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RESEARCH OF PHYSICOCHEMICAL PROPERTIES
OF THE DMSO-Cu(NO;),-3H,0 SYSTEM

Abstract. Physicochemical properties of the DMSO-Cu(NO;),3H,0 system are studied in the concentration
range of 0,01-2 M at 298 K. The refraction index of a solution of copper(Il) nitrate in dimethylsulfoxide (DMSO) is
measured at 288-318 K. The excess and partial molar volumes of the solvent and dissolved substance are calculated
analytically. In work it is demonstrated the good solubility of copper(Il) nitrate trihydrate in DMSO at 288-318 K. In
diluted solutions, the copper salt is completely ionized. Ion salvation results in the decomposition of the DMSO
eigenstructure. Hydrogen bonding between (CHj;),SO molecules and the HyO molecules in the crystallohydrate
results in the formation of heteromolecular associates, the number and importance of which in the rearrangement of
the liquid phase structure increase as the concentration of the solution grows. The properties of low concentration
(<0,4 M) solutions are defined mainly by the properties of DMSO.

Key words: Copper(Il) nitrate crystallohydrate, dimethylsulfoxide, solubility, refraction index of solution,
solution density.

Introduction. Dimethylsulfoxide (DMSO) molecules are cationotropic, they form quite strong
complexes with copper(Il) ions that have coordination numbers from 2 to 4. There are data on the
formation of stable [(CH;),SO-NO3] complexes in the presence of water when the nitrogen atom is linked
directly with the sulfur atom, although the possibility of such bonding was denied in [1]. The existence of
Cu(NO3), mDMSO complexes where m is 2—4 was mentioned in [2].

In this work, we studied the changes in density, viscosity, and refraction index as a function of the
concentration of a dissolved substance at 298 K. The refraction index of the DMSO-Cu(NOs),3H,0
system was measured over the wide temperature range of 288-318 K.

Experimental

Copper nitrate crystallohydrate was synthesized according to the procedure described in [3] and
recrystallized from water. DMSO was distilled in vacuum (np=1,4816, p,=1,0764 rcm’).The refraction
indices of the investigated solutions were measured using an URL model 1 multipurpose laboratory
refractometer (accuracy, 5-107), the density was determined by pycnometry with an accuracy of 0,5
kg/m’, and the viscosity was determined using a capillary viscometer with a capillary diameter of 0,59
mm. All measurements were performed at constant temperatures maintained using a UTU-4 multipurpose
thermostat with an accuracy of 0,5°C. The content of water in the crystallohydrate rose as the
concentration of salt in the DMSO-copper nitrate system grew, and the system was in fact DMSO-
Cu(NO3)>,H,0. The presence of small amounts of water (~10 mol %) had no appreciable effect on the
physicochemical parameters of dimethylsulfoxide solutions [4] while considerably facilitating the
solubility of the salt.

The refraction index and density of a solution of Cu(NO;),-:3H,O in DMSO increase as the salt
content therein rises (Fig. 1). The isotherms of dependences of the refraction index on the copper(Il)
nitrate concentration in DMSO are expressed as a broken line (curves 1-5) described by the equation,

— 5 —
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n=n,+b-1gC, (D
where 7y is the standard refraction index of a solution obtained by extrapolating n and logc with a straight
line to ¢ = 1 M, and b is the slope of the line.

The nyand b values (Table 1) were obtained by the least squares processing of the experimental data
on a computer. The correlation coefficient for the values determined is in all cases at least 0,95, and the
confidence level is 95%.

The relative refraction index—temperature coefficient,

E, =(0lgn,/0T), =-2.70-10"* K", )

determined from the data from Table 1, lies low in the temperature range of 288—-308 K and is close
to the En of pure DMSO (2,62 x 10* K™). The refraction temperature coefficients of solutions increase
in absolute magnitude in the high temperature range (308-318 K) up to —3,6 x 10* K™, due obviously to
the decomposition of DMSO eigenstructuring. The ionized state of cupric nitrate in solution and the
predominant effect of DMSO itself on the optical properties of the system is likely responsible for the
slight slope of the #n, logc isotherm (b = 0,0068) in the low-concentration range (to 0,4 M).

1.48

1.46 -

loge [mol/L]

Figure 1 - Refraction index (/—5) and density (6) of solutions of Cu(NO3), 3H,0 in DMSO as a function
of the copper salt concentration at (/) 288, (2) 293, (3, 6) 298, (4) 308, and (5) 318 K.

Table 1 - nypand b constants of Eq. (1) at different temperatures.
In the ranges of Cu(NOj3),-3H,0 concentration (0,01 - 4 and 0,4 - 2,8 M)

no | b10° ny | b10°
T.K 0,01-4 M 04-2,8M
288 1,4948 7,176 1,5031 25,304
293 1,4915 6,176 1,5012 24,862
298 1,4902 6,375 1,4997 27,063
308 1,4861 6,850 1,4960 26,797
318 1,4811 5,690 1,4929 29,653

As can be seen from the plot, the slope of the n, logc isotherm increases in more concentrated
solutions (>0,4 M); this can be explained by the coarsening of the electrolyte particles induced by ionic
association, which is likely enhanced as the temperature rises. In diluted solutions, the rise in density with
growing concentration of the solution at a constant temperature of 298 K is also slight (Fig. 1, curve 6).
Upon moving to more concentrated solutions (>0,4 M), the slope of the p, logc line rises more than
eightfold. The high increase in solution density seems to be caused by the ionic association of the
electrolyte and the formation of the abovementioned heteromolecular associates, due to the stronger
concentration of the solution and the accumulation of water molecules in the crystalline hydrate.

— §f —
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The solubility of copper(Il) nitrate in water at 15 and 45°C is 4,4 and 5,3 M, respectively [5].
Cu(NO;),-3H,O crystallohydrate is very soluble in DMSO. We confine ourselves to studying
dimethylsulfoxide solutions with concentrations of 2,0 M. The excess and partial molar volumes of the
components of the DMSO-Cu(NOs),-3H,0 system are given in Table 2 and shown in Fig. 2.

Table 2 - Excess volumes of the DMSO—Cu(NO3),-3H,0 system (x; is the molar fraction of cupric nitrate)

X2 —V1E —VZE
0,0013 -0,1200 -0,0704
0,0163 -0,1793 -0,7681
0,0313 20,3394 -1,2589
0,0462 20,5955 _1,5442
0,0612 -0,9426 -1,6362
0,0762 -1,3763 -1,5356
0,0912 -1,8917 -1,2471
0,1062 22,4839 20,7756
0,1211 23,1486 20,1256
0,1361 -3,8804 0,6972
0,1511 -4,6748 1,6888

The partial molar volume of DMSO decreases as the second component is added and curve 7 (Fig. 2)
becomes steeper, which can be explained by the transition from one type of the solvent structure to
another one. The partial molar volume of Cu(NO;), (Fig. 2, curve 2) in the investigated concentration
range grows linearly as the content of salt in solution rises, due likely to ionization of the dissolved cupric
nitrate followed by ionic association.

Conclusion. We have demonstrated the good solubility of copper(Il) nitrate trihydrate in DMSO at
288-318 K. In diluted solutions, the copper salt is completely ionized. Ion salvation results in the
decomposition of the DMSO eigenstructure. Hydrogen bonding between (CH;3),SO molecules and the
H,0 molecules in the crystallohydrate results in the formation of heteromolecular associates, the number
and importance of which in the rearrangement of the liquid phase structure increase as the concentration
of the solution grows.

- 100

|
0 0.1 0.2

X2

Figure 2 - Partial molar volumes of (/) dimethylsulfoxide and (2) copper(II) nitrate trihydrate as a function
of the composition of a solution at 298 K; x, is a molar fraction of the dissolved substance

The properties of low concentration (<0,4 M) solutions are defined mainly by the properties of
DMSO. When the temperature rises above 35°C, the structure of the organic solvent decomposes in
diluted solutions, the mobility of electrolyte ions increases, and the effect of the solutions’ concentration
on its optical properties weakens; i.e., the low value of coefficient  in Eq. (1) falls further. In solutions

— ] —
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with higher concentrations, the number of heteromolecular associates grows continuously as the salt
content in a solution rises, involving the whole system. As a consequence, viscosity increases, ionic
association is enhanced, and the effect of concentration on the refraction index of a solution grows.
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A. MawmbipGexoBa', A. MamuToBa', A. Tymlﬁaenal, A. Mamupﬁexona2

("FOxH0-Ka3axcTaHCKHil rOCY 1apCTBEHHBINH YHUBEpCHTET HM. M. Ay3308a, LIIEIMKEHT;
*MexyHapOHbII Ka3axcKo-Typenkuii yaupepeuter uM. X.A. Scasu, Typkecran, Kazaxcran)

HCCJIEJOBAHUE ®U3UKO-XUMUYECKNX CBOMCTB CUCTEMBI JIMCO-Cu(NO;),3H,0

AnHoTtanusi. V3ydeHsl (M3MKO-XMMHUECKHE CBOWCTBA — IUIOTHOCTh, TMHAMHYECKAsl BSI3KOCTh M IOKa3aTelb
npenomiienus: cuctembl JIMCO-Cu(NOs), 3H,0 B untepBane konuentpauuid 0,01-2 M mpu temmneparype 298 K.
[MTokazaTens npenomieHus pactBopoB Hurpara Meau(ll) B numermicynsdokcune (JIMCO) u3mepeH B MHTEpBaje
temnepatyp 288-318 K. AHanmUTHYECKHM METOIOM pPaCCUYUTAHBI W30BITOYHBIC W MAPIUATEHBIC MOJBHBIE 00BEMBI
pacTBOpUTENS. U PaCTBOPEHHOT'O BEIIECTBA /IS AaHHOH cucTeMbl. B pabore oTMeueHa Xxoporias pacTBOPHMOCTh
tpuruapara autpata Menu(ll) 8 IMCO B unTepBane temmeparyp 288—318 K. B pa30aBneHHBIX pacTBOpax COJb
MeIW HAaXOAWTCS B TOJHOCTHIO MOHU3HUPOBAHHOM cOCTOSHHH. CoNbBaTalvs HOHOB OOYCIIOBIHBACT pa3pyIICHHE
cobcTtBerHOM cTpyKTypsl [IMCO. BBomnMBIe B cocTaBe KpucTautoruapaTa Moiekyiasl HyO, B3auMomeicTBys moc-
pencTBoM BoopoHOH cBsizu ¢ Monekynamu (CH3),SO, mpuBoasaT K 00pa30BaHUIO B CHCTEME T€TEPOMOIIEKYIIIPHBIX
aCCOIMATOB, KOJMYECTBO U 3HAYEHHE KOTOPBHIX B MEPECTPOIHKE CTPYKTYPHI KUAKON (ha3bl MOBBHIIIAIOTCA C POCTOM
KOHIIEHTpanuu pactBopa. CBOWMCTBa pacTBOPOB HHM3KWX KOHIEeHTpanui (<0,4 M) ompenenstoTcsi B OCHOBHOM
cpoiictBamu JIMCO.

KaroueBsbie cioBa: kpuctauoruapar Hurpata meau(ll), numeruncynbhokena, pacTBOPUMOCTb, OKa3aTeib
MIPEJIOMIIEHHUS paCTBOPOB, IJIOTHOCTh PACTBOPOB.

A. MawmbipGexoBa', A. MamuToBa', A. Tymlﬁaenal, A. Mamupﬁexona2

, (‘M. Oye3oB arsiaarsl OHTycTiK Kasakcran MeMiekeTTik yHuBepcuTeti, IIIbIMKeHT;
K.A. fcaym aTteiHIarsr XambslKapallblK Ka3ak-Typik yHHBepcuTeTi, Typkicran, Ka3akcran)

JIMCO-Cu(NO3),-3H,0 ’KYUECIHIH ®U3NKA-XUMHUSIBIK KACUETTEPIH 3EPTTEY

Annoranust. JIMCO-Cu(NO;),3H,0 xyiecinin temeparypa 298 K 0,01-2 M koHUEHTpalus WHTEPBaIbIHIA
(pU3UKA-XUMUSIIBIK KACHUETTEePl - THIFBI3/BIFBI, JUHAMUKAIBIK TYTKBIPJIBIFBl JKOHE ChIHY KOPCETKIIi 3epTTEJIreH.
Jumvernicynbdokeun (JAMCO) - mbic(1l) HuTpatsl epitinaiinepiniy cbiHy kepcetkimTepi 288-318 K Temneparypa
apanbIFbIHIA OJIIEHIeH. AHAINTHKAIBIK 9/liICIMEH KYHEHIH KYpaMbIHAAFbl €pITKILI TIeH epireH 3aTThIH apThIK JKOHE
napIyaitbIbpl MOJIBAIK Kejemaepi ecenrenred. 288-318 K remneparypanap MHTEepBajbIHIa JUMETHICYIb(QOKCHITE
MbIc(I) HUTpaTBl TPUTHAPATHIHBIH KOFAphl epirimTiri OalkanraH. CyWBITBUIFaH €pITIHALIEPIHIE MBICTBIH TY3bI
TOJIBIK MOHU3HPIIEHTeH Kyiine Oomaxpl. MonmapasH compBatausicel JIMCO KypbUTBIMBIHBIH OY3bUTYBIHA HETI13Iel-
red. Kpucramtorugparteiy Kypambeiagarsl HyO monekynamapsr (CH;3),SO MonexynamapbIMEH CYTEKTiK OalJIaHbIC
apKBUTBI OPEKETTECIII, XKYHeae TeTepOMOIIEKYIISPIIbl aCCOMMATTAPIBIH TY3UIyiHE OKEIIl, OJap bl MeJIIepi epiTiHai
KOHIIGHTPALIMSACHIHBIH 6CYiIMEH KOFapbUIall, CYHBIK (ha3a KypbUIBIMBIHBIH ©3repyiHe okeneni. TeMeH KOHLEHTpamus-
narel (<0,4 M) epitinainepain kacuertepi Herizinen JIMCO kKacueTTepiMeH aHbIKTalIaIbl.

Tipek ce3aep: Mbpic(Il) HUTPATHIHBIH KPUCTAIIOIUAPATHI, IUMETHICYIb(POKCHT, EpIrilTIK, epiTIHIAUIepAiH
CBIHY KOPCETKIIIl, epiTIHIUICP/IIH THIFbI3IBIFbIL.
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