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APPENDIX 1

DERIVATION OF Xi
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Equilibrium processes of a linear dimer and a polymer

are shown in eqs(A1.1) and (A1.2)-(A1.4) respectively.

X1 +
X *
X, +
2
Xi+1+

es e N

X s

t]

(A1.1)

(A1.2)

(A1.3)

(A1.4)

The above equations can be alternatively expressed in terms of

the equilibrium constants as follow.

or

<
|

2

K1X1
I\XZX1 = KlK
KX3X1 = KlK
K*(l_,IX1 = KlK

2 i
(Kl/K )(KX1)

(A1.5)
(A1.6)

(41.7)

(A1.8)

(A1.9)



Definition :

= X.

i=2 .

XZ, XB’ Xl‘.’ .....fl‘om

1

o
X
2

(power series formular

oo
Then = X.
5 1
i=2
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APPENDIX 2

oo
DERIVATION OF = Xi
F=2

X (A2.1)

> + X3 - X4 B et Sla e

appendix 1 were inserted into eq(A2.1).
(K, X2) 4 (K, KXD )+ (K, K2 )+
17 N i < el

K

1f,2.2 3,3 b 4
EE[ XS +KOXD 4K x1+...]
Kir2 3 4
——[Y o +..J (wlisre TKX. )
Ke- s
K
—:LYZ[’I + X5 Y2+...]
>
K
3 .
: S T = 1+ Y4+ YT +aaee = 1/(1=1))
i=0
K1Y2/K2(1-Y) (A2.2)
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APPENDIX 3

Qo
DERIVATION OF > (1)X,
i=2
oo
Definition : == (i)X, = 2Xy + 3Xp 4 MX +eee.. (43.1)
= i - %

From appendices 1 and 2

i

il 3 3 2 i
EE; (1)xi 2(K1X1)+3(K1KX1)+4(K1K x1)+ .....

By i
_2(K2xf)+3(x3x3)+4(x4x3>+..J

|
ol

272 + 370 4 uy" +..]

¢

=~

I
ol

- o0 i (0.0 2
2 XY 5 ™= (o]
- i=0 i0

=~

00 5
(power series formular : S (i)Y = Y/(1-Y)2)

i=0
Then
- (1)X, = Elza o (A3.2)
é;% B K°  (1-1)° 4
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APPENDIX 4

THE CONVERSION OF CH+ TO XH+

The mole fraction of acetate ion can be evaluated by

eq(AL.1).
01 e
XA— = A
(1OOODA,C-6O.OSCA)/18 # 20+ + 0 4 = n;
(AL.1)
Assign (1ooonA C-6o.o5cA)/18 + 204+ = P (A4.2)
=
and n + n. = (AL.3)
% i=1 - g
then X\ - = CA-/(B # g) & cH+/(p * g) (AL.4)
Definition of the mole fraction.
n, = xc(p + g) (AL.5)
n, = x1(p + g) (A4.6)
n, = xz(p + g) (AL.7)
N, = xa§p # g) (AL4,8)
Substitution of n_, nyy n,yyeeen , in eq(AL4.3) leads to
[0 0)
g = (Xc+ X1+ éE% Xi)(P + g)
o0
(xc+ X,+ ;;% xi)p
% —— (ALk.9)
[0 o]
T = (xc+ X, * ;E% Xi)

2 ' 2. per®
= = = K d e (A2-2) Of
From X1_ Y/K and XC ch1’ then Xc hCY /K, and eq

appendix 2, then eq(Ak4.9) can be written.
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(KCY2(1-Y)+KY(1-Y)+K1Y2)p

(A4.10)

Ka(1—Y)—(KCY2(1-Y)+KY(1-Y)+K1Y2)

L 2 CO

(K Y’-(X +K_ )Y +(K-K“)Y+K“)C_+/

el 64 (ak.11)
K=(1-Y)

(K Y2-(K +K.)Y°+(K-K°)Y+K2)C, +/

< Bl /P (Ak.12)

K2 (1-Y)
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APPENDIX 5

THE CONVERSION OF THE CONCENTRATION SCALES

- 3 (A5.1)
(10001)HCl C/CHCl-36.l+6)/18 %1
1
As T (A5.2)
(100/ (%w/w)-1)60.05/18 + 1
%w/w)D
L = A,C (A5.3)
6.005
1
AS = (A50L|')
(1000D, ./C,-60.05)/18 + 1
APPENDIX 6

CALCULATION OF THE FRACTION OF PROTONS

3X
FEAY ] Te 7 et (46.1)

2= Xpey

2 - 2X

f(HZO) B (46.2)

£(ut) -2 (46.3)
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APPENDIX 7

CONDUCTIVITY FORMULAES

Ksolution cell constant/R(co Hz) (A7.1)

iy = Ksolution- KHZO (A7.2)
1OOOKB

Ng = . (A7.3)
CB

For agqueous acetic acid

(o]
2 = Anoac’ mone (4%%4)
Cyt = o0, (47.5)
XH+S = ociXAS (A7.6)

Correction of the measured solution resistance

R(ooHz) = BR(BKHZQ-R(1KHZ) (A7.7)

Kohlrausch's equation

(o} 0 (o] o
Nioac = Anc1 * Miaoac™ Anace (47.8)

R(1KHz), R(3KHz) and R(co Hz) are the resistance of electrolytic

solution at the frequency of 1KHz, 3KHz and oo Hz respectively.
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APPENDIX 8

FORTRAN IV PROGRAM FOR CALCULATING THE EQUILIBRIUM CONSTANT SET

BY THE LEAST SQUARES FIT METHOD OF THE PROTON NMR CHEMICAL SHIFTS

The variables used in the expressions for calculating the

equilibrium constant set are denoted by the following symbols.

Variables FORTRAN symbols
X, X1
X Xc2
(o]

X, XL(I)

X~ XAM
%X, PXL1
%X - PXC2
%X PXL(I)
)
/aXGTL+ PXGT4
%XA- PXAM
ﬁcalcd CCAL
gobed COBS
£(5") FH
f(HZO) FW
f(E) FE
£11) FI
£(C) FC
cH+/p o RATIO




(continued)
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Variables

FORTRAN symbols

6(E)
6(1)
6(c)

AK
AKL
AKC
XAS
CE
CI

CcC

SD

The computer programs used in the least squares fit for

determining the equilibrium constants and the mole fractions

of various species are next shown as programs I and II respec=-

tively;



10
20
30
4o
50
60
70
80

130

PROGRAM I

MAIN PROGRAM
DETERMINATION OF THE EQUILIBRIUM CONSTANTS
REAL*8 CCAL,COBS,FH,FW,FE,FI,FC,SUMSQ,Y,FUN,C,SD
DIMENSION CCAL(10),C0BS(10),FH(10),FW(10)
COMMON /CONST/AK,AKL,AKC

COMMON /RAXAM/RATIO(10),XAS(10),M

COMMON /FUNCT/X(4),FX(4)

DOUBLE PRECISION X,FX,RATIO,XAS,AK,AKL,AKC,CE,CI,CC
DATA ICE,ICI,ICC/x*** 2% 3%/
READ(1,10)(COBS(M1),M1=1,10)
FORMAT(10D8.4)

READ(1,20)(XAS(M2),M2=1,10)

FORMAT(10D8.4)

READ(1,30) (RATIO(M3),M3=1,8)
FORMAT(8D10.4)

READ(1,40) (RATIO(MA) ,ML=9,10)
FORMAT(2D10.4)

READ(1,50) (Fw(M5),M5=1,10)

FORMAT(10D8.4)

READ(1,60)(FH(M6),M6=1,8)

FORMAT(8D10.4)

READ(1,70) (FH(M7),M7=9,10)

FORMAT(2D10.4)

READ(1,80) CW,CH

FORMAT(2D8.4)

DO 90 K =#*x* xxx% *x

DO 100 KL=#**x% xxs%x %%

DO 110 KC=wwkx  xxkx kx

AK =K =0,1

AKL=KL*0.1

AKC=KC#0.1

*‘CE=ICE*0.01

CI=ICI*0.01

CC=ICC*0.01

SUMSQ=0

DO 120 M=1,10

CALL ROOT

DO 130 L=1,4

Y=X(L)

FUN=FX(L)

IF(Y.GE.AK.OR.Y.LE.0.OR.Y.EQ.1.) GOTO 130
IF(FUN.GE.1.D-5.0R.FUN.LE.-1.D-5) GOTO 130
C=2. *AKC*Y *Y+AK*Y+AKL*Y*Y(2.-Y)/(1.-Y) **2
*+2, *AK*AK* (1. -XAS(M) )+ (AKC*Y*Y *Y- (AKC+AKL) *Y *Y
*+(AK+AK*AK) »Y+AK*AK) /(1.-Y) *RATIO(M)
FE=(AK*Y+AKL*Y*Y/(1.-Y))/C
FI=AKL*Y*Y/(1.-Y)*»2)/C

FC=2.*AKC*Y*Y/C
CCAL(M)=FE*CE+FI*CI+FC*CC+FH(M)*CH+FE(M) *CW
GOTO 140 :

CONTINUE
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GOTO 110
140 SUMSQ=SUMSQ+(COBS(M)=CCAL(M) ) «»2

© 120 CONTINUE

SD=DSQRT(SUMSQ)/3.
IF(SD.GT.#+#+*%x) GOTO 110
WRITE(3,150) CE,CI,CC,AK,AKL,AKC,SD
150 FORMAT(10X,'CE =',F5.2,5X,'CI =',F5.2,5X,'CC =',F6.2,
«5X,'AK =',F6.1,5X,'AKL =',F7.1,5X, 'AKC =',F7.1,
«5X,'SD =',D17.10)
110 CONTINUE
100 CONTINUE
90 CONTINUE
STOP
END



10
20

100
200
300

1000

10

99

SUBPROGRAM
SUBROUTINE ROOT

DIMENSION COEFF(5),A(5),B(5)

COMMON /CONST/AK,AKL,AKC

COMMON /RAXAM/RATIO(10),XAS(10),M

COMMON /FUNCT/X(4),FX(4)

DOUBLE PRECISION COEFF,A,B,X,FX,RATIO,XAS
DOUBLE PRECISION DFX,XNEW,D,AK,AKL,AKC
D=(XAS(M)-2.+(XAS(M)+1.)*RATIO(M))=AKC
COEFF(1)=1.
COEFF(2)=((4.xAKC+AKL-AK)-2.*AKC*XAS(M)
+((AK-2.xAKC-AKL)«XAS(M)
+(AK-2.«AKC-AKL) ) «RATIO(H))/D
COEFF(3)=(2.%(AK-AKC-AKL)+(AKC+AKL+AK*AK) *XAS(M)
+( (AKC+AKL-2. «AK-AK+AK) +XAS (M)
+{AKC+AKL-2. #AK-AK=AK) )*RATIO(M)/D
COEFF(4)=-(2.+AKxAK« XAS(M)+AK=-((2.*AK+ AK+AK) *XAS(M)
+(2.%AK+ AK+AK ) *RATIO(M))/D
coEFF(5)=((XAs(M)-(XAs(M)+1.).RATIO(M).AK*AK)/D
N=

DO 1000 J=1,3

N1=N-1

X(J)=0.

DO 100 JJ=1,1000

CALL SYDIV(COEFF,A,N,X(J))

FX(J)=A(N+1)

CALL SYDIV(A,B,N1,X(J))

DFX=B(N1+1)

IF(FX(J))10,300,10

IF(DFX)20,200,20

XNEW=X(J)-FX(J)/DFX

IF(XNEW-X(J))100, 300,100

X(J)=XNEW

X(J)=0.

CALL SYDIV(COEFF,COEFF,N,X(J))

N=N-1

CONTINUE

X(4)=-COBFF(2)/COEFF(1)

FX(4)COEFF(1) *X(4)+COEFF(2)

RETURN

END

SUBPROGRAM
SUBROUTINE SYDIV(A,B,N,XX)
DIMENSION A(5),B(5)

DOUBLE PRECISION A,B,XX
B(1)=A(1)

DO 10 II=1,N
B(II+1)=A(II+1)+B(II) XX
RETURN

END



10
20
30
ko
50
60
70
80

100

PROGRAM II

MAIN PROGRAM

REAL*8 XL1,XC2,XL,XAM,XMA,FH,FW,FE,FI,FC,Y,FUN,C
REAL*8 PXL1,PXC2,PXL,PXAM,PXGT4

REAL+«8 ccAL,COBS,CE,CI,CC

DIMENSION FH(10),Fw(10),FE(10),FI(10),FC(10)
DIMENSION XL1(10),Xc2(10),XL(10,10),XAM(10),XMA(10)
DIMENSION PXL1(10),PXC2(10),PXL(10,10),PXAM(10),PXGT4(10)
DIMENSION CCAL(10),COBS(10) ’
COMMON /CONST/AK,AKL,AKC

COMMON /RAXAM/RATIO(10),XAS(10),M

COMMON /FUNCT/X(4),FX(4)

DOUBLE PRECISION X,FX,RATIO,XAS,AK,AKL,AXC,CE,CI,CC
DATA CW,CH/4.70,408.02/

DATA CE,CI,CC/5.02,7.17,14.77/

READ(1,10) (COBS(M1),M1=1,10)

FORMAT(10D8.4)
READ(1,20)(XAS(M2),M2=1,10)
FORMAT(10D8.4)

READ(1,30) (RATIO(M3),M3=1,8)
FORMAT(8D10.4)

READ(1,40) (RATIO(MA4) ,M4=9,10)
FORMAT(2D10.4)

READ(1,50) (FW(M5),M5=1,10)
FORMAT(10D8.4)
READ(1,60) (FH(M6) ,M6=1,8)
FORMAT(8D10.4)

READ(1,70) (FH(M?),M7=9,10)
FORMAT(2D10.4)

READ(1,80)AK, AKL, AKC

FORMAT(3F10.1)

DO 90 M=1,10

CALL ROOT

DO 100 L=1,%4

¥=X(L)

FUN=FX(L)

IF(Y.GE.AK.OR.Y.LE.0.OR.Y.EQ.1.) GOTO 100
IF(FUN.GE.1.D-5.0R.FUN.LE.-1.D-5) GOTO 100

C=2. % AKC* Y* Y+ AK* Y+AKL* Y ¥* (2.-Y)/(1.-Y)**2
*+2. AK* AK* (1.-XAS(M) ) +(AKC#* ¥» ¥» Y= (AKC+AKL) * Y+ Y
*+(AK+AK* AK ) * Y+AK* AK)/(1.-Y)*RATIO(M)
FE(M)=(AK*Y+AKL*¥*Y/(1.-Y))/C
FI(M)=(AKL*Y*Y/(1.-Y)**2)/C

FC(M)=2.*AKC*Y*Y/C
CCAL(M):FE(M)*CE+FI(M)*CI+FC(M)*CC+FH(M)*CH+FW(M)*Cw
XL1(M)=Y/AK

XC2(M)=AKC*XL1(M)**2
XAM(M)=(AKC*Y*Y#Y—(AKC+AKL)*Y*Y+(AK-AK*AK)*Y+AK*AK)
*++*RATIO(M)/(AK*AK* (1.-Y))



Tl

XMA(M)=XL1(M)+XC2(M)+(AKL+Y Y+ (AKC *Y *Y #Y= (AKC+AKL) # T *Y
#+(AK-AK#AK) *Y+AK #AK ) *RATIO(M) ) /(AK #AK *(1.-Y))
PXL1(M)=XL1(M) *100. /XMA(M)

PXC2(M)=XC2(M) %100, /XMA(M)

PXAM(M)=XAM(M) *100./XMA (M)

DO 110 N=2,10

XL(N,M)=(AKL/AK **2) # (AK *XL1(M) ) **N

PXL(N,M)=XL(N,M) *100./XMA (M)

110 CONTINUE
PXGT4(M)=100.-(PXL1(M)+PXC2(M)+PXL(2,M)+PXL(3,M)
*+PXL(4,M)+PXAM(M))

GOTO 90

100 CONTINUE

90 CONTINUE
WRITE(3,120)(xC2(N2),N2=1,10), (XL1(N1),N1=1,10),
*((XL(N3,N4),N4=1,10),N3=2, 10) (XAM(NN),NN=1,10),
*(XMA(NE) N5=1 10) (FH(N6) N6= 1 10), (FW(N?) N7 $:.90),
*(FE(N8), N8 =1, 10) (FI(N9) N9=1,10), (FC(N10) N10= 1 10)
*(PXCZ(N12) N12 1,10), (PXL1(N11) N11=1,10),
*((PXL(N13, N14) N14_1 10),N13=2, 10) (PXAM(N15) N15=1,10),
*(PXGTA(N16) N16 1 10)

120 FORMAT(27X, 'XAS(1)',3X 'XAS(2)',3X, 'XAS(3)',3X, 'XAS(4),
*3X, 'XAS(E)',BX 'XAS(G)',BX 'XAS(?)',BX 'XAS(8)', 'XAS(9)",
*3X, 'xas(10)',///,15X,'XC2  =',3X,10¥9.5,//,

*15X,'XL1 = =',3X,10F9.5,//,15X,'XL.2  =',3X,10F9.5,//,
*15X, 'XL3 =',3X,10F9.5,//,15X,'XL4 ='43X,10F9.5,//,
*15X, 'XL5 =',3X,10F9.5,//,15X,'XL6 ='13X11OF9059//1
*15X,'XL? =',3X,10¥9.5,//,15X,'X1.8 =',3X,10¥9.5,//,
*15X,'XL9  =',3X,10F9.5,//,15X,'XL10 =',3X,10F9.5,//,

*15X1'XAM =',3X,10F9-5,//,15X,'XMA =',3X,10F9Y5,///,
*15X, 'FH =t 5X 10D S/ IO Y IV =' 53X, 1099.5,/7,
*15X,'FE =':3Xy1OF9059//715X"FI =',3X,1OF9.5,//,
*15Xs'FC =',3X,1OF9.5,///,

*5X,'PXc2 =',3X,10¥9.5,//,15X,'PXL1 =',3X,10F9.5,//,

*15X, 'PXL2 =',3X,10¥9.5,//,15X,'PXL3 =',3X,10F9.5,//,

“15X, 'PXIA =',3X,1009.5,//, 15X, "BXL5 =*,3X,10¥9.5,//,

*15X, 'PXL6 =',3X,10F9.5,//,15X,'PXL?7? =',3X,10F9.5,//,

«15X, 'PX18 =',3X,1089.5,//,15X, 'PXL9 =',3X,10F9.5,//,

*15X, 'PXL10 =',3X,10¥9.5,//,15X,'PXAM =',3X,10F9.5,//,

*15X, 'PXGT4 =',3X,10F9.5)

WRITE(3,130)(COBS(N100),N100=1,10), (CCAL(N200),N200=1,10)
130 FORMAT(///,15X,'COBS =',3X,10F9.5,//,

*15X, '"CCAL =',3X,10F9.5)

STOP

END

i
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SUBPROGRAM
SUBROUTINE ROOT

DIMENSION COEFF(5),A(5),B(5)

COMMON /CONST/AK,AKL,AKC

COMMON /RAXAM/RATIO(10),XAS(10),M

COMMON /FUNCT/X(4),FX(4)

DOUBLE PRECISION COEFF,A,B,X,FX,RATIO,XAS
DOUBLE PRECISION DFX,XNEW,D,AK,AKL,AKC
D=(XAS(M)-2.+(XAS(M)+1.)*RATIO(M))=*AKC
COEFF(1)=1.
COEFF(2)=((4.xAKC+AKL-AK)-2.*AKC*XAS (M)
+((AK-2.%AKC-AKL)*XAS(M)

+(AK-2.+AKC-AKL) ) «RATIO(M))/D
COEFF(3)=(2.«(AK-AKC~ AKL)+(AKC+AKL+AK*AK)*XAS(M)
+( (AKC+AKL-2. »AK-AK%AK) «XAS (M)
+(AKC+AKL-2.#AK-AK*AK) )*RATIO(M)/D
COEFF(4)=-(2.xAKxAK%« XAS(M)+AK=-( (2. AK*AK+AK ) *XAS(M)
+(2.xAKx AK+AK) «RATIO(M))/D
COEFF(5)=((XAS(M)-(XAS(M)+1.)*RATIO(M)*AK*AK)/D
N=4

DO 1000 J=1,3

N1=N-1 '

X(J)=0.

DO 100 JJ=1,1000

CALL SYDIV(COEFF,A,N,X(J))

FX(J)=A(N+1)

CALL SYDIV(A,B,N1,X(J))

DFX=B(N1+1)

IF(FX(J))10,300,10

IF(DFX)20, 200,20

XNEW=X(J)-FX(J)/DFX
IF(XNEW-X(J))100,300,100

X(J)=XNEW

X(J)=0.

CALL SYDIV(COEFF,COEFF,N,X(J))

N=N-1

CONTINUE

X(4)=-COEFF(2)/COEFF(1)
FX(4)COEFF(1)*X(4)+COEFF(2)

RETURN

END

SUBPROGRAM
SUBROUTINE SYDIV(A,B,N,XX)
DIMENSION A(5),B(5)

DOUBLE PRECISION A,B,XX
B(1)=A(1)

DO 10 II=1,N
B(II+1)=A(II+1)+B(II)=*XX
RETURN

END
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