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THERMOCHEMICAL INVESTIGATIONS
OF Nal-WATER-ISOPROPANOL SYSTEM WITH ADDITION OF FORMAMIDE
AND OF N, N-DIMETHYLFORMAMIDE
AT TEMPERATURE 298.16 K

Enthalpy of solution of Nal in water - isopropanol mix-»
tures with the addition of formamide and of N,N-dimethyl-
formamide was measured. The course of relation of stan-
dard enthalpy of Nal solution in the investigated mixed
solvents vs. alcohol and amide contents was discussed.

The mixtures of DVF with water have already been investi-
gated several times by different experimental methods. Y et,
there is no unanimity in the opinions about the influence of
DMF on water structure. Some authors e.g. Kesslerfl, 2]
Szapcharonow [3] claim that DWF exerts ordering
influence on water structure while others [A, 5] on the contrary
are of the opinion that |IMF breaks water structure.

Recently we have <carried out thermochemical [6] densimetric
and viscosimetric [7] investigations of Nal solutions in the
mixtures of formamide and of N,N-dimethylformamide with water.
The results obtained by us point to certain differences between
formamide - water and DWF - water Interactions but in our
opinion N,N-dimethylformamide, alike formamide destroys the
threedimensional water structure. As the result, strong mixed
associates are formed which according to some authors [1, 2] s

the manifestation of structure ordering.
In order to find one more argument concerning the influence



of DVF on water structure we have carried out additional in-
vestigations.

e SRS

Sodium iodide p. a. (“Merck, Germany) was crystallized from
the mixture of acetone and water in a 1:1 ratio (by volume) and
dried in a vacuum dryer at ca 343 K.

Formamide-puriss (Merck, Germany) was dried using CaO and
then distilled twice under a pressure of 1 mm Hg.

N,N-dimethylformamlde for spectroscopy (Fluk A. G.) was dried
over molecular sieves type 4A and twice distilled wunder a pres-
sure of 3.7 mmHg. Isopropanol p. a. (P. 0. Ch., Gliwice, Po-
land) was dried by the Lund-Blerrum method [8], Contaminations
determined by gas chromatography (Perkin-Elmer F-11) did not
exceed a total of 0.05ft. Water was demineralized using ion ex-
changers and then twice distilled. The solutions were prepared
by weight. The measurements were made in a calorimeter described
previously [9]

Results and discussion

We have measured Nal solution enthalpy in water - Isopropa-
nol N,N-dImethylfor mamide and water - Isopropanol - formaraide
mixtures with different composition at temp. 293.16 K. The range
of electrolyte concentrations was iron. 0.003 to 0.05 mol Nal/kg
of the mixed solvent. Basing on the obtained data we have deter-
mined the wvalues of Nal standard solution enthalpy '(AH®) in
all investigated mixtures wusing the method of graphical extra-
polation of the function AHm- f(-/m). 'The obtained results
are presented in Fig. 1 and 2.

It follows from the presented results that the effect of
the added alcohol on the structure of Nal solutions in water -

methylfor»anside mixture is different ‘thart the effect of
of on the structure of Nal solutions in water-alcohol mixtures.



In the first case (Fig. 1a) the increase of alcohol content in

all investigated DMF with water mixed solvent causes at first
the Increase of solution enthalpy (lowering of solution heat
exotermicity ) and then its decrease. On the curves of the rela-
tion AH° - f(xa”c) maximum can be observed which decreases

with the growth of N,N-dimethylformamide content and shifts to-
wards lower Isopropyl alcohol contents in the mixture.

a) b>
AH*{kcal*mole'll AH°[kcal-mole*1]

Fig. 1. The standard dissolution enthalpy of Nal in water-isopro-
panol-N,N-dImethylformamide system as a function of isopropanol
(a) and N,N-dimethylformamide (b) content

In the second case (Fig. 1b) the growth of DMF content in all
investigated mixtures of Isopropyl alcohol with water causes
decrease of Nal dissolution enthalpy (on the curves of AH »

" *(xDmf~ relation no maximum is observed).
The first portions of DVF cause, more distinct changes of the

course of the function AH° - fixj”~) than the next ones. It
can be also observed that the higher isopropanol content in the
mixture with water the more rapid increase of exothermicity of
Nal heat effect caused by the addition of dimethylfOrmamide. In

such a case the <character of the curves AH @ anc* AH
. differs, which is .probably connected with different

effect of monohydric alcohols and DWMF on water structure. Small
ammounts of isopropyl alcohol stabilize water structure desti'o-



yed by diroethylformamide. Next portion» of alcohol cause the de-
struction of water structure. With the Increase of DWF contenta
this effect decreases which Is pointed out by the Ilowering of
maximum on the curves of AH° » relation.

On the other hand the addition of DM to Isopropyl alcohol-
-water mixture causes the breaking of water structure previously
strengthened by alcohol. Analogous conclusions can be drawn from
the results of the Investigations of water - formamide - isopro-
pyl alcohol - Nal system carried out by u3 (Fig. 2).

a) b)
AH°{kcci - mole'1] AH«[kcol emole-11

Fig. 2. The standard dissolution enthalpy of Nal in water-lIsopro-
panol-formamide system as a function of isopropanol (a) and for-
mamide (b) content

It Is jmown that formamide is one of water structure break-
ing substances [10-131. The course of curves of Nal enthalpies
as a function of alcohol and formamide content In this system
is analogous to the course of (H®° curves in the previously
discussed water - DVF - isopropyl alcohol - Nal system. This in-
dicates that the behaviour of DWMF is similar to that of for-
mamide
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TERMOCHEMICZNE BADANIA UKEADU Nal-WODA-IZOPROPANOL
Z DODATKIEM FORMAMIDU | N, N- DWUMETYLOFORMAMIDU
W TEMPERATURZE 298,16 K

Zmierzono entalpie rozpuszczania Nal w mieszaninach wody z
izopropanolem z dodatkami formamidu i N,N-dwumetyloformamidu w
temp. 298,16 K. Stezenie elektrolitu wynosito od 0.003 do 0.05
mola Nal/kg rozpuszczalnika mieszanego.

Na podstawie uzyskanych danych wyznaczono warto$ci standardo-
wej entalpii rozpuszczania (AH°) . Nal we wszystkich badanych
mieszaninach. Analiza uzyskanych wynikéw wykazata, z* wplyw do-
danego alkoholu na strukture mieszaniny woda-DMF Jest odmienny
niz wptyw DMF na strukture mieszanin woda - alkohol. Niewltlki®
iloSci alkoholu izopropylowego stabilizujg zniszczong pra** DWW
strukture wody. Dalsze porcje alkoholu powoduja niszcunie stru-
ktury wody. Ze wzrostem zawartosci DVMF efekt staj« tle mniejszy,
0 czym S$wiadczy obnizenie wysokos$ci maksimum na krzywych zalez-
nosci AH° » f(x alcohol). Z drugiej strony dodatek DVF do mie-
szaniny izopropanol-woda powoduje niszczenie wzmocnionej uprzed-
nio alkoholem struktury wody.

Analogiczne wnioski mozna wysnué¢ na podstawie wynikbw prze-
prowadzonych przez nas badan uktadu: woda - formamid - alkohol
izopropylowy - Nal.

Cte'taHHH TaHeBCKa-OcHHbcica, AjiahSI rieKapcKa

TEP5I0JHIJBH CHCTEa Nal BOJU-H30OHPOIUHCUI
C JOEABKAIM S-OPILUMIIA  H 1iK> ITRf 398,16 K

H3MepeHa aHiajihn-ta pactBOpenaa Nal b cMeonx Bona-aaonpotiaHOJi
¢ ijoiSaBKalJiH iopMalAa™a u E12 npa reMnepaxype 298,16 K. KoHueHTpa-
UUOHKuft anTepeai'i no sJieKTpojiHTy cocTaBaa 0,003-0,05 mojib Nal/Kr
pacTBopnrejia". il3uepeHHue 3HaueHHH aHTajibnaa pactBopeHHH  Kai bo
Bcex H3yMeHHax cMecxx 3KCTpano;j «posan ocb CecxoHeuHO  dojissioro
pa3BcheRHH (AHO0). AHajiaa jiojiyHeHHMx pesyafraTOB cKa3hiBaeT, <i?0
netcTBHe jofiaBOK cnapTa Ha c?pyicTypy cMeceii Bofla-4HMe?a.ii>opMaMaii k
SOfiaBOK 3M> Ha CTpyKTypy cMeced B04a-H3oupona.iob:iU enupT Heo”HHa-
KOBO. HeSo-itiiie gos6&bka H3onponHJioBoro cnapTa oia6HIitH3Hpy»T paa-
pymeHHya H, H-"HMeTajioi/opMaMasow CTpyKTypy boau. a aatew ee pa3-
pyaa»?. 0 noBuoieHHe« KOH”eHipanaa JIMP dtqt sapear e”pa”en b uenb-
me-i otenena, 0 ueM CBa”eieJibcTByeT CH"ne.Hae bmootm MaxcaMyMa  Ha
xpaBhtx aaBHcawocTH Ah° i f(x cn.). AofiaBKa IMS k cucteue H3onpo-
aiuiobu2 c:japr-Bo.$a BU3UBaioT pa3pymeHne ynpoHH.yHHOJ} cnapiOM cTpyx-
typu BO4tl AHa.iorHMKie pe3y:ibTaTu aoxyvemi ajih OHcreuu Boua-iiopMa-
uhg —a3onponajioB=iit ctiapr - lial.



