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We study the temperature dependence of the heat capacity Cp for the pure CH4 and the coadsorbed CH4/CCl4 on graphite near the melting point. The heat capacity peaks are analyzed using the experimental data from the literature by means of the power-law formula. The critical exponents for the heat capacity are deduced below and above the melting point for CH4 (Tm = 104.8 K) and CH4/CCl4 (Tm = 99.2 K). Our exponent values are larger as compared with the predicted values of some theoretical models exhibiting second order transition. Our analyses indicate that the pure methane shows a nearly second order (weak discontinuity in the heat capacity peak), whereas the transition in coadsorbed CH4/CCl4 is of first order (apparent discontinuity in Cp). We also study the T–X phase diagram of a two-component system of CH3CCl3+CCl4 using the Landau phenomenological model. Phase lines of the R+L (rhombohedral + liquid) and FCC+L (face-centered cubic + liquid) are calculated using the observed T–X phase diagram of this binary mixture. Our results show that the Landau mean field theory describes the observed behavior of CH3CCl3+CCl4 adequately. From the calculated T–X phase diagram, critical behavior of some thermodynamic quantities can be predicted at various temperatures and concentrations (CCl4) for a binary mixture of CH3CCl3+CCl4.
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INTRODUCTION

Coadsorption systems involving a preadsorbed monolayer of a highly condensable material such as CCl4, SF6, or C6H12 with an inert gas species (Kr, CH4, or Xe), have been the subject of a number of studies [1–6]. Thermodynamic and structural characterization of krypton absorption at 79 K on [001] graphite preplated with CCl4 have been conducted by the volumetric measurements and X-ray diffraction [7]. Also, physisorption of xenon on the [0001] graphite covered with sulfur hexafluoride (SF6) has been studied between 80 and 112 K by a volumetric method [1]. Those systems exhibit displacement since the preadsorbate film is displaced off the graphite surface by the weakly interacting gas species [8].

Among those systems, CH4 on graphite with a saturated monolayer of CCl4 has been studied between 70 and 115 K [8]. Previously, the observed displacement of CCl4 by CH4 at 77 K has been obtained with the CH4 component reaching monolayer density continuously [3]. Thus, the displacement CCl4 occurs when the CH4 concentration continuously increases. There are several experimental techniques to study the coadsorption systems, such as volumetric isotherm and calorimetry measurements to detect phase transitions, and X-ray and neutron diffraction [3] to investigate the structure of the film. From the volumetric and calorimetry measurements, it has been observed that the characteristic heat capacity peaks fall along the phase boundary [8]. In many adsorbed systems, heat capacity peaks have been observed to occur near the triple-point temperature of the bulk adsorbate [9].

In the case of methane (CH4), the heat capacity Cp tends to exhibit less discontinuity or more continuous behavior prior to melting as it occurs in some molecular crystals such as CCl4 [10]. High–pressure measurements in the solid phase and in the melting zone of CCl4 have been reported previously [11]. Its rhombohedral modification is stable between the melting point and the transition temperature, namely, (CH3)nCCl4−n where n varies from 0 to 4 [12]. Crystalline carbon tetrachloride, CCl4 (n = 0), is orientationally disordered between its melting point (250 K) and 225 K [12]. Four phases of CCl4 have been identified experimentally [12–14] with the phase diagram of the melting curves [15, 16]. It has been observed experimentally that the thermodynamic quantities like the thermal expansion, isothermal compressibility, and the specific heat diverge as approaching the melting point in those molecular crystals, in particular, the thermal expansion of CCl4 at various pressures diverges close to the melting point, as observed experimentally, which is closely a second order transition prior the melting [10]. By analyzing the experimental data for the thermal expansion [10], we have examined the Pippard relations [17–19] and we have calculated the molar volume [20] for CCl4 in our earlier studies.

Phase transitions in methane (CH4) coadsorbed on graphite with a saturated monolayer of carbon tetrachloride (CCl4) has been studied experimentally by the calorimetric-volumetric measurements between 70 and 115 K [8], as stated above. At low temperatures, it has been observed that with the multilayer structure, the phase diagram shows measurable differences from the pure CH4 data, whereas at higher temperatures, a new first order transition has been observed for CH4/CCl4, and a phase diagram for CH4 on graphite coated with a saturated monolayer of CCl4 including pure CH4, mixed liquid phase, CCl4/CH4 mixture, and solid CCl4 monolayer has been proposed [8].

In regard to the two-component system of CCl4+CBrCl3, its phase diagram has been determined experimentally by X-ray powder diffraction and thermal analysis techniques from 200 K to the liquid state [21]. Similarly, T–X phase diagram of a two-component system of CH3CCl3+CCl4 (methyl chloroform + carbon tetrachloride) has been obtained from differential scanning calorimetric (DSC) measurements, consisting of two continuous solid solutions corresponding to stable and metastable mixed crystals [22]. Methylchloromethanes crystallize to the two orientationally disordered (OD) phases with two melting points, as obtained from the X-ray diffraction and DSC measurements [23, 24]. Both OD phases, namely, stable (rhombohedral) and metastable (face-centered cubic, FCC) phases have been studied by the measurements of optical birefringence [25], Raman [26], and Brillouin scattering [27, 28]. Birefringence measurements have also been conducted for the mixed non-cubic orientationally disordered (OD) crystals of CH3CCl3+CCl4 [29] and (CH3)2CCl2+CCl4 [30]. In particular, for the methyl chloroform—carbon tetrachloride by analyzing the concentration dependence of the birefringence the orientational order parameters of axially symmetric molecules have been calculated in this two-component plastic crystal [29]. Orientational order in this system has been studied by 1H NMR spectroscopy [31]. They calculated the order parameters from birefringence using a phenomenological theory developed by Vuks [32]. Also, observations in polarized light indicate that mixtures of CCl4 and methyl chloroform consist of solid solutions over all range of concentrations with the metastable cubic phase and the stable non-cubic phase [29]. When the CCl4 monolayer is preadsorbed on graphite, there occurs a phase transition before the CCl4 displacement in the CH4/CCl4 solid solution near the melting point similar to the commensurate-incommensurate transition occurring in a two-dimensional kyripton-CCl4 solid solution [7]. Also, methylchloroform—carbon tetrachloride (CH3CCl3+CCl4) exhibits phase transition with the two orientationally disordered (OD) phases near the melting points, as stated above. For both solid solutions, namely CH4/CCl4 and CH3CCl3+CCl4 phase transitions are usually of first order near the melting point. A first order transition occurring in those mixtures tends to be replaced by a second order one.

It is of interest to investigate the phase transitions in those mixtures in terms of the specific heat response when the disorder is present (CH4/CCl4), as also studied previously for smectic liquid crystals [33, 34]. The crossover behavior can be realized as the ordering increases below the critical temperature (Tc) when the temperature decreases for the mixtures of CH4/CCl4 and CH3CCl3+CCl4. Thermodynamic and structural characterization of CH4/CCl4 on graphite and of CH3CCl3+CCl4 can be studied. A first order transition in the mixture of CH4/CCl4 which becomes a weak first order or nearly second order transition in pure methane (CH4), can be detected. Also, thermodynamic and structural characterization of the solid solution CH3CCl3+CCl4 can be investigated by obtaining the phase lines (boundaries) in the phase diagram (T–X) in this mixture. For the characterization of the phase transition (first order or second order) in those two mixtures (CH4/CCl4 and CH3CCl3+CCl4), analysis of the experimental data can be conducted. In some earlier studies, different aspects of the phase transitions occurring in CH4/CCl4 coadsorption system and in a two-component system of CH3CCl3+CCl4 have been reported, as stated above. In the present work, by analyzing the experimental data reported in the literature, the first order or second order nature of the phase transition that those mixtures undergo is investigated. In the case of CH4/CCl4 mixture, this analysis is due the specific heat near the melting point. For CH3CC3+CCl4, the T–X phase diagram is calculated using the Landau phenomenological theory. By calculating the phase line equations of the phases studied in the T–X phase diagram in this two-component system, temperature and concentration dependence of some other thermodynamic quantities such as specific heat, thermal expansion, isothermal compressibility, order parameter, susceptibility etc. can be predicted. Then, the critical behavior of all those thermodynamic quantities near the critical or melting point can then characterize a first order or second order nature of the phase transitions in CH4/CCl4 and CH3CCl3+CCl4. This is the motivation of our study given here.

In order to investigate the phase transitions, in particular, coadsorption phase diagram for CH4/CCl4 on graphite and also for a two-component system of CH3CCl3+CCl4 as we study here, thermodynamic data provide a good deal of information at various temperatures and concentrations. Particularly, in the case of the CH4/CCl4 coadsorption system, measurements of the specific heat Cp lead to the construction of the chemical potential versus temperature phase diagram as studied previously [8]. In order to examine the kind of phase transition occurring in this coadsorption system, measurements of the heat capacity near the melting point can be analyzed. Also, the T–X phase diagram of the two-component system of CH3CCl3+CCl4 can be calculated with the orientationally disordered (OD) stable and metastable phases on the basis of the experimental phase diagram, as stated above. The phase boundaries of the two different structurally ordered mixed crystals which are formed by the same molecules, can be calculated with the stable rhombohedral (R) + liquid (L) and metastable face-centered cubic (FCC) + liquid (L) equilibria for the two-component system of CH3CCl3+CCl4.

Here, in the first part of our study, we analyze the observed heat capacity data [8] using a power-law formula near the melting point for CH4 on graphite coated with a saturated monolayer of CCl4 including pure CH4 and CH4/CCl4 mixture. Values of the critical exponents above and below the melting temperature for pure CH4 (Tm = 104.81 K) and for a mixture of CH4/CCl4 (Tm = 99.16 K), are deduced from our analysis. In the second part of our study, we calculate the T–X phase diagram of CH3CCl3+CCl4 using the experimental phase diagram [22] by means of the mean field theory.

Below, we give our analysis of the heat capacity in Section Analysis and Results. In Section Calculation of the T–X Phase Diagram for (CH3)CCl3+CCl4, calculation of the T–X phase diagram is given. In Section Discussion, we discuss our results. Finally, our conclusions are given in Section Conclusions.

ANALYSIS AND RESULTS

The heat capacity Cp can be expressed as a function of temperature near the melting point according to a power-law formula,
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where γ is a critical exponent for the heat capacity and A is the amplitude. Tm denotes the melting temperature. Equation (1) can be written in the logarithmic form as
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The experimental Cp data [8] were analyzed at various temperatures for pure CH4 and CH4/CCl4 according to Equation (1) below (T < Tm) and above (T > Tm) the melting temperature (Tm = 104.80 K). We give in Figures 1, 2. ln Cp against ln (Tm − T) (Equation 2) below and above Tm, respectively for pure CH4. Table 1 gives the values of the critical exponent γ′ and the amplitude A′ (T < Tm) and, γ and A (T > Tm) within the temperature intervals indicated for pure CH4.
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FIGURE 1. lnCp against ln(Tm – T) for T < Tm according to Equation (2) for pure CH4 using the experimental data [8].
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FIGURE 2. lnCp against ln(T − Tm) for T > Tm according to Equation (2) for pure CH4 using the experimental data [8].



Table 1. Values of the critical exponent γ′ (T < Tm) and γ (T > Tm) with the amplitudes A′ and A, respectively, for the heat capacity Cp for pure CH4 and CH4/CCl4 within the temperature intervals indicated according to Equation (2) using the observed data [8].
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We also analyzed the observed Cp data [8] of CH4/CCl4 as a function of the temperature below and above Tm (= 99.16°K), Figures 3, 4 give our lnCp vs. ln(T − Tm) plots for (T < Tm) and (T > Tm), respectively, according to Equation (2) for CH4/CCl4. In Table 1, values of the critical exponent γ′ and A′ (T < Tm) with those of γ and A (T > Tm) are given within the temperature intervals indicated for CH4/CCl4.
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FIGURE 3. lnCp against ln(Tm − T) for CH4/CCl4 (T < Tm) using the experimental data [8].
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FIGURE 4. lnCp against ln(T − Tm) for CH4/CCl4 (T > Tm) using the experimental data [8].



CALCULATION OF THE T–X PHASE DIAGRAM FOR (CH3)CCL3+CCL4

The T–X phase diagram of a binary mixture of methylchloroform + carbontetrachloride, CH3CCl3+CCl4, can be calculated using the Landau mean field theory. By expanding the free energy in terms of the orientationally disordered (OD) parameter for the rhombohedral (R) phase and in terms of the orientationally ordered (OO) parameter of the face-centered-cubic (FCC) phase, the phase line equations can be obtained for CH3CCl3+CCl4. The temperature-concentration (CCl4) phase diagram of CH3CCl3+CCl4 can then be calculated using the experimentally observed [22] T–X phase diagram of this binary mixture.

The free energy in the liquid phase of CH3CCl3+CCl4 in terms of the orientationally disordered (OD) parameter and orientationally ordered (OO) parameter is zero (FL = 0) for this two-component system. Between liquid (L) and the rhombohedral (R) phases along the phase line (R+L) at higher temperatures, two-component system is stable whereas the phase line between the FCC and liquid (L) along the phase line (FCC+L) at lower temperatures, is metastable [22], as stated above.

By expanding the free energy of the R+L phase in terms of the orientationally disordered (OD) parameter ψ, we write
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where a2 > 0, a4 < 0, and a6 > 0 for a first order transition between the rhombohedral and liquid phases. By minimizing the free energy FR+L with respect to the orientationally disordered parameter ψ with ∂F/∂ψ = 0, one obtains
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When we insert Equation (4) into Equation (3), we get
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Using the first order condition that
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along the phase line (R+L), we find the phase line equation for the liquid (L)—rhombohedral (R) transition as
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in CH3CCl3+CCl4. Similarly, the free energy of the FCC phase can be expanded in terms of the orientationally ordered (OO) parameter η as
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where b2 > 0, b4 < 0, and b6 > 0 as before, for the first order transition between the FCC and the liquid phases for the two-component system of CH3CCl3+CCl4. Minimization (∂FFCC/∂η = 0) gives the order parameter η as
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as for the order parameter ψ of the rhombohedral phase (Equation 4). Similar to Equation (7), we then obtain the phase line equation of FCC + L as
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by substituting Equation (9) into Equation (8).

In order to obtain the T–X phase diagram of CH3CCl3+CCl4, we can choose a function f(t−x) as

[image: image]

where t = T − T0 and x = x − x0 with the constants α1, α2, and α3. Here, T0 denotes the temperature at zero concentration (x = x0 = 0) with a one-component system (CH3CCl3 only) as x denotes the concentration of CCl4. By writing Equation (11) in the form,
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the coefficients α1, α2, and α3 can be determined. By fitting Equation (12) to the experimentally observed T–X data [22] for the R+L and FCC+L, separately, we determined the values of the α1, α2, and α3.

In Table 2 we give the values of the constants α1, α2, and α3 for this binary mixture. We plot in Figure 5 the T–X phase diagram calculated (Equation 12) for CH3CCl3+CCl4 along the R+L and FCC+L phase lines with the observed data [22].

Table 2. Values of the coefficients α1, α2, and α3 according to Equation (12) using the experimental data [22].
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FIGURE 5. Calculated phase diagram (Equation 12) along the stable R+L (rhombohedral + liquid) and metastable FCC+L (face-centered-cubic + liquid) phase lines for the two-component system of CH3CCl3+CCl4. Observed data [22] are also given here.



DISCUSSION

The temperature dependence of the heat capacity Cp was analyzed according to a power-law formula (Equation 1) for pure CH4 and CH4/CCl4 using the experimental data [8]. This analysis was performed in the vicinity of the melting temperature (Tm) within a temperature interval of 0.3 -0.4 K for pure CH4 and ~0.3–0.5 K for CH4/CCl4 (Table 1). The extracted values of the critical exponent α for the heat capacity Cp, are about 0.3–0.4 for pure CH4, whereas for CH4/CCl4 the exponent values are α = 0.6–0.7 below and above the melting temperature Tm (Table 1). Our values are much greater than the predicted values (α = 0, mean field theory and α = 0.12, Ising model) for a second order transition. This indicates that the phase transition for pure CH4 and CH4/CCl4 is weakly first order transition.

In fact, our α values for the coadsorbed CH4/CCl4, which are comperatively larger than those for the pure CH4 monolayer also indicate that the phase transition of the CH4/CCl4 system is closer to a first order transition since the heat capacity exhibits a sharp discontinuity at the melting point (Tm = 99.2 K) as observed experimentally [8]. At higher temperatures, the displacement transition has a tendency toward a more continuous one, which can occur for the pure CH4 at the melting temperature (Tm = 104.8 K), as also indicated from the volumetric and X-ray diffraction measurements [7].

This large heat capacity peak appearing at the melting point of coadsorbed CH4/CCl4, is associated with a first order transition favorably and the system moves along the phase boundary to resolve a density discontinuity between the two phases. With the non-zero latent heat when the density discontinuity vanishes, the phase boundary slope becomes infinite and the Clasius–Clapeyron equation can be used for a first order transition in coadsorbed CH4/CCl4 [8].

Also, as the CH4 coverage increases, the heat capacity increases with the melting temperature shifted to higher temperatures for the CH4/CCl4 mixture. This also indicates that CH4/CCl4 system exhibits closely a first order transition as the melting temperature is approached. Peaks in the heat capacity associated with the corresponding chemical potential have given the phase boundary points to obtain the CH4/CCl4 coadsorption phase diagram and they can also be correlated with the equation of state of the system [8].

As pointed out previously, when CCl4 monolayer is preadsorbed, CH4 adsorption occurs preferentially on graphite and consequently CH4 and CH4/CCl4 solid solution undergo phase transitions. As in the case of xenon on the graphite covered with sulfur hexafluoride (SF6) [1], CH4 adsorption is probably hindered by preadsorbed CCl4 and the phase transition occurs in pure CH4 and in the mixture of CH4/CCl4 under the temperature on graphite. Methane adsorption leads to the displacement on the preadsorbed CCl4 monolayer on graphite for the occurrence of a weak first order (or nearly second order) transition in pure CH4 and of a first order transition in CH4/CCl4. The transition temperature Tc for pure methane and CH4/CCl4 can depend on the CCl4 on graphine so that the presence of graphene can change Tc and also the character of the phase transition in those systems.

It has been pointed out that methane, argon and krypton all have solid surface tensions very nearly equal to the liquid surface tension at their respective triple point temperatures where the heat capacity peaks have been observed to occur in many adsorbed system [9].

This leads to the phase transition occurring for the pure CH4 and the coadsorbed CH4/CCl4 on graphite at the triple point (bulk methane triple point is 90.7 K) and also close to the melting point, as we studied here. Due to the coupling between surface-frozen and volume liquid crystal molecules [9], surface interactions can become significant in the mechanism of the phase transition of the solid solution, in particular, coadsorbed CH4/CCl4 on graphite. Also, dimensional crossover can change the phase behavior from the first order to the second order as we obtained for the coadsorbed CH4/CCl4 and pure methane (CH4), respectively, in this study.

We analyzed here the observed heat capacity associated with the transition for CH4 order within the mixed CH4/CCl4 phase present during displacement. Other transitions associated with pure CH4 on bare graphite when observed experimentally, can also be analyzed according to the power-law formula for the coadsorption system. Those transitions correspond to a second order solid-solid transition between commensurate and expanded phases and, a first-order melting transition with regard to the heat capacity peaks [35, 36]. Due to the first-order nature of the phase boundary and the heat capacity peak, a first-order coadsorption phase boundary may be associated with melting into a mixed liquid film phase, as indicated previously [8] at relatively lower temperatures as the CH4 impurity increases. Some accurate measurements are needed using various techniques such as calorimetry measurements which can detect the phase transitions to clarify the other transitions for the methane coadsorbed on graphite precoated with a saturated monolayer of carbon tetrachloride. From the heat capacity measurements of CH4/CCl4 on graphite, a power-law analysis can be conducted to describe the solid-solid transition and also a first-order melting transition in the coadsorbed system as studied here. Additionally, investigating the phase boundaries with the experimental measurements provides the displacement of the CH4 film and it also explains how the coadsorption occurs into a multilayer CH4 film.

The T–X phase diagram for the two-component system was also calculated using the mean field theory for CH3CCl3+CCl4 by expanding the free energy in terms of the order parameters ψ (Equation 3) and η (Equation 8). As stated above, the stable rhombohedral (R) phase has the orientationally disordered (OD) parameter of the axially symmetric molecules which occurs at higher temperatures for a two-component system of CH3CCl3+CCl4 with the concentration x of CCl4 (x = 0 is the CH3CCl3 component and x = 1 is the CCl4 only). The metastable phase-centered-cubic (FCC) has the orientationally ordered (OO) parameter of symmetric molecules, which occurs at lower temperatures for this mixture of CH3CCl3+CCl4. The orientational ordering of axially symmetric molecules in a non-cubic uniaxial plastic crystal and also in liquid crystals, can be defined as [37]
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where, θ is the angle between the molecular symmetry axis and the optic axis of the crystal. If the molecular polarizability anisotropy is known [38, 39], the order parameter S can be determined in one-component system and also in two-component crystals [29]. In our treatment regarding the orientationally disordered (OD) parameter (ψ) of the rhombohedral (R) phase and the orientationally ordered (OO) parameter (η) of the FCC phase of the two-component system (CH3CCl3+CCl4), we considered only the amplitudes of the order parameters (ψ and η). In general, by defining the complex order parameter as

[image: image]

the phase ϕ determines the symmetry broken in the phase transition since the amplitude ψ0 determines the degree of a nearly established order [40]. Due to the fact that in the case of CH3CCl3+CCl4 mixture, we calculated the phase lines of stable R+L (rhombohedral + liquid) and metastable FCC+L (face-centered-cubic + liquid) as a first order transition according to the Landau phenomenological theory, in the intermediate range of concentrations x (CCl4) the symmetry is broken as a discontinuous change from the liquid to the rhombohedral (R) and FCC phases when this mixture solidifies with decreasing temperature (Figure 5). Thus, the discontinuous symmetry in the orientational disordering (rhombohedral + liquid) and in the orientational ordering (face-centered-cubic + liquid) is broken in the two-component mixture of CH3CCl3+CCl4.

As shown in Figure 5, a cubic polynomial (Equation 12) was fitted to the experimental data [22] very well along the R+L and FCC+L phase lines. By choosing the temperature and concentration dependences of the coefficients a2, a4, and a6 (or constant), the phase line equation (Equation 7) for the R+L phase line can be obtained as a cubic polynomial in the form of Equation (12). Similarly, by choosing the temperature and concentration dependences of the b2, b4, and b6 (or constant), the phase line equation (Equation 10) for the FCC+L phase line can be obtained in the form of Equation (12). This then provides calculation of the coefficients a2, a4 and a6 in the free energy expansion FR (Equation 3) using the values of α1, α2, and α3 (Table 2). Similarly, b2, b4, and b6 in the free energy expansion FFCC (Equation 8) can be obtained from the values of α1, α2, and α3 (Table 2). This then leads to the temperature and concentration dependences of the orientationally disordered (OD) parameter ψ (Equation 4) in terms of a2, a4 and a6 for the rhombohedral (R) phase and those dependences of the orientationally ordered (OO) parameter η for the FCC in the same form of Equation (9) in terms of the coefficients b2, b4, and b6. Thus, the critical behavior of the order parameters ψ and η as a function of temperature at zero concentration of CCl4 (CH3CCl3 only) and also at various concentrations of CCl4 for this two-component system of CH3CCl3+CCl4 can be obtained.

Also, the thermodynamic quantities such as the specific heat Cp, thermal expansion αp and the isothermal compressibility κT can be predicted from the free energies of FR (Equation 3) and FFCC (Equation 8) for the phases of R+L and FCC+L, respectively, of CH3CCl3+CCl4 (Figure 5), as stated above. Thus, those thermodynamic quantities (Cp, αp, and κT) can be calculated as a function of temperature using the Landau mean field theory for a constant concentration x of CCl4. Along the phase boundaries (R+L and FCC+L), the critical behavior of Cp, αp, and κT can be predicted for various temperatures and concentrations by the Landau mean field theory using the temperature and concentration dependence of the coefficients a2, a4, and a6 in FR (Equation 3) and, the coefficients b2, b4, and b6 in FFCC (Equation 8) for a two-component system of CH3CCl3+CCl4. The predicted thermodynamic quantities can then be compared with the measurements along the R+L and FCC+L phase boundaries when the experimental data are available in the literature. This then examines whether the Landau mean field theory can be applied to a two-component system of CH3CCl3+CCl4.

CONCLUSIONS

Analysis of the heat capacity for the pure methane (CH4) and CH4/CCl4 on graphite was performed close to the melting point using the experimental data according to a power-law formula. The values of the critical exponent α which we extracted for the heat capacity Cp indicate that the pure methane exhibits closer to a continuous (second order) transition, whereas the transition for the coadsorbed CH4/CCl4 mixture is of nearly first order (discontinuity). Our exponent values are not in close agreement with the predictions of the theoretical models (mean field theory and an Ising model), which undergo mainly second order transitions. Our analysis given here explains adequately the observed behavior of the heat capacity for pure CH4 and CH4/CCl4 system on graphite. This shows that the solid-solid transitions and first order melting transition in pure CH4 and coadsorbed CH4/CCl4 system can be investigated by analyzing the specific heat Cp. Similar analysis can also be performed for some other coadsorbed systems as the CH4/CCl4 system studied here, when accurate experimental data are available in the literature.

T–X phase diagram was also calculated in this study by using Landau phenomenological theory for the phase boundaries of the stable R+L (rhombohedral + liquid) and metastable FCC+L (face-centered cubic + liquid) phases of a two-component system of CH3CCl3+CCl4. By fitting the phase line equations derived from the free energies of the solid phases to the observed T–X phase diagram in this mixture, the coefficients were determined, which can be related to those given in the free energy expansion. We find that our predicted T–X phase diagram as obtained from the Landau mean field theory, describes the observed behavior of the binary mixture of CH3CCl3+CCl4. Using the coefficients determined, the temperature and concentration dependence of some other thermodynamic quantities can be predicted close to the phase transitions in this binary mixture.
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