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THERMOCHEMICA! INVESTIGATION CP SOLUTIONS OF SOME ELECTROLYTES 
IN THIOUREA-vVATER MIXED SOLVEfiT SYSTEMS AT 313.15, 323.15

AMD 333.15 K

Measurements were mad© of the enthalpies Of solution of Nal, 
KNU-j and CaCl^ in water and in aqueous 0.1, 0.7 and 1.5 molo TU/
/kg HgO solutions of thiourea in the temperature range of 313.15-
-333.15 K. Taking advantage of the standard values of solution 
enthalpy of electrolytes in water and in aqueous solutions of 
thiourea, the enthalpic pair interaction coefficients of thiourea 
molecule - averaged ion were determined [l, 2).

Introduction

The present study is a continuation of the thermodynamic in
vestigations reported in the previous papers [3-5 ]• The aim of 
this research was to determine the standard enthalpies of elec
trolyte solution in water and in aqueous solutions of thiourea 
at concentrations of 0.1, 0.7 and 1.5 mole/kg H20.

Experimental

Thiourea (puriss, POCh, Poland) was crystallized from ethanol 
and dried undar reduced pressure at 333 K. Analytically pure Nal 
(Merck, BRD) W83 crystallized from a water-acetone mixture and 
then dried at 333 K. KN03 (puriss, POCh, Poland) was crystallized 
from water and then dried to constant weight.

CaCl2 (puriss, POCh, Poland) was dried at 470°C over dry hy
drochloride and with a jet of dry argon. Amperometric determina
tion revealed chloride content of 99.99%. The calorimetric mea-



surements wore conducted in an "isoperibol" calorimeter. In the 
120 ccm glass vessel was placed a heater sank into a 15 ohm glass 
Jacket. The calorimetric vessel was stopped with a teflon stop
per in which two thermistors (10 k ohm each) encased in stain
less chrome steel were placed as well as a stainless chrome 
steel stirrer. The ampoule with the substance under study was 
attached to the stirrer. The thermistors wore connected to an 
aetable multivibrator system generating rectangular wav* whose 
frequency is a function of the tempereture inside the calorime
ter [6|. Changes in the frequency of the wave were determined 
using a Digital Frequency type PFL-21 (Kabid, Poland*)* meter with 
digital readout. The sensing elements were sensitive to ca. 5 x

m C
x 10 K.. The calorimeter was placed in a water thermostat who
se accuracy was ca. 1 x 10”*3 K.

Results and Discussion •

The obtained enthalpies of solution of Nal; KNO^ and CaCl2 
in water and in aqueous solutions of thiourea are collected in 
Tab. 1-3. As can be seen« increased thiourea content produces 
increased exothermicity. of solution enthalpies. A similar in
crease of exothermicity is brought about by temperature Increase 
exemplified by the Nal and KNOj data. On the basis of the eo- 
lution enthalpy values obtained, standard enthalpies of solution 
of Nal. KNO and CaCl2 In water and in aqueous solutions of 
thiourea were determined graphically (Tab. 1-3). Such a procedure 
was necessitated by the unavailability of the temperature deri
vatives of dielectric constant required for extrapolation by 
the C r i a a and C o b b l e  method [7], Basing on the 
standard enthalpies of electrolyte solution in water and
in aqueous thiourea solutions standard enthalpies of
electrolyte transfer from water to aqueous thiourea solutions 
(concentration m ) were calculated]

AHE(W*N) m A H B (N) ’ AHS (W)

AHE(W+N) “ 2S>hNEnN * 3 V hNNE® N .* ***

\



H20 0.1 nol TU 0.7 *cl TU 1.5 *ol TU

m(NaZ) ' A»s ro(NaI) - a h 6 ra( Nal ) - a h 8 m(NaZ) - AHa
mole/kg cal/mola mole/kg cal/mole iaole/kg cal/nole ■ole/kg cal/*ole

313,15 K

0.0000 2225 0.0000 2254 0.0000 2392 0.0000 2560
0.0089 2166 0.0075 2220 0.0069 2361 0.0062 2540
0.0111 2160 0.0098 2211 0.0092 2356 0.0095 2526
0.0154 / 2156 0.0141 2202 0.0123 2344 0.0101 2522
0.0298 2146 0.0199 2190 0.0245 2317 0.0208 2501
0.0542 2122 0.0254 2180 0.0321 2306 0.0254 2495
0.0899 2100 0.0325 2172 0.0654 2270 0.0543 2460
0.1089 2093 0.0680 2132 0.0895 2252 0.0794 2440

323.15 K
0.0000 2449 0.0000 2474 0.0000 2600 ' 0.0000 2772
0.011§ 2400 C .0069 2455 0.0069 2583 0.0079 2748
0.0153 2399 0.0121 2436 0.0091 2574 0.0125 2733
0.0245 2396 0.0252 2415 0.0199 2552 0.0219 2720
0.0532 2382 0.0489 2390 0.0302 2540 0.0435 2700
0.0793 2370 0.0651 2371 0.0452 2521 0.0510 2691
0.1005 236G 0.0801 2368 0.0729 2300 0.0795 2676
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N,>° 0.1 raolo TU 0.7 siole TU 1.5 »ole TU
m n si AHe m AHe s* *Ha

mole/kg cal/racle aole/kg cal/mole roole/kg cal/aole mole/kg cal/mole

f
313.15 K

0 . 0 0 0 0 7980 0.0000 7881 0,0000 7571 0 . 0 0 0 0 7385
0.0082 7956 0.0112 7845 0.0131 7528 0,0138 735?-
0.0092 7957 0.0148 7846 0.0152 7528 0.0185 7356
0.0142 . 7961 0.0298 7844 0.0310 7522 0.0342 7355
O.U169 7960 0.0*56 7827 0.0533 7504 0.0695 7340
0.0259 7958 0.0899 7796 0,0912 7474 0.1025. 7320
0.0431 7949
0.0911 7908

323.15 K
0.0000 7772 0 . 0 0 0 0 7663 0 . 0 0 0 0 7457 0 . 0 0 0 0 7310
0.0085 . 7738 0.0090 7622 0.0099 7424 0.0089 7271
0.0099 7740 0.0112 7624 0.0123 7424 0.0115 7273
0.0123 7741 0.0195 7633 0.0451 7405 0.0342 7251
0.0242 7736 0.0317 7608 0.0745 7387 0.0651 7225
0.0438 7719 0.0683 7586 0.0954 7373 0.0954 7204
0.0835 7681 0.0921 7568
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1 2 3 4 5 6 7 8

333 .15 K

0.0000 7533 0.0000 7502 0.0000 7360 0.0000 7185
0.0085 7535 0.0092 7475 0.0083 7313 0.0093 7148
0.0094 7537 0.0153 7476 0.0211 7314 0.0149 7149
0.0121 7539 0.0321 7473 0.0423 7297 0.0315 7133
0.0159 7540 0.0651 7450 0.0732 7265 0.0853 7096
0.0251
0.0499
0.0799

7538
7529
7510

0.0911 7424 C .0992 7250 0.1001 7082
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H2° 0,1 mole TU 0,7 mole TU 1.5 mole TU

m -AHe ra -ah8. m -AHa ■ - AHS
raole/kg kca1/mole roola/kg kcel/mole nbl9/kg kcal/moie «ole/kg kcal/sole

323. 15 K

0.0000 21.21 0.0000 21.30 0.0000 21.56 0.0000 21.75
0.0068 21.17 0.0078 21.29 0.0071 21.49 0.0069 21.68
0.0075 21,08 0.0099 21.23 0.0089 21.44 0.0079 21.63
0.0095 21.08 0.0125 21.19 0.0119 21.39 0.0101 21.62
0.0104 21.05 0.0243 21.15 0.0201 21.36 0.0249 21.53
0.0220 21.01 0.0529 21.09 0.0509 21.18 0.0641 21.43
0.0434 20.96 0.0899 21.00 0.0939 21.09 0.0842 21.38
0.0695 20.89 0.1011 21.35
0.0941 20.82
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where Via the number of ions onto which the electrolyte dissocia
te#. Following that the 2VhNE value* wero determined by putting 
the mN data on the abscissa, and those for “ ÛHîi/W/j *
X- b"J on the ordinate.

The enthalpic coefficients of thiourea molecule-averaged ion 
hN£ interactions obtained in this way are listed in Tab. 4. A 
view held by many authors [I, 2, 8, 9] and shared by us io that

T a b l e  4

Enthalpic pair interaction coefficients of electrolyte - 
thiourea (TU) in water solutions

T/K
•*)

- hNt/cal kg mole"

TU-Ne3 tu-kn o3 TU-CaCl2

313.15 72 225
323.15 64 200 150
333.15 150

the quite large negative valuaa of enthalpic interaction coeffi
cients for pairs of molecules or iona of the same or different 
kinds are an indication of strong interactions among the dissol
ved molecules. The thiourea molecule-averaged ion interaction 
coefficients obtained for all the salts under study have negative 
values (Tab. 4) which may be due to strong interactions between 
the molecules of uroa derivative and the electrolyte present in
the solution. As the temperature increases, the absolute hw_N c
values decrease (Tab. 4) which may be related to weakened in
teractions between thiourea molecules and ions« brought about by 
increased intensity of thermal motions in the solution.
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TERMOCHEMICZNE BAOANIA ROZTWORÓW PEWNYCH ELEKTROLITÓW 
W MIESZANINACH WOOA-TIOMOCZNIK

Zmierzono całkowity entalpię rozpuszczania Nal, KNO i CaCl,, 
w zakresie stężeń 0,005-0,1 mol/kg roztworu w wodzie i Bieszanit 
nach zawierających 0,1, 0,7 i 1,5 mol TU/kg H20 w przedziale 
temperatur 313,15-333,15 K. Wykorzystując wnrtości entalpii 
rozpuszczania obliczono standardowe entalpie rozpuszczania i 
entalpowe współczynniki oddziaływania par cząsteczka tiomocznika 
elektrolit.

C re $ a B iu !  T *H «»< jxa-O o.aH fcoxa, S a p r a o iu ia f t  i l a s a n

TEPM0XHMHMECKHE MOCJIS^OBAHHH PACTBOPOB 3JIEKTPCUIHT0B 
B CMECHX BOJU-THOMOHEBKHA

H 3 u e p a a a  ugiarpa^hnaa. aurauibmii pacTBopeHKfl Nal, KNO,, CaCl2 b 
j a a a a a o a e  KOHueHipaani* 01005-01 Mox/xr pacTt.. b Bo*e b oueoax cane- 
p * a ą x x  Q1, 07 h 15 m x  T /ar «¿,0 a KHTapBsure TeiinepaTyp 3 1 3 1 5 -3 3 3 1 5  
K. ncw Ł 3yacb  sBatteHBaiut 9BT&>i>nBa paoTBopeHH« paocnataM c T a a -  
AapTHue 3HTajłbn«M paoTBopetiaa a »BTaibnuttBue Koaixjmueirrii b3%bmo- 
jafiCTBHa nap uoxaxyxa tnoMotiaaHBtł axexTpoaa*.


