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RELATIVE PARTIAL MOLAL ENTHALPY OF Nal SOLUTIONS
IN THE MIXTURES OF N,N-DIMETHYLFORMAMIDE WITH WATER

The values.of the relative partial nolal enthalpy of mixed sol-
vent () and electrolyte () in Nal-water-N,N-dimethylformamide
systems were obtained.

The course of the function of the Lj, and 1-j/T vs concen-

tration has been discussed.

In our previous works CI* 2) we have presented the data on
integral solution heat (A Hn> of Nal in the mixtures of N,N-
-dimethylformamide with water within the whole composition range
of the mixed solvent over the temperature 5-35°C.

All isotherms of integral Nal solution heat in the examined
mixtures were described by the equation

*

A. A* A-
“AH «A +—-T +7————- R 3 (6))
m ° o+ fi m + s)2 (m =ms)J

*

where:
s - assumed parameter;
AO, Aj, A2, A3 - polynomial coefficients.

We have assumed the parameter ''s" in such a way as to make the

difference between A H, (calculated) and A Hy, (experimental)
as small as possible.

Using the functions A = f(m) determined in such a way
we have calculated relative partial molal enthalpy of the sol-
vent () and Nal (E2> We have treated the examined three



component system: N,N-ciimethylformamide-water-Nal as pseudobi-
nary, assuming that each of the examined mixtures of a given
composition is a separate solvent.

We have calculated the values (Lj) and (Ej) from the for-
mula:

I _»yg M d Hm) .-

1 2 1000 d~ U)
Z - .. - V»d A m
~ AH'S 2 d=* <3)

where;
m - the electrolyte concentration 1in mol./kg of the solvent;

o]
A Hm - integral dilution heat.

The value of the derivative d(A Hiﬁkh/ﬁi was calculated by
analytic method using the computer "Odra 1013“.

The calculated values and E2 are presented in tab.
1-4 and fig. 1 and 2 in the form of the function L1# L2 * f(mX

It follows from the figures, that alike in the case of pre-
viously discussed Nal-water-formamide [3) system the course of

the function » F(m) depends on the composition of the mixed
solvent. In all the cases three types of isotherms can be
distinguished approximately corresponding to three types of
isotherms of Nal solution heat in the discussed mixtures.

In the solutions containing from O to 30 mol. % DMF the

course of relation Lj = f(m) is analogous to that in aqueous
Nal solutions. The curves belong to the 11l type according to
Mishchenko and Pronina® s classification [4].
In the solutions containing above 67 mol. % DMF the course of
the discussed function is typical for nonaqueous solvents; the
isotherms belong to I-st type [4]. The shape of the discussed
function in the solutions containing from <30 to ~ 67 mol. %
DMF may be considered as intermediate between the two describ-
ed above forms of the curve Lj = F(m).

Similar observations can be made on the basis of the ana-
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+1212
+1305

Table

-1.038
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Pig. 1. The course of relation L, « f(mj of Nal solution in the mixtures N,N-

-dimethylformamide-water at temp. 5°C. The DMF contents in the mixtures (in

mol. % are: 1-0%, 2-5», 3 - 15%, 4 - 30%, 5 - 50%, 6 - 67%, 7-80%,
8 - 95%, 9 - 100%

lysis of the concentration dependence of relative partial molal
enthalpy of Nal (L2> in the examined mixtures (tab. 1-4, fig.-
3, 4.

The function illustrating the structural changes in the so-
lution in the best way is entropy [5, 6J.

This quantity is connected with relative partial molal ent-
halpy of solvent (V) by the following relation;



In order to determine the excess of relative partial molal
entropy of the solvent using the formula (4) the knowledge of
activity of the solvent in the solution is necessary.

In literature we have not found the data concerning the ac-
tivity of Nal solutions in the mixtures of DMF with water. For
this reason we could not calculate the value A 5}3 in the exa-

mined systems. Mishchenko and Sokolov "™ s
L, (cal /mol ]
t-35°C
Tig. 2. The course of relation £, - f(m) of Nal solution in the mixtures N,N-

-dimethylformamide-water at temp. 35°C. The DMF contents in the fixtures (in
mol. %) are; 1-0%, 2-5%, 3 - 15%, 4 - 30%, 5 - 50%, 6 - 67%, 7 - 80%,
8 - 95%, 9 - 100%



servation 17J which let us assume that the course of relation
Ej/T - f(m, T) 1illustrates the effect of the dissolved electro-
lyte on the solvent structure in a similar way as the course
of the curves A - f(m, T), allowed us to calculate the va-
lues Lj/T of Nal solutions in DMF-water mixtures. The results
are presented 1in tab. 5-8 and in fig. 5, s as the relation
EX/T - f(m).

Fig. 3. The course of relation “ F(@) of Nal solution in the mixtures N,N-

-dimethylforaamide-water at temp. 5°C. The DMF contents in the mixtures (in

mol. %> are: 1-0%, 2 - %%, 3 - 15%, 4 - 30%, 5 - 50%, 6 - 67%, 7-80%,
8 - 95%, 9 - 100%



Fig. 4. The course of relation Lj - f(m) of Nal solution in the mixtures N,N~

-dtmethylforaainide-water at temp. 35°C, The DMF contents in the mixtures (in

mol. % are: 1-0i, 2 - 5, 3 - 15%, 4 - 30%, 5 - 50%, 6 - 67», 7 - 80%,
8 - 95%, 9 - 100%

The analysis of the course of the function h™/T = f(m) shows
that within the range of small Nal concentrations, in all exa-
mined mixtures of DMF with water the above function takes
"smald negative values. The further growth of electrolyte con-
eers-ration brings about the changes of the course of the



Table 5

N

*
The ~ 1-1§ function values of Hal solutions In cal mol._l

In M N-dimethylformamide-vater mixtures (t= 50)

Solution concentrations in mol. NalAs of solvent

Mol. %
Of DKF 0.03 0.05 0.10 0.20 0.50 1.00
0 -0.04 -0.08 -0.19 +0.43 +5.50 +28.79
5 -0.08 -0.18 -0.33 +0.49 +6.80 +15.32
15 -0.10 -0.23 -0.55 -0.63 +2.08 +7.02
30 -0.41 -0.76 -1.01 +0.86 +10.19 +20.37
50 -0.37 -0.73 -1.51 -3.03 -8.74 -
67 -0.63 -1.24 -2.84 -7.37 -26.52 -
60 -0.94 -1.97 -4.32 -7.13 - -
95 -1.98 -2.88 -5.32 -13.13 - -
100 - -2.45 -3.94 -6.53 -24.05 - -
Table 6
4 | 3 - - - -1
The = « 10" function values of Nal solutions in cal mol.
in N ,N-dimethylformamide-water mixtures (t » 15 C)
VoL % Solution concentrations in mole Nal/kg of solvent
- 0
of DWF 0.03 0.05 0.10 0.20 0.50 1.00
0 -0.04 -0.08 -0.11 +0.28 +3.09 +20.61
5 -0.10 -0.20 -0.29 +0.37 +4.32 +9.16
15 -0.18 -0.35 -0.59 -0.08 +3.52 +7.85
30 -0.41 -0.82 -1.37 -0.18 +8.61 +19.47
50 -0.34 -0.71 -1.51 -2.41 -4.13 -
67 -0.83 -1.56 -3.07 -6.63 -23.81 —
80 -1.12 -2.07 -3.65 -5.88 - -
95 . -2.38 -3.81 -4.53 -7.64 - -

loo -2.51 -3.88 -6.79 -31.98 — —



Lj 3
The — <lo function values of Nal solutions In cal mol."1
In N N-dimethylforaamide-water mixtures (t » 25°C)
Mol. % Solution concentrations in mol. Nal/kg of solvent
Of DMT
0.03 0.05 0.10 0.20 0.50 1.00
0 -0.04 -0.12 -0.08 +0.16 +2.71 +15.09
5 -0.10 -0.19 -0.26 +0.27 +3.23 +6.74
15 -0.18 -0.30 -0.22 +0.60 +2.20 +2.46
30 -0.39 -0.72 -1.09 -0.44 +2.50 +4.70
50 -0.29 -0.55 -0.94 -1.69 -8.55 -
67 -0.90 -1.80 -3.62 -6.09 «16.88 —
80 -1.31 -2.36 -3.73 -6.14 -13.97 -
95 -2.74 -4.06 -5.55 -8.98 - -
100 -3.18 -5.19 -6.39 -9.16 - -
Table
H
The - ‘Ié function values of Hal solutions In cal mol.-1
In N ,N-dimethyl fonnamide-water mixtures (t » 35°C)
Vol. t Solution concentrations in mol. Nal/kg of solvent
of DMF
0.03 0.05 0.10 0.20 0.50 1.00
0 -0.04 -0.07 -0.11 -0.15 +1.69 +12.07
5 -0.10 -0.20 -0.34 +0.03 +3.19 +7.61
15 -0.20 -0.32 -0.22 +0.88 +3.83 +5.72
30 -0.37 -0.67 -0.92 +0.00 +3.68 +6 .60
50 -0.25 -0.52 -1.09 -2.17 -7.16 -
.67 -0.75 -1.71 -4.35 -4.70 -9.23 -
80 -1.44 -2.84 -3.56 -6.12 -12.50 -
95 -2.67 -4.07 -4.10 -7.91 - -
100 -3.37 -5.73 -8.35 -14.54 - -



(Inool. » are: 1-0%, 2-5%, 3 -1, 4 -3, 5-5Mm 6-6M, 7 -
- 8%, 8-95%, 9 - 100%

function Lj/T = f(m), relating to the solvent composition. -In
% DMF the discussed function

Frank and Robin-

the mixtures containing 0-30 mol.

takes positive values. According to

son" s suggestion [5] we can suppose that Nal disorders the



Pig. 6. The course of relation L,/T m f(m) of Nal solution in the mixtures

-1,N-dia>ethylformainide-water at temp. 35°C, The DMF contents in the mixtures

(in Biol. ») are: 1-0%, 2-5», 3-15»,4-30», 5 -5», 6 -67», 7 -
- 80%, 8-95», 9 - 100»

30lvent structure within the range of DMF contents smaller than
30 mol. %. In the solutions containing above 30 mol. % DMF* the
function Ljj/T = f(m) takes negative values, which according to

/



the above suggestion, would point to ordering of solvent struc-
ture by the added electrolyte (Nal), within the remaining com-
poBition range of the discussed system.
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WZGLEDNA CZASTKOWA MOLOWA ENTALPIA ROZTWOROW Nal
W MIESZANINACH N.N-DWUMETYLOFORMAMIDU Z WODA

Na podstawie zmierzonych [1, 2) entalpii rozpuszczania Nal w mieszani-
nach N,N-dwumetyloformamidu z wod4 w zakresie temperatur 5-35 C obliczono war-
tos¢ wzglednej czastkowej molowej entalpii rozpuszczalnika mieszanego (1)) i
elektrolitu (L,,)), w zaleznosci od stezenia elektrolitu we wszystkich bada-

o
nych mieszaninach w temperaturze 5, 15, 25 i 35 C.



2 uzyskanych danych wynika, te ksztaktt funkcji Lj » fGo) 1 n f(m)
zaleiy od skdadu mieszanego rozpuszczalnika oraz od temperatury. Ponadto ob-
liczono wartosci funkcji Lj/T 1 zanalizowano Jej przebieg w zalefenoccl od
«tfienla elektrolitu 1 temperatury. Analiza przebiegu funkcji L./T, ktorej
wartosci 84 bliskie zmian entropii £ wykazuje, te Nal zak#6ca struktur?
rozpuszczalnika w roztworach o zawartosci DMF mniejszej niz 30% mol. W po-
zostatym zakresie skkadéw omawianego ukdadu wprowadzony elektrolit porzadkuje

strukturp rozpuszczalnika.

AiMHa fleKapcKa, Ct£0éhma TaneecKa-OcMHCKa

OTHOCMTEJIbHATT  [IAPEIVAIRHAR MOJWJIbHAA 3HTA/IbnKFl PACTBOPOB Nal
B OVECHX N ,W-FIMVETMjttOPMAWFIA C BOFACH

Ha ocHose nonymeHwx HaMH [1, 23 sHaMeHnk MHTerpa/ibHoA 3nTaxibnun pacrao-
peHM« Nal b cmccsx N,N-AHMeTnn$opMaMMfia C boaom b Ananasowe TewnepaTyp 5-
*35°C DaccMWTana OTHOCMTejibHan napuwa/ibHa» Monnnbwan 3HTanbnwn CMeuiaHworo
PaCTBOp~Te/IH (Lj) M 3/ieKTpOilMTa (Ej) a SBBMCHMOCTM OT KOHIteHTpaUHW 3/leK-
TponwTa bo »cex M3yd4eHHbix cwecfw npw teMnepaiype 5, 15, 25, 35°c. Ha ocnoBa-
mmm nony>4eHHux abhhwx bmaho, mto xapaKTep $yHKUMM Lj - f(m) h L2 - f(m) aa-
bmcmt ot cocTasa CMeuiaHHoro pacTBopmefifl Uot TennepaTypu.

PaccMMTaHu awaueHMR <j>yMKnnn Lj/T u pacCMOTpen ee xoa b 3aBncnMocTn ot
KOHueMTpauMM €onu n TennepaTypu. Ana/in3 xapa«Tepa OyHtcmiM L/t; kotopom 3Ha-
MeHHB 6nn3KM H3M6H6HWRH amponwH A S.;E nOKa3UBaeT, mto Nal pa3ynopflflOMMBaeT
CTpyKTypy pacTBopw Te/M B paCTaopax coAep*amnx «ewee Mew 30 non. % g
ocTanbMOM HHTepsane cocTasoa BBeAeHHbin 3/ieKTponnT ynopHflOMwsaeT CTpyKTypy

pacTBopme/in.



