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QUASI IDEAL S Y S T E M S

U* P R I N T  IOC*
IF<IO<L). LE. 4.AND. I D ( K l . E Q * 6 l  GO T 0 2 2  
C ALL G O L D E N I P I U , . C , 3 3 3 . , . 1 t 
P R I N T  1 0 3 , P H I  
CALL FI T  
R E T U R N

N E G A T I V E  S Y S T E M S

2f 0 0 2 1 J * 2 , 3
Pt J I — 1000,

21 S T E P I J I * 1 0 0 .
P R I N T  101

22 0 0 2 3 J * 1 ,2
2 3  H I J , J » * 2  

I F ( | D I L I . E Q . 4 »  G 0 T 0 2 5  
Ml 4,2 1 * 2  
Q P I 3 I - Q P I 2 I  
QP(2I * 1 .
QPI4I - 1 *
I F H 0 I L l . E Q . 3 l  QPt 2 * 1 1 *2.
IFI I 0 I L U E Q . 6 )  QPI 2 * 1 1 *3.
D 0 2 4 J * 1 *3,2

2 4  Q P ( J t = Q P <  Jl-UPt J M  >
NP =2 
GO TO 50

2 5  MI L ,L ) =3
Q ° I 2 * L - l ) =QP(LI-3,
Q P I 3 * K - 2 » - Q P t K t - 1 .
Q P (2 * L I *2.



o 
o 
o

y P ( 2 * L * 1 1 =1.
OP ( 3 * K - 1 1 -!•
M l K+?» 2 I *2 
M( 5 . K + U * 3  
N P -3 
GO TO 50

P O S I T I V E  S Y S T E M S

30 IFt I O U I .  LE. 51 R E T U R N  
P R I N T  102
M(LtL)-3 
M ( L  + 2,L + H * 2  
OP I3*K-2I*QP(K 1 
O P ( t l - O P I L I - ? .
QP (L+l I =1*
QPIL+2I*1«

31 NP =2
PI 2 1 * - 3 0 0 0 *
STEP 12 I *100*
G 0 T 0 5 C

50 CALL PATERNUtNP,P,STEP» 
CALL OUTPUT 
CALL FIT 
RETURN 
END

SUBROUTINE NEWTONtNOtNR »A,XI,ETAt 
COMMON /F/QPI61
DIMENSION At 6 I»B(6,71.DAI 6 » ,ETA|6,6»,XIt61 

q *. **************************************



S O L U T I O N  OF E Q U A T I O N  ( I 1-74 I 
BV N E W T O N - R A P H S O N  M E T H O D

1 D H 3 I = N O » N R  
S U M * . 0  
D 0 2 J * N 0 , N R
I F (1« EQ .J ) G O T 02 
B O ,  J » - ETA (I * JI*A(I»
SUM* SUM *E T A ( I • JI * A ( J)

2 C O N T I N U E
B ( 1 .11 = 2. * A U  U S U M

3 B< I tNR+U-(QP< It *XI < It t/2.-A( It*( A( I t+SUMt 
C A L L  GU A S S I  N O . N R , D A . B )
D 0 4 l * N 0 * N R

4 A U  l»A(I t + D A U  t 
D 0 5 I * N O . N R
I F (A B SID AI II I• GT.O. 0 9 C O 1 1 G0T01

5 C O N T I N U E  
R E T U R N  
END

S U B R O U T I N E  A Z E O  
L O G I C A L  LV 
REAL MW
C O M M O N  L V < 5 » . 1 * J , N Q , C ( 7 , 2 t , C L , M W t 2 >  » P C M 2 t » R , T B M 2 l , 4 C I 2 t , R A T I O  
C O M M O N  /A /AN A M I  8 t , A R E F ( 9 I . T P E X P . W T 1 E X P
C O M M O N  / B / N , Z ( 5 C I , E Z < 5 0 I , U I 5 C I . X I 5 0 I , Y <  50 t , P H  501. T P < ( 501 
C O M M O N  / D / V P C O P R I 5 C , 2 ) . V O L t 5 0 , 2 » , U ( 5 0 , 2 » , S O L P I 53.2 I 
C O M M O N  / F / Q P ( 6 | « 1 0 1 2 1 , M ( 6 , 6 t . S I 2 I / G / T U 1.TBH .T BL 
D I M E N S I O N  C J M I 7 . 3 ) , P ( 4 I  ,STEP(4t
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o
DATA XAZE0,C JM/, 5,25. ,3*2 5. ,2* K  . ,2*40. ,3* 15., 2*20. ,2*5,, 3*4. ,

12*3. /
50 FORMAT( *D ' ,•AZEOTROPIC PREDICT I O N ',4X XAZEO TPAZEO TBL 

1 TBH* I
51 FORMAT! *0*,•EXPERIMENTAL VALUES ' ,F10.4,F10.1,2F1C'*1)
52 FORMAT!*0*,'KIREEV EQUATION*,5X,F1D.4 ,FID.1>
53 FORMAT!*0* t'GZO CORRELATION*,5X,F10.4,fID.11
54 FORMAT!*0*,'JM CORRELATION*,15X,F10.II
ft*******************************

*
AZEOTROPIC PREDICTION *

I - N + 1
P H I  1-760,
DO 13-1,2

1 T B K ! J I - C ( 2 , J ) / ( C ( 1 , J ) - A L O G i O ( P 1(III I— C( 3* J 1*273, 16 
T B L * A M I N l <T B K ! 1 1 ,TBK(2 tI
T B H * A M A X 1 ( T B K ! 1 ) , T B K (2 t \
I F (. N O T . L V ( 5 ) I G 0T 02 
T P E X P - T P E  XP +27  3. 16
X l E X P - l . / l l . + M N t 1 I / M H I 2 l * ( 1 . / W T 1 E X P - 1 . )  )
X A Z E O - X I E  XP
P R I N T  5 1 , X I E X P , T P E X P  »T B L , T B H  

K I R E E V  E Q U A T I O N

2 Y ( I» 5 
K 3 1
IF! ID! U . L T . 1 D ( 2 U  K=2 
L = 3-K
XI-TBH*,0 1 
X2-TBH+1C.
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T P 0= TB H+5.
I F ( 1 D ( U . L F . 6 . A N D . I D ( K ) .  EQ.OJ G0T03 
XI *T B L - A O ,
X 2 = T B L - . f 1 
T P 0*TB L- 5*

3
A C A L L  G O L D E N t T P A Z E O t X l . X 2 . . 0 1 I

I F (T P A Z E O . G E . <T B L - . 0 5 » . A N D . T P A Z E O . L E . ( T 8 H + . 0 5 » >  G0 T0 6 
X A Z E O = l . / ( l . * S Q R T I R A T I O * A L O G < P I (  I » / V P C O R R U  »1 H / A L O G I  P 11 11/VPCO RR I 

11,21 M l  
X ( M - X A Z E O
i f (a b s i v u i -x a z e o i.l t. :.c:n g o t o?
Y ( I » « X A Z E 0  
G O T O  A

5 P R I N T  5 2 , X A Z E O . T P A Z E O

G I L H O N T - Z U D K E V I T C H - O T H H E R  C O R R E L A T I O N

NQ» 6 
P I 1 1 - T P 0  
PI 21*•5 
STEP 1 1 ) *• 05 
S T 6 P I 2 I - . 0 5
C AL L  P A T E R N I 3 » 2 » P * S T E P l
I F ( P I U . G E . ( T B L - , 0 5 I . A N D . P ( 1 ». LE. (TBH+. 05 It G O T 0 2 0  
I F I P I2 I. LE.C. O l . O R . P I 2 t .GE.0.99 1 G0T023 
P R I N T  5 3 , P ( 2 > , P ( l t

J Q H N S O N - R A D O N I S  C O R R E L A T I O N

20 I F U 0 m . L E . 5 l  G0 T 0 3 C 
IF ( I D( K I. GE. BI G O T C 2 5  
IF ( I D ( L ) , e e .  4, OR. ID I L I. EG. 5 » G 0 T 0 3 0
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C 2 = 3*5
f 1 «C JMI IDI LI ,11
G 0 T 0 2 7

25 IF( ID( U . E Q .  l.OP. ID<L). GE.81 G 0 T O 3 3  
C 1 = C J H I 10 C L I ,21 
C2 * C  JM( I D I U  ,31 

2 7 T P A Z E 0 * T B L - ( C l - A 8 S ( T B K ( 1 1 - T B K I 2 1 U / C 2  
I F ( T P A Z E O * G E . T B L I  R E T U R N  
P R I N T  5 * , T P A Z E O  

30 R E T U R N  
E ND

NJO
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APPENDIX C
NOMENCLATURE

A,a Helmholtz free energy

A ,B van Lear constant*

A 12,A12,A12 exchange energy (cal/pair, cal/cc, cal/g mole)

a,b van der Waals constants

BiJ second vlrlal coefficient

bpi branching parameter

cohesive energy density

Di dielectric constant

dpi degree of polarity

FiJ Ij field factor

G,g Gibbs free energy

H,h enthalpy

Xi ionization energy

K equilibrium constant

k Boltzmann constant

112
geometric mean deviation factor

MPi multiplication factor

MU molecular weight

N i number of molecules

Nij number of nearest neighbor ij molecular pairs

No Avogadro'a number

nl nimbar of moles

n carbon number

P1 nonidea1 pure component vapor pressure



parsehor

partial preasure 

pure component vapor preasure 

adjusted vapor pressure 

number of external contacts 

effective volume 

gas constant 

molar refractivity 

correlation coefficient 

number of sites occupied 

intermolecular distance 

entropy

absolute temperature (*K) 

temperature (SC) 

energy 

volume

weighting factor

liquid phase mole fraction 

liquid phase weight fraction 

vapor phase mole fraction 

effective volumetric fraction 

coordination number 

compressibility factor



Greek Symbols

or symmetry factor

Qf̂  polarisablllty

Y4 liquid phase activity coefficient

A boiling point difference

A azeotroplc depression or elevation

6^ solubility parameter

IJ potential energy (cal/pair) 

association constant 

» exp (-A4j/2kT) 
nonpolar solubility parameter 

dipole moment 

ff total pressure

liquid density

equilibrium intermolecular distance 

polar solubility parameter 

volumetric fraction 

vapor phase fugacity coefficient 

¥^2 negative residue

uî  acentric factor
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APPENDIX D 

DATA COMPILATIONS 

Appendix D contains the supporting data for the models offered 

In chapter V. The correlating expression taken throughout was equa­

tion (V-5). The tables list for each entry the identity of the binary 

mixture, a reference number, the number of experimental points along

with the best fit and predicted parameter(s) and corresponding values
2r . The nomenclature common to these tables is given below:

A12 best fit value of

A12(£ST) estimated value of A ^

L12 best fit value of 1 ^

L12(EST) estimated value of 1 ^

N number of experimental points

QRAT10 average effective volume ratio

RATIO best fit symmetry factor

R2 correlation coefficient squared

REF reference nunfoer

VRAT10 average value of v^/v2



TABLE ( 1 )

TEST OF NONPOLAR CORRELATION USING CRATIO
SYSTEM REF N RATIO R2 CRATIO R2 VRAT10 R2

HEXANE!ll-DIOXANE121 1 11 1*540 0*9840 1*621 0*9577 1*564 0*9817

HEPTANEIIl-DIOXANE!21 2 12 1*848 0.9719 1*840 0.9718 1*737 0*9426

OCTANE!1I-D13XANEI21 9 8 2*117 0.9557 2*064 0.9495 1*913 0*8696
NON AN El D-OIOXANE! 2) A 7 2*498 0.9725 2*290 0*9010 2*091 0*7066
DIOX'NEI1»-BENZENE(21 5 5 0*895 0*8331 0*928 0*7587 0*959 0.5947

PENTANEI11-BENZENE!21 6 10 1.227 0*9751 1*287 0.9087 1*321 0*8220

BENZENE!1 1-HEXANE I21 7 1* 0.672 0.9974 0*673 0.9974 0*674 0.9972

HEXANE!11-BENZENE 12) 8 12 1*429 0*9549 1*493 0*9148 1*489 0*9191

HEXANE!ll-BENZENE(2) 9 11 1*435 0*9203 1*492 0*8926 1*489 0*8961

HEXANE!1)-BENZENE(2) 1C 9 1*454 0*9657 1.493 0.9482 1*490 0.9513

BENZENE(1)-HEPTANE(21 11 8 0*589 0.9801 0.588 0.9804 0*603 0*9608



SYSTEM REF N RATIC
BENZENE!1)-HEPTANE!2) 12 20 0.595
BENZENE!11-HEPTANE!2) 13 16 C.590
BENZENE!!l-HEPTANEl 2) 14 9 0.552
BENZENE!1>-HEP TAN El2) 15 9 0. 556
BENZENE!1)-HEPTANE!21 16 10 0.590
BENZENE!11-HEPTANE! 2) 17 e 0.609
BENZ EMEU)-OCTANE (2) 18 8 0.532
24DM PENTANEIll-BENZENE!21 19 20 1*609
223TN BUTANE! ll-BENZENE!21 20 17 1.568
BENZENE!1)-ISOOCTANE!2) 2: 24 0.590
CYCLOPENTANE! ll-BENZENE!21 22 32 1.227
M CYCLOPENTANE!1I-BENZEN£(2I 23 33 1.401
M CYCLOPENTANE!ll-BENZENE!2) 24 15 1.376

R2
0.9931
0.9949
0.9832
0.9867
0.9951
0.9650
0.7535
0.9961
0.9883
0.9868
0.9615
0.9938
0.9686

CRATIO R2
0.588 0.9896
0.588 0.9939
0.591 0.9114
0.590 0.931B
0.589 0.9949
0.588 0.9299
0.525 0.7417
1.566 0.9864
1.496 0.9592
0.586 0.9862
1.311 0.8087
1.390 0.9925

1.390 0.9663

V A A T I O R2
0.603 0.9683
0.603 0.9844
0.605 0.8568
0.604 0.8771
0.603 0.9847
0.603 0.9628
0.548 0.6881
1.693 0.9549
1.648 0.9475
0.537 0.7914
1.081 0.6169
1.273 0.8362
1.273 0.8569



SYSTEM REF H RATIC
BENZENE!1 l-N CYCL0HEXANE12) 25 23 0.662
BENZENE!1 l-H CYCLOHEXANE12» 26 28 0.613
BENZENE!1l-CYCLOHEXANE( 2 ) 27 11 0.681
BENZENE!1 )-CVCLOHEXANE!2 > 28 20 0.679
BENZENE!1 )-CYCLOHEXANE!2> 29 7 0.678
BENZENEill-CVCLOHEXANEl21 30 7 0.680
BENZENE!1 l-CYCLOHEXANE121 31 9 0.665
BENZENE!1 l-CYCLOHEXANE!21 32 10 0.658
BENZENE!11-CY CLOHEXANE121 33 23 0.667
HEXANE!1)-TOLUENE!21 36 9 1.262
HEXANE!11-TOLUENE!21 35 10 1.182
HEXANE!11-TOLUENE!21 36 9 1.216
HEXANE 111-TOL UENE12 1 37 25 1.156

R2
0.8218
0.9702
0.9827
0.9710
0.9606
0.9616
0.9663
0.9776
0.8879
0.9656
0.9703
0.9790
0.9830

CRATIO R2
0.633 0.8172
0.633 0.9670
0.677 0.9819
0.677 0.9709
0.678 0.9606
0.677 0.9612
0.677 0.9385
0.678 0.9606
0.677 0.8832
1.176 0.8769
1.189 0.9693
1.167 0.9219
1.188 0.9680

VRAT 10 R2
0.701 0.6756
0.701 0.6568
0.820 0.5002
0.820 G.6969
0.821 0.6866
0.821 0.6989
0.820 0.6693
0.822 0.6235
0.820 0.2770
1.268 0.9633
1.266 0.8133
1.239 0.9581
1.262 0.6980



SYSTEM REF N RATIC
HEPTANE!ll-TOLUEYE!21 38 19 1.354
HEPTANE!1I-T0LUENE12) 39 22 1.354
HEPTANE!LI-T3LUBIEI21 40 9 1.352
HEPTANE!1>-T01UENE12» 41 17 1.347
TOLUENE!11-OCTANE 12) 42 12 0.637
TOLUENE!1 l-OCTANEI 21 43 16 0.644
ISOOCTANE! D-TOLUENE! 21 44 9 1.365
ISOOCTANEI11-TOLUENE!21 45 16 1.262
ISOOCTANEI11-TOLUENE!2) 46 11 1.302
M CYCLOPENTANE(11-TOLUENE 1 21 47 25 1.122
M CYCLQHEXANEI11-TOLUENE 121 48 19 1.273
N CYCLOHEXANE!11-TOLUENE(2) 49 13 1.280
M CYCLQHEXANEIll-TOLUENEi2) 50 16 1.285

R2 
0,9738 

0.98 36 
0.9936 
0.9993 
0.9592 
0.9567 
0.9759 
0.9430 
0.9323 
0.9706 
0.9777 
0.8462 
0.8895

CRATIO R2
1.354 0.9741
1.354 0.9824
1.354 0.9938
1.354 0.9981
0.660 0.9254
0.660 0.9368
1.356 0.9748
1.357 0.7512
1.357 0.8842
1.105 0.9603
1*253 0.9700
1.252 0.6296
1.250 0.8677

VRATIO R2
1.407 0.9288
1.407 0.9389
1.407 0.9496
1.407 0.9402
0.647 0.95 30
0.647 0.9554
1.576 0.4226
1.578 Q.O
1.578 0.0
1.0 77 0.9153
1.205 0.894C
1.204 0.7369
1.202 0.7734



SVSTEN REF N RATIC
M CYCLQHEXANEI11-TOLUENE*2» 51 13 1*202
CYCLQHEXANEI1)-TOLUENE(21 52 11 1*178
HEPTANE(1l-E BENZENE!2t 53 9 1*186
HEPTANE!1 l-E BENZENE!2 1 56 0 1*186
OCTANE!1I-E BENZENE 121 55 10 1*296
OCTANE!ll-E BENZENE!2 I 56 9 1*301
OCTANE!ll-E BENZENE!21 57 9 1.327
OCTANE!ll-E BENZENE(21 50 9 1*312
C CL6!1)-HEXANE 12) 59 10 0.773
C CL6I1I-22DIN BUTANE!2) 60 10 0*873
C CL6!1l-CYCLOHEXANE!2I 61 16 0.786
C CL611 l-BENZENE! 21 62 16 1.221
C CL6!1l-BENZENE!21 63 18 1*187

R2 CRATIO
0*8667 1.252
0*6010 1.173
0*9711 1.181
0*9706 1*156
0*8739 1*321
0*8597 1.315
0*8689 1*306
0.6956 1*298
0*9702 0.796
0*7823 0.B61
0.9771 0*802
0*9653 1*185
0.9577 1*186

R2 VRAT 10
0*0299 1*206
0.6055 1*031
0.9751 1.236
0.9537 1.208
0*8508 1*350
0*8572 1*352
0*8625 1*363
0*6921 1.336
0.9635 0.730
0*7676 0.719
0.9663 0.891
0*9136 1*086
0.9577 1.007

R 2

0.7370
0*0606
0.0067
0.957C
0*7010
0*0006
0*0651
0*6067
0.0106
0*0
0*2562
0*6356
0.5737



SY b U M REF N RATIO

C L M  1 >-B£NZr^E(2) 64 1< i. las

CL4( l)-0ENZ6Ne« 2) 65 11 1, 18u

C L 4 ( 1 1-0EN2ENE(2 I 66 12 1* 165

R2 QRATIU R2 VRATIO R2

9048 1. 186 0,9846 1,087 0,5874

9022 1. 185 0,9009 1,086 0,5382

7427 1. 185 0.713* 1,086 0,4556



t a b l e  !2»

TEST OF N O N P O L A R  C O R R E L A T I O N  U S I N G  112

s y s t e m REF N L 12 R2 L 12 !E S T ) R2

H E X A N E ! 1 1 - D I O X A N E 121 1 11 - 0*001 0 * 9 8 2 4 0 . 0 0 8 0 . 9 5 0 3

H E n T A K t l  1 >-OICIXANE(2l 2 12 0*010 0 . 9 8 0 8 o.olo 0 * 9 8 0 8

O C T A N E ! 1 ) - O I O x A n E I 2 I 3 8 0 . 0 1 5 0 . 9 7 7 1 0 . 0 1 1 0 . 9 T P 9

N O N A N E ! l » - O I O X A N E ( 2 » A 7 0*021 0 * 9 9 1 3 0 . 0 1 3 0 . 9 4 8 0

0 l O X A N E ( 1 t-BE NZENE I 21 5 5 0 * 0 0 3 0 . 8 4 7 1 0 . 0 2 0 0*0

P E N T A N E d  | - B E N 2E n E ! 2 » 6 10 - O . O l O 0 . 9 8 0 5 - 0 . 0 0 5 0 . 9 4 1 1

b e n 2 e N e U * - h e x a n e < 2 » 7 14 0.000 O . 9 9 7 5 - 0 . 0 0 2 0 . 9 8 3 9

H E X A N E !  H - B E N Z E N E ( 2 I 8 12 - 0 . 0 0 4 0 * 9 6 0 0 - 0 . 0 0 2 0 . 9 5 2 8

H E x A N ^ I I l - B E N Z E N E ( 2 1 9 11 - 0 . 0 0 3 0 . 9 1 5 C - 0 . 0 0 2 0 . 9 1 4 0

H E X A N E * l » - B E N Z E N E ( 2 I 10 9 - 0 . 0 0 3 -. 9 7 0 1 - 0 . 0 0 2 0 . 9 6 9 9

B E N Z E N E ( I I-HEPTANEt 2» 11 8 0 . 0 0 2 0 . 9 8 1 0 - 0 . 0 0 1 0 . 9 ^ 5



SYSTEM REF

BENZENE( 1 1-HEPTANE I 21 12

RFNZENF(1l-HEPTANE! 21 13

BENZENE! 1 J-HEPT*NE(2 J 14

BENZENE( 1 t-HEPTANEl2> 15

BENZENE m - H E P T A N E ( 2 » 16

BENZENE(1l-HEPTANE ( 2 I 17

BENZENE*1 l-OCTANE(21 16

24DM PENTANEC1I-BENZENE12) 19

223TM B u t A n E H l- B E N ZE NE(2l 20

BENZENE! 1 t-I SOOCTANE^2l 21

CYCLOPENTANE(lt-BENZENE(2» 22

M CYCLOPENTANE!11-BENZENE<2> 23

M CYCLOPENTANE(l»-8ENZENE(2» 24

N

23

IB

9

9

13

e
a

20
17

24

32

33

15

3*001 0.9941

0.002 0.9926

0.009 0.9931

0.007 0.9651

0.002 0.9967

0.000 0.9636

3.002 0. 76 H

0.006 0.9964

•0.005 0.9872

■o«oio 0.9813

0.010 0.9808

0.007 0.9973

0.006 0.9837

-O.OOl 0.9 90 9

-0.001 0*9768

-0.001 0.9380

-0.301 0.8578

-0*001 0.9757

-0.001 0.9635

0.001 0.7449

-O.OlO 0.9727

-0.013 0.9196

-0.011 0.9767

0.013 0.9300

0.005 0.9749

0.005 0.9739



S Y S T E M REF

b e n z e n e ( 1 )~M C Y C L O H E x A N E (21 25

B E N Z E N E U » - M C y C L 0 H E X A N E ( 2 I 26

B E N Z E N E ( l t - C Y C L O H E X A N E I 21 27

B E N Z E N E < 1 »-Cy C l O H E x ANE(2I 28

B E N Z E N E < U - C y C L O H E X A N E ( 2 » 29

B E N Z E N E  < H - C  Y C L O H E X A N E  (21 30

B E N Z E N E ( 1 J - C Y C L O H E X A N E (21 31

B E N Z E N E  a  I - C Y C L O H E x A n E(2I 32

B E N Z E N E (1 l - C Y C L O H E X A N E (2) 33

H E x A N E ( Il-T OLUENE ( 2 } 34

H E X A N E ( 1 » - T O l u E n E(2I 35

H E X 4 N E ( 1 I - t O L U E N E < 2 » 36

H E x A N E ( 1 » - T O L U E N E < 2 ) 37

N

23

28

11

20

7

7

9

1?

23

9

10

9

25

9.006 0.8556

0*010 0*9832

0.012 0.9792

9.013 0.9937

0*013 0.9880

0.013 0.9887

0.015 0.9737

0.017 0.9981

0.015 0*9492

0.001 0.9448

0.007 0,9800

■0.002 0*9807

0.009 0.9708

0.006 0.8540

O.C06 0.9334

0*013 0*9680

0.013 0*9921

0.013 0.9879

0.013 0*9865

0.013 0.9704

0.013 0.9765

0.013 0.9*51

-0.002 0.9372

-0.002 0.9071

-0.002 0.9803

-0.002 0*8275



SYSTEM REF
h e p t a n e tii-t o l u e n e i2i 38
HEPTANEd t-TOLUENEU» 39
HEPTANE*11-TOLUENE*2» 60
h e p t a n e *i »-t o l u e n e (21 61
TOLUENEtl»-OCTANE<2 t 62
t o l u e n e*i »-o c t a n e *2» 63
1SOOCTANE(l)-TOLUENE(2) 66
ISOOCTAn E*11-TOLUEn E(2) 65

ISOOCTANE*11-TOLUENE*21 66
N CYCLOPENTANE*1l-TOLUENE*21 67
M CYCLOHExAn E*1)-TOLUENE(21 68
M CYCLOHEXANE*U-T0LUENE*2» 69
M CYCLOHEXANE*II-T0LUENE(2» 50

N
19
22

9
17
12

16
9

1 6

11

25
19
13
16

L 12 

-0,003 
-0,003 
-0.003 
-0.006 

0 .0 0 1  

0.000 

-0.015 
- 0.022 
-0.019 
0,003 
0.003 
0.005 
0.006

*2

0.9696
0,9806
0.9906
0.9980
0,9616
0.9556

0,9671
0.8950
0.8665
0.9703
0.9752
0.8675
0.8956

L 1 2 1 E S T  t

- o . o o i

- 0 .0 0 1

-0.001

- 0*001
0.001

o .o o i

- 0*011

- 0 .0 1 1

-O.oil

0*005
0.006
0.096

0.006

R 2

0*9636
0.9535
0*9638
0.9579

0.9609
0.9516
0*9336
0.2976
0.6239
0*9563

0.9372
0.8570
0.8853
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SYSTEH REF

H CYCLOHEXANEtU-T0LUENEt2l 51

C y C i o H E x A N F f 1 t - T O L U E N E t2) 52

HEPTANE( 1 l-E BEN*ENE(2I 53

H E P T A N E ( l l - E  BENZENE!2) 54

OCt An E * ll-E BENZENE(2 t 55

OCTANE!ll-E BENZENE(2) 56

OCTANEt1 1-E BENZENE(21 57

OCTANE!1»-E BENZENE!2 t 50

C CL4( 1 1-HEx An E (2► 59

C CLA(1»-22DIM BUTANe (21 60

C CLM1>-CYC10HEXANE(2I 61

C CL4I H-BEn z E n E ( 2  ) 62

C CL4lil-BENZENE(2l 63

N

13

11

9

6

18

9

9

9

18

16

16

l6

18

L 12 R 2 L12CESTI P 2

3*005 0.8680 0*006 0.8577

0.009 0*6873 0.013 0.5610

0*004 0.9734 -0 . 0 0 1 0.9103

0*002 0.9796 -0*001 0.9697

0*003 0* 056B 0 . 0 0 1 0*7305

0 *0 0 2 0.8498 0*001 0*7574

0 *001 0*8480 o*coi 0 . 8 30 8

0 *0 0 1 0.6907 o.ooi 0*6635

0*004 0.9638 -0.008 0.7846

0 *0 1 8 0.8325 -0.317 0.8282

0*004 0.9583 0-008 0*0

0.005 0.9707 0*004 9.9526

0*003 C« 97j9 0.0Q4 0.9627
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SYSTEH REF N

c C I M  1 l-8FNZENE(2» 64 1C

c C L M l 1-BENZENE(21 65 11

c C L M 1 »-BEnzEnE(2 ) 66 12

L12 R2 L12(ESTI R2
0* 003 0.9744 0*004 0*9583
0*003 0*9211 0.004 0*9015
0*003 0*7739 0*004 0* 7049
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TABLE (3 I
TEST OF Q U A S I - I D E A L  S Y S T E M  C O R R E L A T I O N

S Y S T E M REF N A12 R A T I O R1 A 1 2 ( EST 1 QRATI3 R2

H E P T A N E ! 1 1 - P Y R I O I N E I 2 I 67 13 958.7 1.101 0 . 9 9 6 10 5 3 . 5 1.357 0 . 9 8 7

H E P T A N E U  1-PYR I CINE! 21 68 13 950.0 1. 126 0 . 9 9 8 1106.0 1.350 0 . 9 8 8

O C T A N E ! 1) - P Y R I D I N E ! 21 69 17 12 C 6 . 4 1.564 0 . 9 9 3 1 0 7 5 . 2 1.523 0 . 9 8 3

O C T A N E f 11 - P Y R I D I N E ( 2 1 70 13 11 26 *4 1.437 0 . 9 9 9 1198.2 1.514 0 * 9 9 8

O C T A N E ! 1) - P Y R I D I N E ! 2) 71 11 1158.1 1.547 0 . 9 9 7 11 2 0 . 0 1.520 0 . 9 9 7

N O N A N E ! 11 - P Y R I D I N E ! 21 72 13 1340.1 1.900 0 . 9 7 6 1 1 1 0 . 3 1.686 0 . 9 5 9

n o n A n ^ i 11 - P Y R l D l N E ! 21 73 15 1106.5 1.515 0 . 9 9 6 1 2 9 5 . 7 1.680 0 . 9 8 8

N O N A N E ! 11 - P Y R I D I N E ! 21 74 12 1386.5 1.981 0 . 9 9 7 1 2 0 2 . 5 1.683 0 . 9 8 8

D E C A N E ! 11 - P Y R I D I N E ! 21 75 11 829.2 I. 389 0.992 11 3 6 . 0 1.849 0 . 9 5 6

P E N T A N E ! 1 i-AC ET C N E ! 21 76 10 879,7 0. 8*57 C * 99° 8R0.2 C. 890 C. 996

HE X A N E ( l ) “ A C E T O N E (21 77 8 10l5, i < \ 9 36 0.995 1 1 7 9 . j 1.035 0 . 9 7 9

2 23



SYSTEM RFF N A12
ACtTUNEI1 I-HEXANEI2I 78 14 94 6. r

ACETONE!11-HEXANE* 2) 79 13 1026.7

ACETONE!1 1-I SOPENTANE(21 8C 17 IOC 9.2

23 OM 8 UTANE! U-ACETONEm 81 11 850.4

ACETONE!11-23 DM BUTANE*21 82 7 1146.7

ISOOCTANE!11-ACETONE* 21 83 11 101C.4

I S D O C T A N E U  l-ACETONE! 21 84 11 920.9

ISOOCTANEI1 l-ACETONE!21 85 9 1098.8

ISOOCTANE!ll-ACETONE! 21 86 12 1466.7

CYCLOHEXANE! 1 l-AC ETONE! 21 87 23 1247. 1

CS2I11-ACETONE! 21 R8 13 792.6

CS2Ill-ACETONE! 21 80 34 839.9

CS2!ll-ACETONE! 21 90 13 Be4.2

R A T I O

0. 9 84
1. 087 

1. 102 
0.957 

1* 259 

1.2 79 

1.1^6 

1.458 

1.686 
1.401 

0.699 

0. 694 

C. 655

R 1 
0.997 

0.996 

0.997 

0.996 
0.992 

0.995 

0.985 

0.990 

0.979 

C. 994 

0.997 

0.998 

0.997

12IEST I 

929.2
913.5 

954. 8 

871. 3
931.5 

1141.7 

1077.0

1094.4
1126.5 

953. 5 

816. 3 

825.0 

817.9

Q RAT IO

0.968

0.968

1. 180

0.936 

L.068 
1.191

1. 185 

1.187 
1.169 

1.026 

0. 706 
C. 707 

0.706

R2 
0.997 

0.988 

0.987 

0.994 

C. 978 

0.954 

0.963 

0.942 

0.958 

0.975 

C. 996 
0.998 

0.986

*t
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SVSTEK REF N A 12

C S211 |-ACETJNE< 21 91 9 766.5

A C E T 0 N M 1 ) - C  CL 6 < 2 > 92 27 817.6

ACETONE 11 l-C CL6(2I 93 26 796.7

ACETONF(l»-C CL 6 (21 «6 16 756.5

ACET0n E(1I-C C l 612) 95 12 720.9

A C E T O N E m - C  CL612I 96 16 717.2

ACETONE 111-8ENZ ENE ( 2 1 97 11 369.2

ACET0NE11I-BENZEn E(2I 98 10 610.3

ACETONEfll-BENZENE<2» 99 12 698.2

HEM11-HEPTANE1 21 100 16 787.9

CYCL0HEXANE11 I-MfK( 2 \ 101 10 636.8

CYCLQHEXANEI1 l - * F * ( 2 > 1' 2 21 7C9.C
C CL6 (1 l - M E K 1 2 | If 3 12 333.3

RATIO

0.959 

1.719

1.630

1.520

1. 565 

1.677 

1.655 

1.628 

1.729 

0. 992 

0. 676 

C • 921 

0.55P

R 1 
3.997 

C.99*

0.996 

0.995 

0.997 

C. 989 

0.995 

0.957 

C, 990 

0.996 

0, 997 

3. 995 

0.995

12(EST 1 

836.0 

70 3. 6 

688. 6 
662. 6 
687,2 

662.8

385.6

366.6 

366. 3 

780*8 

699. 1 

698.5 

361.8

QRATIO

0.737 

1.650

1.656

1. 660

1.656 

1.660 

1.635

1.663

1.663 

1. 023 

0.853 

0.853 

0*571

R2 

0.960 

C. 985 

0.991 
G, 986

0.995

0*985

0.990

0.955

0.981
0.992

0.987

0.996

C.99C
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SYSTEM KEF N A12

C C L 4 < 1 l-MEK(2l 104 12 319.

Ethyl fthfrii»-cs2i21 105 9 561.

M ACETATE!1 (-CYCLOHExAnE(21 106 14 878.

HEPTANE!1 »-£ThYL 8JTYkaTE*2) 107 17 43C.

e t h y l  a c e t a t e ! n - c  C L 4 m 109 23 319.

M ACETATE!1 !-BENZENE(2) 109 11 5C7,

M ACETATE!l!-BENZENE(21 110 11 462.

M ACETATE! 1 t-CHLOROFORH!2» 111 15 -479.

C H L O R D F O R M m - E  ACETATE 121 112 18 -361,

CHLOROFORM!11-HEXANE*2) 113 9 291.

CHLOROFORM!1 l-HEXANE!2) 114 9 2 86.

CHLOROFORM! D- H E X A N E !  21 115 0 278,

CHLOROFORM!1 |-HEXAN£(21 116 9 273.

8
9

5

8
0

5

8
3

5

2

9

3

2

RATIO 
C*60l 

1.636 

1. 166 

0. 792 

1.562

1.366

1.366 

1.652 

0.571 

0.726 

0.715 

0.689
0.66J

Rl
C* 997

0.997 

G. 997 

G* 958 

0.987 

0.988 

0.989 

0.996 

0.999 
0.997

0*996 

C. 996 
0.995

2IESTI
326.3

653.2

726.8

386.4
630.5

505.0
676.1 

-522.7 

-372.3
265.0

252.3

260.9 

267. 1

QRATIO 

0.570 

1.320 

0.979 

C, 777 

1.760 

1.650 

1.666 
1.369 

0.620 
0.7i? 

0.717 

0.718 

0.719

R2
0.995

0.986

0.982

0.946

0*954

0.982

0.985

0*989

0.996

0.965

0.978

0*992

0.992
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SYSTEM RFF N A 12

CH L O R O F O R M  11-2 3 DM 3UTANE(2t 111 9 280.

23 DM BUT ANFIU-CHLOROFORMt 2 » lie 9 397.

12 X L  E T H A N E U  »-HEPTANE(2» 119 13 652.

1 2 X L  ETHANE* U - Z 4 D *  PENTAn E( 21120 13 741.

CYCLOHEXANE*11-12 OCL ETHANE*21121 7 7C9.

c c l m i i - 1 2  DCi ethane* 2 * 122 10 57B.

HEXANE*1I-CL b e n z e n e * 21 123 17 4l 6.

E IOOIOE*1»-HEPTANe *2t 124 16 446.

E lODlOE*1|-HEPTANE(2 1 125 14 445*

24 DM PENTAn E * U - E  Iq D106 ( 21 126 11 914.

E IODIDE*1»-BEN2ENE*2 1 127 12 239.

E l30*DE*1*-C CL^l2 1 128 14 255.

HEPTANE*!|-3U&«*2» 129 12 261.

7

0

6
e
5

4

5

6
3

2

3

5

4

RATIO R1 A 12* EST 1 QRATIO R2

0.702 0.991 253.4 0.792 0.978

1.510 0.99C 320.4 1 . 2 6 2 C.981

0.5B6 0.997 674.9 0.659 0.992

C . 6C8 0, 999 694.6 3.713 0.985

1.064 0.999 845.7 1.323 C. 988

0.973 0.978 487. 3 0.883 0.962

1. H I 0.995 454.6 1.173 0.916

0.570 0.983 464.3 0.562 0.981

0.621 0.992 482.4 0*560 0.979

1.672 0.993 836.4 1.644 0.987

1.015 C. 990 277.9 0.952 C.950

0.887 0.997 272. 7 C* 964 0.992

1.099 0.993 183.0 1.206 0.843

227



SYSTEM REF N A 12 RATIO R 2 A12(EST) QRATIO R2

DBr NETHa NE(1)-HEPTANE(2I 130 13 632. 3 0.501 0. 998 644.5 0.520 0.997

DBA METHANE(11-24 DM PENTANE12)131 13 822.3 0.498 0. 997 702.8 0. 566 0.955
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SYSTEM 

METHANOL! lt-C C L M 2 I  

METHANOL!1J-C C U < 2 ) 

METHANOL!ll-C C L 4 (2 I 

«ETHANOL{ ll-c C L M 2 I 

C CL4! 1 1-ETHANOLt 2)

C CL4<1»-ETHAN0L(2»

C CL4(1 l-PROPANOL(2»

C CL4iI)-PR0PAN0l ( 21 

PRO PANOL ( ll-C CL4<2 I 

C CL4U»-ISOPROPANOL(2( 

C Ct4tll-ISOPROPANOLI 2\

TABLE (4»

TEST OF p o s i t i v e  s y s t e m

REF N A 12

132 9 1573. 5

133 37 1623.0

134 6 1658. 6
135 9 160 2 . 6

136 13 93 3. 1

137 14 949. 6

138 9 826. 1

139 11 81 7.1

14C 20 1 73 7. 6

141 15 83 3.5

142 9 831.0

CORRELATION

RATIO R2 A 121e s t i QRATIO R2

1.438 0.991 1587.7 1.265 0.975

1. 338 3.994 1551.6 1.265 0.992

1.381 0.990 1554.4 I. 265 0.988

1.408 0.993 1554.4 1.265 0.988

0.570 0.994 1062.7 0, 599 0.972

0.599 0.996 1092.8 0 . 600 0.968

0.596 0,996 837.8 0.608 0.995

0. 542 3. 996 845.9 0. 60 7 0.993

2.0 73 0.99C 1533.6 1.656 0. 968

3.590 0. 996 849.3 0. 643 Q.991

0.583 0.991 849.5 0.643 «.985
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SYSTEM REf N A12

I$OPROPANOL<11-C CL4<2) 143 33 990.

C CL4* 1 l-5<JTAN0L<2» 144 31 815*

METHANOL*1I-HEXANE*2I 145 9 148 7.

M g T H A N O u  11 -hexane *2 » 146 7 14? 6.

MEtH A N O U  1I-HEPTANe <2I 147 7 1 5 0 U

METHANOL*n-lS0PENTANE(2> 148 15 1510.

2 3 D* BUTANE(l»-METHAN0L(2t 149 17 13&3.

HEXANE*1»-ETHAN0L*2» 15C 17 1316.

ethanol*i>-hexane(2 » 151 16 1627.

ETHANOL(iJ~HFPt 4n E (21 152 1C 153 3.

ETHANOL* U-HFPTANE* 21 153 15 1442.

ETHANOL*1 t-HEPTANE(2 > 154 12 156 3.

ethanol*it-heptane*2 ) 155 17 156 7.

7

0

8
3

9

7

2
9

0
8
2

2
5

RATIO 

I. 146 

0*603 

1.022 
0.968 

0*937 

1.229

0.893 

1.044 

1.354

1. 285 

1.342 

1. 340 

1* 137

R2

3.985 

0.991 

0.990 

3.988 
0.993

0.993

3.986

3.986 

3, 990 

0.991 

3. 991 

3.995 

3.992

121E$T» 

1320.9 

7«5.2

1451.5

1442.3

1423.6

1482.5

1301.3

1109.5 

1485.8

1408.4 

14C8.* 

148C . 3 

1 527* B

QRATiO 

1.555 

0. 560 

1.0 U  

1 .0 1 0

0.884

1. 240

0. 896 

752

1. 329 

I. 171 

1. 171 

1. 168 
1* 165

R2 

0.969 

0.966 

0. 990 

0. 986 

0.992 

0,992

0.982

0.966

3. 985 

0. 990 

0. 9 03

*. 9 9 : 

0.990
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SYSTEM 

ETHANOL(11-HEPTANE(2I 

ETHANOL (1 I -HEPTANE(2 I 

ETHANOL*11-HEPTANE (21 

ETHANOL*l*-DECANE*2I 

ETHANOL*l»-t$OOCTANE*2I 

ETHANOL*11- ISOOCTANE(21 

ETHANOL*ll-M CYCLOPENTAN 

ETHANOL(11-M CYCLOHEXANE 

ETHANOL(ll-M CYCLOHEXANE 

ETHANOL *11-* CYCLOHEXANE 

ETHANOL(ll-M CYCLOHEXANE 

EThANOL*ll-M CYCLOHEXANE 

ETHANOL*ll-M CYCLOHEXANE

REF N A12

156 19 159 3.8

157 18 1386. 8

158 17 118 5.2

159 13 1 375. 5

160 13 1499. 5

161 10 1443.9

E * 2 1 162 13 1725.7

( 2 1 163 19 1312.2

(21 164 8 1584.4

*21 165 19 1566.8

(2 ) 166 19 1471.6

(2 ) 167 19 153 3.3

(21 166 8 1 534, 9

RATIO 

1*117 

1# 057 

0.819

0.924 

1.155 

1.267 

1.500

1. 248

1.373 

1.426

1.373 

1.381 

1.379

k :

0.991 

0.991 

0, 979 

981 

0.990

3.990

2.991

3.995

3.993 

0.990

3.993

3.996

3.992

12* E ST I

1529.6

1497.6

1436.6 

1542.1 

1453.C

1359.6

1547.7 

1344.4 

1524.9 

1430*9 

1362.6 

1393.3 

1450. 7

QRATIO 

1. 164 

I. 167 

1.17C

0.854 

1.161 

1.164

1.*2* 

1.249

1.248

1.248

1.249 

1. 248 

1.248

R2 

0.987 

0. 990 

0.954 

C, 955 

0.989 

0.989 

0.987 

0.995 

0. 991 

0,967 

'i.991 

2.994 

0.990
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SYSTEM REF N A 12

CYCLOHEXANE <11-ETHANOL * 21 169 19 1057.

CYCLOHEXANE1U - E T H A N O L ! 2» 170 19 108%.

CYCLOHEXANE!1»-6THA n OL<21 171 9 1115.

ETHANOL!1 )-CYCLOHEXANE<2 » 172 32 179 5.

C YCLOHExANE11 »-ETHANOL! 2) 173 19 1057.

PROPANOL!1)-HEPTANE! 21 176 9 1168.

HEPTANE( 1 l-PROPANOL!21 175 21 1169.

PROPANOL!It-H CYCLOHEXANE(2 I 176 11 1681.

CYCLOHEXANE!1)-PROPANOL(2! 177 16 96 9.

CYCLOHEXANE*1»-PROPANOL!2» 178 10 976.

CYCLOHEXANE!11-PROPANOL!2» 179 19 1 0 10.

CYCLOHE x A nE!1»-PPOPANOL! 21 isc 15 961.

I SOPROPANOL! U-|SOOCTANE(2l 181 12 1176*

8
1

2

2

1
9

0

5

2

5

5

5

0

RATIO

0.722

0.698

0.696
1.563 

0.616 

1*061 
1.060 

1.360 

0*623 

0* 629 

0. 696 

0.578 
1.163

R2

0.993

3.996 

0*988 

0.990 

0*988 

3.992 
3*962 

0.996

3.997 
0*993 

0*995 

0. 996 
0,999

121ESTI

1013.2

1036.6

1050.0
1566.9

1066.5

1266.9
1099.5

1263.9

980.0
966.0

955.1

1001.6 
1192.7

QRATIO

0,762

0.763

0. 766 

1.338 

0* 766

1. 167 
O . 8 7O

1.235 

0.755 

0.^56 
0.757 

Ci. 756 

1.082

R2 

0. 990 

3.989 

0.981 

0* 985 

0*980 

0. 990 

0.976 

0. 981 

0.990 

3.983 
0.987

0.990

0.996
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SYSTEM REF N A12

ISOPROPAMOKll-M CYCLOHEXANE*21182 15 162 9. 1

CYCLOHEXANE UI-lSOPROPANOL< 2» 183 11 975.9

CYCLOHEXANE(I»- i s o p r o p a n o l (2 I 186 12 97 9. 7

CYCLOHEXANE(ll-ISOPROPANOLt2 » 185 16 961.0

E CYCLOHEXANE11»-ISOPROPANOL121186 20 1155.9

OECANEl1 t-BUTANOL(2) 187 19 1129.6

N CYCLOHEXANEI1I-BUTANOLC2) 188 11 913.8

CYCLOHEXANE m - B U 7 A N O H  2 » 189 9 85 5. 1

CYCLOHE x A n E (1)-BUTANOL t 2) 190 9 868. 3

CYCLOHEXANEl11-BUTANO l (2» 191 9 855.0

RATIO 

1.393 

0.617 

0.766 

0.706 

0. 752 

0.823 

0. 860

0.796

0.706

0,663

R2

0.992

0*992

0.99C

0.996

0.979

0.975

0.987

0*981

0.986

0.980

12IESTI

1197.9

958.7 

958*6

955.3 

1165.2 

1332. 1

909.3 
800*7 

869.6

902.8

QRATIO 

t. 165 
0.801 

0. 801 

0.8C1 

0.966 

1.096 

0.765 
0.700

0.699

0.698

R 2 

C. 986 

0.980 

rt* 987

C. 991 

0.962 

0*966 

0.985 

0.976

0.986

0.977
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The source of each binary system, referenced In tables (1) through 

(4), is listed In the following pages. Much of this dat i is avail- 

able from the compilation provided by Hala at al. Where the entry 

PAGE NO is given as the source, it refers to the page number in the 

book:

Hala, E., I. Wichterle, J. Polak, and T. Boublik, Vapour 
Liquid Equilibrium at Normal Pressures. New York:
Pergamon Press, 1968.

The year the data was originally published is also listed. Vapor 

liquid equilibrium data that appeared in the literature before June, 

1965, has been collected and placed in a general bibliography by Hala 

4l. The source entry INDEX NO refers to this numbered biblio­

graphy :

Hala, E., J. Pick, V. Fried, and 0. Vilim, Vapour Liquid
Equilibrium. New York: Pergamon Press, 1967, p. 531.

Again the year of publication is given. The entry JCHED means the

Journal of Chemical and Engineering Data. Where it is used the

volume number, year, and page number are stated in that order. The

term author refers to experimental data.



2 3 5

REF

1 - 4 JCHED 12 (1967), 555

5 INDEX NO 2327 (1943)

6 INDEX NO 1579 (1955)

7 INDEX NO 965 (1963)

8 PACE NO 344 (1963)

9 PAGE NO 345 (1933)

10,11 INDEX NO 1579 (1955)

12 INDEX NO 2160 (1950)

13 PAGE NO 308 (1960)

14,15 IK) EX NO 1631 (1959)

16 PAGE NO 307 (1952)

17,18 INDEX NO 661 (1952)

19 PAGE NO 385 (1944)

20 PAGE NO 384 (1946)

21 INDEX NO 2160 (1950)

22,23 IK) EX NO 1580 (1956)

24 PAGE NO 341 (1943)

25 INDEX NO 2160 (1950)

26 INDEX NO 1580 (1956)

27 PAGE NO 313 (1954)

28 INDEX NO 2160 (1950)

29 PAGE NO 311 (1939)

30 PAGE NO 312 (1939)

31 INDEX NO 2339 (1951)
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REF SOURCE

32 PAGE NO 205
33 INDEX NO 1898
34-36 INDEX NO 1579
37 INDEX NO 2160
38 PAGE NO 382
39 PAGE NO 380

60 PAGE NO 381
41 PAGE NO 383
42 PAGE NO 363

43 INDEX NO 542
44 JCHED 13 (1968), 161

45 PAGE NO 403
46 PAGE NO 406

47 INDEX NO 1580

48 PAGE NO 372

49 INDEX NO 2510
50 PAGE NO 374

51 PAGK NO 375
52 INDEX NO 535

53,54 INDEX NO 1579

55 PAGE NO 394
56 PAGE NO 395
57 PAGE NO 396

58 PAGE NO 397

1963)

1964) 

1955) 

1950) 

1949)

1954)

1955) 

1964) 

1933) 

1963)

;i944)

;i95i)

1956) 

:1937) 

[1955) 

1955) 

1955) 

1961) 

1955) 

1955) 

1955) 

1955) 

1955)
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REF SOURCE

59-61 JCHED 14 (1969), 362

62 PAGE NO m 28 (1900)

63 JCHED 14 (1969), 362

64 PAGE NO B 25 (1956)

65 PAGE NO m 24 (1956)

66 INDEX NO m 205 (1963)

67-75 INDEX NO m 1434,1435 (1963)

76 PAGE NO m 286 (1962)

77 INDEX NO m 2045 (1958)

78 PAGE NO ■ 223 (1958)

79,80 INDEX NO ■£ 1673 (1961)

81 JCHED 15 (1970), 281

82 JCHED 12 (1967), 430

83-86 INDEX NO b 642 (1964)

87 INDEX NO m 1299 (1957)

88 PAGE NO m 438 (1909)

89 PAGE NO m. 439 (1900)

90 INDEX NO m 1380 (1964)

91 PAGE NO m 437 (1932)

92 PAGE NO m 205 (1952)

93 PAGE NO m 206 (1952)

94 PAGE NO m 207 (1952)

95 PAGE NO - 208 (1957)

96 PAGE NO m 204 (1954)
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ME SOURCE

97 PAGE NO 197 (1957)

98 PAGE NO 201 (1954)

99 INDEX NO 756 (1959)

100 INDEX NO 2253 (1949)

101 INDEX NO 591 (1956)

102 INDEX NO 1299 (1957)

103,104 INDEX NO 750 (1955)

105 PAGE NO 272 (1932)

106 PAGE NO 236 (1962)

107 JCHED 14 (1969),439

108 INDEX NO 2633 (1900)

109,110 INDEX NO 1392 (1940)

111 PAGE NO 235 (1962)

112 PAGE NO 54 (1962)

113-116 INDEX NO 1281 (1963)

117 JCHED 12 (1967), 430

118 JCHED 15 (1970), 281

119,120 author

121 PAGE NO 330 (1949)

122 INDEX NO 2620 (1932)

123 PAGE NO 347 (1952)

124 IN) EX NO 2199 (1929)

125-128 author

129 PAGE NO 376 (1929)
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REF SOURCE

130,131 author

132 PAGE NO 77 (1946)

133 PAGE NO 75 (1954)

134 PAGE NO 76 (1952)

135 PAGE NO 78 (1946)

136 PAGE NO 31 (1953)

137 PAGE NO 32 (1953)

138 PAGE NO 41 (1949)

139 PAGE NO 42 (1959)

140 INDEX NO 1739 (1962)

141 PAGE NO 43 (1965)

142 PAGE NO 44 (1959)

143 PAGE NO 246 (1963)

144 INDEX NO 2276 (1963)

145 PAGE NO 91 (1932)

146 PAGE NO 92 (1961)

147 PAGE NO 90 (1945)

148 INDEX NO 1672 (I960)

149 JCHED 15 (1970), 281

150 PAGE NO 348 (1963)

151 PAGE NO 159 (1960)

152 PAGE NO 155 (1933)

153 PAGE NO 156 (1929)

154 PAGE NO 157 (1929)
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REF SOURCE

155 PAGE NO 158

156-158 INDEX NO 1108

159 PAGE NO 147

160 PAGE NO 169

161 PAGE NO 168

162 PAGE NO 167

163 PAGE NO 161

164 PAGE NO 166

165 PAGE NO 164

166 PAGE NO 162

167 PAGE NO 163

168 PAGE NO 165

169 PAGE NO 331

170 PAGE NO 332

171 PAGE NO 334

172 PAGE NO 160

173 PAGE NO 333

174 JCHED 11 (1966), 501

175 JCHED 12 (1967), 497

176 JCHED 14 (1969), 283

177-180 INDEX NO 269

181 INDEX NO - 282

182 PAGE NO 250

183 JCHED 13 (1968),462

(1929)

(1956)

(1961)

(1948)

(1948) 

(1960) 

(1935)

(1949) 

(1935) 

(1935) 

(1935) 

(1949) 

(1935) 

(1935) 

(1935) 

(1963) 

(1935)

(1963)

(1959)

(1965)
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REF SOURCE

184 PAGE NO

185 PAGE NO

186 INDEX NO

187 JCHED 12 (1967)

188 JCHED 14 (1969)

189-191 JCHED 13 (1968)

- 337 (1963)
m 338 (1965)
m 1806 (1963)

497

283

161
*
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