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The compositions of charge-transfer complexes of urea and thiourea with some aromatic 
hydrocarbons (naphthalene, anthracene, phenanthrene and biphenyl) have been established 
through phase diagram studies. The enthalpies and entropies of fusion of these complexes have 
been estimated by differential scanning calorimetry. It is observed that the relative stabilities of 
the solid-state charge-transfer complexes in the donor-acceptor systems studied cannot be 
predicted from the areas under the curves of the congruent compounds in the phase diagrams. 

The solid-state charge-transfer complexes, also called organic metals, have often 
been found to exhibit marked stability and to possess unusual properties [1, 2]. 
Prior to the synthesis of new solid-slate charge-transfer complexes, it is desirable to 
have an outline knowledge of their compositions and stabilities. Phase'diagram 
studies on donor-acceptor binary mixtures can be made the basis for determination 
of the stoichiometry of solid-state charge-transfer complexes formed from them [3]. 
Further, the areas under the curves for different congruent compounds in the phase 
diagrams are proportional to the relative strengths of these complexes [3-5]. In our 
earlier studies [6] on the donor-acceptor compounds of some Schiff base donors 
and aromatic hydrocarbons, the thermodynamic properties of some representative 
complexes were determined with a differential scanning calorimeter, and it was 
observed that the relative stabilities of these molecular complexes could be 
qualitatively predicted from the areas under the temperature vs. composition plots 
of the component molecules. As an extension to that work, we have now carried out 
similar studies on the solid-state charge-transfer complexes of urea and thiourea 
donors with aromatic hydrocarbon acceptors (naphthalene, anthracene, biphenyl 
and phenanthrene). The results of these studies are reported here. 
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Experimental 

All chemicals (AR grade) were procured commercially and were purified by 
crystallization from a suitable solvent [7]. The details of the experimental technique 
involved in the phase diagram studies were described earlier [6]. Heats of fusion, 
AHI, were determined from the DSC curves obtained with a DuPont differential 
scanning calorimeter (Model 990), using alumina as reference material. 

Results and discussion 

The temperature vs. composition plots for the donor-acceptor binary systems 
under investigation are shown in Fig. 1. The stoichiometric compositions and the 
eutectic temperatures of the congruent melting compounds in the various binary 
systems as obtained from Fig. 1 are recorded in Table 1. The last two columns of 
Table 1 give the congruen{ points and the ratios of the areas under the curves for 
different congruent compounds in the phase diagrams. The heats of fusion for some 
representative charge-transfer complexes as obtained by differential scanning 
calorimetry are listed in Table 2, along with the entropies of fusion for these 
complexes. 

It is observed from the phase diagrams (Fig. 1) that most of the donor-acceptor 
systems exhibit congruent melting behaviour, indicating the presence of stable 
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Fig. I Phase diagrams for various donor--acceptor binary systems; *-* thiourea-naphthalene; 
x x thiourea-phenanthrene: A-A urea-naphthalene; ~-A urea-phenanthrene; E3-[] urea- 

anthracene; II1-11 urea-biphenyl; � 9 1 6 9  thiourea-biphenyl; 0-0 tbiourea-anthracene 
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TaNe 1 The characteristic parameters of the phase diagrams of some complexes 

Stoichiometric E. pts. C. pt. A 
System ratio ~ ~ 

Urea-naphthalene 1:4 108, 78 124 2:3 :2 :1  : 1 
1:1 126, 127 130 
7:3 125, 124 130 
4:1 124, 125 127 
9:1 125, 124 128 

Urea-anthracene 1:3 200,197 208 3 : 4 : 5 : 2 : 4  
2:3 200, 195 207 
3:2 201, 197 207 
4:1 181, 166 187 
9:1 166, 110 178 

Urea-phenanthrene 1:9 98, 98 100 3 :4 :4 :5  
1:3 96,103 105 
1:1 102, 100 104 
3:1 117,125 132 

Urea-biphenyl 1:4 68, 67 70 2 :1 :2 :8  
1:2 65, 65 70 
1:I 66, 126 128 
4:1 135, 133 138 

Thiourea-naphthalene 1:9 78, 80 81 1 :2 :8 :6 :4  
1":3 83, 78 84 
3:2 168, 172 175 
4:1 175, 173 179 
9:1 173,169 176 

Thiourea-anthracene 1:4 201, 192 203 2 :1 : ,1 :1 :1 :2  
3:7 192, 191 198 
2:3 191, 186 193 
1:1 186,191 208 
3:2 191, 185 201 
3:1 201, 185 208 

Thiourea-phenanthrene 1:3 133, 160 163 1:2:3 

2:3 165, 168 174 
2:1 t75, 175 178 

Thiourea-biphenyl 1:9 65, 66 67 1 :5 .7 :6 :8  
1:3 128, 119 142 
2:3 159~169 175 
1:I 169, 170 178 
3:2 170, 170 174 

E. pts.--Eutectic points (there are two eutectic points for each congruent compound--one towards 
the donor and the other towards the acceptor end, on the composition axis of the phase diagram). 

C. pt.--Congruent point. 
A--Ratio of areas. 
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Table 2 Thermodynamic functions of  some representative solid molecular complexes 

Stoichiometric C. pt. AHr AS, 
System 

ratio ~ kJ mol -  1 J mol - t K - 1 

Urea-naphthalene 1:4 122 63.11 159.8 

7 : 3 130 79.33 196.8 

1 : 1 132 17.26 42.6 

Urea-anthracene 3 : 2 209 70.18 145.6 

1:3 207 74.06 154.3 

2 : 3 204 91.96 192.7 

Thiourea-anthracene 1 : 1 209 32.52 67.6 

3 : 7 194 193.11 413.4 

3:2 201 73.31 154.7 

Thiourea-biphenyl 2 : 3 174 87.86 196.6 

1 : 3 143 64.62 155.3 

3 : 2 173 74.90 167.9 

C. pt .--Congruent point; AG = 0 

molecular complexes [8]. The unusual stoichiometries of the complexes in these 
systems (see Table 1) could perhaps best be explained on the basis that different 
energetically favourable geometries of orientation are possible because of  the 
different proportions of  donors and acceptors [5, 6]. The absence of  1:1 
stoichiometry in some systems may be due to the instability of  these 1 : 1 complexes 
around the melting temperatures. 

On the basis of the thermodynamic functions for the fusion processes (Table 2), 
the relative stabilities of the complexes follow the sequences 7 : 3 > 1 : 4 > 1 : 1 for 
urea-naphthalene; 2 : 3 > 1 : 3 > 3 :'2 for urea-anthracene; 3 : 7 > 3 : 2 > 1 : I for 
thiourea-anthracene; and 2 : 3 > 3 : 2>  1 : 3 for the thiourea-biphenyl system. 
However, it is observed from the phase diagrams that the areas under the curves 
corresponding to the above stoichiometries (Table 1) do not follow the trends of  the 
thermodynamic functions, as h'as been observed earlier for molecular complexation 
between Schiff base donors and aromatic hydrocarbon acceptors [6]. Therefore, 
these areas can not implicitly reflect the dependence on the thermodynamic 
functions of  the complexes in these systems. In view of  this, it appears that no 
general relationship can be deduced between the areas under the curves for the 
congruent compounds in the phase diagrams and the strengths of  the complexes. 
Further studies on- a wide range of charge-trawsfe~ complexes are required to 
generalize the conclusions on  the systems studied. 
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Zusammenfassung - -  Die Zusammensetzung von Donator-Akzeptor-Komplexen von Harnstoff und 
Thioharnstoff mit einigen aromatischen Kohlenwasserstoffen, nfimlich Naphthalin, Anthracen, 
Phenanthr~n und Biphenyl, wurde durch Phasendiagrammuntersuchungen ermittelt. Schmelzenthalpie 
und -entropie dieser Komplexe wurden mittels DSC bestimmt. Es wurde festgestellt, dab die relative 
Stabilit~it der festen Donator-Akzeptor-Komplexe nicht aus der Fl~iche unter der Kurve im 
Phasendiagramm der kongruenten Verbindungen vorausgesagt werden kann. 

Pe3~ose - -  Ha ocuose qba30BblX /IaarpaMM ycTaaoBnen CocTaB KOMFI.rleKCOB C neperlocoM 3apa~2a 
(](FI3) MOqeBtiHbl 14 TPlOMOqeBHHbl C TaKHMH apOMaTtlqeCKHMH yrneBo~lopoaaiH, r a t  HaqbTa2lHU, 
alJTpatleH, qbenattTpeH H 6nqbeunJi. C HOMOLI]blO ~]~C]~ ycTanoaJ1ena 3HTaJlbllHfl 14 3HTpOHHfl nJ1aaJlenHa 
3TPIX KOMIUIeKcoB. HoKa3aao, qTO OTItOCHTe.~bHa~I yCTOHqHBOCTb TBep,/lOTeJlbHblX KH3 B H3yqeHHblX 
~Ol-lOpOUO-aKtlenTOpHblX CHCTeMax He Mo3KeT 6blTb yCTaHOB.aeHa, HCXO~la H3 n~ottla~lti no~2 KpHBO~ Ha 
qba3oBofi ~HarpaMMe KOHFpy3HTHblX coeJIHHeHI4~. 
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