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On the basis of the correlation law of physico-chemical analysis, a three-dimensional diagram is 
discussed, which represents the results obtained by dynamic liquidometry (the "(p = i{x) diagram"), 
and its planar projection is proposed. The proposed procedure has been applied to a model 
system, K2S04-MgS04-H20, at 25°C, Simultaneously, the applicability of dynamic liquidometry 
to systems with congruently and incongruently soluble solvated and unsolvated compounds in 
the solid phase has been verified. 

The study of phase diagrams represents a systematic approach to many problems of 
preparative inorganic chemistry; the results of such a study are virtually indispensable 
with systems exhibiting weak interactions among their components. Still, heterogene
ous equilibria are not studied very often in inorganic chemistry. This is probably due 
to the relatively long equilibration times and to the difficulties in selecting analytical 
methods, which are characteristic of the most common Schreinemakers' method of 
wet residues^. 

In' order to shorten and simplify the study of phase diagrams in ternary systems 
containing non-volatile salts A and B and solvent S, a new method, called dynamic 
liquidometry, has been proposed^. This method uses an unsaturated solution of 
known composition, which is evaporated at the boiling point and at a decreased 
pressure. Evaporation is interrupted at suitable time intervals, the overall composition 
of the mixture is determined by weighing and a suitable property of the liquid phase 
is measured. The values obtained are plotted against the overall composition. 

From the breaks on the functional curves obtained, the coordinates of the repre
sentative points on the solubility curve and on eutonic and or peritonic nodals of the 
required phase diagram can be found^"^. Moreover, the whole system of functional 
curves can be employed for graphical analysis of the solid phase^. The aim of the pre
sent communication is discussion of the shape of the dependence of a liquid phase 

* Part III in the series Heterogeneous Inorganic Systems; Part II: This Journal 36, 3879 
(1971). 
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property on the overall composition in a ternary system and the determination of the 
relationship of this dependence with the corresponding phase diagram. 

E X P E R I M E N T A L 

The technique of dynamic l iquidometry has already been described^. A s the measured property, 
the refractive index was employed; its values were measured using an A b b e refractometer ther-
mostatted using a Hoppler ultrathermostat. The instrument was calibrated by measuring the 
refractive index of redistilled water. 

Magnes ium and potass ium sulphates, MgSO^.T H2O and K2SO4, were the products of Lache
ma, of p.a. purity. 

R E S U L T S A N D D I S C U S S I O N 

Graphical Representation 

The results of the measurement of a property of the liquid phase in dynamic liquido
metry can be treated by the method proposed by Nikurashina and Merclin'^'^ and 
Zhuravlev and Sheveleva^, by plotting the measured values against the solvent con
tent in the mixture. A system of functional curves is thus obtained, from the breaks 

F I G . I 

The Scheme of the Projection of the (p = f(x) 
Dependence onto a Plane 
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on which the coordinates of the representative points on the solubility curve and on 
the nodals connecting the eutonic and peritonic points with the representative points 
of the solid phases in the appropriate solubility diagram can be determined. We dealt 
in detail with this method of handling measured data and proposed its improvement 
by introducing a correction of the section shape for the mass of the sample of the liquid 
phase taken and suggested use of the curves representing the dependence of the mea
sured property of the liquid phase on the mixture composition for graphical analysis 
of the solid phase^. 

The dependence of a liquid phase property on the overall composition at a given 
temperature (termed the "(p = f{x) dependence") is a spatial body. Its shape is ob
tained by constructing perpendicular lines at all points on the composition diagram 
and plotting the values of the liquid phase property measured in the corresponding 
mixtures on them at a suitable scale. The (p = f(x) function diagram in the A-B-S 
system is then limited by the composition diagram, the set of these line segments above 
its sides AS and BS and the set of the terminal points of the line segments above the 
remaining area of the composition diagram. On the side opposite the solvent apex, 
the (p = f{x) diagram is limited by planes perpendicular to the composition diagram 
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F I G . 5 

The Solubihty Curve in the K 2 S 0 4 - M g S 0 4 -
-H2O System at 25°C Obtained by Various 
Authors 
• ref .^ O r e f . l ^ O r e f . ^ \ ©, E , 9 the ^ ^ ^ O * / \ . K ^ S O ^ 
results obtained in the present work. 
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A N D P A S S I N G T H R O U G L I T I I E C O N N E C T I N G L I N E S O F T H E R E P R E S E N T A T I V E P O I N T S O F T H E I N D I V I D U A L 

S O L I D P H A S E S . H O W E V E R , T H E S E P L A N E S T H E M S E L V E S D O N O T B E L O N G T O T H E ^ = f(x) D I A G R A M . 

S Y S T E M S , I N W H I C H T H E S O L U B I H T Y C U R V E I N T E R S E C T S S I D E AB I N T H E C O M P O S I T I O N D I A G R A M , 

A R E E X C E P T I O N A L (e.g. R E F S ^ ' ^ ) ; I N T H I S C A S E T H E T E R M I N A L P O I N T S O F T H E P E R P E N D I C U L A R 

L I N E S C O N S T R U C T E D I N A L L T H E P O I N T S O F T H E L I N E S E G M E N T L I M I T E D B Y T H E L I Q U I D U S C U R V E 

O N T H E AN S I D E O F T H E C O M P O S I T I O N D I A G R A M A L S O B E L O N G T O T H E qy = f[x) D I A G R A M . 

T H E C O N S T R U C T I O N O F T H E < ^ = f{x) D I A G R A M I N A P L A N E I S S H O W N I N F I G . 1 . T H E (p = f(x) 

D I A G R A M I S S C H E M A T I C A L L Y R E P L A C E D B Y A N E N V E L O P I N G T R I H E D R A L P R I S M ABSCDT. T H E 

(p = / ( X ) D I A G R A M I S P R O J E C T E D O N T H E C O M P O S I T I O N D I A G R A M P L A N E , n, A N D O N P L A N E a, 

P E R P E N D I C U L A R T O S I D E AB A N D P A S S I N G T H R O U G H A P E X S . T H E P R O J E C T I O N I N P L A N E n 

D I R E C T L Y Y I E L D S T H E S O L U B I L I T Y D I A G R A M F O R T H E S T U D I E D S Y S T E M . T H E P R O J E C T I O N I N P L A N E a 

I S A P L A N A R D I A G R A M <p = f{x) — A S Y S T E M O F F U N C T I O N A L C U R V E S cp = / ( % S ) W I T H T H E 

A/B R A T I O A S T H E I R P A R A M E T E R . T H I S T Y P E O F D I A G R A M W A S D I S C U S S E D E A R L I E R ^ I F P L A N E n 

I S R O T A T E D T H R O U G H 9 0 ° A L O N G T H E I N T E R C E P T O F P L A N E S n A N D CR, T H E S T U D I E D S O L U B I L I T Y 

I S O T H E R M C A N B E C O N S T R U C T E D D I R E C T L Y I N P L A N E a. T H I S P R O C E D U R E I S S H O W N I N F I G . 2 

O N T H E E X A M P L E O F T H E C R Y S T A L L I Z A T I O N FIELD O F M G S 0 4 . 7 H 2 O I N A K 2 S 0 4 - M G S 0 4 -

- H 2 O S Y S T E M A T 25°C. T O E A C H P O I N T I N T H E q> = f{x) D I A G R A M C O R R E S P O N D S , I N T H E 

S O L U B I L I T Y D I A G R A M , T H E I N T E R C E P T O F T H E S T R A I G H T L I N E D R A W N T H R O U G H T H I S P O I N T P A R A L L E L 

T O T H E ^ - A X I S [e.g. B'B I N F I G . 2) W I T H T H E S T R A I G H T L I N E ( O R C U R V E ^ ) R E P R E S E N T I N G T H E 

C O R R E S P O N D I N G S E C T I O N I N T H E C O M P O S I T I O N D I A G R A M ( S T R A I G H T L I N E S / , / / I N F I G . 2). 

The Model System 

T H E R E S U L T S O F T H E S T U D Y O F T H E M O D E L S Y S T E M , K 2 S 0 4 - M G S 0 4 - H 2 0 A T 25°C, B Y D Y N A 

M I C L I Q U I D O M E T R Y A R E S U M M A R I Z E D I N T A B L E I . T H E T H R E E - D I M E N S I O N A L S H A P E O F T H E R E 

S U L T A N T D I A G R A M , N 2 5 ' ' = / ( ^ ) » I S D E P I C T E D I N F I G . 3 . T H E P L A N A R P R O J E C T I O N O F T H I S D I A 

G R A M , O B T A I N E D B Y T H E A B O V E - D E S C R I B E D P R O C E D U R E , I S S H O W N I N F I G . 4 . T H E P O I N T S 

O F T H E S O L U B I L I T Y C U R V E O B T A I N E D A R E C O M P A R E D W I T H A N A L O G O U S R E S U L T S B Y O T H E R 

A U T H O R S ^ " I N F I G . 5 . 
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Analysis of the cp = f(x) Diagram in the Model System 

Dynamic liquidometry provides a consistent set of data on the liquid and solid phases 
of the studied system. This fact, which is one of the advantages of dynamic liquido
metry over other methods for the study of ternary systems, enables construction of the 

T A B L E I 

The D e p e n d e n c e of the Liquid Phase Refractive Index o n the Overall C o m p o s i t i o n in the K2SO4-
- M g S 0 4 - H 2 0 System at 25°C 

Mixture, % 

"25° 

Mixture, % 

« 2 5 ° 
K 2 S 0 4 MgS04 H2O 

"25° 
K2SO4 MgS04 H2O 

« 2 5 ° 

I IV 

1 0 18-7 80-3 1-3729 14-6 11-0 74-4 1-3769 
1-2 21-3 77-5 1-3785 16-6 12-5 70-9 1-3769 
1-4 24-3 74-3 1-3857 18-8 14-1 67-1 1-3793 
1-6 29-1 69-3 1-3910 21-9 16-6 61-5 1-3841 
1-7 3 1 0 67-3 1-3909 23-7 17-9 58-4 1-3875 
1-9 33-7 64-4 1-3912 24-8 18-7 56-5 1-3895 
2 0 3 6 0 6 2 0 1-3920 27-5 20-8 51-7 1-3931 
2 1 37-6 60-3 1-3926 28-2 21-3 50-5 1-3931 

II V 

2 0 17-9 8 0 1 1-3720 5-7 4-7 89-6 1-3491 
2-4 21-4 76-2 1-3798 6-6 5-4 88-0 1-3521 ! 
3 0 27-2 69-8 1-3921 7-6 6-4 86-0 1-3551 
3-2 28-8 6 8 0 1-3922 9.9 8-2 81-9 1-3611 
3-4 30-8 65-8 1-3928 12-4 10-3 77-3 1-3680 
3-6 32-8 63-6 1-3929 13-3 11-0 75-7 1-3690 
3-9 35-5 60-6 1-3929 16-9 14-0 69-1 1-3720 

20-2 16-6 63-2 1-3720 
III 25-2 20-7 54-1 1-3732 

6 0 1 4 0 8 0 0 1-3686 27-1 22-3 50-6 1-3742 

7-2 17-1 75-7 1-3766 
8-4 19-8 71-8 1-3819 VI 
9.9 23-3 66-8 1-3861 7-2 3-0 89-8 1-3480 

10-4 24-7 64-9 1-3885 9-3 3-9 86-4 1-3522 
12-6 3 0 0 57-4 1-3931 10-9 4-5 84-6 1-3551 

16-2 6-8 7 7 0 1-3615 
IV 18-2 7-6 74-2 1-3641 

8-6 6-4 8 5 0 1-3585 24-2 1 0 0 6 6 0 1-3711 

9-7 7-3 8 3 0 1-3622 26-7 11-3 62-0 1-3720 

11-7 8-8 79-5 1-3685 31-7 14-4 54-9 1-3722 
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w h o l e (p = f{x) d i a g r a m . A c c o r d i n g t o t h e c o r r e l a t i o n l a w o f p h y s i c o - c h e m i c a l 

a n a l y s i s ^ ^, t h e i n d i v i d u a l a r e a s i n t h i s d i a g r a m c o r r e s p o n d t o t h e i n d i v i d u a l e q u i 

l i b r i a i n t h e s t u d i e d s y s t e m . 

A m o n g t h e a d v a n t a g e s o f d y n a m i c l i q u i d o m e t r y i s , i n a d d i t i o n t o t h e p o s s i b i l i t y 

o f r a p i d c o n s t r u c t i o n o f t h e s o l u b i l i t y d i a g r a m a n d a m o r e p r e c i s e d e f i n i t i o n o f c r y s t a l 

l i z a t i o n fields, t h e o b t a i n i n g o f e x p e r i m e n t a l i n f o r m a t i o n o n t h e b e h a v i o u r o f u n s a t u 

r a t e d s o l u t i o n s , r e p r e s e n t e d e.g. i n F i g . 3 b y a r e a A E P B C . T h u s a n e w p o s s i b i l i t y a r i s e s 

o f c o n s t r u c t i n g t h e p h a s e d i a g r a m a n d s i m u l t a n e o u s l y s t u d y i n g i n t e r a c t i o n s a m o n g 

t h e c o m p o n e n t s i n t h e g i v e n s y s t e m i n a w i d e c o n c e n t r a t i o n r a n g e o n t h e b a s i s o f 

a s i n g l e m e a s u r e m e n t . T h e u t i l i z a t i o n o f t h e d a t a o b t a i n e d i n d y n a m i c l i q u i d o m e t r y 

f o r t h e s t u d y o f t h e l i q u i d p h a s e w i l l b e d e a l t w i t h i n a s e p a r a t e p a p e r ^ ^ . 

I n a s y s t e m c o n t a i n i n g n s o l i d p h a s e s , n c u r v e d p l a n e s c o r r e s p o n d t o t w o - p h a s e 

e q u i l i b r i a b e t w e e n a s o l i d p h a s e a n d t h e t h r e e - c o m p o n e n t s a t u r a t e d s o l u t i o n i n t h e 

(p = f[x) d i a g r a m . T h e i r s h a p e i s d e t e r m i n e d b y t h e s o l u b i l i t y i n t h e s t u d i e d s y s t e m 

a n d b y t h e s e l e c t i o n o f t h e m e a s u r e d p r o p e r t y . F r o m t h e s e d a t a t h e c o m p o s i t i o n o f 

t h e s o l i d p h a s e s c a n b e d e t e r m i n e d , a s d e s c r i b e d i n ref.^. 

T o t h r e e - p h a s e e q u i l i b r i a o f t w o c o e x i s t i n g s o l i d p h a s e s w i t h t h e i r s a t u r a t e d s o l u 

t i o n c o r r e s p o n d n — 1 t r i a n g l e s p a r a l l e l w i t h t h e c o m p o s i t i o n d i a g r a m p l a n e i n t h e 

p i s c u s s e d g e n e r a l d i a g r a m . E a c h o f t h e s e t r i a n g l e s i s g e o m e t r i c a l l y i d e n t i c a l w i t h t h e 

c o r r e s p o n d i n g c r y s t a l l i z a t i o n field. T h e d i s t a n c e b e t w e e n t h e s e t r i a n g l e s a n d t h e i r 

d i s t a n c e f r o m t h e c o m p o s i t i o n d i a g r a m i s d e t e r m i n e d b y t h e v a l u e s o f t h e m e a s u r e d 

p r o p e r t y o f t h e e u t o n i c o r p e r i t o n i c s o l u t i o n s . 

T h e f o l l o w i n g f o r m a t i o n s c a n b e d i s t i n g u i s h e d i n t h e n j s - = fi^) d i a g r a m o f 

t h e m o d e l s y s t e m , K 2 S 0 4 - M g S 0 4 - H 2 0 a t 2 5 ° C ( F i g . 3 ) : a r e a A E P B C , c o r r e s p o n d i n g 

t o t h e r e f r a c t i v e i n d e x e s o f u n s a t u r a t e d s o l u t i o n s , a r e a s A C D E , P E G H a n d S P I J , c o r 

r e s p o n d i n g t o t h e r e f r a c t i v e i n d e x e s o f s o l u t i o n s e x i s t i n g i n e q u i l i b r i u m w i t h M g S 0 4 . 

. 7 H 2 O , K 2 M g ( S 0 4 ) 2 . 6 H 2 O a n d K 2 S O 4 , r e s p e c t i v e l y , a n d t r i a n g l e s E D G a n d P I H , 

d e p i c t i n g t h e r e f r a c t i v e i n d e x o f s o l u t i o n s e x i s t i n g i n e q u i l i b r i u m w i t h t w o s o l i d 

p h a s e s ( M g S 0 4 . 7 H 2 O -f- K 2 M g ( S 0 4 ) 2 . 6 H 2 O a n d K 2 M g ( S 0 4 ) 2 . 6 H 2 O -1-

+ K 2 S O 4 ) . 

T h e r e s u l t s o b t a i n e d s i m u l t a n e o u s l y v e r i f y t h e a p p l i c a b i l i t y o f d y n a m i c l i q u i d o 

m e t r y t o s y s t e m s w i t h c o n g r u e n t l y a n d i n c o n g r u e n t l y s o l u b l e s o l v a t e d a n d u n s o l v a t e d 

c o m p o u n d s i n t h e s o l i d p h a s e . F i g . 5 i n d i c a t e s t h a t t h e r e s u l t s o b t a i n e d b y d y n a m i c 

l i q u i d o m e t r y a r e c o n s i s t e n t w i t h t h o s e o b t a i n e d b y o t h e r a u t h o r s ^ " ^ ^ a s w a s o b 

s e r v e d d u r i n g p r e l i m i n a r y e x p e r i m e n t s p e r f o r m e d i n i s o l a t e d c r y s t a l l i z a t i o n fields^ 

I n t h e p r e s e n t p a p e r , d y n a m i c l i q u i d o m e t r y w a s a p p l i e d t o a c o m p l e t e s y s t e m f o r 

t h e first t i m e . 
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