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process  of developing t h e  con1piAter program and as a s e r v i c e  f o r  o t h e r  

i n v e s t t g a t o r s ,  we have analyzed v a r i o u s  publ ished d a t a  on t h e  osmotic 

c o e f f i c i e n t s  i n  three-component mix tu res .  'The p r e s e n t  r e p o r t  c o l l e c t s  

-these resu l - t s  as well as our own a:ad makes them avai1abI.e t o  o t h e r s ,  In  

a l l  c a s e s  t h e  parameteys were de r ived  from osmotic c o e f f i c i e n t s  o'btaiiied 

by t h e  i s o p i e s t i c  method I 

I n  additj-on t o  -the parameters,  t a b l k s  con'iaini.ng va lues  of' t h e  

osmotic c o e f f i c i e n t  and t h e  logarithm of the x t i . v i t y  coe f f i c i . en t s  are 

v given at even va lues  of  t h e  i o n i c  s t reng-th and j.onic s t r e n g t h  fracL1on. 

These were c a l c u l a t e d  us ing  t h e  pazameters as l i s t e d .  

It should be emphasi-zed tha-l; th is  i s  i-n no way a c r i t i c a l  

e v a l u a t i o n  of t h e  d a t a .  In s e v e r a l  c a s e s  more t h a n  one s e t  o f  d a h  for 

~ i t i  s m c  sys-tem were anaLyzed. No a-tki-npt w a s  m a &  t o  correlaLe t h e  

resu1.ts o r  t o  decide which was t h e  best , .  The parameters ar? presen ted  

as a r e p r e s e x t a t i o n  of the osmotic c o e f f i c i e n t  d a t a ,  as pu'oI.i.shed, and 

as a means of ca l c i r l a t ing  t h e  a c t i v i ~ t y  c o e f f i c i e n t s  i n  t h e s e  systems. 

-I-,- ~ 

MEI1.FIO 1:) 

The equa t ions  used are given i n  'l'a'h1.e I .  The I b-parameters of 

equa t ions  j and )-I wez-e de r ived  from the observed osmotic c o e f f i c i e n t s  

(Q) us ing  equa t ion  1 w i t h  i.oni.c s t r e n g t h  ( I )  - and i o n i c  s t reng-th 

f r a c t i o n  (xB) as t h e  independent v a r i a b l e s  ~ Tktese szme paramei;ers can 

t h e n  be used -to c a l c u l a t e  t h e  a c t i v i t y  c o e y f i c i e n t s  ( y + )  of  e i t h e r  com- 

ponent u s ing  equa t ions  j and 6 (no te  t i l a b  t h e s e  eqii.a-i;ions give loga r i thms  

t o  t h e  base  e ) .  

I 

The equa t ions  i n  Table I may appear q u i t e  formidable w i t h  r e g a r d  

t o  hard c a l c u l a t i o n s .  However, t h e  following r e l a t i o n s h i p s  should be 

noted 



J -J 
1 -J +J( J) 1.12 y 

- 

_I. 



i n  'die range i n d i c a t e d  and. should ilot he x e d  f o r  cal..culati.ons a t  

h.i.gher concen t r a t ions .  E.xtrapo.l.ations t o  lower concen t r a t ions  than those 

i n d l c a t e d  a r e  l e s s  l i ~ k e l y  Lo be i n  e r r o r  because the  equa t ions  i.nc?.iide 

a Debye-Hkkel term, 

In surne few cases  -Lhe three-component d a h  extend t o  h ighe r  i o n i c  

st:r:engths than  t h e  two-component d a t a  Si.nce t h e  equ.8.i; iiolis r e q u i r e  

Val-ues f o r  the  two-component systems a-t t h e  i.0ni.c s t r e n g t h  o f  the m.j_xturre, 

t h i s  results in an  extrapol.atio-0. o f  t h e  two-cornponeat d a t a  which i s  rtsky 

and. i n  some c a s e s  may i-nvolvr a s u p e r s a t u r a t e d  solutlon. TW'ei-e t h i s  

e x t r a p o l a t i o n  occur s ,  a n o t a t i o n  i s  iflade i~nder "Remai-ks" and t h e  para-  

meters should not  be used f o r  c a l c u l a t i o n s  a t  higher  i o n i c  s t r e n g t h s .  

This i.s also r e f l e c t e d  i n  t h e  fac ' i  t h a t  t h e  t a b l e s  are no-i exbended 

beyond what we F e e l  is t h e  usable l i m L i .  

Nllere a parameter i-s given the va.liie "O", t h i s  paramctw was fixed 

a-i; zero and not allowed t o  m r y .  

In  all. c a s e s  a fit was ob ta incd  al lowing a1.l f i v e  __ b-pa.rawtt;ers 

t o  vary. In addi'cioii, f i t s  were ob ta ined  wi th  fewer parame'icrs 

v a r i e d  ( i - e . ,  some of t h e  f i v e  wei-e f i x e d  at z e r o ) .  

meters  l i s t e d  are those wi th  t h e  l e a s t  number of pa:i.met,ers which do no-t 

r e p r e s e n t  a s ign .~ i f icant  i n c r e a s e  i n  t h e  s tandard d e v i a t i o n  over t h a t  

ob ta ined  wiui a l l  f i v e  parameters v-wied . 

is rlefi-ned as 

The s e t s  of para-  

The s t anda rd  deviation. ( I S )  

where 

- n t h e  tiumber oi" obse rva t ions ,  ihP rtimhe-L- of v a r i a b l e  parameters ,  and 

%'nr summation i s  over a l l  obse rva t ions .  

i -s t h e  d e v i a t i o n  (observed mixus c a l c u l a t e d  osmotic coeff ic i -ent  ) , 
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If' the - a- arid - b-parameters are given i n .  the  r e f e r e n c e  c i t , ed ,  

this is so noted under  "Rerriarks" and t he  r e f e r e n c e  should. be consu l t ed  

two-coniponent, parme-ters were d e r i v e d  from one of  t h e  fol lowing sources: 

(I) t h e  t;2biilar d t ~ t a  of Rcjbinsori arid S t ~ k e s ;  

by L i e t z k e  and S-tou.&toa 

( 2 )  the  parameter:; given 

8 
(it, should be no-ked t h a t  the power-series 

(8) M. R. Lie tzke  and R. bJ. Stoughton, J. Pays. C h e m . ,  66, 508 (ICj62). 
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c o e f f i c i e n t  aad logart ihm of t h e  a c t i v i t y  c o e f f i c i e n t  a r e  good t o  n o t  more 

t h a n  t h r e e  decimal p l a c e s .  Where t h e r e  a r e  two i n v e s t i g a t i o n s  of t'ne 

same system, an  i n s p e c t i o n  of the  t a b k s  r e v e a l s  i h a t  d i f f e r e n c e s  i n  t h e  

osmotic c o e f f i c i e n t  are, with few excep i iuns ,  less  thsii  0.01 while  

d i f f e r e n c e s  ill l o g  y ,  a r e  less t h a n  0.01 a t  low concen t r a t ions  b u t  may be  

as high as 0.03 at  h igh  c o n c e c t r a t i o n s .  
- 

' W o  a d d i t i o n a l  r e f e r e n c e s  sho7Jld b e  rneniioiied. I n  both c a s e s  

parameters a r e  given which are t h e  same as t h o s e  i n  Table I. They were 

n o t ,  however, ob ta ined  by the procedure desc r ibed  i n  t h i s  r e p o r t .  The 

paramrters  are t a b u l a t e d  below for t h e  sake ol' completeness and t h e  

r e f e r e n c e s  c i t e d  should be consul ted f o r  more dei;ai.ls, 

+ +f 
%I t h e  f irst  r e y r ' i 9  rni-xturcs invo?ving t h e  Tons TJa , Cu , Cl.-, 

( 9 )  R .  L. Yoest,  Ph.U. Trlesis, Massachuset'Ls I n s t i - t - d e  of 'Technology, 
1gG4. 

- 
and C10), were s t u d i e d .  l'he - b-parameters are given below. 

NaCI(A) - N ~ c ~ o ~ ( A )  - N a C l ( A )  - CI;C12(A) - 

N a C l O , l  ( B  ) Cu(ClO4)*(R) cuc1. 2 (B) CIA( ~ 1 0 4  12 ( ~ 3  ) 

b('7') 0.06876 0.06993 3.02'[F[ 0.12247 -AB 

b(o,2) -0.0098'7 -0.00951 -0.0~107 -0.02928 -AB 

0.000066.1. 

b(l,a -0.000537 0.001.803 -3.005ij 0.00588 -AB 

- 0.000426 

0.001552 

Tbe term b (2 ' 3 )  i s  not ioi.luded i n  ihe equa t ions  i n  Table I. 

t e r m s  should be added t o  'Lhe terms - i.n b r a c k e t s  i n  Table 1. 

The f o l l o i ~ i n g  --A2 
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1 
2 l 1  

I = X rn Z '  ( ionic  s t rength;  summation over all ions ,  i ,  with va lence  z,) 

m = moles so lu te  per kilogram of wa te r  (iilolality) 

J 
u 

yJ = I /I ( ionic  s t rength fraction of component J) 
= moles of i o n s  per mole of so lu te  J 

J 
S = Debye-Hiickel s l o p e  for In y +  of a uniunivalent e lec t ro ly te  

J a : distance-of-closest-approach parameter for component J 



System 
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.-- Coiriponent A: HC1.04 

____ Compor,ent . . . . . . . __. . B: . ._ L i C 1 0 4  

Reference: R. M. Rush. and *J. S. Johnsoii, J. Phys. Chem., .. 72?, . . . . .. 767 (1968). 

Temperati ire:  25 0 
-. . . . . .. .- -_.. Concentration range: .... 1 :-: 1.7 bo 4.5 

3.0308 

0 

0 

0 

std. dev. in 0 0.0006 

'Two-component parameters: 

A B 

2 1 - 5  1.5 

- a (1) 0 .?588 0.311 y L  
a (2) 

a ( 5 )  

a (4) 

0.0ll6b -0.015 (9 

0.00600 0.00678 

-0. 000r(40 - 0.000666 

- 

- 

- 

std. dev. i.n @ 0.0095 0. ooo'i 

___1_11 Remarks: Reference electrolyte w a s  N a C 1 .  Parameters and os111otri.c coeffi- 

cients given in reference. 





Component A: HClO), 

Component B : NaC104 

-.-.__.I 

-...-_.- 

Reference: R .  M.  3 u s h  and J .  S. Jo’nnson, J. Phys. Cneifl., ‘(2, _I_ 767 (1968). _.- 

Temperature: 25’ ConcentratLon ra.nge;- I = 0.6 t o  13.9 -______. . . . . . . . .- 

0.0609 

0,000319 

0 

sid. dev. i n  @ 3.0022 

n, iwo-component - parameters : 
_I._..-- 

1. j  1.5 

0.23770 0.00894 

3.03666 0.01102 

a ( 3 )  -0.30204 -0.000950 - 
a (4) 0.000046 0.OOOOF!36 

s i d .  dev. i n  0.0022 0.00jo 

- 

R e m a r k s :  ~ Reference el ec t i -o ly tES were NaCl and i i2SOik,  

osmotic coefficients given i.n r e f e r e n r e .  

Parane ters  and 



1 3 
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Component .....- A: L i C l  

Component 13: NaCl 

-___ Reference: K. A. Robinson and C .  K. Liin, Trans. Farrad2.y SOC. ,  hg, 1144 
(1-953 ) * 

Concentrat ion ran=: 1 = 2.0 io 6.0 TempeL-ature : 25’ 

--____. no-component pai-mwters: 

B ~ _ _ _  n 

a 1.5 1.5 

- a (1) 0.20045 0.03681:- 

- a (2 1 0.0.1.750 0.02108 

‘v 

- a (3) 0 - 0.001304 

a ( I + )  -0.000074- 0 - 

s t d .  dev. i n  0 0.001.g 0.0006 

- s - 1.17082 - 1. 17082 

H e m a r k s :  See fol1owi:ng r e f e r e n c e .  Reference e l e c t r o l y t e  was L i C 1 .  L__.__- 



1.5 



Cornporient A: LiCl 

Component H: NaCl 

- ~ ..... ~ 

- Keference: ~ - A. N. Kirgin-Lsev and 4. V. Luk'ymov, Zh. Fiz. Iiizirn., 7 ,  
27'73 (1963) . 

-- Concentration . rankc: I 2.4 to 5.9 Temperature : 25' 

F 4 7 0 -  component pa.ramekeE: 

a 
Tv 

a ( 5 )  - 

1.5 1.5 

0.20046 0.0368)+ 

0.01750 0.02108 

0 -0.OO~._S0~-c 

stci. dev. in @ 0.0019 0.000G 

- S - 1. I 3 7082 - 1.1>(082 

__I Rcmmks: See pyeceding reference. Reference electrolytc was N a C l .  
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Component A: LiCl -._-____ 

Component ..I_-- B: K C l  

Beference: X. A .  Robinson and C .  K .  Lim9 Trans. Faraday S o c . ,  !::?, 1144 - 
(1953). 

Concentration mizge: I =: 2.0 to 5.0 '~lemperature : 25' 

0.0132 

0.001.98 

s t d .  dev. in @ 0 a 0012 

Two-- comnonen i uarameter s i 

A B -............I._ 

1.5 1. j 

0.20046 -c).06!! 08 

0.01753 0.052!1-& 

0 -0.03_32'1! 

- a ('1) -0.ooo07J-! 0.000918 

s t d ,  dev. i n  @ 0.0019 0.303_0 

- S -1.17'082 -1.1708P 

Remarks: See f o l l o w i ~ i g  r e f e r e n c e .  Reference electrolyte w a s  LiCl. 
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Component A: LiCl 

Component 3: KC1 

-I .________ _l_l 

gsferencc:  B. B. Owen and T. F. Cooke, J-. ??mer. Chem. Soc. ,  29, 22'73 
0 9 3 7 ) .  

a 
?., 

I3 -- A 

1 . r )  1.5 

0.20046 -0.06408 

0.01750 0.0524'; 

a (3) 0 -0.31 1.24 
.... 

a (4) - 0.000074 0.000918 

s t d .  d e v .  i n  @ 0.0019 0.001.0 

- 

- S - 1-1-7082 - 1 . 1~.7082 

Remarks: See precedi-ng rcferencc . Reference e lec t ro ly-Le  was KCI. 
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Comlsonent A: T.,1_01 

Component B: CsUJ. 

-..- Reference: R .  A.  Robinson, Trans .  Faraday S O C . ,  9, 1147 (1953). 

Concenira,tion_ra.nEe: I: = ?*o to 6.0 Tempe ~ rature : 25' ...___ 

$,2) 
-AB 

b (133) 
-AB 

0.00527 

0 

-0.001445 

std. dev, i n  0 0.0018 

TVo- componen-t parameters I 

H ........- ____ 4 

1 " 5  1. * 5 

0.20d16 - 0 .1.72J-l 

0.01750 0. o831t 

0 -0.01.32J-1 

~ 3.00007)-L 0.000722 

std. dev. i n  @ 0.0019 0.0059 

- S - i.ir7082 - 1.1'7082 

l_____l R e m a r k s :  See fol.l.owing r e femnee .  Reference electrolyte was NaC1.. 





Cornuoiient A: L t C 1  

Component B: C s C l  

____I____ Keference: A. N. Kirgin tsev  and A. V. Luk’yanov, Zh. F i z .  Knim., 9, 
1280 (1966). 

0.00448 

0 

std. dev. in Q 0 .0026 

Two-componect pararnsters: ___I.. 

s t d .  dev 

S 
I 

A 

1.5 

0.20046 

0.01750 

0 

-0.000074 

i.n Q 0.0019 

-1.17082 

B 

1 . 5  

-0.1721C 

0.0834 

-0.01.324 

0.000722 

0.0059 

- 2  .l[08? 

Remarks.: See precedinz referefice . Reference e l - ec t ro ly t e  w a s  NaC1. 
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Component A: L i C l  .......... c_ 

3 
Component R: LilJ0 
__I 

__I. Reference: .-.- 13. A. Robinsoil a . d  C. K. Lim, T r a n s .  Faxaday S o c , ,  .!!2, 
ilk4 (1.953). 

Concen-tratri.on racge: 1 :-: 2 .O Lo 10 .O 'i'enperature: 25' ... 

3.3787 

0.0001s0 

-0.0037 

std. dev. in 0 0.0017 

Two-component paramciers  2 

A 
-__I- 

2 1.5 

s t d .  dev. in @ 0.0020 

- S -1.. 1-7082 

Remarks: Reference electrolyte was LiCl . 

Fj 

1.5 

0.1.71cO6 

0.00552 

-0.0014 3? 

0.0000~4Jl 

0.0015 

-1.1'(082 
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Component _I__a A: I,i.CIOLl, 

.............L_ Component __I__ B : Na CUI4  

Rcierence: R .  14. Kush and J. S.  Johnson, J. Phys. Cheni. '(2 '(67 (1.968). 
- 3  

Corcen t r a t ion  ranye: I -= 0.8 'io 5.8 ---._...I 'Temperature _.___a____ : 25' 

a 
ry 

2, (4) 
.... 

R ..-...__.- 

1.5 

3.00172 

-0. ol>r(o 3.01276 

0.30678 . 3 .  000890 

-0.000666 0 

s t d .  dev,  in @ 0.300' i  o .0305 

- S -1. lr/082 - 1. 3.7082 

Remarks: ~ ._....- Refereme e i e c t r o l y t e  was InaC1- k3,r-mietei-s a i d  osmotic coe f f i -  

c i e n i s  given i n  r e f e r e n c e .  Data f o r  LiClO good on ly  t o  L -= 4.5. 4 
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Component A: N a C l  

-.._ Component B: KCI. 

-. __l__l- 

Reference: - H. A. Kabinson, J. Phys. Chzx., 53, 662 (1961.); R. M. Rush 
and 13. A .  Robinson, J. Tenn.  Acad. S c i . ,  

T e m o e r a i w e :  25’ Concentrat ion range: I = 3.5 io 5.4 -,.....- 

-0.0253 

0 

3 

0 

s’cd. dev. i n  Q 0.0008 

Two - c omponen t p a r  am% : 

B -....- A 

1. - 5 1 . 5  

3.03684 - 0.061to8 

a ( 2 )  0.02108 0.052Jc4 

z 
(I.) 

3. 

- 

- a (3 1 -0.oos304 -0.01124 

- a (‘4 0 o.oOogI~8 

std. dev, i n  0 0.0006 0.0010 

- S -1. ~.,(082 -I. 17082 

Rcna,:r,Ys: See fol lowing r e f e r e n c e .  Refcrence ?lectrolyte w a s  N a C l .  

Parameters published. i n  second r e f e r e n c e .  

- 
Data f o r  KCJ. good only t o  I ::I 

’4.8. 
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Corqonznt A: N a C l  

Componeni 13: KC1 .______I___.- 

Reference: . . . . . . . A. 19. K i rg in t sev  aiid A. V. T,i*k'ya~lov, 7,h. Fir. ah., 31, 
2773 (1963). 

-0.00028 

0 

0 

0 

s t d .  dev. in 0 3.0012 

'lt.~o- component parme tcrs : ___.. 

B 
I________ 

n 

a 1.5 1 " >  
N 

a (d 0.05684 - 3.06408 - 
- a (2 ) 0.02108 0.35244 

-0.001304 -0.02 124 a ( 3 )  

__ a 04 1 0 0.0oog18 

- 

s t d .  dev. in @ 0.0006 0.0010 

s -1 .17082 -1.1'7082 - 

R e m a r k s :  See preceding r e f e r e n c e .  Reference e l e c t r o l y t e  vas NaCl . 
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ComDonent, A: N a C i  

Component R: C s C i  

Reference: 8. A .  Eiobjnson, J. h e r .  C’nem. S o c . ,  3, 6035 (1952). 

Concentrat ion range:  T 0.5  t o  6 . 0  Temperature ..-- -. : ?5’ 

s t d .  dev. in Q 0.0021 

A 
~ ........- 

1.5 

0.0 j684 

0.02108 

- o . o o i 5 0 ~ ~  a (3) 

.- a (4) 0 

- 

std. dev.  i r  @ 0. 0ooc 

I S - 1. l7/08? 
R e m a r k s :  Reference e l e c t r o l y t e  w a s  N a C 1 .  
1- 

H 

1.5 

-0.1-724 

0.0834 

-0.01 324 

0.000722 

0.0059 

- 1.1.7082 
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Component A: MgC12 

Component B: MaCI. 

Rererenee: Y. C .  Wu, I< .  14. Rush, and G. Scatchard,  J. Phys. Chem., - 72 
-1_1_ 4048 (1968 ) . 

0.06>4 

0 

0 

s-id. dev. in 0 0 .001.l! 

r 1  lbo- , componer,t paraneters : ________ ..-... 

A _l_l..l A 

I-. 60067 1.45391 

0.06653 0.04h72 

0.009003 0.01.8616 

a (3) -0.0002545 -0.0010721-1- - 

0 0 

s t d .  dev. i n  @ 0.0039 0.0004 

-1.17202 -l . lr[20? S - 

______.I_ R e m a r k s :  See following r e f e r e n c e .  Iieference elecirolyte w a s  NaCl. 

Parameters a n d  osmotj c c o e f f i c i e n t s  given i n  rzference.  





Component A: MgClp 

ComponenL B: N a C l  

-.- Reference: R. I?. P l a t f o r d ,  J-. Phys. Chem., '77, 4053 (1968). 

'Tem-peratix-e: 25' - Concen t ra ' i i on . r a~ lB~:  I = 1.2 to 6.0 -...... 

b(O,I) 0 .O4614 
-AB 

b(O,') -0.00236 -m 

0 

b (I-,' 0 
-iis 

b('33) 0.90061-14 
- L a  

std. dev.  ia Q 0.0020 

- ilko- component .._I- parameters  : 

I3 --- A 

2. 1.6006'7 1.4539'1 

0.04472 - a (1) 0 . 0 0 0 ~ 5  

a (2) 0.009003 0.018616 

,, /, .-. 

- 
- a ( 3 )  -0.0002545 -0.OOlO72b 

a ( ' +>  0 0 - 
s t d .  rlev, i n  Q 0.0039 0.0004 

S -1. l'px - 1. * i'(202 __- 

- Remarks: See preced-ing r e fe rence .  Reference e l . ec t ro ly t e  w a s  M a C i .  

'fiiree-component parameters given lin r e f e r e n c e .  
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Component A: CaCI.2 

Comporient E: N a C l  II__-.̂ 

-......- Reference: It. fl. Robinson and V.  E .  Bower, J. Res, Nat. Bur. S t a n d , ,  
'70A, 313 (1966). 

Temperature : 25' _l____l.. Conccnirat ion .- .. range-: I = 0.7 'io 6.3 ~ _ _ I _ _ _  

.o.  0225 

-0.000~O 

s t d .  d.ev. in @ 0.0011 

- Two-component parafletersr 

0.005532 

-0.000068 

0 

0.02138 

-0.001304 

0 

s t d .  dev. i n  @ 0.005;! 0.0006 

______. Remarks : 

Equation fo r  C a C 1  

KCl-CaC12 re ference) .  

See f ol lowrng r e f e r e n c e .  Refererice e l . ec t ro ly t e  was TJaCI. 

de r ived  from data supp l i ed  by R .  A. Robinson ( s e e  
2 



41. 



42 

- Component A: N a C 1  

~ Component _I B: C a C i 2  

~ - ~ . - -  Reference: A .  PJ. KirgLn'isFv artd A .  V .  Luk'yanov, 2%. E' iz .  K h i m . ,  3, 
7W-r (1965 ) . 

Concentrat ion range: - 1 = 3.6 t o  8.6 -_._. Ti'empei-ature _-_- : 25' 

0. OltOl 

-0.00265 

0 

0.00328 

0 

sttd. dev. i n  0 0.0102 

Two - component p a r  m e t  ei=s : 

a 
ry 

A 
..-__I___ 

1.5 

0.03681t 

0.021-38 

-0.002 304 - 

0 

s t d .  dev. i n  0 0.0006 0.005b 

-- s - 1 .].TO82 -1.1,(082 

-_.._.. Remairks: See preceding r e f e r e n c e .  Reference e l e c t i w l y t e  was N a C l .  

Equation f o r  C a C 1 2  de r ived  from data supplied by H. A .  Robinson ( s e e  

K C 1 - C a C i  r e f e r e n c e ) .  D a t a  for N a C l  good oiily t o  I = 6.  
2 
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a - 1.5 

0.03166 

0 

0.0009i 2 

- a (4 1 --0.0001006 

s t d .  dev. in @ 0.0007 

- S -1 -17062 

Remarks: Reference elecLro1.ybe was NaC1. e 

1.5 

0.33684 

0.02103 

-0.001304 

0 

0.0006 

-1.l'l082 

Eqiiation for 3aC1 2 obtained 

f r o m  data in HaCl 2 -KC1  re fe rence .  
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RACLZ(AJ-NACtlBI M I X T U K f S r  ..... RDBYNSON AND BOWER 1136519 . Of 02 03 12 1 3  
.............................................. ~~ ---__ ................................... 

LOG GAMMA 
I Y ( B 1  P H I  A B 

.-__ -. ................................. . - .. .................................... 
P,OOOO 0 -0 0-8469 -61.37881 -0.17983 
BnOOUO ......... 0,2000 0.8790 -0.37432 . -0 .18084 ................... . 

1.0000 0.4000 0-91103 -0,37082 -0.18143 
_ _ ~ ~ -  .................................................. . ........... ... 

.B*OO00 0.600C 0.9154 -0,36683 -0 -18162 
P.OOR3 0.8000 0.9266 -1'-3629il -0.18144 I__ 

. .  

2.E;OOO 0.2006 ................................... C.9200 -0,394G5 -0.I8262 ....................................... 
2.0000 i) .4000 0.9419 -G,38533 -0,18225 

.......................... ~ ...... ~~- _ ~ .- 

-. __ z.oi)co - 1 *0000 __ .......... 0-9828 -0 ,35994 ~~~ -11,17394 
3,0000 0 .o 0.9358 -0,39721 -0,15895 

3.0000 1 .oouf\ .................................... 1.0447 - 0 , 3 2 8 3 4  -0.14517 . 

4,GOOO 0 .o Ce98P7 -0.37864 -0,15014 
4*couo 0.200c . . . . . . . . . .  ~36137 -#,1c+S83 ...... .... 

4 ,Gi ) r jQ  0 *4QCC 0 3 4 0 3 8  -0.13947 
ft.GC)OO 0 - 6 G O O  1.0756 -0.31796 -0,12921 

-. ~ ..... 

.................... .. 

........................... ............... 

% i n 0 0 3 0  0 .boil0 1 . 1 4 8 3  - 0 . 2 6 9 0 ~  -r~,oa924 
5 . C O ~ O  9 ROO9 1 -1746  - 0 . 2 3 7 7 5  -0,07212 

................. I i * O O O Q  1 .srJoo 1,1921 -0.21228 -0oCS667 



Componen i +: NaC1 

-. C 9 o n e n i  __ ..... _- B: U C l j  

Kcferegcs: A. TJ. Kirgi-ntsev and A. V. L&'yanox~,  7h. Fi7, a i m . ,  9, 
744 (196>). 

J L 3 )  
-AB 

0.0539 

-0.0119 

0.0009G 

- 0.00383 

0.000565 

s t d .  dev. i n  0 3.0012 

A B 

R 1.5 1.5 - 
3.03684 0.043'13 

a (2) 0.02lOd -0.00295 
- 

-0.001.304 0.000651 

0 -0.000028s 

0.00oi; 0.0082 s t d .  dcv. i n  @ 

- S -1.17082 -1.17082 

Remarks: Refrrence e l e c t r o l y t e  vas N a C L .  DaLa for NaCl gsod only t o  

I = 6. 
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.. Componeni ---..- A: NaCl 

- Cornponefit ~: NaNO 

A. IT. Klrgin'isev and A .  V .  Luk'yanov, Z h .  F i z .  Khim.. - 9  38 
1603 (1964). 

3 

Refererxe:  - 

A _____... _- 

a 1.5 

-" a (1) 0.35684 

a (2 1 0.02108 

a (4 1 0 

I 

- a ( 5 )  -0.001304 

- 

s t d .  dev. i n  @ 0.0006 

3 

1.5 

-0.16 (56 

0.06414 

-0.01318 

0.000986 

0.0021 

- 1. ~ lL ' j082 

-_____ Remarks: Reference e l e c t r o l y t e  w a s  N a C l  a 
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Comrsonent A: N a C l  

Reference: Y .  C Wuj H. M. Rush, and 
-____c__I 

40&8 (1968) . 

0 ( L 3 )  
-AB 

s i d .  dev. i i l  @ 

Component R: Ti3 S O i L  2 ,  

G. Seahehard,  J. Phys. Chem., 72. ..... ̂ , 

Temperature .-_I : 25' 

-0.058?! 

0 

0.0004jg 

0 

0 

3.001.0 

Two- component parame i e r  s : - 

0 .041+*[2 -0.06580 

0.018616 0.307263 

-0.0010724 - 

0 

0.00019~ j 

0 

s- td .  dev. i n  @ 0.0004 0.0021 

-___II iiemai-ks: See follor?ii.ag r c f c r e n c e  . Reference e.l.ectrolyte was NaCl., 

Pa~ame-Lers and osmotic coeffi .ci .ents given i n  reference, N a C l  daLa good 

only  to I: = 6. 
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Component A: NaCl 

Component R: Na2SOIl 

-I 

g_ 

. Xeference: ._. K. Pi .  P l a t f o r d ;  J. C'i1ej-n. E I ~ .  Da-La ,  2; 46 (1968). 

a 
'u 

c 

6 
--_. A 

__I_- 

1 -45337 1.24072 

3.04472 -0.06580 

0.01861 6 J. 00 (263 

-0.001072'i -0.0001945 

0 0 

std. dev. in 0 9.0004 0.0021 

- S -1.1<[202 -1 . l i p 0 2  

Remarks: See preceding referencp. Refer*ence e l e c t r o l y t e  w a s  NaCl e 

OrLGi.na1 d a t a  suppl ied  by 3 .  F .  P l a t f o r d .  
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...-- Component _- A: N a C l  

CotnponenL B: MgS04 ___-.- 

Keference: Y. C. Wu, R. M. : < U S ~ ,  and G .  Scatchard,  J. Phys. Chem., i n  
press. 

0 

- 0.00798 

0.000855 

0 

0 

s t d .  dev. in @ 0.0012 

'il;wo-conponent parameters: I___- --- 

a (1) 0.04472 -0.02'712 - 
a (2) 0.01861.6 0.00421=, - 

-0.0000950 a ( 3 )  - O . O O l O ' l 2 4  

3 0 

s t d .  dev. i n  0 0.0004 0.0020 

- S -I * l'(202 - 1.1.7202 

I.___- Remarks: Heference clectroly Le was NaCII.. Payameters and 0smoti.c 

coefficients gi.ven in r e f e r e n c e .  Data f o r  N a C I  good only to I = 6. 





Componcnt ..... A: Na,SO4 

Cornponeni B: MgS04 
I---_-_____ 

Reference: Y .  C .  b!u, X. M. Rush., and G .  Scatcnard,  J. Phys. Chem., E> 
4048 (1.968). 

Concentrat ion r a s :  I = 1.5 t o  8.8 Temperature : 2 j" 

0.031,18 

-0.00305j 

0 

0 

0 

9.0010 

- S - 1 . lr[20? 

Remarks: Referenre e l ec t i -o ly  ~ t '  was NaCl . 
r o e f f i - c i e n t s  p,;iven i n  r e f c r c n c e .  

_____...- 

1 .3'(486 

-0 * OZ?[l2 

0. 00,! 215 

-0.0000950 

0 

0.0020 

-1.1720? 

Parameters and osmotic 
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Cornpone n t  __I- A: TJa2.SO4 

Component B: N C l 2  

Scaichard,  J. Phys. G b e m . ?  i n  

- 

-....I__ _I___- 

Reference: Y. C. Wu, H. M .  Rush, and G 
p r e s s .  

yemperaiure: 25' -._ Concpntration .. . raligz: I = 0.9 to 8.2 -._I_ ___I_...- 

-AB 

b (1 ? 3 )  
--A3 

0 

-0.00657 

0.0002j3 

0 

0 

s t d .  dev. in 9 0.0022 

,mo-corriponeat par-e-kers: -__. . . . . . . 

A 

c 

1 -24072 

-0.06580 

O . O O ' ( 2 6 3  

-0.0001945 

0 

s t d .  dev. in 0 0.0021 

s - 1.17202 - 

RemaTks: - Reference e l .ec t ro ly te  was NaCl. 

€3 
______l___l_ 

1.60067 

0.06635 

0. 009005 

-0.0002545 

0 

0.0039 

-1.17?02 

Parameters and ~smoilc 

coefficients giver, i.n r e f e r e n c e .  
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Coinponen t-4: KC1 

ComponentA: C s C l  

Ip__ Rererenee: ._..I..." B. A. Robinson, T r a n s .  Faraday SOC.  ? h j ,  1147 (1953). 

-- Concentrat ion r a n s :  1 = 0.5 i o  5.0 -. Temperatire:  ...__- 25' 

s'ccl. dev. in @ 0.0016 

-_... Two- cornponeiit paramet?=; 

A 

% 1-5 

a (1) - 0.06408 
a (2) 0.052lc4 

- 

a (3) -0.01124 - 
- a 0;) 0.000918 

s t d .  dev. in c? 0.0010 

S - -1. I7082 

B I____... 

1 - >  
-0.1124 

0.08311 

-0 .01p1  

0.000'7?? 

0.0059 

- 3 .17082 

-.- Eemarks: Reference e l e c t r o l y t e  was K C I  - 





Component A: KC1 

Component B: CaC3. 

--....- 

2 _____. .. .. . .- 

Reference: K. A .  Robinson and A .  K .  Covington, J. Res. N a t .  Bur-. 
-_I______ 

Staild ",  E, 239 (1968). 

0 Temperature: 25 ConcenLXgtion i-anqe: T = 0.9 to 5.0 _I___ - 

&31 
-A3 0 

3 

0 

std.. dev. T-n 0 0.0021. 

' m o - c o r n p ? ~ :  parameters:  

B _-- A 

a 1.5 ' -5 
a (1) - 0.06408 0.05848 

* 

- 

- a (2) 0.05244 0.005532 

I a ( 3 )  -0.01124 -0.000068 

a (4 1 0.000~18 0 - 
s t d .  dcv. i n  @ 0.0010 0.0054 

K p m a r k s :  

S -1 17082 -1.1 (082 - 

Reference e l e c t r o l y t e  w a s  K C 1 .  L%.?-meiel,s and osmotic c o e f f i -  

cients gtven i n  r e f e r e n c e .  

by R. A .  Robinson ( s e e  r e f e r e n c e ) .  

Equation f o r  Ca( : lP  d e r i v e d  from data suppl ied 
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2 Component A: H a C l  

Comnoncnt B: KCI 

I_. 

Reference: R. A. Robinson and V. E. Bower, J .  Res. Nat,. Bur. Stand . ,  
__l.ll_- 

-. 69A, .. . . . . 4% (1965). 

3.01.97 

-0.0295 

0.00288 

- 0.00166 

std. dev. i n  9 3.0010 

-__.. Yvo-component parameters:  _____.___- 

A B --- 

1. -5 1- . 5 

0.05166 - 0.36408 

0 0.05244 

0.000gl? - 0.01124 

-0.000~006 0.000918 

0.0007 0.0010 s t d .  dev. i n  @ 

S -I. 17082 .-I. i'j082 - 

Remarks: Reference e l e c  irol.yte w a s  K C 1 .  Rquaiion f o r  H a C l = ,  ob ta ined  

from d a t a  i i l  r e f e r e n c e .  
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I- Cominonent .~ R: MgCl;, 

Kefcrence: I Y .  C .  Fiu, &. M. Rush: and G. Scaichard,  J .  Phys. Chcm. ,  
( 2 ,  4048 (1968). 

- Concentration ................ ..-. range: j: = 0.8 t o  6.8 Temperature : 25' 

0.03681 

0 

0 

0 

0 

s t d .  dev. i n  @ 0.00og 

0.004~ j 0.00900 j 

-0.000095 0 -0.000251->5 

3 0 

std. dev. i n  0 0.002'0 0.0054 

- S -I - 17202 -1 - 17202 

Remarks: ReTerence el ectrolytc w a s  NaCl- ~ Parameters and osmoti c 

c o e f f i c i e n t s  g:i.ven i n  r e f -  ,renee.  
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