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APPENDIX A

RESULTS OF THE DENSITIES OF SOLUTIONS

4)2, 4 ZnCl2 and CdSO4 were

measured at 25.00 + 0.01°¢C using 10-cm3 pycnometer. Results of the

Densities of aqueous Zn(ClO ZnS0

densities as density curves are shown in Figg. 3.3, 3.4, 3.5 and 3.6.
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APPENDIX B

CORRECTIONS TO THE LEE AND WHEATON EQUATIONS

Typing errors in references 5 and 6 have been corrected

as follow:
Reference 5 (Part I)

Page 748: equation (5), 8 = e2/DkT

(T is the absolute temperature used in the original text)

Page 760: equation (76), the denominator of the last term should

1/2 2.2
R + q KR7/2).

p qP -

Page 763: equation (99), in the expression of H

read (1 + q

2,p,1(KR)’ the

last term on the third line should read

1/

(1+q 2kR) Tr{KR}/qp +

Page 765: Appendix, in the expression of AXj(o’3)

/X, Py should
read u;, an ionic strength fraction used in the original text.
Page 766: Appendix, equation. (A2) for J2 (kR), a minus sign

was missed out on the third paragraph.

Reference 6 (Part II)

Page 1462: equation (52), in the expression of u§2), Pi should

read ugs an ionic strenght fraction. .
Page 1463: equation (64), the nominator of the first term of ugi)
should read e?x?X

Page 1463: equation (66), the denominator of the last term on the
first line in the expression of Qp(KR) should-read (1 + q;/ZKR +

2.2
K R7/2).
a4 /2)
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Page 1468: equation (104), the denominator of the last term in
the expression ofzﬁX§0’5)/X should have the factor (wi + wv).

Page 1473: equation (123), should read

T = F§e/6wv

Page 1475: equation (136), the first multiple term of the second

term on the expression of C, (t) should read (1 - qi)/qu.

8,p



APPENDIX C

THE CALCULATION OF THE SHEDLOVSKY EXTRAPOLATION FUNCTION
/

°
The Shedlovsky extrapolation function used for the plot of A

vs. concentration for Zn(C1O4)2’ ZnSO4, ZnCl2 and CdSO4 s0lutions is

o A +B M1/2

2 .
A = 1/2

1 - Bl M

where A is the observed conductivity from a resistance measurement

and Bl’ B2 are constants.

Assuming stoichiometric dissociation of these aqueous solutions

are
2+ -
Zn(Cl0,)., —— Zn~ + 2 Clo0
472 4
ZnS0, —— o'+ 50,
2+ . -
ZnCl2 —_ Zn- 4+ 2Cl1
cdso, ~ —— ca®* + 502"
M
thus at 25 C Bl and B2 can be calculated from the equations (24)
B = 0.7852|z,Z_ | . e . [1)}/?
1 A'B /7
q +1 LMJ
1/2
B, = 30.32 ( |z, + |zB| ). [;]
M
o (-]
wher q = IZAZB| )\A+)\B

. T o
I_ZA|+|ZB| 125Ny + 12,7 A%

for anion A and cation B.



Using ): o
_ -1 Zn
cm” O equiv. (l4),
°« 2 -1
A cl- = 7635 cm"

equiv?l (31 ) thus

for Zn(ClO4)2

and q =

for ZnCl2

and q =

for ZnSOA,

Substituting B

Cdso

= 53.0 cmzil -1 equiv?l(lo), ’7:

0.5

and B2

where (I/M)1

/2

82

oy = 53.5
o 2 -1 -¢d
AN.ji- =67.36 cm" 1 equiv. (29, 30),
clo,
equiv71(27, 28) and 7:802_' = 80.02 cmZIL .
4
0.7030239 mo1~1/2 dn3/2
1.57547 x 102 dm3/2 mol_ll2 cmzil = equi\_r1
0.4274451 where (I/M)l/2 = V3
0.6921399 mol M2 4p3/2
1.57547 x 102 d1113/2 mol-ll2 cmzll.—l equiv_1
0.4189781 where /M2 = 3
4 N
1.8398381 mo1~1/2 dm3/2
2.4256 x 102 /% no1™H? m?a 7! equiv?

2

/

. ]
in the Shedlovsky equation, A can then

be calculated for given values of concentration and the corresponding

conductivity determined in the experiment.



APPENDIX D

THE CALCULATION OF IONIC SPECIES OF ZINC CHLORIDE SOLUTIONS

The effect of incomplete dissociation was studied by Paterson(l3)
using the method of Reilly and Stokes (15). 1If only the first complex

is considered, then

20t 4 1’2 zncit K, (znc1?t ) 1, K, = 4.5 ke mo1~!

(23] (o) 7

[

3
P,

2 7
11

where B = §'s are activity coefficients in the extended Debye

Huckel form.

From these values, the concentrations of the complexes were

calculated at different ionic strengths, I by the following procedure.

Assuming the molality of Zn2+, Cl_1 and ZnC1+'are X, y and z

respectively.

From the requirements of conservation of mass, electroneutrality
and the definition of the ionic strength of the solution, the equation(l)

was obtained, i.e.

(ZKAﬁ)yz + (6-2IK,B)y - 41 0. (1)

This equation was solved for a given value of ionic strength I. The
solution of y therefore corresponds to the molality of €1, The value

of x 1is then calculated from

X = y

2 +y KAﬁ)




which is the molality of Zn2+

trations of complexes and the

ZnCl2 can be determined.

From the above equalities, the concen-

total stoichiometric concentration of

84



APPENDIX E

PROGRAMME (1)

ANALYSIS BY THE LEE AND WHEATON EQUATIONS FOR ZnCl, SYSTEM

2
This programme was assemble&according to the conductance

equations given in Appendix (H4). The nuwmerical input data (e.g. D,

9 Zi’ e etc) may be altered depending on the system studies. In

the programme, "X(1)" refers to R and "x(2)" refers to X; ot if
n
-]

%’Z 2+ is fixed at "LAM 1", and vice versa. The list of programme
n

¢

(1) shown below was that used to process aqueous ZnCl, data at 25 C,

2

optimising A 2+ and R at fixed NS
Zn ZnCl

+ value.



0031

c092
c00?
C0C4
cace
200¢
00907
coca
occCs
001cC

G011

*09012
cciz2
0014
Cols
CCle
o017
cole
0019
Gu2¢
co21
0022

00C1
0002

coo3
CoCq4
0005

000¢
caaQ?

0o0e

0009
0010
0011
0012
0013
0014
0015

0016

0017
0018
0019
0020
co21
0022
0023
0024

0025
002¢
0027
ao2¢
0029

0030
0031
0032
3033

0034
0035
0036

0027
0038
0035

0040

1S

33

31

¥ N a¥aNa¥e)

30

40

50

60

70
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.

DIMENSICA uu(a».1113l.EF(3).uw(3).x(2).AL4N(3).GavCAL(<O),
«rr(3|.ALnH(a).onczl.ewp(zl.cux«).e).lsuvptzn.Fr~ALr(3|
PEAL KyLAML,LAMZ KU KR, ¥M(50),LL,NP(3)

COMMNN GAEXP(53),CCUS04 ), MM, IPCINT, X, N

REAC(L,SIN, IPCINT

FURMAT(IL,12)

2C 1) 1A =1,1PQINT
RE\D(l.lslGAP-XP(lA).CC(IA.ED.CC(IA.ZD.CC(lA.l).“N(!A)
FOCRMAT(FT7.3,4F12.5)

CONT INYET

R=0.1E-9

X(1)=3,006-9

a0 31 Iv=1,2¢

Y=9.1

X(2)=52.9

D033 1x =1,30

CALL CALCZFX

X{2)=xX(2)+y N
CCNT INUE

X(1)=X(1)er

CONT INUF

sTap

£NN

SUBRCUTINC CALCFX

OIMENSION UC(3I.ZZ(3':EE(Z)uHH(3)cX(Z"GAHCAL(SO)y
‘TT(J).ALPH(3)109(3),ENP(3)yCHl(3:3)|lSUNP(3)pFINAlT(Z)pALAN“!
REAL K, LAMI,LAM2 1 KBy KR, NMISO),LL,NP(3)

COMMON GAHEXP(50);CC(53-3)vHHrlPOXNTvaN
TR(X)=EXPIXD*1-.57722—ALOG(X)*X—(X‘!Z)/(Z.‘2.DO(Xt‘3)I(3.‘6.)—x*‘4
*/(4.%24,))

ll(l)yll!?loll(}) ARE VALENCIFS OF ICN 1,2,3 RESPECTIVELY .
CE(L),EE(2),EE(3) ARS CHARGES 0OF JON 19243 RESPECTIVELY

D IS DIELECTRIC CINSTANT OF SCLVENT

KB 1S BOLTZMANN CONSTANT

T 1S - ABSOLUTE TEMPERATUPRE

VIS IS VISCGSITY OF SGLVENT

L2(1) =1
22(2) =-1
12(3) =2

EE(1)=4.30325r=10
EE(2) =-4,80325€6-10
EEI(3)=2.%4,80225¢-1¢ - .
D =78.30 -
KB=1.380622E-16

T=298.15

VIS=8.90JE-3

LAM1=25,

LAM2=176.35

FF=96486.7

3TA=2.307121E-19/(D*KB*T)
TAU=FF*4.603255—10/(6.'299.7925‘3.141592&*VIS)
HW(l)=€.46BT16E+64LAMYL/ABS(22( 1))
WH{A)=€.46871€E+6%LAM2/ABS(22(2))

DO 12 1C =1,IPOINT

WH(3)=6.468716E+6%X(2) /ARS(22(3))

CALCULATIGN OF MUl

SUM1=0

D0 30 IA=],3
SUHl-SUMl*b.OZZZ*(4.80325*ABS(ZZ(IAI))“Z‘CC(leIA)
D0 40 1A=1,3 ’
UU(IA)=6.0222*(4.80325*AES(ZZ(lA)l)*‘Z'CC(IC.[A)/SQHI
CALCULATION OF KAPA

SUM2=0

D0 50 [A=1,3
SUM2=SUM2+CC(IC,1A)%22(1A) %2
K=3.556143E+9¥SQRT(SUM2) /SQRT(D#*T)
CALCULATICN OF THETA

THETA=0

00 69 1A=1,3
THETA=THETA+UU(TA)*2Z(1A)*%2
CALCULATION OF AOMEGA .

DMEGA=C

DC 70 1A=1,3
OMEGA=0MEGA+UU(TA)*2Z(A)
CALCULATICN OF KAPAR

kR.KfXU)

CALCULATION OF NBAR



A
c04

C043

0044
0045

Co46
0047
co4e
nese

g0csc
0051
co0s2
00¢3
C354
0055
0Q0ce¢

00517
0058
0059
006cC

Q0€1
0062
Cc0e3
Cles4
0365
0066
00¢e7

0068
0065
0072

co71
6072
G073
CQG74
0075
007¢
cCc17
cc18
0C7s
0080
0031
ove2
cos2
0084
0085
00¢¢€

c090
0091
cCs2
n093

0064

0065
0096

c0s7

0098

149

145

152

192
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NBAR_ 3 0

29 A0 1A=1,?

WEBAR=WIARFLU(TA)*na( 1)

CALCULATICN NF TCI

DC 90 18=1,2

TTOEA) =UU(TAISWW(TA) /WBAP

CALCULATICN CF R

8A=) \

)6 100 1a=1,3 '
SA=OA#(L.-TT(IA) ) *WW(TA)®%)

3=8A/2.0

CALCULATI2N 0OF €

CA=1.9

D0 113 14a=1,3

CA=CA+WW(1A) 042

CB=0

20 120 1A=1,3

CY=CO+TY(IA) /ww(lA)#%>

C=CA*C3

CALCULATICN GF ALPIHAL,ALPHA2, ALPHAS

ALPH(1)=)

3=SQRT(ABS(R¥*2-C))

ALPH(2)=50RT (ABS(R=G))

ALPH()=S23T(n43)

CALCULATICN QOF ENP(]A)

DO 125 1A =1,3

NP(1A)=0

N0 139 1A=1,3

20 130 18=1,3 '
NPUTAY=NP(TAI+(TT(IN)*WWITR)I®®2) /L (WHIIR)*#2-(ALPH(IA)*%2) ) %%>)
NC12& 1A=1,2 ) b
ENPITA)=SART(ARS(1.3/NP(1A)))

CALCULATIGCN OF CHI(IA,IR)

70 140 14=1,13

20 14C 13=1,2
CHICTA,I8)=(ENPLIAI*WALIR) )/ (WH(ID)*¥P=(ALPH(TA)*%2))
CALCULATIIN OF QPp

20 145 13=1,3

ocIM =0

2C 15C 14A=1,3

90 153 IB=1,3 :
QOUTA)Y=C2(TA)+ (WEAPSTTUIB)*WW(IB) )/ (WW(TR)*42-(ALPH(IA)*%*2))
N0 160 JM=1,2

SyMp=)

20 179 19=2,3

SQP=SART(CCIIP))

XA=SCP*KR

XH={1.2+¢SCF)*KR

XC=(2.0+5QP ) *#KR

XD=(2,0+SQP)¥KR

XE=2,0*KR

XF=3.0%K3

TRL= XA)

?égiiﬁé?gé) -

TRa=TR(XD)

TRS=TR(KR)

TR6=TR(XE) _

TRT=TR(XF) .
CSP==({(Q(IP)=1.)1=SIP/2.+S5QP*(1.-SQP)*KR/2.)/SQP=(1.=-QQ(IP)*%2)%*
«TR2/CQUIP)-COUID)® (L. +KR¢XKRe*2/2 J)sTR]L+(1.+SQP¢KR)*TPS/CC(IP))*
Ello/00La#XR)IF(L1.ISQPEXRENY(IP)*KR*22/2,)))¢(1,/12.)
C3P=(=(1.=CClIP))*TRO/(2.%Q(IP))+(1.-CC(IP)*%2 )%
®TR2/(2.8Q2(1IP)2 (1. +S5IP*KR+QQ(IP)*KR#82/2,))+(3,.+SQ2)*(1.-2Q(1°))/
F(6.*SCP)-(B.¥(2.-0Q(IP))=5.,%¥SQP~3.¢SCP*+3)*KR/24,)
CLlO=((1.+(1.+SAP)I*KR/2.)/(1.+SQP*KR+QQ(IP)*KR*%2/2,))*(1,/((1.+SQP
#)$(1.eXR)DI¥(1,/3,) PR
C2P=<-((TR3¢.S)/(1.+SAP*KReQQ(1O)I*KR**2/2, ) )%(1./((1.¢
3KR)**2))+(1./¢6.)
CaP==((4./(1.-CRLIP)))I*ALCG(3,/(2.4SCP))I+(2./3.)%((1.+4SQP)/(2.4+S7P
®)))#(OMEGA®#2 )9 (1./((1.¢KR)¥*2%( ], +SCPEKR+QC(IP)*KR**2/2 1) )%
4(1./724.) .

C30=0MEGA* (ALCG(3./(2.+52P))A(1.-QCLIP)I))I*(1./((1.4KR)*%2%
*¥(1.,+SQP*KR+CC(IP)*KR*¢2/2 )))*(1./6.)
CTP==((3.+SQP)*TP4/( (1. +KR)*%3))*(1,/(1.+SUP*KR+QU(IP)*KR**2/2,))
**(1./13,)

SUMV=0

00 1r11v=1,3

-CALCULATIGN OF Avp

SUMPI1=0

00 190 1=1,3

SUMPIL1=SU4PI1 PUJLEI)*LCZZOI)*WWITI=2ZCIVI*¥WW(IVI)Z(WWIT)+WR(TIV)))
AVP=SU~¥PI1#CLlP



88
C CALCYLATIGN QOF 8vP
Nn1ade BVYP1=5UMP ] 12C4P
o1c? SUMP12=0
0108 DO 2CI i=1,3
0109 20)  SUMP[2=SyMPl2 *ll(l)'ZZ(IV)*(UJ(!)'((IZ(l)‘hH(l)-Zl(lV)*HH(IV))
/(Wi )enw(IVI)))
0110 AVP23SUMP]2#(C2P+C5P)
o111 ' SUMP13=0
0112 on 210 I=1,3 .
0113 210  SUMPTI2=SUMPI3  #(Z2Z(I)+Z7201VI)*(UUIT)I*((ZZ(T)*WWIT)=220IV)I*WWIIV))
/(Wall)#ddIV)))])
J114 BvP3I=SyMP3eCIP
C CALCULATION 0OF GvrP
ol15 SGVP1=2
0l1é6 no 220 I=1,2
o117 sGvP2=0
cl18 00 221 IL=2,3
0119 SQL=SQRT(QC(IL))
0120 XG=(SQL+SQP)*KR
7121 TR8=TR(X5)
0122 COPLL=((-(SQL+QQ(IP))*#(1.-SQL)=(QQ(IP)*(1.-QQ(IL))-().=-SQLI*(SQP*

*SQL=1.)/2.)%KR)/(SQP*SOL)-(1.+SOL*KR+QQ(IL)*KR*%2/2 )*(1.-QQ(1P)**
#2)8TR2/QQUIP)+ (1. +SCL*KR+CQUIL)*KR**2/2,)%(]. OSCP‘KF)'TD /7QQ(IP)+
*(QQ(IL)**#2-CO(JP)I**2)%(1.+KR+KR*%2/2.)*TR3/(QQ(IL)*00(1P))

ee(f. ’KR'KR»'I/Z)'(QQ(IP)--Z'(i ~QQ(IL))+(1.+SQLs KR+GQ(IL)*KR #»

22/2.)- GO(XL)-~2'(1*SQP‘KR))ﬂ1R1/(QQ(lL) £QOIPN

01232 TBPLZETT. /O CTTFKRI ¥ (1. 4§ )
*QPEKR+QQIIP)#KR*22/2. )0 (L. +SQL¥KR+IO(IL)¥KR#*2/2,)))
0124 C6PL=C6PLLI*¥CHPL2
o125 SGve2=0
0126 : D0 220 1A=1,3
0127 232 SGVPI=SGVR? STTOIAVRCEIIL, TAY®ZZ(1A)
0128 SGVP2=SGVR 245GV D2 FUnWT)*CHI (L, IVI=WW I IVISCHTTTL, 1)) #C6EPL
0129 221 CONTINUC ’
0120 SGVP1=SGVPL+(UUCT)*ZZ(1)*¢Z2(1V)*(SCVP2/ (WA (1) enW(IV))))
0131 220 CONTINUE
o122 . SVP=(1./12.1%SGVP1
0133 BVO=3VPLAVP2+RVPI+GVP
¢ CALCULATICON OF CVP
0134 SUMP14=0
c13s 0C 240 1=1,3
0136 240 SUMPIA=SUMPI4 +(27(1)%#2¢2Z(1VI**2)¢ (UULTI*((Z2IT)#RR(1I-22(1V) ¢
SWW IV )/ (W (LI +HH TV ) D)
6137 cvp=0
0138 BTAK=AVPS (BTASK)+9VP#( (BTA®K) #%2) +CVP*((BTA*K) %%3)
0139 SUMV=SUMV (TTILIV)$CHI(TP,IV))*RTAK
a14¢ 171 CONTINUE
o141 SUMP=SUHP+CHI (12, J8) ¥SUMY
0142 170 CCNTINUE
0143 LSUMP (JM)=22(J¥) €SU¥P
c CALCULATICN CF VJ1 AND VJ2
0144 SUMP=0
€145 00 2531P=2,3
0146 SUMY=0
0141 N0 2511v=1,3
0148 SUMPT6=C
c149 D0 269 1=1,3
0150 © 269 SUMPIA=SUMPI6  +UUCLI*(ZZUTI=ZZOIVI)/(WWIT) #hw(1V]))
0151 SUMV=SUMV+TT(TVI*CHI (1P, IV)#(ZZ(1V)*CBP/2.~WW(JM) *SUMP169C1P)
c152 251 CCNTINUE
0153 253 SUMP=SUMP +CHI(I®, JM)*SUMY
0154 VIl==(ZZ(JM)#SUMP)=(1./2.) *(ZZLJIM) $CMEGA®

*(TRO6E/(11.+KR)#22) ¢ALCG(2./3.))-0OMEGA**2/6.)2(1.+KR)
0155 vJ2=9

0156 SUNP[5=0 .
0157 00 2791V=1,3
0158 277 SUMPIS=SUMPIS  + (JUCTIVI®((ZZUIVI#WA(IVI=2Z(JM)*WW(IM))

*/(RAlIV)+nwW(J
*))))/22(1V)

0159 FINALTIJ4)=(ABS(ZZ M) )# (K#TAJ)/ (1. 4KR)I# (1. ¢VILIS(BTARK) +VI2®
BL(BTA#X)$22) +SUMPIS5*KR/6.)

0160 160 CONTINUS

0le1 ALAMIL)=LAML

0162 ALAM(3)=X(2)

0163 ALAM(2)=LANM2

Cle4 SAMCALLIC) =0

0165 DC 23914=1,3

0166 LL=ALAM(IA) ¢ (1. +2ZSUMPIA))-FINALT(1A)

0167 190 GAMCAL(IC) =GAMCAL(TC) +ABS(ZZ(IA)) sCC(1C,TA) *LL

0168 GAMCAL(IC) =G AMCAL(IC) /(2.4 MM(1C))

0169 12 CONTINUE

0170 SUMSA=0

0171 D0 13 [A =1,I1PCINT

0172 13 SUMSG = 3U4SN+ ((GAMCALITA)=GAMEXP(1A))#*2)

0173 SUMSD =SUASL/IPOINT

Gl74 Fo=SUMSCe1.0E+3

0175 WRITE(3,18) (X (1), 1=1,N),F,LAM]

Cl76 13 FORMATI2DX, E12.6,5%,E02.645X,E12.6,5X,F5.2)

c177 RETURN

n118 cND



APPENDIX F

PROGRAMME (2)

ANALYSIS BY THE LEE AND WHEATON EQUATIONS FOR ZnSO4 AND CdSO4SYSTEMS

This programme was assembledaccording to the conductance
equations given in Appendix (H). The numerical input data (e.g. D,
B Zi’ e etc) may be altered depending on the system studies. 1In
the programme, "x(1)" refers to R and "X(2) refer to )\o n ™ =
Zn, Cd). The list of programme(2) shown below was that usetho process

aqueous ZnSO4 and CdSO4 data at 25'C, optimising}f N and R value.
. M
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OTFENSTON GCTTT , J7TST,EET21, W1 TT, X120,
PTTOS) Al PHE2),CUC2) JUNP L2 00430, 2SLMPI3),FINALT(I),
SALANM(Y) yXMUZT ), (20),CAMCALESS)

REAL RS g LAML, LR4Z KB KR, FFISCI,LLAP(3)

CCrMUN GAMNEXP(53) ) CCUEG,y2) My IFCINT X, N

CCULLE PRECISICN ACU(Z4) ,CIFXM,CELTAL, XML CFRKEF CIREF ,ANEXPT(24),
CEL ATE30) XK, CCLTAYY) yXX),22),S1,GAFMA2,GAMVAL,GANA2],
PSAMALL G ACETA AAY,BEL,CCCo YL XXLoZZL oAK,DyWT,YYR,XXR,Z22R,XVP
REAL(L,5) N, IFCINT

FCRMAT(LL,12)

X10J) 18 JCNIC STRENGITK

RCACLL44) (D10J),d=1,3¢)

FCRMAT(£ES.2)

AMEXPT(K) [3 EXPEKIMCATAL CCNCENTKATICN CF SCLUTICMN IN MGLE PER KG
ATEKD 1S EXPERIMINTAL CCNCFNTRATICN CF SCLUTICAN IN WEIGHT. ,
CC ICk=1,1FCIM

HEAC(L, LEICAMEXPIK) BMEXPTIK) ywT(K)

FCRMATLFT.2,85.4,F7.¢%)

CCNTIANLE

IK IS ASSSCIATIGN CCNSTANT

AK=142,

K=z,.(SE-d

A(1)=4,CE-2

9C 31 fv=1,2¢

CC 2J=1,13¢

SI=CSCRIIXI())

GAMMAZ2(=CoS11¢064.9S])/701.40.229]19x(1)¢])
GBANMAZZ=1C S0l AVMAR

xx1=x10J)/4.

YYl=x1(J)/4.,

lZl:AK'!K!'VVl'}APtEé"Z

AMEJ) 1S CONCENTRATICA IN MCLE PER KG (CCRRESPCGNC TG ICNIC STRENGIF)
XM(J)=xx1422])

CCNTINLE

O0C 7 K=1,1FCINT

ACUIK) 1S THE ACCURAQY CF CCNCCENTRATICA

ACLIK)=C.0L1/10 . ¢AMEXPT(X) .

CC lzJd=1,:¢

L=J+]

LECAYEXPTUK) GLToXMIJ) oURLEMEXPTIK)LGTLXM(L)) GC TC 12
CMREF=XM(LI=XY(J)

CIREF=X1(L)=-X10(J)

CIFXMzANMEXPT(K)=XNM(J)

SELTAL=CIREFCL[FXY/CMKCF

Fl=Xx1(J)sCELTAIL

¢C T1C 1¢

CONTINLE

S1=CESCRI(FI)

GAMMAZ=(=C S11S06 881 )/01.+5.22918x(1)%¢])
CAMB22=1C.CRCtezavia) ' .

YYL, XXL,ZZL 3FE CCNCENTRATICNS CF ICNIC SPECIES IN MCLE PER KG
xXL=F1l/s4, :
YYL:FI/4.

CLL=AKAXXLSYY LGN es)

XPL IS STOICKICYMETRIC CCNCENTRATICN CF ELECTRCLYTE <IN MOLE PER KG
XVML=yrxL el 2L : :
TFAXMU LY CANEXPT(K)) CIFXM=AMEXPY(K)=XML
TEEAMLLGT BMEXPT(K)) CIFXM=XMUL-ANEXPT(K)
TRECTEXM . LL.ACLIKD) GC TC 14
SELYAI=CIREFOLIFXM/CMKEF

LFEAM L GT L AMEXPY(K) )V FI=FI-DELTAL
TFOXMLULCT AMEXPT(K))FI=F]oNELTA]

GC 1C 1%

C IS THE CENSITY CF SCLLTICN

J= .66 7CA84 C1CI2E 2V WT(K)
XXR=(XXLOC)/ (L. oxxXL®,]€E14216)
YYR=(YYLOC)/(1ooyYYL®,1614210)
LIR=(ZILOC)I/(L 4 2lL%,1614216)
XMR3[ 2R OXXK

CCUXy))=xxR

CCUx,édzyYR

MN(K)zaMR

CCATINLE

Y=.0¢-

X(2)1=82.¢

CC 22 Ix=],:C

CALL CALCFy

X(2)=3(2) 0y

CCNTINLE

X(1)zx(l)em . :
CCNTIALE

SICP

END
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SLORCLTINE CALCFX

CIMENSICN LUL2),2202) yEC02) ymwl2),Xx(2),ALAF(2),GAKRCALI50),
STT(2),ALPHI2),COL2),ENP(2),CHIL2,2),ZSUNMFI3),FINALTI(2)
REAL KCyLANML, LAMZ KE KRy MM (SC),LLINP(2)

COMMCN GAMEXP(S3),3€CIECy2) MMy IPCINT XN

TRIX)I=ZEXP (X)#(=.57722-ALCCIX) #X=(X#%2)/(2.82.)4(X¥%3)/(3.%6.)-Xxe%4
/(4.224.))

2201),2202),22(2) ARE VALENCIES CF ICN }42,% RESPECTIVELY
EE(L)EE(2),EE(3) ARE CRARGES CF ICN 1,243 RESPECTIVELY

C 1S CIELECTRIC CCNSTANT CF SCLVENT

KB 1S ECLTZMANN CINSTANT

T IS ABSCLULTE TCMPERATLRE

vIS 1S VISCCSITY CF STLVENT
22(1)=2

2lle)=-2
EE(1)=2.%94.EC225E-1C

EE(Zz)=-2.%4.eC%2¢%c-1C

C =1¢.2
KB=1.2EC€2¢E-1¢
1=258.15

VIS=€.cC2¢E-2

FF=G6¢4t6. 1

LANMZ=20.22

YT1422.2001215-16/(C*KE®T)

TAU=FF#4  8C22CE-10/1C.%2€5.7525%2,1415¢2¢3VvIE)
WW (202 AEETLECvCLANMZ/AESIZZI2))

LC 1z 1C =1,1FCLNT
hall)=€.aCETLlEEEeX () /AESIZZEL))

CC 3C1h=1,2
SUML=SUMLPE.C222804.8C2258A05(22018)))222¢CC(1C,1A)
CC 4Cle=1,¢ :
LULIA)26.Cce* 4 EL2Z52PESI22(1A)))e%22CCUIC,12)/SLM]
CALCULLATICN CF KaPA

Suvé=C

CU Sc18=1,¢
SULMZ=SULNMZ+CCOIC, 1A *2205A)ex
KC=2,53€142E+45230R1(SLMZ)/SCRTIZT)
CALCLLATICN CF TrETR

THFET2=C

CC €lle=1,¢ N
TEETA=TFETASLL(IAY2Z2(12)%%2
CALCLLATIUN CF CrECR

CvECA=C

20 1218=1,¢
CNCCGA=CMEGAeLLLAI® L2 0TN)
CALCLLATICN CF KAPAR

KR=KCtXx (1)

CALCLLATICN LI wlen

WdAR=C

SC Elitr=1,¢
PEAR=REARAILLIIAI*ha(12)
CALCLLATICN CF Tt

OC SClA=1,4¢

TTEIA) =LL(LA)I*an(]A)/n0AF

ALPF(1)=C
ALPH(Z)=SSRT(TTI2)®ww(i)#3240T(1)*nn(2)#22)
CALCLLATICN CF ENPC(1IA)

CC leSl1h=1,2

NP(1A)=C

CC 12C1A=1,¢

GC 13C1E=1,¢ .
NP(IA)=NPIIA)+(TT(IL)*ww(IE)I®**2)/((nwn([B)®*Z-(ALPHI(IA)3%2))¥22
CC 12€1h=1,¢

ENPLIA)=SCRT(LESILL.C/NFLIAD))

CALCLLATICN CF CRICIA,IR)

0C 14CiA=1,¢

CC l14Cle=1,2
CEICIA,I3)I=(UNPLIAI*hRITE))/(an(IB)®®2-(ALFF(1A)%22))
CALCLLATICN CF 2P

0C l14S12=1,2

<
3
A+ laCARBTT(IE) #ma([3))/(hn(IB)222-(ALPF(1A)*22))
¢

UC 12CLF=0c,2
SCP=SCRI(IC(Ir))
x£=SCFIKR
AB=(1.C+SCF)2KE
xC=(z2.2¢SCF)2KE
XC=(2.C4SCFI2KE
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CC1s

249

111

XE=2.0#KA

XF=3.C4KR

TAL=1H(xA)

TH2=TR(XE)

TH2=TR (Xx()

TR4=TK(XxC)

TRS=T1R (KK

TRE=TR(XE)

TRI=1R (XF)
CEP==((LSCUIP)I=1.)=50P/2.45CP%(1.~SCF)AKR/Z2.)/5CP=(1.=CCLIP)#3%2)%
PTR2/CCUIF)I=CCLIP)I® (1. 4KR4KR#$2/7Z2.)#TRY1+ (1. +SCPAKR)$TRE/CCLIP) )2
UL/ 0 (Lo +KR)IFB(L.+SCPEKF+CCUIP)#KR3#2/2,)))9(1./12.)
C2P=(=(1.-LClIPII®PTRS/(2.3CCLIP)II¢(1.=CClIP)s22)

STR2/(Z. 0L (1P )4 (1. +SuPEKPYCCILiP)OKR32/2.))4(2.4SCPI*(1.-CCLIF))/
#(E.2SCP)-(B.2(2.-CCiF))=-C. #SCP-2,3SCP#¥39KR/24,)

CLP=( (1. 401 4SCPIPKE/ZZ.) /(1 ¢ SIPOKRCO(IIP)IIKA®22/2.))2(1./((1.450QP
P)ILLLAKR) ) I(1./2.)
CeP=-((TRI+.S) /(1. +SUPIKR4GCIIIPIEKRE$Z/2, )09 (1 /(1.4
FKR)I$2))I0(1./¢€.)
CaP==((4./11=ColIP)))®ALLGI2./71Za0SUP)II41Z2./73.0%0(1.48QP)/(2.452P
#)))O(CMECIC®Z ) (1. /(1. +KR)®S29 ([ . +SCPOKFICCIIPIOIKR¥22/2,)))
(1./24.)

CIP=CVECA® (ALCCIZa/(244SCPII/Z01.=CCUIP))I*(1./((1.+4KR)% S
(1. +SCPAKRACCIIPIOKR®$2/Z2.)))10(1,/¢€.)
CTP==((3.¢SCPIVTF4/(L1.+4KR)#£3))%(1,/(1.+SCFOKR+CCIIP)*KR322/2.))
IV(I.7TE.T .

SuMv=C
CC 17ilv=.,2
CALCLLATICN CF avp -

SLMPI1=C
SC 18Ch=1,2
SUMPILI=SJARTL  »ULEIIOLIZZID)I #mall)=2ZCIVISwn(IV)) /(R () +hn(IV)))
AVF=SUMPILALLF
CALCLLATICN CF 2VF
QVPl=SULMFI1#C4P

SUMFIZz=C
DC 2¢Cl=i,2

SUMPLE=SUMPI2 v ZZUI)#ZZCINI*#(UUCLII*((Z2ZCI)%wn(T)=-2Z0IVI*nh(IV))
/a1 emn( IV
BVP2=SULNPLZ#((ZP+CEP)

SUMPl2=¢
2C 21C1=1,¢

SUMPL2=SUYPLI2  #(ZZ2C1)+220CIVI (LU I ( (2201 ww(1)=220TV)¥dww(IV))
JUawCidawn( IV

QVF3=SULMPI29(32F
CALCULATICN CI CGvP

SGVP1=C

CC ziCl=1,:

-

SCL=SCRTI(CCIILY)

XG=(SCL+SLF)¥KR

TFe=1R(X5)
CEPLLI=((=(SCL+CIlIP)I=®(1.~-SQL)-(CCIIF)I®(1.-CCLIL))-(1,-SQLI®(SCP?
BSCL-1.0/2.0%KR)/(SCPSCL)=(1.¢SCLAKR*GCC(ILIOKR*22/2, 18 (1.-CCIP)#?
€2)9TR2/CUlIPI (1. +SCLOKR+CC(ILIOKR#$2/2,)8 (1, +SCP*KR)*TRS/CC(IP)+
$(CO(IL)#92-CC(12)%%2)¢( 1. +KR+KR®#2/2,)%TRE/(CCIILISCCIIP))
S (1 HKR4KAE12/2. 18 (CL(IF)*#2%(1.=CCUIL))I® (1. +SCL*KR+CC(IL)¥KR?®
$2/2.)-CQUIL) #2241 +SCPAKR)IISTRL/Z(CCLILI*CCLIPY))
CEPLZ=(lo/l(1aeKkI®(1,#S
$2PSKRACCIIFIPKR482/2., )90 1. +SULPKR4CCIIL)IIKR*92/2,)))
CEPL=CEPLLI*CEFLY ’

5Gvp2=C

CU 22C1A=1,2

SGVP2=SuVP: $TT0LAYSCHICIL,[A)*22(1A)

SGVP2=SCVPZ+SGVP3 *(Wh(T)*CHICIL,IV)=-hWW(IVI*CHI(IL,1))*CeEPL
CCNTINLE

SGVPL1=SGVFL+ (LLKID*ZZUTI*ZZUIVI#(SGVP2/ (wn T +wn(IVI) D)
CCNTINLE

GVE=(1./12.0%SCvF1

3VPzIVPLeOVP24EVPI+GVP

CALCLLATICN CF CVF

SUMFI4=C

CC o é4tl=1,2 -
SUMPI4=SUNPL4  +(ZZ(1)1982%2201VI*#2)0 (LU (221 4wk (1)=22(1V)4
walIVII/ (ab (1) banl iv) D))

LR

L TAK=AVPS (ET1A0KU) ¢EVP S ((RTA#KC)#42)4CVP ((ETA®KII0%3)
SUMVESUMY S (TTOIV)*CRICIP,IVII*QTAK

CCNTINLE .

SLMP=SUMP#CHT (i, IVM)*SUNMY

CUNTINLE

-
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LSUMP(JNM)=LLIJM)WELMP
CALCLLATICN CF VJ1 ANC VIZ
SLItP =

vl 250iP=2,y¢

SuvMv=_

CC zS1llv=l,2

SLMPTE=C

CC 2¢CI=1,2

SUMPLE=SLNMPLIE  +UUCI)*(ZZ0I)I=Z20IV))/(ww (1) ewnlIV))
SUMVESULMVETITCIV)I*CRICIP IVI®(2ZZ(IV)I*CEF/2.-wh(JN)*SUMPTE2*CLP)

CCNTIMLE
SLMP=SULYPH(FT (1P JM)$SLMY
VIL==(22(JM)#SUMPY =L a/2. )% (22 1LJM)VCNEGAS

(TREZ((1.+KR)E#2)4ALCCIZ2./3.))-CMEGA##2/€E.)%(].+KR)

vdz=1
SUMPIE=C
CC zIClv=1.2

SJAPLE=SLMDPIS ¢ (UGCIVI®((ZZIIVIthn(IVI=Z2Z(IM)*un(JIN))
*/lanlINV)ewn(JM)II) 72201V
FINALT(IM) = (ARSIZZIIM))®(KC®TAU)/ (Lo#KR)I®(1.4VIL*(BTAPKC)+VI2?

((2TASKC)IP92) +SUMPISAKR/E L)
<CATINLE

ALAVIZ)=LaNME

ALAM (L) =x(2)

GAVCALLIC) =C

SCoFsliazl,:

LL=ALAY(1A)¢ L] +2SLMPLIR))-FINALT(IA)

GAMCAL(IC)I=CAMLAL(IC) +ABSEZ2ZITAYI#CCIIC, 1) LL

SAMCAL(LC)=CAarCALLICI/Z LMV OIC))
CONTINLE

sevti=C .

cC 12 12 =1,1FLINT

SUMSS = SUMSC+IILAMCALILIAY=GANMEXF(1A))®22)
SLMSC=SLvSC/ZIFCIMT

Fo=SLMSCel.CE2
WRITEC2,1E)EXCL) =1 ,N),F

FCRMAT 23X  L12.0,SX 081zt 05%yE12.¢C)
RETLRN

END



APPENDIX G

PROGRAMME FOR CALCULATING THE IONIC SPECIES OF

0045

0047
0048
0049

0050 -

IN51
052
0053
0054
0055
noseé
PLEN]

0058
0059
3062
2061
2062
0063
2064
0065
Conb
L Q067

——
L% I

ZINC CHLORIDE SOLUTIONS

DVIMENSTON XM(37),WT(137)

DDUBLF CRECISINN 4CH(24) yO1FXM, DELTAL XML, DMREF,DIREF, ANEXPT(24),
-ﬂl.xl()I).xH,DFL1A.VY.xx.zz.SI.GAHHAZ.GAHHAI.GAHAZI.
tGAHAl\.AnEYA.AAA.%BB.CCC.VYL,XKL.IZL'AK.DvHTvYYR'XXR'ZlRoX"R

XI(J) IS INNIC STRENGTH

READ(L,4) (X1(J),1=1,36)

FORMAT (6E9.2)

AMEXPT(K) IS EXPERIMENTAL CONCENTRATION OF SOLUTION IN MOLE PER KG
READ(146) (\MOX2T(K) ,K=l,24)

FORMAT (6E]L Y.4)

WT(K) IS CYPERIMENTAL CONCENTRATINON 0OF SOLUTION IN WEIGHT
READIL,2)(WT(K) Kx]l,2%) '
FORMAT(6FT.S)

AK I35 ASSOCIATIIN CONSTANT
AK=4,5
N0 AJ=1,35

ST=DSART(XI(J))
GAMMA2=(-1.2308S1/(1.041.,48095%S1))+0.30%XI(J)
SAMMAL=( ). 5115%ST/(1.0+1.3144%51))<).055«X](J)
GAMA21 21D .0D0* ¢ AMNA? .
GAMAL1=10.00)se34vMA"
ABETA=(GAMA21 ¢¢3) /(GAMALL3%2)

AAA= 2, SAK®ASETA
030=h.~(2,3X[(J)1%AKE\JETY)

CCL=4,.%X1(J)

DELTA=BBB*32+4,4ANACCC
YY= (=3B3¢DSQRT(IFLTA)) /(2. €AAA)

XX 2YY/(2. v (YYSAKSADFTA))

11 =YY=(2.9XY)

XMEJ) 1S CONCENTRATION [N MOLE PER KG (CORRESPOND TO IONIC STRENGTH)
XMIJ)=xX+?7 4
CONTINUE
N9 .7 K=1,24

ACUIK) IS THFE ACCURALY OF CONCENTRATION
ACU(K) =)L 710D, $AMEXPT (K)

)N 12J=1,36
L=+l

TFOAMEXPT(K).LT.XM(J) .ORLAMEXPTI(K).GT.XMIL)) GO TO 12
OMREF=XM(L)-XM(J)

DIREF=XT (L) =XT())

DIEXMTANIXOT(K) XM(J)

OELTAI=N[REF¢N]EXM/DURFF
FI=XT(JYDELTAL -

50 TO !5 ' -

CONTIMUE
SI=NSQART(F1) .
SAMMA2=(-1.0230%ST/(1.0+1.48095%S1))+0.30*F1
TAMMAL=( ).5116%51/(1.0+1,3144¢51))-).N55%F]

SAMA21=1),50 % 5ANNA2
GAMALL=10.0N0*+GANNAL
ABETA=(GANA21%%3)/(GAMALL®*2)

AAA=2  *AX*ARETA

3BR=6,~(2.%FI ¥AK*ABET)

CCC=64L¥F[

YYL,XXLyZZL ARE CONCENTRATIONS OF IONIC SPECIES IN MOLE PER KG
YYL=(=RR3+4N30PT(ABD**2+ (4, «AAA¥CLC))) /(2. %AAR)
XXL=YYL/ (2. v (YYL®AKSABETA) )

Zil=YYL (2,€XXL) .

XML IS STOICHINYETRIC CONCENTRATION OF ZINC CHLORIDE IN MOLE PER KG
XML=XXL+2 2L

IFIXMLLLTLAMOXPT(K)) DIFXM=AMEXOT(K) XML
IF(XML.GT LAMEXPT(K)) DIFXM=XML-AMEXPT(K)
TFINDIFXM.LF.ACU(K)) GND TN 16 .
DELTA!=0IREF*N]FYM/DMREF
TF(XNML.GT.AMEXPT(K))F1=F 1 -NELTAL
IFOXMLULLT.AMEXPT(K))IFI=FI+NFELTAL

G0 TO 15 .

D 1S THE NCNSITY OF SOLUTION |

N=.997J04%4+ .)0923(TEEWT (K)
YYR=(YYL*D) /() .+rYYL*D.13K28)
XXR=(XXL#*))/(1.¢XXL*0D.13427)
TIP=(2ZL*)) /(1. +22L*0.13428)

XMR=2TR+XXR

WRITE(I,1T)IYYR,XXR,Z7R,XMR

FORMAT (29X, 4(5X,016.8))

CONTINUE

sTOP

END



APPENDIX H

THE FINAL CONDUCTANCE EQUATION BY LEE AND WHEATON

A detailed equations used in programme (1) and (2) for calcu-
lations in the analysis by the Lee and Wheaton equation are givne here.
Some corrections have been made as outlined in Appendix (E). These

are equations (120) - (137) in the reference 6.

At this stage it is useful to define some new functions; let

u,.(z,-w,_— z,0))

= T ST 120
= ) (120)
and let
mo = 3 & nf'z)v'—' z; 3 &im
i=1 i=1
nﬁ')) = Z éjl(zl+zj) ns") = ij Zl c/:zlz
i=1 i=
: L oulz;—z))
) = 3 &,z ne =y 2L o (121)
- lgl e ! i=1 (0+w))
also let
0 =3 ugz and 0=73 uzl (122)
i=1 i=1
1 = F{e/6nn. (123)

Assembling and rearranging all of the relaxation and electrophoretic terms we
finally obtain



Jor the New model

2= 17{1+Z; Z byiDY f.,xC[AIT(f)(ﬂK)+B£(!)(ﬂk)z+C5(')(ﬂx)’]}—

=2 v=]
'(z;'i"l’))g + VIO()(Br) + VO (1)(Br)? + T131/6) (124)
where t = xR and
| AN =TIVC () CUn) = TIEVC, (1) (125)

BI(1) = {TINC, (1) +NP[C,y (1) + Cs (D] +T1C, (1) + G2(1)} (126)
For the New model;

B (1+(1+4g3))2)
Crplt) = 3(14+g)(1+0(1+g)t+q,1%/2) (127)
B (Tr{(2+4¢})1}+D)
Cap(0) = 61+ 0 (1 +qit+q,1)2) (128)
3 QIn (3/(2+4}))
R (RPN R TRy -0
| o 4 i, 2(1+ad)
CanlD) = _24(1+x)2(1+qu+q,,ﬂ/2){(1—q )’"(3/(2+ ))+3(2+—*)} (130)
. - ! 1)t i1t +_
(1—g») Tr {(1+g})}/9,—g,(1 +1+12/2) Tr {qit} +
(1+q30) Tr {1}/g,] (131)
B (3+43) Tr{(3+4})1} o
Cr.r) = T 18(1+ 1)’ (1 +g}1+9,1%)2) (132)
GI(1) = (1/12) }: el z (1,752, ) (@7 — 0, x1)Ce, pil1) (133)

=1 (0 +w,)
[sec below, egn (1.72)]

1
C6,p,l(’) =

(00T s e T alre g @+ et —ah-
[9,(1—g)—(1—g})atqt — 1)/2)1}gdql — (1 +gtt+qu?/2)(1 - g}) x
Tr {(1+g})1)/q,+ (1 +qtt+q,172)(1 +q30) Tr{1}/q,+
(g} — gD+ 1+122) Tr {(gf +g3)1}/9.9,+
(1 +1+1212){g2(1 = g)() +git+q,1%2) - |

g2(1 4030} Tr {g}1)/g,9,] (134)

Ry z 7 Z 1.00{2,Cy (N2—;T1C,y (N} =
iz, Q{Tr{

)Z

where s { 3 } 3 *),1 ).

L _f (=g, (1-gp) Tr{(1+g;) +g;)(1-9g,)
Cs"’(’)e{—‘ 2q, Tr{}+ 2q, (1+q},t+q,t’/2) 6g}

[8(2—q,,)~—5qf,—3q‘,},]r/24} (136)

226 Tr {31}

200 +1)?*

v = - (137)

}+1 (2/3)} —-Q?/6)(1+1) (135) |

96



As mentioned in Section 4.2.2, Chapter 4, the programme was

written in the way the terms were grouped and combined as outlined

above. The Aj term was was expressed in QBKL) series as shown in

equation (124). The advantage of such expression is to minimise the

"rounding off" of the numerical value involved in the calculations.

The omitted terms suggested by Wheaton ( 3) correspond to CE (t)and

V?z)(t) terms in equation (124) given by equations (125), (132) and

(137).
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