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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 (Lj) and electrolyte (Lj) in NaI-water-N,N-dimethylformamide 
systems were obtained.

The course of the function of the Lj, and I-j/T vs concen
tration has been discussed.

In our previous works Cl* 2) we have presented the data on 
integral solution heat (A Hm> 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 
*
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where:
s - assumed parameter;
A0, 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 H (experimental)m iu
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-NaI 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:
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where;
m - the electrolyte concentration in mol./kg of the solvent;

oA Hm - integral dilution heat.
The value of the derivative d(A H°)/d\/íñ was calculated byin *

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 0 to 30 mol. % DMF the 
course of relation Lj = f(m) is analogous to that in aqueous 
Nal solutions. The curves belong to the III type according to 
M i s h c h e n k o  and P r o n i n a '  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-



T a b l e  1

m
fraol. Nal]
L ^  J

Mol. % of DMF in the mixed solvent
O 5 15 30 50 67 80 95 loo

Lj [cal/ool.3

0.03 -0,011 -0.021 -0.028 -0.113 -0.103 -0.174 -0.263 -0.551 -0.681
0.05. -0.023 -0.050 -0.065 -0.210 -0.202 -0.345 -0.549 -0.800 -1.096
0.10 -0.053 -0.093 -0.154 -0.281 -0.421 -0.790 -1.202 -1.480 -1.815
0.20 +0.121 +0.137 -0.174 +0.240 -0.843 -2.049 * -1.982 -3.653 -6.690
0.50 +1.53 +1.892 +0.579 +2.834 -2.430 -7.375 — - —  .V —
1.00 +8.01 +4.260 +1.952 +5.666 — — — — —

L2 [cal/mol.]

0.03 +55 +67 +79 +262 +182 +261 +317 +734 +875
0.05 +65 +102 +114 +335 +238 +341 +434 +828 +1023
0.10 +89 +134 +162 +369 +305 +453 +582 +847 +1158
0.20 i-42 +65 . +171 +272 +369 +608 +673 +1091 +1587
0-50 -155 -186 +89 +42 +475 +903 — — —
1.00 -655 -349 +15 , -75 — — — — —
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T a b l e  2

mI m l̂ - y 1 Mol. % of DMF in the mixed solventI iqoi . Nal |
1 J 0 5 15 30 50 67 80 95 100

Lj [cal/aol.]
«

0.03 -0.011 -0.029 -0,052 -0.119 -0.098 -0.239 -0.322 -0.686 -0.722
0.05 -0.023 -0.058 -0.102 -0.235 -0.204 -0.450 -0.596 -1.098 -t.ue
0.10 -0.031 -0.084 -0.169 -0.394 -0.434 -0.863 -1.051 -1.307 -1.957
0.20 +0.061 +0.106 -0.022 -0.050 -0.694 -1.909 -1.694 -2.201 -9.216
0.50 +0.890 +1.244 +1.014 +2.480 -1.191 -6.862 — — —
1.00 +5.94 +2.639 +2.261 +5.609 — — — — —

1*2 [cal/aol.]

0.03 +62 +106 +157 +261 +169 +356 +423 +870 +906
0.05 +75 +141 +206 +347 +228 +455 +537 +1023 +1048
0.10 +87 +162 +244 +417 +299 +566 +642 +1073 +1199
0.20 +57 +104 +210 +356 +341 +693 +713 +1147 +1839
0.50 -70 -61 +91 +135 +374 +964 — — —
1.00 -410 -158 , +23 ! +5 — — — — —



T a b l e  3

m Mol. * of DMF in the mixed solvent .
[mol. Nal]
L kg J o 5 15 30 50 67 80 95 100

Lj [cal/mol.]

0.03 -0.012 -0.029 -0.055 -0.117 -0.087 -0.267 -0.390 -0.817 -0.949
0.05 -0.036 -0.056 -0.088 -0.216 -0.162 -0.536 -0.703 -1.210 -1.548
0.10 -0.025 -0.077 -0.066 -0.325 -O.281 -1.080 -1.112 -1.655 -1.906
0.20 +0.049 +0.081 +0.179 -0.129 -0.503 -1.816 -1.832 -2.677 -2.731
0.50 +0.808 +0.963 +0.656 +0.745 -2.549 -5.032 -4.166 —  • —
1.00 +4.50 +2.009 +0.700 +1.400 — — — — ——

L2 [cal/mol.] ,

0.03 +96 +130 +209 +273 +153 +373 +546 +1038 +1168
0.05 +120 +163 +242 +347 +195 +498 +676 +1187 +1382
0.10 +104 +180 +235 +395 +233 +639 +774 +1180 +1463
0.20 +86 +131 +172 +360 +265 +734 +806 +1306 +1527
0̂  50 -60 ' +2 +111 +280 +394 +906 +933 — —
1.00 -320 -69 +106 +253 . — — — — —

Relative 
partial 

molal 
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T a b l e  4 O

oin water-N,N-din>ethylformaaide mixtures (t = 35 C)

)
m Mol. % of DMF in the mixed solvent

[mol* NalI
[ J 0 5 15 30 50 67 * 80 ,95 ÎOO

Lj [cal/mol. 1

0.03 -0.012 -0.030 -0.060 -0.114 -0.078 -0.231 -0.444 -0.823 -1.038
0.05 -0.022 -0.061 -0.097 -0.206 -0.159 -0.528 -0.876 -1.255 -1.765
0.10 -0.034 -0.106 -0.068 -0.285 -0.337 -1.339 -1.097 -1.264 -2.572
0.20 -0.048 +0.009 +0.269 +0.001 -0.667 -1.451 -1.887 -2.437 -4.480
0.50 +0.522 +0.983 +1.180 +1.133 -2.206 -2.845 -3.851 - -- —
1.00 +3.72 +2.346 +1.763 +2.034 — ' — — — —

L2 [cal/mol .3

0.03 +92 +110 +196 +269 +121 +294 J +563 +1037 +1206
0.05 +112 +149 +233 +338 +166 +431 +742 +1199 +1465
0.10 +109 +181 +223 +375 +221 +637 +931 +1212 +1629
0.20 +93 +147 +136 +322 +271 +784 +1013 +1305 +1795
0.50 -3 +8 +25 +219 +371 +817 +1056 — —
1.00 -240 -85 —8 +181 — v — — — —

*S 
'«
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Td



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, 6 J.

This quantity is connected with relative partial molal ent
halpy of solvent (L^) 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

—Bthis reason we could not calculate the value A Sj in the exa
mined systems. M i s h c h e n k o  and S o k o l o v '  s

L, (cal /mol ]

t -3 5 °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 
■ol. %) 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) illustrates 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 in tab. 5-8 and in fig. 5, 6 as the relation 
£x/T - f(m).

Fig. 3. The course of relation “ f (m) 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 - 5%, 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 - Oi, 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 
'smalJ negative values. The further growth of electrolyte con- 
eers~ration brings about the changes of the course of the



T a b l e  5
^ 1 * 3  -1The ~  • 1 0  function values of Hal solutions In cal mol.
In M,N-dimethylformamide-vater mixtures (t • 5 C)

Mol. % Solution concentrations in mol. Nal A s  of solvent
Of DKF 0.03 0.05 0.10 0.20 0.50 1.00

O -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 — —
lOO - -2.45 -3.94 -6.53 -24.05 -- —

T a b l e  6

Zl 3 -1The —  • 10 function values of Nal solutions in cal mol.T
in N,N-dimethyIformamide-water mixtures (t » 15 C)

MOl. % Solution concentrations in mole Nal/kg of solvent
of DMF 0.03 0.05 0.10 0.20 0.50 1.00

O -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 -O. 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 — —



I i b l i  7
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 — —

T a b l e  8

H  3The —  • lo function values of Hal solutions In cal mol.-1 
In N,N-dimethyl f onnamide-water mixtures (t » 35°C)

Mol. 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 — —



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

function Lj/T = f(m), relating to the solvent composition. -In 
the mixtures containing 0-30 mol. % DMF the discussed function 
takes positive values. According to F r a n k  and R o b i n -  
s o n' s suggestion [5] we can suppose that Nal disorders the



▼

Pig. 6. The course of relation L,/T ■ 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 - 50», 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 Lj/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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WZGLĘDNA CZĄSTKOWA MOLOWA ENTALPIA ROZTWORÓW Nal 
W MIESZANINACH N.N-DWUMETYLOFORMAMIDU Z WODĄ

Na podstawie zmierzonych [l, 2) entalpii rozpuszczania Nal w mieszani
nach N,N-dwumetyloformamidu z wod4 w zakresie temperatur 5-35 C obliczono war
tość względnej cząstkowej molowej entalpii rozpuszczalnika mieszanego (Lj) i
elektrolitu (L„), w zależności od stężenia elektrolitu we wszystkich bada-

onych mieszaninach w temperaturze 5, 15, 25 i 35 C.



2 uzyskanych danych wynika, te kształt funkcji Lj » f(ro) 1 ■ f(m)
zaleiy od składu mieszanego rozpuszczalnika oraz od temperatury. Ponadto ob
liczono wartości funkcji Lj/T 1 zanalizowano Jej przebieg w zalefenoćcl od
•tfienla elektrolitu 1 temperatury. Analiza przebiegu funkcji L./T, której

—Ewartości 84 bliskie zmian entropii wykazuje, te Nal zakłóca struktur?
rozpuszczalnika w roztworach o zawartości DMF mniejszej niż 30% mol. W po
zostałym zakresie składów omawianego układu wprowadzony elektrolit porządkuje 
strukturp rozpuszczalnika.

A/iMHa fleKapcKa, Ct£0ć)hma TaneecKa-OcMHCKa

OTHOCMTEJlbHAfl [lAPt|MAJłbHAfl MOJWJIbHAA 3HTA/lbnKfl PACTB0P0B Nal 
B CMECJłX N, W-flMMETM jttOPMAMMflA C BOflOfl

Ha o c H o s e  n o n y M e H w x  HaMH [1, 2 3  S H a M e H n K  M H T e r p a / ib H o A  3nTaxibnun pacrao- 
p e H M «  Nal b c m c c s x  N,N - A H M e T n n $ o p M a M M f ia  c b o a o m  b  A n a n a s o w e  T e w n e p a T y p  5- 
* 3 5 ° C  D a c c M W T a n a  O T H O C M T e j ib H a n  n a p u w a / ib H a »  M o n n n b w a n  3 H T a n b n w n  C M e u ia H w o ro  

P a C T B O p ^ T e / lH  ( L j  ) M 3 / ie K T p O i lM T a  ( E j )  a  SB B M C H M O C T M  O T  K O H lte H T p aU H W  3 / le K -  

T p o n w T a  b o  » c e x  M 3 y 4 e H H b ix  c w e c fw  n p w  t e M n e p a i y p e  5, 15, 2 5 ,  3 5 ° C .  Ha o c n o B a -  

mmm n o n y > 4 e H H u x  a b h h w x  b m a h o ,  m t o  x a p a K T e p  $ y H K U M M  L j  -  f ( m )  h  L 2  -  f ( m )  a a -  

b m cm t o t  c o c T a s a  C M e u ia H H o r o  p a c T B o p m e f i f l  u o t  T e n n e p a T y p u .

P a c c M M T a H u  a w a u e H M R  <j>yMKnnn L j / T  u  p a c C M O T p e n  e e  x o a  b  3 a B n c n M o c T n  o t

K O H u e M T p a u M M  eonu n TennepaTypu. Ana/in3 x a p a « T e p a  OyHtcmiM L/t; kotopom 3Ha-
•~E

M e H H B  6 n n 3 K M  H 3 M 6H 6 H W R H  a m p o n w H  A  S j  n O K a 3 U B a e T , m t o  N a l  p a 3 y n o p f l f lO M M B a e T  

C T p y K T y p y  p a c T B o p w  T e / M  B p a C T a o p a x  c o A e p * a m n x  « e w e e  M ew  30 n o n .  % g

o c T a n b M O M  H H T e p s a n e  c o c T a s o a  B B e A e H H b iń  3 / ie K T p o n n T  y n o p H f lO M w s a e T  C T p y K T y p y  

p a c T B o p m e / in .


