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APPENDIX I

Bairstow's method

Bairstow's method is an itrative method which

V' 4+ a a.y =0 (1)

where a, » 8, 13 APe PE pefficients.

This methgd" : ,’ ; real and complex

roots of polynom Y “d: # g th ef't side of eq.(1) by a

""|

IZ:.""a + uy + v) {b = 5 = eq(1) (2)

£
b |
|

Equating e coefficients and rema 9 er, we get

ﬂuaqﬂﬂmsws1nﬁ
AN INAY

t'.lu = au - h3u - hzv

e
e
e

(3)
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n=-1 n-1 n-2 n-3
bn = an - bn-I“ - bn—zv
and
remainder = (y + ulb + b

step procedure
1) for u and v. Most
frequently these z

2)

= 2,3,...,0) (4)

where G as shown in eq (3) and the

4 @

synthet cedure. =
Vo ic proce p’r‘_ ; ;‘

.‘ﬁ

- Fan = 2,3,..,n-1) (5)

ﬂum:nﬂmwmm
am“aﬁﬂ’ﬁ‘wﬁﬁﬂmaa

B2 b Oy =Py G (6)
cn—1 = Ch2
and ¥ o2 G Bhy n-2n
[ - C
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5) Increment u and v by Au and fv :

( € repres frenired do! \- the result )
ped result does not occur
after the specifie mberof |LEerations en new starting values

%
should be selected. B M s, Bl a St arting values of u and v

y* — \ 2, »

o . Iu'

i )
urzfﬁa ‘ o%éw ga ﬁe quardratic formula
AUETTNIMINEND
. ¢
QRIATTR] BRISHHAR
|
. . P
9
8) Obtain additional roots by starting with step 1 and
reduces polynomial which is formulated from the final values of the

b's obtained at the end of step 6.

These following wvariable names and quantities which they
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represented are used in the FORTRAN subprogramme,namely,root as

shown in programme I.

Variable Mame Quantity Represented

A(I),B(I),C(I) The a's, b's, and ¢'s of Eqs.1,3,and 5,
respectively.

EPSI . of

N 1/ ﬂ polynomial

UI and VI s ‘ u and v

P and Q \and. parts of a

Uand V

DELU and DELV md v, Au andAv, as

RAD

W Ly is positive

Z \ _pnsit;ive
IT Vi fbiehs

DENOM J The denominator of ::-‘- and T

= AU Wﬂmjfmmmm
awwmmmumwmaa
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Programme I

M SUBROUTINE ROOT
o172 IMPLICIT REAL¥8(AH.0-2)
0173 DIMENSION B(5) ,C(3)
6174 COMMIN/TID/A(S) FXLFY

- A

017 VI ;s
0IT?  EPSI=0.00001
o T

0179 40 IF(NA)109.5,7
00189 5 P=AM)

0018t 0=0

60 TIJ H
12, 0=DSORT(RAD)/2. s

ﬂW’J%IEJVIﬁWEJ’]ﬂ‘E

’QW’W@ﬂ‘WJ AN Y

m:? FHﬂ'D-P
66218 FY(N)>=0
06219 G0 10 10

0220 13 UHI
oz =Vl
[ 220) 1=

0023 50 Bii)=A(1-U

(o224 B(2)=A(2)-B(1 -V

D0 14=3 N

00226 14 BUKO=AMK)-BIK-1)MU-BIK-2)%V
ooz Ci1)=B{1)-l

C(2)=B(2)-C{1 )V

o9 M=

90236 D0 {K=3 N



107

Q23 15 CK)=BU)-CK-1)-CIK-2)%y
F(N.GT.3) GO TO 17
DENIEC N1 L2 w2
IF (DENOM.ED.8) GO TO 109
DELU=(B(N)-BON-)*C{N-2))/TENDH

16 DELV=(CON-1)4B(N-1)-C(N-2)¥B(N) ) /TENDN

LRI L

AULININTNEINS
RINNIUUNININY
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APPENDIX II

The Programme for the Determination the Value of the Standard Potential
of Cell {ﬂ3 and Complex Formation Constants

The programme II(a) and II(b) were used to determine the

Q
standard potential of cel ({ E ) and complex formation constants

[Bn], respectively. . The k g variable names used in these

programme are denoted.s

Variable Hm/ \’: “ ipresented
i ." \ . . ‘\T‘\ .

SE ‘ of cell
BTA \\Gb\ '-lax formation constants
’\\\
{A,E,D,E}ik g expressed in the
(31)
AM , XM and calculated total
of zine
FX, TCL dlculated total

r
an%a lculated total

cnncantra n of emf

{18 MEIS WY AR e

the naw one's , raapactively

?{'m AN IR Y =

expressed in the polynomial of eq.(29)

=
EMF, CEMF !B

CL,ZN,ZNCL1,ZNCL2, The concentration of speciess Cl_,an+
ZNCL3,ZNCLY znc1®, ZnCl,, znclg, and znc1i',
respectively

5D The standard deviation between the
' experimental and calculated values



109

ROOT The name of subprogramme was called to
determine CL by solving from polynomial
equation.

The flowchart of these programme is shown as scheme I.

\y:
F

AuEINENINeINg
AN TUAMINYAE
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FLOW CHART OF THE PROGRAMME FOR THE DETERMINATION THE VALUE OF E AND B

[rEAD AM,EMF,N

[READ a, B, D, E, BTA |

CALC. GAMMA

| CALC.M (species

I-Newl £ 0.00001

Yes

CALC. EET],EH 'J =;---—'—w‘l~-_'l D, E, BTA e
— "

9
EJVITWEJ N7

RN }
WRITE a, B} D, E, BTA, SD } =
| New a, B, D, E, BTA |

No

Yes

nction is slow by converged

STOP

—_—

SDE;; s sJE (-5 ¥-1 3 E =LE/N

- - d - H =

sp'?) = = [T (DIFF - DIFF) / N=1 ; DIFF = E . .4 ~Epeasq,
; DIFF =LDIFF / N
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Programme II(a)

Ll INPLICIT REALMB(AH.S-2) -

60002 DIMENSION AN(S0) ENF(S8) ,DIFF(58) ,SE(30) FX(2)
63043 OPEN(S FILE="DATA")

03004 READ(S %) N

00045 READ(S,18) (AN(D),I=1 .N)

60006 10 FORMAT(F10.3)

00007 READ(5,29) (BF L), /=1 N)

00008 20 FORMAT(FT.3)

00009 C #» FREAD PARAETER wwexn

60916 READ(5,30) BTA1 A21 A11,B21,B11

60011 20 FORMAT(SF10.5)

00012 C # INITIALY T0 CALOLATE THE STANDARD ELECTROMOTIVE FOREE IN EACH

ARA219ST))4B214XT
<75 G0 TO0 116

A1 1#5T) 481 1641
=T5) 60 T0 116

(1= 5e (N

A9 aﬁﬁﬁﬂﬁﬁ% 01

m S0 CONTINE
IF(FX(2).LT.0.) G0 TO 116
m 47 DELTIXI-ZXI
00049  ADELTI=DABS(DELTD)
00050  IF(ADELTI.LE.ACCU) GO T0 45
00a51 XI=ZA1
00052  NETHETH
09053 IF(NET.ED.160) GO TO 114
0054  GOTOS _
00055 45 SECK)=ENF(K)+0.G2958MILOG1O (DMOLIIAZEAN)
00056  SUMEGLMMSE(K)
00057 100 CONTIME
00058  AVSE=GUNV1?
00059 D0 78L=1,17
00060  DIFF(LI-AVEE-SE(L)
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G051 S{=S+DIFF (L)*DIFF (L)
60042 T5 CONTINE
00083 SO=DSERT(SA/MN-1)
00044 116 WRITE(4,117) SD,AVSE,BTA1,A21 ,A11,B21,B11
00345 117 FORMAT(TF10.5)
00048 55 STOP

G057 END

00049 % »  End of File # % &

7 - ;
AULINENINYINT
RINNIUUNIININY
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a0 INFLICIT REAL#8(AH.0-2)
00002 DIMENSTION CENF(70) ,DIFF (79) ,AN(50) ,ANX(50) B (70)
00003 COMMON/TIVALS) FXLFY
00004 §%=0.0
00005 50:=0.0
60006 C *x READ INPUT DATA; EWF CONC. NO.OF DATA POINTwx
00007 * OPEN(S FILE="IWTA")
00068 READ(S ,%)SE N, NL NX
00007 READ(S 18) (AMN(D) , I=1 M)
00016 10 FORMAT(F16.3)
a1 1 READ(S EH""F{JLJILH}

60048 A1 )=C (BTATSIGANA) +(BTASLGAMAX (2%4(K) ) ) ) EE
00047 A(2)={ (BTAZYGANA)+ (BTASRILAMAR (AN(K) ) ) ) /EE
0ae50 AQ)=(HTA1EGAMA) /EE

00651 Ald)=(1 .~ (BTATRGANAN(K) ) ) /EE

080852 Al5)=(-2.%N{K) ) /EE :

00053 C w» [ETERMINE THE HALIIE CONCENTRATION BY BAIRSTOM'S METHOD w=
00854 CALL ROOT

00e35 IF(FX(M).GT.0.0.AND.FY(N) .ED.0.) GOTO 3
00056 GOTO 165

00057 3 Q=AM

00058 C = CALOULATE THE CONCENTRATION OF SPECIES #x
00039 Cl1=BTAlx)LANA0L

00040 CZ2=BTARYGANARCL w2
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(051 C1I=BTASHZLANARCL ]
00042 Cla=HTA4mGANANCL x4
06053 DA/ ACHHCIHCIICIA)
00664 DOLA=CHN
00055 N0 2=C12¥IN
00054 NOL3=C13EMN
00067 DOLACI 4N
60048 MEDHINDLA+DN0L 2+ N0 3+ IN0L 4
00057 TOL=CL+DNOL | +2%INCL2+ 3K INCLI+ 4% IN0L 4
00070 ACOL=0. 01 /1001
00671 C *x CALCULATE THE NEW VALLE OF IONIC STRENGTH we
eaaT2 1=, mmau.nmm.}

m}mmwmm

75) 60 T0 165
91941 1ST) 1481 1XT4D %X T2

00099 ¢ mme.w

(UK )-AHXK))) ) /EE
nﬂmmmwmmmmmmnnﬁ

N‘IE Al4)=(1 . +(BTATOGAN (AN(K)-AMX(K) ) ) EE

o109 AT )=(-AKK) ) /EE

06116 C #= [ETERMINE THE CONCENTRATION OF HALTIE BY BAIRSTOM'S METHOD #8

00111 CALL ROOT

0112 IF(FX.GT.0.9.AND.FY.E0.0.8) GOTO &

00113 GOTO 165

00114 O=FX »

60115 CH=BTA1RGANACL

0116 CA2=BTA2#YLANARDL %42

o117 CI3=HTASILAN 0L #]

ea118 Cla=BTAMLIGANARCL ¥=4

00119 DA/ ACHHC1 2401 4C14)

0120 DNOLI=CHi=N
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21 INOL2=CI 2N
012 DOLICIN
L cpbex] DOLACI4N
00124 X4=DN IHOL 1+INCL2+INOL3+ZNOLA
0125 EM=CL+ZNOL 3+ 2NNCL A-2N-2N0LA
00126 TOL=CL+ZNOL A+ 2 DNCL 2+ 3 INCL I+ NINCLAHEN
e ACCU=0.01/160%X1
00128 C * CALOULATE THE NEW VALLE OF IONIC STRENGTH #»
0129 TA1=0.5% (4 A DHINOL 1+ DL HINCLAOLHEN)
e IF(ZX1.6T.0.0) GO TO 7
M3 7 I[ATI=I-II
60132 ADELTI=DAES(IELTI)
]F{HE.

5 4l
5C RITE(, TP1 22,7374 P56
00159 €79 FIRWTZN,10.5))

P T ol W ao s oo

L] 1'5151 N

AR mnmﬁmwma d

00145 501 SD=DSTATISV(NA

00147 162 mrrm,ﬁmmm JBTA2 421 B21 121 E21
00143 19 FORMAT(TFi0.5)

00149 185 ST0P

0e179 BD

3171 # # % End of File # # %
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APPENDIX III

The Rosenbrock Minimizing Programme

The minimi oGy anme ‘~: _be.gescribing by the following
step by step procs |

1) The 1je f}:rf panrane tera and theirs jumping step
are selected. r .

2) The vegtq mabii F] x E% 1 V used for developing the

minimisation proces x, developing factor and

(et i)
unit matrix respectivelys—
3)  Flgs :n error f pifh expressed in form of

W ¥

the standard ;L‘-om the first set of

initial parame Ia. m

o AT ™
ARAINIYNAANAY

and the parameters will be kept if its error function is less than
the previous value. Unless the new error is smaller than the old

one, new parameter will be computed from equation
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The set of parameter of the smaller error compare to the
previous v lue will be kept. For the bigger error function, the new

parameter will be expected to obtain their values by the equation

Ir it i at8a cad bya dex vector vector is not
much decreasingl -‘ , Bf\v sector  will be calculated through the
Gram-Schmidt proc + ‘ |

5) Step repeated until the error
function is statist

The variahLéégg;?:;g 1 the programme are denoted by
the following s¥n

Yoo

Variable Hlla ' 7 ﬂunntity Represented

ﬂ'TfEJ AT

an aatimate of the solution
A9 ﬂﬁﬂ‘iﬁ’m‘ﬂ%’ﬁm‘ﬁ‘ﬂ
: on exit, the best estimate of the
solution found
STEP(N) an initial step length for all coordinate
directions at the start of the process.
R the actual number of function evaluation

(for the initial estimate R = 0)
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MAXR the maximum number of times the function is
to be evaluated

B the value of the euclidian norm of the
vector representing the total progress

made since the axes were last rotated.

TOL ged 'flop gonvergence criteria.
NR »
CON vz 10} *fable. At the start of
,~i CON is set to .FALSE.
\ riteria (B.LE.TOL.)
' are satisfied, CON
to stop the process.
TRACE If .TRUE. then the
x If .FALSE. the values
ek to the calling programme
E(I) taken in the

" —— i
corresponding coordinate directions.

mﬂ:u EJ A nﬂwfﬂrﬂj of N mutually

r ogunal coord d ractinna. v(I,J)

q AN INA T,

calculate the emf and standard deviation

of emf.
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081 Cemwxxx READ AND WRITE PARAMETERS AND CRITICAL VALUEwwwexs
60062 ILICIT REAL*S(A-H ,0-2)
00063 LOGICAL TRACE
00004 COMHON/A/NVAR MAXR , TOL. STEP (19)
00005 COMMON/A2/TRACE
90005 COMMONV/AAF X(19)
00007 C  OPEN(S FILE="DATACHU")
oot READ(S ,1609) TRACE
00009 1000 FORMAT(L1G)
Ge010 FEAD(S , 2000 )NVAR
00011 2000 FORMAT(I10)
00012 READ(S , 3060 )H0R
00013 3000 FL'II'HT :
060014

5.7,/ 5%, "STEP=" ,19F10.4)

[N OF N VARIABLES weine

2,19) APHAU19,19),

Mfﬁwmm
qwna@imnwmaa

IF(L.ED.J) W(I,)=1.0

m 20 CONTINEE
00047 30 CONTINE
0050 CALL FUNCT
60851 Fi=F

60052 N=1

60053 CALL MNITR

60054 C weeneer START OF THE INITIAL LOOP s
00855 40 0 36I=1 N

00654 MI=2.0

60057 MI=3.8

00058 50 CINTINE

00059 C meesece EVALUATE F AT THE NEW POINT X wewnas
00040 40 10 130I=1 N
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00 78J=1 N
XD=XCIHEITLD

76 CONTINLE

RRH

CALL FUNCT

Fi=F

NR=2

CALL MONITR
IF(CON) GO TO 299

89 D(D=D(I)E(D

E(1)=3.0%E(])

001007 489 CONTINE

ﬂW’TWWﬁWMﬂ‘i

H‘IH

mmi A o

QWWMTTWW]’W]HW@EI

N‘IH
00109
110
o1
6a112
0113
00114
00115
00116
ea117
eo118
6119
00120

00 216=1 N
Vi1, =AU DB

216 CINTINEE

D0 286P=2 N
EETY=0.6
IP=P

00 2208=1 N
EETA(N)=0.0

220 CINTINLE

00 24=1,IP
AVK)=0.9
D0 23aL=1 N
AVI)=AV(K)+ALPHACP L)1V (K L)

230 CONTINE
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0121 240 ONTINE
o2z 00 2600=1 N
oz D0 50K=1,IP
60124 BETAC=BETAC)-AVUIO®IK . J)
0013 250 CNTINE
00126 EETA(J)=BETA(J)+ALPHA(P . J)
7 EETY=BETY+BETA(J %2
00128 240 CONTINE
00129 IF(BETY.LT.1.60-30) GO TO 280
09136 EETY=DSORT(EETY)
o1 D0 2= N
o132 VIP,J)=BETA(J)/EETY
0313 219 00 NS

ot 0 ','HG)' X(4)',"X(5)',"X(&) ' ,'XD*,
{121' XU, K14), R4S,

TF(R.GE.MUR) CON=.TRIE, LT]
G0 T0 20

f quﬁ%ﬂmm
awwagmﬁ WL DRGL

H‘lﬁ? lHITEH .ﬁ!

BB‘IH fﬂ Tﬂ 20

6170 4 WRITE(S,101)(STRNG(I)  I=1 ,N)

e WRITE(S,163)

00172 WRITE(S,162)R F,(X(I) ,I=1 N}

0T WRITE(,104)

00174 G0 T0 2%

675 3 WRITE(S,182)RF,0(D),I=1 ,N)

076 IF(N.GT.5) WRITE(4,164)

T IF(B.LE.TOL) CON=.TRLE.

60178 98 FORMAT(SX,'R EXCEEDS FNC EVALUATION LINIT')
00179 99 FORMAT(IX,'(',I3,')' ,DM6.7,5018.7)

00180 160 FORMAT(//,SX,'(R) F VALLE' TM,5(5X,Ad4,9X))
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o181 161 FORMAT(//,SX,'(R) F VALLE' TX,5(5X,M,9%) ./ 250, 5(X,M.90)
00182 #/,25%,5(50,M,90) ./ 2%, 5(5K,M,9K))

OOIES 102 FORMTCR,'('.13,")" D16.7,5018.7,/,25% 5118.7,/ 25X S}18.7,
w18t %/,2XSME.D

00185 163 FORMAT(ZX,120('-")/)

00185 104 FORMWATL)

00187 20 RETURN

o183 BN

00189 % % % End of File ¥ & ¥

ﬂ‘IJEI’JVIEWlﬁ‘WEI’]ﬂ‘i
ammﬂimumfmmaa
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