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ABSTRACT 

Log Ki, AH:, and ASO (i= 1, 2) values have been determined calorimetrically 

at 25’C for the consecutive reaction of thiourea (Tu) with Hg(CB)2 to form 
Hg(Cb&Tut in formamide-water solvents. The log Ki, AHo, and dS” values 
determined in 20, 40. 60, 80, and 100?41 (w/w) formamide show littIe deviation from 
those which were determined previously in aqueous solution_ The leveling nature of 
the formamide-water solvents is discussed and the results are compared with those 
obtained earlier in water and ethanol-water solvents. 

INTRODUCTION 

This paper is part of a continuing study dealing with the effects of soIvent 
structure and dielectric constant (0) upon weak electrostatic interactions (i.e., dipole- 

dipole and induced dipole-dipole). The Hg(Cl$-thiourea (Tu) system is ideal for 
the investigation of these weak interactions since all interacting species are uncharged. 
In the earlier study’ log Ki, AH0 and ASio (i = 1,2) values were reported for reactions 

(1) and (2) in ethanol-water solvents. 

Hg (CN), + Tu z$ Hg (CN),Tu (1) 

Hg(CN),Tu i- Tu z+ Hg(CN&Tu2 (2) 

In that study significant changes were found in the AH; and AS: values as the mole 
fraction of the non-aqueous solvent component was increased indicating the probable 

formation of solvent-soIvent or solvent-solute complexes. 
In the present investigation reactions (1) and (2) were studied calorimetrically 

in formamide-water mixtures. Because formamide (D = 109.5 (Ref. 2) at 25°C) has 

solvent properties which are simiIar3-’ to those of water and because formamide- 
water solvents have a high solvation nature electrostatic effects are much fess pro- 
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nounced6 than in media of iower dielectric constant such as the ethanol-water 
mixtures studied previously. 

Very few calorimetric or other thermodynamic data have been reported for 

metai-Iigand reactions in solvents having dielectric constants greater than that of 
water_ Heats of solution6 specific heats’, and densities’ of aqueous formamide solu- 

tions have been determined as have heats of solution and salvation for selected 
elxtrolytes in HF’, anhydrous formamide 6-9. WmethyIformamide’O, and N-methyl- 
acetamide I I _ In addition, standard cell potentials, entropies, and activity coefficients 
have been caIcuIated*- * ‘- ’ 3 f .rom electromotive force and conductance data. However, 
in none of these studies have AC, AH, or AS values been reported for metal-Iigand 
interaction_ Changes occurring in the log K, AH. and AS values for meta !igand 
interaction as the solvent composition is varied reflect changes in solvent-soIute 
behavior and the determination of these values as a function of solvent composition 
shouId result in useful information regarding the nature of the solvent medium_ 

Log Ki. AH,‘, and AS,’ (i = I. 2) values are reported here for reactions (I) and 
(2) in 20, 60, SO, and 100% (wl:wj formamide. Comparison is aiso made with the 

thermodynamic values valid in ethanol-water solvents which were reported pre- 
viously * _ 

ESPERIMESTAL 

J fa 1 dais 
Reagent grade Tu (Baker -Analyzed ‘) and Hg(CN& (Mallinckrodt) were used 

in the preparation of solutions. Reagent grade formamide (Baker) was decolorized 

with activated charcoal and purified just prior to use by 5 successive freezings using a 

procedure similar to that suggested by Dawson et al. lJ. Each freezing was carried 
out such that about 80% of a 1500-2000 m1 portion was crystahized, and the remain- 
ing liquid was poured off. The purified formamide and formamide-water solvents 
and solutions were stored and used under an atmosphere of dry nitrogen. Boiled, 

doubly distilled water was used in the preparation of the formamide-water soIvents. 

P~~0celrrrc.s and calcdations 
The calorimetric titration technique ’ ’ and caiorimetric equipment I 6 have been 

described. 
The caIorimetric data were obtained by titrating I.3 III Tu into 0.025 and 0.04m 

Hg(CX)L soiutions and were analyzed for IO g Ki and Ai-IO values using procedures 

deveIoped by us’ ‘. 
Values for the heat capacities and densities at 25” of 20, 40, 60, 80, and 100% 

(w.!w) formamide were taken from the literature’. 

‘kef. 5 contaias a compifation of electromotive force, conductance. polarognphic and cryoscopic 
studies ckried out in amine solvents. 



RESULTS 

in Tabfe 1 are given caforimetric heat of dilution data for thiourea (Tu) in 
water-formamide solvents. Sample caforimetric titration data for the Hg(CN&- 
thiourea system are given in Tabfe II. In Table IIT are given additional data which can 
be combined with the data in Tables I and 11 to cakulate for each sokent system 
log K, AH” and AS” values for the reaction 

H&X-), i-f-l-u = Hg(CN)2Tui 

where i= I. 2. 

TABLE f 

HEAT OF DILLTIOS DATA FOR TfIIOGREA fS WATER-FORMAWIDE SOLtiEhT5 

I QE 

Run I Run 2 Run 3 Run 4 Run 5 

I 0.059 0.044 0.009 
2 0.166 o.os3 0.014 
3 0.24s 0.133 0.034 
4 0.320 O.lSO 0.055 
5 0.396 0.216 0.077 
6 0.472 0.271 0.09s 
7 OS49 0.317 0.117 
s 0.611 0.362 0.138 
9 0.695 0.45i 0,158 

10 0.769 0.450 0.179 
I1 OS43 0.492 0.200 
12 0.914 0.532 0 773 .C__ 
13 0.994 0.575 0.244 
14 I.065 0.619 0.266 
15 I.141 0.662 0.259 
16 1.214 0.705 0.31 I 
17 1 .X7 0.746 0.333 
18 I-362 o-737 0,356 

-0.012 
- O-020 
- 0.025 
- 0.025 
- 0.043 
-0_032 
- 0.037 
- 0.035 
- 0.039 
- 0.042 
- 0.O.M 
- 0.045 
- 0.043 
-Oo.041 
- 0.042 
- 0.042 
- 0.042 
- 0.013 

- 0.020 
- 0_035 
- 0.058 
- 0.056 
-0.115 
-0.139 

0.156 
-0.183 
- 0.2M 
- 0.220 
-0241 
-00.261 
- 0.250 
- 0.300 
-0.3I9 
-0.335 
-0.352 
- 0.376 

0, (Cal) values in Tables I and II are corrected for ail heat effects (including 
those due to dilution of the titrant) except those due to reactions occuring in the 
calorimeter; 7= _ _ 35 0”. The I value refers to the column heading ‘“mmofe of titrant 
at point 1” in Table RI (i-e_. for run I, point IO, mmofe of t&ant = 0.4437 x 10 + 3.072 1 
= 4.509). For all runs, initial volume = 99.95 ml_ 

The values of log Ki, AH:, and ASO (i= 1, 2) for reactions (1) and (2) in 
formamide-water solvents are ,oiven in Table IV. 
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TABLE III 

SUPPLEMEX7ARY DATA USED IN CO?NERSIOS OF DATA IX TABLES 1 ASD II TO LOG K AND dH” VALUE5 

Run 7irrunr 

Tu (ml 

Solution in 

calorimeter 

mmoles of titrant 

at point I 

Solrent 

(ut o/o formonide) 

1 1.370 
2 I.369 
3 1.313 
4 1.287 
5 I.262 
6 I.370 
7 1.370 
8 1.369 
9 1.369 

IO 1.313 
11 1.313 
12 1.286 
I3 I.296 
I4 1.263 
IS 1.263 

Soivcnt 
Solvent 
Solvent 
Solvent 
Solvent 
0.02522 m Hg(CWz 
0.03888 m HgfCX), 
0.02476 m HgfCN): 
0.03826 m Hg(CN)2 
0.02425 m Hg(CN), 
0.03646 m Hg(CN), 
0.02370 m Hg(CX), 
0.03645 m HgKYl’l)~ 
0.02298 m HgfCN), 
0.03572 m HgtCW2 

0.4437 X I -I- 0.072 1 

0.4536 x 1-i-0.0657 
0.4461 x ft0.0568 
0.4469 x f-t- 0.0670 
0.4478 x I -t-o.0559 
0.2218 x 1t0.0709 
0.22 18 x 1-F 0.0798 
0.2268 x I+ 0.0748 
0.2268 x It 0.0646 
0.2231 x z+0.0591 
0.223 1 x It 0.0683 
0.2233 x It0.0670 

0.2233 x If 0.0647 
0.2239 x z+ 0.0559 
0 ?-‘39 x 1+0.0618 ___ 

20.0 
40.0 
60.0 
80.0 

100.0 
20.0 
20.0 
10.0 
40.0 
60.0 
60.0 
80.0 
80.0 

IOO.0 
IO&O 

TABLE IV 

LOG Ki, _fH,’ ASD ifs,’ VALUES FOR THE STEPWISE iZmRACi’lON OF TU WITH HgtCN)z 1% FORMAMIDE- 
WATER SOLVE57 hfIXTURES AT 25 ‘c ASD t?l = o= 

Formamide Log A’, 

( %I. zqk) 
Log Kz LlH,O LI Hz0 .1S*O :1&O 

(kcol~gmole) Uxai~gmole) fcol- g - ’ - tail-g- i - 
-degree- ‘) -degree- ‘) 

0 I .97io_OfY 0.58 *0.04* - 1.5~0.1~ - 7.9 $0.76 4.0” - ‘3.gb 
‘0 2.0s 2 0.06 0.56;0_10 - 1.4~0.1 -9.1 io.4 4-S -2s 
40 1.95&0.05 0.57&O. 11 - 1.7~0.1 -92io.4 3.2 -28 
60 2.01 iO.08 0.60&0.09 - I.7iO.l -8_7i 0.4 3.5 -26 
80 2.02 * 0.0s 0.64JiO.l I - 1.6:O.l -7.X3+0.4 3.8 -23 

100 2.02;0.08 0.64+0.11 - 1.5iO.l - 7.4_1,0.4 4.0 -22 

‘The uncertain:& are expressed as standard deviations among g-24 runs for each solvent composi- 
tion; the thermodynamic vaiues are expressed in molal units based on densities and heat capacities 
taken from Ref. 8. ‘Ref. I. 

DISCUSSIOS 

Examination of the thermodynamic values in Table IV reveals the striking fact 

that the values do not vary si_gnificantIy as the ratio of formamide to water in the 

solvent is increased and in general ihe results show IittIe deviation from those values 
determined in pure water. This leveling nature of formamidL towards the thermo- 

dynamic quantities for the interaction of Tu with Hg(CN), confirms previous 
views3-4.6 that formamide is a water-like solvent. 
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Dawson and co-workers’*4 consider the properties of formamide to be of 
in?erest because of their striking similarity to those of water. Somsen and Coops6 
have taken anhydrous formamide as an ideal solvent for determiniq enthalpies of 

soUvation because (a) the use of other binary solvents may lead to a distorted picture 
because of preferential salvation * 8--2o and (bj there appears to be little or no ion 
pairing in formamide solutions. Support for the idea that Iittle or no ion pairing 
oocurs in formamide solvents is found in the cryoscopic and conductometric measure- 
ments bv Dawson et aL3-‘. However, in a recent X-ray study of KI solutions in forma- _ 
mide, DeSando and Browx” present evidence for ion-pair formation at various 
concentrations. The possibility of the non-electrolyte, thiourea, dimerizing in forma- 
mide-water solvents is unlikeIy and freezing-point depression measurements in this 
laboratory indicate no Tu dimerization in 100% formamide. 

In our earlier study’ of Hg(CN)2-Tu interaction in ethanot-water solvents the 
marked change of 2-5 kcal!mole in the dH” and TA.!P’ values in the O-5074 (w/w) 
cthano1 region were taken to be indicative of changes in the solvent structure and for 
solut&-soIvent interactions_ To investigate the possibility of similar types of changes 
for the formamide-water so!vent system the thermodynamic data for reaction (1) were 
first re-evahrated on the mole fractions scale” and the recaIcuIated values are given 
in Table V_ These values indicate there is a decrease in the stability of the complex 

JCO _3H0 
~kca!~rno~e~ (kcaI!mole) 

TASO 
(kcal/ntoie) 

0 - 0.97 io.09 - 1.S~O.l -OS&O_! 
213 - 0_97;0.07 - 1.4~0.1 -0.4*0.1 

40 -0.66fO.l I - 1.7~0.1 - 1.0~0.1 
60 -0_65&0.1 I - 1.7*0.1 - 1.OFO.i 
SO -037~0.11 - 1.6-_10_1 - 1.0&0_1 

IOQ -0_50;0_s 1 - I_-c~O_l - 1_OiO_1 

7hc uncertaintics are expressed 35 standard deviations among runs. 

in comparing the A G” values for pure water to those for pure formamide. The decrease 
in -A@ cannot be attributed so!eIy to changes in the dipole interactions between 
H&N jz and Tu as the dielectric constant decreases since the AHo values remain 
essentiaIIy unchanged_ The decrease is more probably due to changes in salvation of 
the Hg(Cb?, and Tu species with changes in the soIvent composition_ If the change 
in the AGo and TAP values are due to salvation changes the resuhs given in Table V 
wouId indicate that the solute species may be preferentiaIIy solvated by formamide 
by the time the solvent is 40% in that component. 
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