLACTIZ 14
CEILACT)II 15

CEDTPA 34
CEDH 44
FREE M

PRILACTIL 16
PRILACT}Z 17
PRILACTI3 18

PRODTPA 35
PROH 45
FREE M

NOCLACTI1 19
NDILACTIZ2 20
NOLLACTIZ 21

NOOTPA 36
NOOH 46
FREE M

TOTAL 1.000D+02

k4
3,0460+401
1,2690400
1.054D-02
2.1580-05
6.826D0401

TOTAL 1.0000+02

k 4
2.217D+01
§.819D0-01
l.162D0-02

4.T310~06
1.8460-03
T+.6940+01

TATAL 1.000D+02

T
1.621D+01
5.6170-01
6.2970-03
4,065D0~05
1.350C-07
8.322D+01

TOTAL 1.000D+02

4
3.2960+01
2,67TD400
3.0710-02
L.5750-04
64433007
6.4330+01

TOTAL 1.000D+402

¥
3.3820+01
3.082D+00
6.0050~02
4,8800-04
6.3030-07
6.3030+01

TOTAL 1.0000D+02

4
SMiLACT)I1 22 3.4000+01
SM{LACT)Z2 23 4,01420+00
SMILACT)3 24 5,2580-02
SMOTPA ar 2.4030-03
SMOH 47 6.1930-07
FREE M 6.1930+401

EU(LACTIL 25
EU{LALT)2 26
EUfLACT)I3 27

EUDTPA 38
EUCH 48
FREE M

TOTAL 1.0000+02

4
3.7330+01
4.5960+400
5.916D0-02
2.7660-03
1.1560-06
5.7950+401

TOTAL 1.0000+02

CONCH
2.941D-07
1.5780-03
B.4660D~11
2.1820-13
6.9000-07

L. 000N-06

CONCN
3.0460-07
1.2690-08
1.0%40-10
2.1580-13
6.,8260-07

1.0000-06

CONCN
2.217T0=-07
8.8190-09
l.1620-10

4.7310-14
1.846D~16
T.6940D-07

1.000D-06

CONCN
1.6210-07
5.6170-09
6.2970-11
4.065D0-13
1.3500-15
8.322D-07

1.0000-06

CONCN
3.2960-07
2.67T70-08
3.0T10-10
1.5750-12
6.4330~15
6.4330-07

1.000n-06

CONCN
3.382D0-07
3.0820-08
6,0050-10
4.8800-12
6.3030-15
6a3030-07

1.0000-00

CONCN
3.4000-07
4.014D-08
5.2580-10
2.403D-11
b.1930-15
6.1930-07

1.0000-06

CONCH
3.739D0-07
4.596D-08
5.9160-10
2.T7660-11
lai560-14
5.7950~07

1.0000-06
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APPENDIY C
A LISTING OF PROGRAM STAS

LEVEE 20.1 (AUG 71} 05/360 FORTRAN H

COMPILER OPTIONS - NAME= MAIN,OPT=00:LINECNT=55.,512F=0000K,
SOURCE-EBCUIC:NGLIST'NDDECKrLGAD.NONAP.NDEDlT.NGID.NOXREF
*-‘*”***it't'****t***‘***!lﬁl’***t*i*t
»* o

PROGRAM S[aS

UPDATED YERSION OF RSPECIES

&
* *®
& *
a *
- GASED ON COMICS PROGRAM *
* TALANTAVOLL4,+833,(1967) *
“ ¥
. *

bhd e d AR R ER T EL L L L R P T paraar

INPUT DATA
1 NUMBER OF SEYS OF EXPERIMENTAL CONDITLONS TO BE RUN (rzy
SEE NOTE BELOW

2 TITLE OF FIRST (SECONDs THIRD +..ETC.) EXPERIMENTAL CONDITION
ANY CHARACTERS IN COLUMNS 1-80

3 A SERIES OF FIVE CARDS COMPRISING THE ARRAY TEXT

WHEREIN THE USER PROVIDES A DESCRIPTION OF THE METALS AND LIGANDS
FOR RECORDING IN THE OUTPUT.

ANY CHARACTERS IN COLUMNS 1-80

4 NUMBER OF LIGANDS, OF METALS, AND OF SPECJIES FORMED
{INCLUDING PROTONATED LIGANOS AND HYDROLYSED METAL LONS)E (212413)

SPECIES NUMBER AND SPECIES DESCRIPTION IN COLUMNS 1-15 (SUPPLIED
BY THE USER}, THE NUMBER OF MOLECULES OF LIGAND iy, t2), (31
sa+UP TO 10, THE NUMBER OF METAL IONS (Ll)y (21, (3}e..UP 1O 10,
THE NUMBER OF HYDROXO-GROUPS (A POSITIVE INTEGER, IF ANY) ,

OR OF PROTONS {A NEGATIVE INTEGER, !F ANY), THE LOGARITHM OF

FTHE CUMULATIVE FORMATION CONSTANT OF THE SPECIES,

AND SPECIES 1DENTIFIER DESCRIBED BY THE METAL PRESENT WHICH 1S
GIVEN BY THE ORDER UF THE METAL {1,2,3...} IN [TEM 4 ABOVE

(FOR LIGANDS ONLY, & BLANK) (15A1+5X¢2112,6X+FB.bs12])

6 THE TOTAL CONCENTRATION OF EACH LIGAND {EACH £10.3)
7 THE TOTAL CONCENTRATION OF EACH METAL 10N {EACH E10.3}

8 A SERIES OF CARDS BEARING THE PH VALUE ARD INDEX,
INDEX I5 BLANK OR ZERQ FOR ALL PH CARDS EXCEPT THE LAST
WHEN INDEX IS L{FLO.4.11)

9 RETURN TO ITEM 2 ABOVE UNTIL THE TOTAL NUMBER OF EXPERINENTAL
CONDITIONS {GIVEN B8Y ITEM 1 ABOVE! HAS BEEN REACHED
e ko ke ke i ot K o KR K A R R W o o o ek ok o o ok

NOTE:
THE CHANGE IN PH YALUES [5 SHOWN ON THE PH CARDS (ITEM B ABOVE)
AND 1S HANDLED WITHIN A SINGLE RUN

hnﬁﬁﬁﬁnnﬁﬁﬁnnnnnﬁnnnnnnnnnnﬁnnnﬁﬁnnnnﬁnhnnnnn:‘nhnnﬂn
W
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c
C A CHANGE TN A LIGAND DR METVAL CONCENTRATION REQUIRES A NEW RUN
[ ANE HENCE A COMPLETE DATA DECK
C
c YHE PROGRAK AUTOMATICALLY CONSIDERS HYDROXIDE AS A LIGAND
ISN 0002 IMPLICIT REAL*8 (A=-H,D-1)
[SN 0003 REAL®4 TITLE,TEXT
ISN 0004 DIMENSTION E(200),OM{L0)+OMY{L10) TITLEI20),TEXTI20,5}s PFM{10),PCSH
1200) , IML{200), IP{200)» SNAME[ 200+15)
1SN 0005 COMMON CL200), Y1100 Y2010} ¥3(104¥4410),.BTOTL10),CLTOT{10},TX(IO
1) VKELOIoMLELO,200) «MMLL0,200) +MN{200) +ALLL0,200) AMIL10,200),AN(20
LO}sB{200)
iSN Q008 COMHMON NL KM N, IPT,UX
C
SN 0007 L FORMAT(12}
158 0003 2 FURMAT (15A1.5X.2012+6X+F8.4%,12)
[SN 000v b FORMAT [LXs15A0,2X 201204 12¥43X+0242X F8.4)
I[SN 001U 8 FORMAT( QEL0.3)
TSN 0011 9 FOAMAT{24H YOTAL CONCN. OF METAL (+12.4H) =,E10.3)
ISN D042 LO FORMAT{25H TOYAL CONCN. OF LIGAND f.12.4H) =,E10.3)
1SN 0013 1i FORMAT{23X,'C1 c2 .3 C4 c5
1 Cé& cTr o] c9 ci10%)
15N 0014 12 FORMAT 1212+13})
1SN GCLS 1T FORMAT (FlO.4,11)
ISN 00l 30 FORMATLLIHOW'PH = ",F6.3)
ISN g0L7 33 FORMAT{1X,20X,%L1 L2 L3 L& L5 L6 LT L8 L9 LIO ML M2 M3
L M4 M5 M6 MT M8 M5 M10 OH LOG BETA')
SN 001s 34 FORMATU(LHO,'FREE METALS* 686X, 10(1X.1PE10,.2})
1SN 0019 36 FORMAT(IHO,*FREE LIGANDS' 45X, 10(1X+LPELO,3))
1SN 6026 63 FORMAT (1HO.13Xe* ODISTRIBUTION OF METAL®,13,28X,"%*,12X,'CONCN" )
ISN 0021 T3 FORMAT (40X, 15A1,13,2(5X,1PE10.3})
LSN 0022 83 FORMAT (LHQSTH"TOTALY W LPELQ.3,5X,1PELD.3)
[SN 0023 33 FORMAT {52XK.*'FREE M'+5Xy LPEL0.3+5Ks1PELC.3)
ISN 0024 90 FORMAT (64Xet————————= bRy Ve "
1SN Q025 L2< FORMATY {/1HO)
1SN 0020 123 FORMAT{20A4)
ISN 0C2T 124 FORMAT{1X,20A4/)
1SV 0028 125 FORMATULIHO, "% FREE METALS',4X.10{1X,1PELC.3))
1SN 002y 130 FORMAT (20A4)
ISN 0030 131 FDRMAT {1X,20A4//1}
ISN 0031 234 FORMATIIHO}
ISN Q032 800 FORMAT{ LHO ¢ ¥ Sk ek ook sk dobok otk ek <o kokeskolokode e ol dolololop d oz op & o
l*-t shedr e ek o ok ol s e o e i oho ok e ek o Y e e e e O e i i e e sk ol o o ek o o o ke i b Aok o i
Zéswkmbekp A ¥ )
ISN 0033 900 FORMAT{LH1)}
C
1SN C034 READ{L,1)NJ
ISN D035 NJO=0
158 04036 106 WRITEL3.900)
ISN QU377 READ{Ls 130} TITLE
ISN 0038 WRITE{3213LI(TITLE(I)I=1420)
ISN 039 WRITEL3,33}
1SN 0040 READ(E+L23)TEXY

{continued)



1SN
15N
ISN

I5H

iSN
15N
15N
TSN
ISN
ISN
TSN
150
15
ISN
15N
15N
ISk
15N
[N
I5N
[SN
15N
TSN
15N
PSN
ISN
15N
TSN
1SN
Iswn
ISN
ISN
LSN
[SN
LSN
15N
1SN
1SN
LSN
ISN
ISN
ISN
15N
I5N

SN

[EL
15N
1SN
TSN

0041
0042
0043

0044

0045
G046
0047
0048
0049
Q050
0051
0052
QCcs3
J054
o055
2050
0ost
[{10-1.)
0054
0060
Q0nl
Q062
aCe3
0064
0065
0060
0067
Q068
QU9
0uTo
0071
0072
0073
Q074
0Q7s
0076
0017
00Ty
0c79
0080
008l
0082
o83
0084

0085

0086
0087
oosa
0089

READ(Ls L2INL #NM,N
NG 7 J=1.N

17

3 READ (llZ)‘SNAHE‘JrlJ|I=1|15)I‘HL‘IIJ'!I=1|10,'{HH||1J1o1=lv10}'HN

i)+ ELJD o IMLUL L}

7T WRITE [3-6!(5NAME(J.II.!=[;ISI.lHLlIvJ)cl=lc101rIHH(ivJ)cI=1-IOD'H

13
14

L5
Ls

14
19

200
21
22
20
23
27

IN(JYE(J)

WRITE (3,522}
WRITE(3,124)TEXT

REFAD{L.8IICLTOT(I),I=]1,NL)
REAND(1.B}{BTOTII), i=1,NH)

ARITEL3e10M11+CLTOTUI) s I=L4NL}
ARITE(3.9) (1 BTOTLE),1=1,NM}

WRITE{3,900])
HX=0LO0G(10.0¢]

IPT=1

DO 4 d=1l.N
ANTI ) =MN{J)

M) 41=1.10
ALAL s JE=MLLT,J)
AMLE, JI=MH{1,J)

DO 13 I=1N
BU1)=DEXPIMX*ELL)}
DO 141=1,NM
Y1iI)=8TAT{I}*1.0-5
DO LS I=1.NL
¥Y3{I=CLTOY(I}*1.D-5
READ{L+17}PH, INDEX
WRITEL3:30)PH
WRITE{3+234)
UX=DEXP{HX*PH}
IFLIPT-1118,18.27

DO 191=L.NM
YX{1)=BTOT(1)

DO 20 I=1,NL
DMY¥{1)=1,00

DO 22 J=1,.N
IFIMLIT-J)0122,22,200
DO 21 K=l,NM

IF (MM{K,31322420,22
CONT INUE

OMCE}=(DEXP(HX*ELJ) ) J*UX®¥NN(I)

OMY{ 1)=0OMY ({1 }+OM( L)
CONT INUE

CONTINUE

D0 23 T=i,.NL
TX(L)=CLTOTL LIS 70MY L]}

CALL COGS
WRITE(3,11)

HRITEL3 434} (VXULLsI=l,NM)
WRITE(3,36) (TX{[),Ix1,NL)

00 500 I=1,NM

{continued)



1SN
15N
1SN
1SN
ISN
ISN
ISh
1SN
1SN
ISN
15N
ISN
15N
1SN
15N
1SN
ISN
[SN
1SN
1SN
15N
ISN
ISN
ISN
TSN
1SN
1SN
15K
15N
1SN
TSN
tSN

(]
00%1
0092
0094
0095
0096
0097
oo%e
0099
0100
eiol
0l02
0103
0104
a1ls5
arae7
alL0a
0L0%
alLl0
0111
0112
0Ll3
Oll4
wlls
Lile
oiLr
9118
olly
0429
0121
oi2z
0123

500

550

300

350

31
32

JPTIONS IN EFFECTX

P TIONS
*STATISTICS=

SSTATISTICS

N ]

END CF COMPILATION rxresd

IN EFFECT™

i8

PFM{1)=100.00*VX{Z)/BTOTL(I)
00 550 J = 4N
IF(IMLE{J).EN.O} GO TO 530
MG = IML(J)}

AMEMC, ) = HMINMC,J)

PCS{J) = 1OD.DOFCIIIHAMIMC, J)/BTOT(MC)
CONT INUE
WRITEC(34L2SVIPFH{LE,I=1,NM}
Do 350 1 s 1.NM

WRITE (3,620

TC = 0.0

TR = 0.0

DG 300 4 = 1.N

MC = [ML{J)

IF {(MC .NE. 1)} GO ¥O 300
HRITE (3.73) (SNAMEL JoNB) +NB=1,15),4,PCS{J),CLI}
TP = TP + PCSEJ}

TC = TC + CLJ}

CONT INYE

TIP = TP + PFM{I}

TTC = TC ¢ VXIL)

WRITE {3,93) PFMIL),VX(I)
WRITE (3,907

WRITE (3.83) FTP,.ITC

CONT INUE

WRITE{(3,234)

WRITE{3,800)

IFLINDEX}3Le 1631

NJD=NJID+]
IF(NJD-NJ)1D6432432

aTOP

END

NAMEs MAIN,OPT=00,LINECNT255,5] ZE=Q0Q0CK,

SOURCE,ERCOIC«NOL ISToNUDECK, LOAD+NOMAP NOEDIT,NDID, NOXREF

SNURCE STATEMENTS = L22 +PROGRAM SIIE = 33944
NO DIAGNOSTICS GENERATEC

83K BYTES OF CUORE NOT USED

{continued)
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LEVEL 20.1 {AUG T1) 057360 FORTRAN H

COMPILER OPTIONS ~ NAME= MAIN,OPT=00+LINECNT=55,%12E=0000K,
SOURCE.EBCDICNOLISYNODECK 4 LOAD 4 NOMAP 4 NQEDIT NDID,NOXREF

TSN 000« SUBROUTINE CGGS
c
ISN 0043 IMPLICIT REAL*3 (A-H.0-1}
ISN 0004 DIMENSION TERM{ZO00), TERN{200),ALOC10),BO(10)+TY(10),VY {10}
1SN GU05 COMMON CL200)+Y1(10)eY2010)eY3U10)sY4LL0)+BTOT{10},CLTOTLLO}LTXILO

L1+ VXL100,MLE10, 20004 HMTL0,200) 4MNT200) ,ALEL0,200) ,AMILO,200) + AN{20
10),8{200} ’

1SN 000¢ COMMON NL  NM, N, IPT,UX
C
ISN QO0O7 99 FORMAY(LHO+*NUMBER OF ITERATIONS = *,14)
1SN 0QQu 234 FORMAT(LHO) )
1SN G0VZ 998 FORMAT(1HO. "ITERATION DID NOT CONVERGE')
C
ISN 0010 NIT=Q
ISN ugll OO 1 K=zl
ISN 0012 I TERMIKI=BIK)=~UXF~MN{K)
1SN 0013 2 DO 3 Ke=loN
ISN ©0D14 3 TERN(K}=TERMIK)
[SN 0015 DO 4 K=leh
ISN 0Ule 20 4 Jz1.NM
1SN 0017 & TERN{K)=TERN{KI«YX{SI"sMM(J,K)
IsN Q0ls DU 5 K=1l,N
1SN QClYy DO 15 J=l.NL
13N 0020 L5 TERN{KI=TERNIK}*TX{ ) ¥ML{J.K)
[N QG21L 5 CI{K}=TERN{K}
[SN 0022 NIT=NIT+L
ISN 0023 Nno TI=}.NM
3N 0024 BOLIY=vX(l)
ISN 3025 NG 8 K=t.k
[SN D026 8 BULT)=BOD{I)+AMLIK)"C LK)
ISN 0027 RATIO=80{1)/8TOT{I)
ISN 002y VY{I)=vX (i) /DSQRTIRATIQ)
ISN 0029 T Y2(0)=DABSIBOLI)-BTOT{L})
ISN 0030 DO 91=1.NL
TSN 0031 ALOCTE)=TXL(I)
ISN 0032 DO 10 K=1.N
ISN Q033 10 ALO(I)=ALQUIT)+ALLT K)*CiK)
ISN D034 RATLO=ALOLI}/CLTOTIL)
ISN 0035 TYil)=TXCI)/DSURT{RATIO}
1SN 0036 9 Yol )=DABS(ALOLI)~CLTATLED)
ISN 0037 TFINIT~999)11,11,99¢
1SN 0038 L1 DC LZ2I=L+NN
ISN 0Q39 TF{YLIL)=-¥240))L4el2el2
15N 0040 12 CONT INUE
[SN 0041 DO 131=i,NL
ISN 0042 TF{Y3{1)-Y4(Ib)l4ael3sl3
1SN 0043 13 CONYINUE
ISN 0044 IPT=IPT+)
1SN 004 WRITE{3+99)INIT
[SN 0046 WRITE(3,234)
ISN Q047 RETURN

(continued)



20

1SN 0048 14 BC Lef=laNL

[SN OCsY L6 TXil}=aT¥il)

[SN 0050 a0 LTI=L.NM

TSN 0051 LT vxiTy=vy(I)

I5N 0C52 GO 10 2

TSN 0053 999 WRITE{I.994)

ISN 0054 1PT=1

ISN 0U5% RETURN

158 U0Sh END
JPTIONS IN EFFECT= NAME= MAIN,OPT=00,LINECNT=55,51ZE=0000K,
*UPTIONS IN EFFFECT» SOURCEs EACDIC +NOL IST+NDDECK , LOAD,NOMAP 4 NOEDE T, NOID ¢ NOXREF
SSTATISTICS® SGURCE STATEMENTS = 55 »PROGRAM SIZE = 5782

~STATISTICS> WU OIAGNOSTICS GENERATED
suskur END OF COMPILATICON *%=wx2 103k BYTES OF CORE NOY USED

tSTATISTICS= NO  DLAGNCSTICS THIS STEP



