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AND TERNARY SOLUTIONS AND MIXTURES
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The excess enthalpies were investigated for 12 binary and 4 ternary systems, including mixtures
and solutions of electrolytes and non-lectrolytes. The excess enthalpies of mixtures and integral
heats of solutions were measured with an isoperibol calorimeter at 35 °C. Heats of fusion and heat
capacities as functions of temperature were measured with a Perkin Elmer Corp., DSC—2. Integral
heats, heats of fusion and heat capacities allow investigations of 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

Nohy =xp (MRy —hSE) (1)

with the integral heat of solution A%y and the heat of fusion 45§ 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

ARy gy = x5 (A By ) — RSE) (2)

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

Er. — . (ALT. - -~ -
DRy =2x; (DER g3y — HSE) + x5 (OFR 330, — B 35) 3)
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Experimental

The following systems were included in our investigations:

()  CH,OH/H,0;(II) C,H; OH/H, O; (III) n-C;H, OH/H, O;

(IV) CH;COCH,/H,0;(V) CH,COCH,/n-C, H,OH; (VI) H, O/CO{NH, ), ;
(VII) H,O/CH,CONH, ; (VII) n-C, H,OH/CO(NH, ), ;

(IX) »n-C3H,OH/CH,CONH,; (X) H, O/KNO; ; (XI) H, O/NH,NO; ;

(XII) CH,;OH/NH,4NO;; (XIII) n-C; H,OH/H, O/CH; COCH, ;

(XIV) n-C3H,OH/H,0/CH;CONH, ; (XV) n-CsH,OH/H, O0/CONH, ),;
(XVI) CH,OH/H,O/NH,NO,.

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:/(x; +x3) (4)

The errors in heat capacities and hedts of fusion amount to = 2%. The
measured heats of solutions and excess enthalpies have errors between 1 and
20%.

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
MRy =x;x; T (B (x; —x;) (5)

i=o
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Table t Constants of Eq. (5) and mean deviations in kJ/mol

313

System B, B, B, B, B, MD

I -2.968 1.570 1.609°’ - - 0.011
I -1.200 1.758 ~1.674 2.956 -2.257 0.018
I 0.532 1.721 -0.909 2411 —2.859 0.013
v —0.195 3.735 1.122 2.969 -4.724 0.012
A% 5.878 —-0.020 1.689 -0.272 —1.888 0.019
VI —-6.374 —-3.968 2421 - - 0.004
vl -7.271 —6.074 —1.769 - - 0.012
VIII 124.924 83.098 —38.777 269.023 270.730 - 0.001
IX 3.023 47353 149.906 199.007 96.491 0.008
X 13.160 —15.422 46.038 - - 0.007
XI 13.349 —-22.689 30.880 - - 0.019
XII 6.839 21.563 - - 0.003

—17.703

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):

AEEiza =AEE'12 +AEE'13 +AE}7'23 TXy Xy X

[B+C'Xi+C2'xé+,

]

(6)

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

Table 2 Constants of Eq. (6) and mean deviation in kJ/mol

System B ol c, C, AAE ;.'m
X1l 2456 ~4.867 0.000 - 0.021
X1V 6.943 3.709 8.047 - 0.030
XV ~1.739 222.603 167.215 - 0.010
XVI ~270.893 ~437.935 316.684 1784.160 0.015
Ce= —1142.49
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Discussion

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

on Sk
oT

This relation leads to three approximations:

Cp.0k (7

Approximation 1:
Ae ok =Tpok = Cpox =0 (8)
(€por = by + b, T+Db,T? for the liquid state;

Cpor =bo + b, T+b,T? for the solid state)

D,
MRy = xi (A Ry — ok (ToR)] )
Approximation 2:
AeSL, = const (10)
MRy =x; MRy —RSE (ToE) — A Sy (T-T5p)] (11)
Approximation 3:
pok =f(T)

ARy =xj - A hk—xk{hs (T5E) + (T-T5%) (b, —b,) +

2_(SL )21(b b1y 4 (73 (7S )3](-11'15—”?_)} (12)

Figure 1 presents the different results obtained through the use of these
three approximations for the water/urea system as one example.
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Fig. 1 Excess enthalpies of H,0/CO(NH, ), — system at 35 °C

-

Fig. 2 Excess enthalpies of CH,OH/H,0/NH,NO; — system at 35 °C

J. Thermal Anal. 33, 1988



316 VOGEL: EXCESS ENTHALPIES

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/NH,NO; system are given in Fig. 2. The calculated values are

in good agreement with our experimental data.

*
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Zysammenfassung — Fir 12 bindre und ternire Systeme, darunter Mischungen und Ldsungen von
Elektrolyten und Nichtelektrolyten, wurden die Exzessenthalpien untersucht. Die Exzessenthalpien der
Mischungen und die integralen Losungsenthalpien wurden mit einem isoperibolen Kalorimeter bei 35 °C
gemessen. Die Schmelzwirmen und spezifischen Wirmekapazititen in Abhingigkeit von der Temperatur
wurden mit einem DSC 2 der Fa. Perkin-Elmer bestimmt. Die integralen Wirmen, Schmelzwirmen
und Wirmekapazititen erlauben, die Exzessenthalpien der Losungen zu untersuchen. Die Versuchser-
gebnisse lassen sich erfolgreich mit modifizierten Redlich-Kister-Gleichungen modellieren.

PE3IOME — HccriegoBaHbl H3GBLITOUHBIC IHTANLOMH A8 12 ABOHHBIX ¥ 4 TPOHUHBIX CHCTEM, BKIIOUAA
PacTBOPhI U CMeCH 3IIEKTPOJIUTOB ¥ HealeKTPponuToB. C MOMOILBI0 H30MepubonHyecKoro Kajlopiumerpa
n3MepeHst pH 35° M3IGHITOUHbIE SHTATBIUM cMecett i MHTEr pabHEbIe TENI0Tsl pacTBopoB. [TocpencTeom
OCK—2 ¢upmer [Tepxun-Onbmep GbUIM U3MepeHBI TEIUIOTHI IUIAB/IEHUA M TEIUIOEMKOCTH B 3aBHCUMO-
CTU OT TeMrlepaTyphl. IHTerpanbHas TennoTa, TefioTa ILIaBeHHA U TeIUI0eMKOCTh MOTYT GbITh MCMOB-
30BaHbl A1 HCCNEeL0BaHUA H3OLITOYHOM YHTANBITHY pacTBOPOB. [InA MoAeMMpoBaHHKA IKCIIEPUMEHTAb-
HBIX Pe3yAbTATOB € XOPOWHM pubnuxerueM GbUIO MCMOML30BAHO MOAU(PHUMPOBAHHOE ypaBHEeHHe
Pupnmuxa-Kucrepa.
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