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The excess enthalpies were investigated for 12 binary and 4 ternary systems, including mixtures 
and solutions of  electrolytes and non-electrolytes. The excess enthalpies of  mixtures and integral 
heats of  solutions were measured with an isoperibol calorimeter at 35 ~ Heats of  fusion and heat 
capacities as functions o f  temperature were measured with a Perkin Elmer Corp., DSC-2 .  Integral 
heats, heats of  fusion and heat capacities allow investigations o f  excess enthalpies of  solutions. 
For modelling of  the experimental results, the modified Redlich-Kister equation was used with 
good success. 

Excess enthalpies are of  increasing importance for theoretical studies, 
technical developments and applications. The excess enthalpies of  liquid 
mixtures can be measured in a direct way. For solutions, this is not  possible. 
The excess enthalpy of  a binary solution is given by the equation 

A~Kik x~ (A Lh-~ --SL 
~- - - h o k  ) (1) 

~SL with the integral heat of  solution A L hik and the heat of  fusion h ok of  the 
solute component  at the measuring temperature.  

For measurements of  heats of  fusion and heat capacities as functions of  
temperature in the solid and liquid states, we used a PERKIN-ELMER Corp., 
DSC-2. The experimental results are to be found in [1-3] .  For  measure- 
ments of  integral heats of  solutions and excess enthalpies, we constructed a 
calorimeter [4]. 

For ternary systems, we have to distinguish between systems which 
consist of  one solid component  (index 3) dissolved in a mixture of two 
solvents (indices 1 and 2), determined by 

- -  - -  - -  --SL Agh "3 (12)  - -  X~ (ALh ~(12) - h 03) (2) 

and systems which consist o f  two solid components  (indices 2 and 3) simul- 
taneously dissolved in one solvent (index 1), determinated by 

--SL - h -sL) +x~  (ALK~30) h 03) (3) AEh23(1) ~-~x~ (ALh--:~3(1) 02 
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Experimental 

The following systems were included in our investigations: 

(I) 
(IV) 
(VII) 
(IX) 
(XII) 
(XIV) 
(XVI) 

CH3OH/H2 O; (II) C2HsOH/HzO; (III) n-C3HTOH/H20; 
CH3 COCH3/H2 O; (V) CH3 COCHa/n-C3 HTOH; (VI) H20/CO(NH2 )2 ; 
H20/CH3 CONH 2 ; (VIII) n-C3 H70H/CO(NH2 )2 ; 
n-C3 H70H/CH3 CONH2 ; (X) H 20/KNOa ; (XI) H20/NH4 NO 3 ; 
CHa OH/NH4 NO3 ; (XIII) n-Ca H7 OH/H20/CHa COCH3 ; 
n-Ca H7 OH/H20/CH3 CONH2 ; (XV) n-Ca H7 OH/H20/CO(NH2 )2; 
CH3 OH/H20/NH4 NO3. 

The used substances were dried and purified carefully. Water contents and 
purities were checked via gas chromatography, melting points, IR-spectro- 
scopy and refractive indices. 

The solubilities of  the solid components in the used solvents were de- 
termined experimentally at several temperatures in earlier work [5, 6 ]. 

The measurements were carried out at 35 ~ and in the whole concentration 
range. In the case of the ternary systems, we measured along several lines 
of  constant relative mole fractions [7], given by 

I; = x i / ( x  i +x  i )  (4) 

The errors in heat capacities and he,its of fusion amount to -+ 2%. The 
measured heats of solutions and excess enthalpies have errors between 1 and 
2O%. 

A publication on our experimental integral heats or mixing enthalpies of 
binary and ternary solutions is in preparation. 

Results 

The excess enthalpies of  binary systems as mole fraction functions were 
correlated via the Redlich-Kister equation: 

m 

Aeh-)k = x  i x i 2 (Bi)]k(x i - - x i )  i (5) 
i-~--O 
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Table I Constants o f  Eq.  (5)  a n d  m e a n  deviations in k J / m o l  

3 1 3  

S y s t e m  Bo B t B2 B3 B4 kiD 

I - 2 . 9 6 8  1 . 5 7 0  1 . 6 0 9 '  - - 0 .011  
II - 1 . 2 0 0  1 .758  - 1 . 6 7 4  2 . 9 5 6  - 2 . 2 5 7  0 . 0 1 8  
II i  0 . 5 3 2  1.721 - 0 . 9 0 9  2 .411  - 2 . 8 5 9  0 . 0 1 3  
IV - 0 . 1 9 5  3 . 7 3 5  1 .122  2 . 9 6 9  - 4 . 7 2 4  0 . 0 1 2  
V 5 . 8 7 8  - 0 . 0 2 0  1 .689  - 0 . 2 7 2  - 1 . 8 8 8  0 . 0 1 9  
VI - 6 . 3 7 4  - 3 . 9 6 8  2 .421  - - 0 . 0 0 4  
VII - 7 . 2 7 1  - 6 . 0 7 4  - - 1 . 7 6 9  - - 0 . 0 1 2  
VIII  1 2 4 . 9 2 4  8 3 . 0 9 8  - 3 8 , 7 7 7  2 6 9 . 0 2 3  2 7 0 . 7 3 0  0 .001  
IX 3 . 0 2 3  4 7 . 3 5 3  1 4 9 . 9 0 6  1 9 9 . 0 0 7  96 .491  0 . 0 0 8  
X 1 3 . 1 6 0  - 1 5 . 4 2 2  4 6 . 0 3 8  - - 0 . 0 0 7  
XI  1 3 . 3 4 9  - 2 2 . 6 8 9  3 0 . 8 8 0  - - 0 . 0 1 9  
XII 6 . 8 3 9  - 1 7 . 7 0 3  2 1 . 5 6 3  - - 0 . 0 0 3  

The constants of Eq. (5) are collected in Table 1, together with the mean de- 
viations MD. 

For the ternary systems, the excess enthalpies were correlated via Eq. (6): 

Aeh-i23 = Aeh-~2 + Aeh-i3 + Aeh-~3 +x~ 'x~ x ~  

[ B + C ' x  i + C 2 - x i + . . . ]  (6) 

Table 2 lists the constants of Eq. (6) and the mean deviations between the 
experimental and calculated values. 

Table 2 Constants o f  Eq.  (6)  a n d  m e a n  deviation in k J / tool  

i 
S y s t e m  B Ct  C2 Ca A A s  123 

XIII  2 . 4 5 6  - 4 . 8 6 7  0 . 0 0 0  - 0 .021  
X I V  6 . 9 4 3  3 . 7 0 9  8 . 0 4 7  - 0 . 0 3 0  
X V  - 1 . 7 3 9  2 2 2 . 6 0 3  1 6 7 . 2 1 5  - 0 . 0 1 0  
XVI  - 2 7 0 . 8 9 3  - 4 3 7 . 9 3 5  3 1 6 . 6 8 4  1 7 8 4 . 1 6 0  0 . 0 1 5  

C6 = - 1 1 4 2 . 4 9 6  
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Discussion 

With Eqs (1), (2) and (3), we determined the excess enthalpies. For  this, 
it must  be taken into consideration that  the heat of  fusion is a funct ion 
of  temperature:  

--SL 
~h oh 
- -  - -  A-(p,ok (7) 
3:T 

This relation leads to three approximations:  

Approximat ion  1 : 

l ~  sL 
p,ok = -~ b,ok - ~p.ok = 0 (8) 

(-6-i,,o k = b b + b i T+  b 2 T 2 for the liquid state; 

-(p,ok = bo + bl T+  b2 T2 for the solid state) 

--SL 'SL AEK~ = x k [AL~-lk - h ok (Tok )] (9) 

Approximat ion  2: 

A~-pS,Lok = const (10) 

A E ~ i k  Xk [ALh-~. --SL SL --SL (T_ToS~)] (1 1) 
= - h  oh (Tok)  - -  l ~  p,ok 

Approximat ion  3: 

--SL ZXc p,ok = f ( T) 

--SL (1~oo~) + (T_TS~)  (b.o_bo ) + A E h ~  = x  k "A Lhik - x  k hok 

2 SL2 ? @  (TSL)$ - b 2  } + [T - ( T o k )  ] ) + [T 3 ](bh ) (12) 
- o k  3 

Figure 1 presents the differeflt results obtained through the use of  these 
three approximat ions  for the water/urea system as one example. 
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Fig. | Excess entha]pies o f  H20/CO(NH 2 )2 - system at 35 ~ 
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Fig. 2 Excess enthalpics o f  CH3OH/H:O/NH4NO3 - system at 35 ~ 
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The excess enthalpies of  electrolyte solutions are all positive values. For 
solutions of  urea, acetamide and acetone, and in mixtures of  water with the 
three aliphatic alcohols and acetone, we found a relation between the excess 
enthalpies and the structures of  the components.  The results for the me- 
thanol/water/NH4NOa system are given in Fig. 2. The calculated values are 
in good agreement with our experimental data. 

The author expresses his gratitude to the leader of the Teaching and Research TEAM, Prof. Dr. H. 
Schuberth, and to Dr. G. Figurski, for help arid discussions. 
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Zusammenfassung - Ftir 12 bin~ire und ternS.re Systeme, darunter Mischungen und LSsungen yon 
Elektrolyten und Nichtelektrolyten, wurden die Exzessenthalpien untersucht. Die Exzessenthalpien der 
Mischungen und die integralen L6sungsenthalpien wurden mit einem isoperibolen Kalorimeter bei 35 ~ 
gemessen. Die Schmelzw~irmen und spezifischen W~irmekapazit~iten in Abhtingigkeit yon der Temperatur 
wurden mit einem DSC 2 der Fa. Perkin-Elmer bestimmt. Die integralen W~irmen, Schmelzwfirmen 
und W~irmekapazit~iten erlauben, die Exzessenthalpien der L6sungen zu untersuchen. Die Versuchser- 
gebnisse lassen sich erfolgreich mit modifizierten Redlich-Kister-Gleichungen modellieren. 

PE3[OME -- Hccne~toBaH~i H3~blTOqlqble 3HTa.rII, ITHH ~r 12 Z~OfiHSm ~ 4 TpOfU-lbtX CHCTeM, BKJ-IIOqDJ:I 
pacTBOpbl rl CMeCH 3HeKTpOHHTOB H HeaneKTpO~IHTOB. C HOMOIL~bIO H3oHepH~OIIHqeCKOFO Ka.nOpHMeTpa 
H3MepeHbl IlpH 35 ~ H3~bFroqHI~Ie 3HTa~bIT~H CMece~ H HHTerpadISH/~Ie I'e[ITIOT~I paeTBOpOB. I-[ocpe~cTBOM 
~CK--2 dpHpMsl HepKnH-gnbMep 6bUUrt H3MepeH~I TeI'LrlOTI~I rmamyleu~l ~t TeI'LrlOeMKOCTH B 3aBHCHMO- 
CTH OT TeMHepaTypbL HHTeFpa.qbHaH TeHIIOTa, TeH~OTa I~-IaBHeHH~I H TerlJIOeMKOCTb MOFyT ~bITt, HCn0JIb- 
3OBaHbl ~tlFI Hccne~oeaHHH H3~brroqHo~ 3HTas paCTBOpOB. ~n H Mo~eJIHpOBaHHH 3KcnepHMeHTaill~o 
HbIX pe3y~IbTaTOB e xopouJHM IIpH~flH>KeHHeM ~/oITIO HCHOJIh3OBaHO MO~HqbHIJ~IpOBaHHOe ypaBHeHHe 

Pl~n~Ixa-KncTepa. 
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