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Abstract

Using thermo-analytical and sorptometric methods physicochemical properties and especially sur-

face heterogeneity of HgBa2Ca2Cu3O8+�, (Hg-1223) was investigated. The desorption energy distri-

bution was derived from mass loss Q-TG and differential mass loss Q-DTG curves of

thermodesorption in quasi-isothermal conditions of pre-adsorbed n-octane and water vapour. It is

shown that the superconducting Hg-1223 phase is highly sensitive to water vapours. The mechanism

of water adsorption depends largely on the activation time. By water vapour saturation in a period of

90 min, physisorption takes place. Prolonged periods result in a chemical decomposition. From ni-

trogen ad- and desorption isotherms the fractal dimension of superconductors were calculated. A

new approach is proposed to calculate fractal dimension from Q-TG curves.
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Introduction

Today, many electronic and energetic systems are based on superconducting oxides.

Critical temperature Tc [1], critical current density Jc and critical magnetic field Hc, as

well as surface properties limit technical applications of high-Tc oxides [2–5]. Cur-

rent conductors, electromagnets, power cables, etc. more and more are equipped with

an active superconductor centre.

A great number of physical and chemical processes take place or are initiated at

the solid/gas or solid/liquid interface. The knowledge of the phenomena occurring

there is of importance because in many cases they result in changes of the physico-

chemical properties of the material. One of the most striking property of a solid sur-

face is its capability of adsorption of vapours and gases. It results from the fact that

valences are only partially saturated on the crystal surface. Therefore, the solid sur-

face can absorb molecules from gas, liquid and even solid phases. Thus, atmospheric
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gases such as H2O and CO2 may influence significantly the behaviour of supercon-

ducting oxides. Depending on the kind of material and other conditions one may ob-

serve different interaction of physical or chemical adsorption.

Literature [6] reports on different interactions of gases with CuO used as a model

for complex high-Tc superconducting oxides. Water molecules may be chemisorbed

strongly at low temperature, and captured dissociative between –145 and –115°C. At

YBa2Cu3O7–�, physical and chemical adsorption [7–9] or combinations are observed de-

pending on temperature [8] and activation time [9]. Physical adsorption does not change

the elementary composition of the surface layer. The chemically adsorbed multilayer of

water molecules stimulates the exchange of ions between the surface and the bulk of the

crystal lattice with simultaneous decomposition [7]. On La2–xSrxCuO4 water is chemi-

sorbed [10] and on Bi2Sr2Ca2Cu2O8+x physisorbed [11]. Investigation of thermodesorption

of water and nonpolar liquids on superconducting HgBa2Ca2Cu3O8+� grains provides two

kinds of information: influence of saturation time on the mechanism of adsorption of wa-

ter molecules and quantitative description of the energetic heterogeneity of the sur-

face [16, 17].

Adsorption behaviour, properties of the heterostructure and in particular the

fractal dimension are necessary for understanding sorption and diffusion mechanisms

in high temperature superconductors. The calculation of the fractal dimension may be

obtained from measurements of adsorption, mercury porosimetry, scanning electron

microscopy, small-angle X-ray scattering and nuclear magnetic relaxation. Sophisti-

cated measuring techniques and disturbances e.g. by multilayer condensation compli-

cate the necessary investigations. So far, only few studies those item are available.

For that reason, in this paper possibilities to study physicochemical properties of

HgBa2Ca2Cu3O8+� by means of thermal analysis and sorptometry are discussed. The

Hg-1223 sample (HgBa2Ca2Cu3O8+� material) is a higher member of the Hg homolo-

gous series [12, 13]. For example, HgBa2Ca(n–1)CunOy (n=1, 2, 3) exhibits a maximum

transition temperature of ~ –140°C [14] and under a pressure of 150 kbar Tc= –120°C

as detected by resistance measurements [15].

In the following we present for the first time a numerical and analytical proce-

dure for the evaluation of total heterogeneity properties (desorption energy distribu-

tion and pore-size distribution) using sorptometry and thermodesorption of liquids

from high-temperature superconductor surface under the quasi-equilibrium condi-

tions. Moreover, a new method for the evaluation of fractal dimensions from Q-TG

curve is proposed and discussed.

Experimental

We examined a Hg-1223 sample prepared by a solid-state reaction technique using

reagent-grade HgO, BaO, CaO and CuO powders by means of a method described by

Isawa et al. [18].

Thickness of the adsorbed liquid layers on the surface can be assessed by means of

immersion of the solid sample. Adsorption of non-polar and polar liquid layers were

measured using the Derivatograph Q-1500 D (MOM, Hungary). Classical thermo-
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gravimetric DTG curves of water were measured within a temperature range of 20 to

1000°C at a heating rate of 10° min–1. The digitally recorded dynamic thermodesorption

give the dependence of the sample mass loss as a function of temperature or time. Q-TG

mass loss and Q-DTG differential mass loss curves were measured under the quasi-

isothermal conditions in the temperature range 20–250°C at a heating rate of 6° min–1.

Specific surface areas, pore size distribution and pore volume were calculated

from low-temperature nitrogen adsorption-desorption isotherms measured by means

of the Sorptomat ASAP 2405 V1.01 (Micrometrics).

Results and discussion

The Q-TG mass loss and Q-DTG differential mass loss of n-octane as a function of

temperature from the Hg-1223 surface are presented in Fig. 1. The spectrum indicates

two parts: a long wide peak with minimum near 125°C and another part with mini-

mum at 140–200°C. Water thermodesorption (Fig. 2) shows one larger peak with a

minimum near 100°C.

The desorption energy distribution from Q-TG and Q-DTG curves was derived

using an equation for the desorption kinetics characterised by a constant value of the

desorption energy [17]:
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where T=To+�t, � the degree of surface coverage, � the entropy factor, Ei the

desorption energy calculated for each temperature, To and T the initial and given tem-

peratures of desorption, respectively, � the heating rate of the sample, t the time and R
the universal gas constant.
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Fig. 1 Q-TG and Q-DTG curves of n-octane thermodesorption from Hg-1223 surface
under quasi-isothermal conditions



The final expression for determination of desorption energy distribution �n(E)

can be expressed in the form [17]:
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Equation (2) was used for the calculation of desorption energy distributions

from the pores for each temperature Ti in the Q-DTG curves (Figs 3 and 4). The distri-

bution functions �n(E) of n-octane and water desorption from the Hg-1223 surface
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Fig. 2 Q-TG and Q-DTG curves of water thermodesorption from the Hg-1223 surface
under quasi-isothermal condition

Fig. 3 Energy distribution function of n-octane desorption from the Hg-1223 surface
calculated for the whole temperature range T=50–180°C



within the temperature range T=50–180°C are represented in Figs 3 and 4. Ed values

range from 28 to 60 kJ mol–1 and from 7 to 300 kJ mol–1. In the case of water, the high

value of desorption energy indicates a great influence of the surface molecules of the

solid. The thermodesorption of n-octane and water shows that the investigated super-

conducting materials have a polar surface.

Figure 5 presents the evolution of DTG curves as a function of temperature for

the of water from the Hg-1223 surface with preadsorbed vapour under classical (dy-

namic) conditions. The spectrum shows two parts: a wide peak with the minimum lo-

cated near 100°C and another part with inflexion at 300–850°C. In the case of pure

Hg-1223 (Fig. 5a) above ~440°C, a mass decrease was observed. The decomposition

can be schematically described by the following equation [19]:

2HgBa Ca Cu O Hg O 2Ba Cu O 4CaO2 2 3 y 2 2 3 5 d � � � �� �2 7( ) ( – – )g y � (3)

After a water vapour treatment within a period of 0<tact<90 min (Fig. 5b) an in-

crease of a peak near 100°C is observed which corresponds to physical sorption.

When the sample was kept in a dessicator longer than 90 min (Fig. 5c), weak peaks

appear at 347, 375, 615°C, as well as at 410, 775°C when the activation is longer than

24 h (Figs 5e, 5f). It corresponds to the decomposition temperature of a product of the

reaction of the sample with water. During longer treatment in water vapour of mer-

cury superconducting oxide results in increasing peaks. The physical adsorbed water

molecules stimulate the chemical process. After five days, a peak near 100°C de-

creases whereas other increases. This effect corresponds to a chemical reaction of

water with the Hg-1223 surface.

A mean pore radius of 12.87 nm and a pore volume of 0.0039 cm3 g–1 of the super-

conducting sample were calculated from desorption isotherms using the BJH method

(Table 1). The BET specific surface area of the fresh ceramic material was 0.89 m2 g–1.

The low-temperature nitrogen adsorption-desorption isotherms presented in

Fig. 6 were used for calculation of fractal dimension on the basis of a method pre-
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Fig. 4 Energy distribution function of water desorption from the Hg-1223 surface cal-
culated for the whole temperature range T=50–180°C
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Fig. 5 Evolution of experimental of DTG curves as a function of temperature. Water
vapour preadsorption on the Hg-1223 surface under dynamic conditions. The
initial mass was 100 mg

Fig. 6 Low-temperature nitrogen adsorption-desorption isotherms for Hg-1223



sented in paper [20]. This method is based on surface of the adsorbed layer calculated

using Frenkel–Halsey–Hill theory and Kiselev equation [21]. The fractal dimension

D can be calculated from relationships [22–24]:

D =3–d[lna(x)]/d[ln(–lnx)] (4)

D =2+d[ln�(–lnx)da]/d[ln(–lnx)] (5)

dV/dr=A(r)~r(2–D) (6)

where a is adsorption value, x is section of the experimental isotherm, V and r are

pore volume and radius, function A(r) is determined from experimental data on sorp-

tion hysteresis.

Table 1 Pore structure parameters of HgBa2Ca2Cu3O8+� sample calculated from nitrogen adsorp-
tion–desorption isotherms using sorptometric method

Parameter Unit Value

Single point surface area at p/po=0.2 m2 g–1 0.80

BET surface area m2 g–1 0.88

Langmuir surface area m2 g–1 1.27

BJH adsorption cumulative surface area for 17.0000–3000.000 Å pores m2 g–1 0.91

BJH desorption cumulative surface area for 17.0000–3000.000 Å pores m2 g–1 0.93

Single point total pore volume for <780 Å pores cm3 g–1 0.028

BJH adsorption cumulative pore volume for 17.0000–3000.000 Å pores cm3 g–1 0.003

BJH desorption cumulative pore volume for 17.0000–3000.000 Å pores cm3 g–1 0.003

Average pore radius (4V/A by BET) Å 128.7

BJH adsorption average pore diameter (4V/A) Å 151.2

BJH desorption average pore diameter (4V/A) Å 165.3

The pore size distribution was calculated from nitrogen adsorption-desorption

data (Fig.6 and Table 1) obtained over pore size range 1.7–300 nm employning the

Barrett-Joyner-Holenda (BJH) method. The pore size distribution curve (PSD) for

Hg-1223 presented in Fig. 7 is of a Gaussian type with peak at pore radii ca. 20 nm.

Figures 8 and 9 present the dependencies lna as a function of ln(–lnx) (Fig. 8)

and �(–lnx)da as a function of ln(–lnx) (Fig. 9) using Eqs (4) and (5). The plots show a

good linear relationship. Using above data the value of fractal dimensions were cal-

culated to be 2.60 and 2.62, respectively.

The calculations of fractal dimension on the basis of Q-TG data presented in

Fig. 1 was carried out as follows: First, the Q-TG mass loss curve was transferred in

the form presented in Fig. 10. This figure shows the relationship between

ln[(mo–m1)A] and ln[(m1–mk)/d], where: mo is initial sample mass, m1 is mass sample

at temperature T1, mk is the final sample mass, d is density of n-octane and A is spe-

cific surface area of the superconductor. Point P is the intersection point of a and b

J. Therm. Anal. Cal., 71, 2003

STASZCZUK et al.: HIGH-TEMPERATURE SUPERCONDUCTORS 179



J. Therm. Anal. Cal., 71, 2003

180 STASZCZUK et al.: HIGH-TEMPERATURE SUPERCONDUCTORS

Fig. 8 Surface fractal dimension of Hg-1223 calculated from the adsorption isotherm

Fig. 9 Surface fractal dimension of adsorption Hg-1223 defined thermodynamically, J=�a(–lnx)da

Fig 7 Pore-size distribution of Hg-1223



slopes and is related to point K in the curve presented in Fig. 10. The slop c is perpen-

dicular to PK section and it was used to determination of D value. The point K is re-

lated to the minimum value of the differential mass loss in curve Q-DTG (Fig. 1). In

our calculations the following equation was used for determination of the D value by

the analytical method [25]:

D = (2+3k)/(1+k) (7)

where k is the slope of c in Fig. 10.

The obtained fractal dimension value of D=2.49 calculated from thermodesorp-

tion measurements is in a good agreement with data determined from sorptometry

and those given in the papers [26, 27].

Conclusions

We discussed special applications of thermal analysis for investigation of adsorbed

liquid layers and of porosity parameters used for the quantitative characterisation of

the energetic and structural heterogeneities of high-Tc oxide superconductor. The

thermodesorption process of liquids depends on the surface wetting phenomenon and

surface properties of the solid. The presented method is very useful to investigate

physicochemical properties of surface liquid films, adsorbate-adsorbent interaction

and total surface heterogeneity.

At room temperature, physical sorption and chemical reaction of H2O on the ox-

ide surface takes place. This phenomenon strongly depends significantly on the acti-

vation time tact in a period 0<tact<90 min, physisorption was observed. In the case of

longer water vapour action, tact>90 min, a decomposing reaction was observed.

The new method for determination of the fractal dimension of superconductor sur-

face using Q-TG technique is presented. It is in good agreement with results from
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Fig. 10 Surface fractal dimension of Hg-1223 calculated on the basis of Q-TG
thermodesorption of n-octane from under the quasi-isothermal conditions



low-temperature adsorption-desorption isotherms. The presented results show that above

method for determination of the fractal dimension on the basis data thermodesorption of

liquids in quasi-isothermal conditions is reliable, simple and practicable.

* * *

The authors are deeply indebted to Dr. V. V. Kutarov from Odessa University (Ukraine) and

Dr. Z. Korczak and Dr. A. Rysak from Department of Experimental Physics, Maria Curie-Sk³odowska

University, Lublin (Poland) for fruitful discussions and preparation of the high temperature supercon-

ductor samples.

References

1 S. Nagata and T. Atake, J. Therm. Anal. Cal., 57 (1999) 807.

2 H. Hayakawa, Phys. Today, March, 46 (1986).

3 L. Z. Lin and L. Y. Xiao, Phys. C, 337 (2000) 331.

4 J. M. Rowell, Phys. Today, November, (1988) 38.

5 J. Clarke, Phys. Today, March, 36 (1986)

6 S. Warren, W. R. Flavell, A. G. Thomas, J. Hollingworth, P. M. Dunwoody, S. Downes and

Ch. Chen, Surf. Sci., 436 (1999) 1.

7 P. Staszczuk, G. W. Ch¹dzyñski and D. Sternik, J. Therm. Anal. Cal., 62 (2000) 461.

8 B. M. Gorelev, V. V. Dyakin, G. N. Kashin, V. I. Makhnjuk, D. V. Morozovskaya and

V. A. Sidorchuk, J. Spectrosc. Relat. Phenom., 70 (1994) 161.

9 E. Russ, J. Estienne, G. Vacquier and A. Casalot, Mater. Res. Bull., 31 (1996) 751.

10 R. L. Kurtz, R. Stockbauer, T. E. Madey, D. Mueller, A. Shin and L. Toth, Phys. Rev. B,

37 (1988) 7936.

11 W. R. Flavell, J. H. Laverty, D. S.-L. Law, R. Lindsay, C. A. Muryn, C. F. J. Flipse,

G. N. Raiker, P. L. Wincott and G. Thornton, Phys. Rev. B, 41 (1990) 11623.

12 M. Cantoni, A. Schilling, H.-U. Nissen and H. R. Ott, Physica C, 215 (1993) 11.

13 R. L. Meng, L. Beauvais, X. N. Zhang, Z. J. Huang, Y. Y. Sun, Y. Y. Xue and C. W. Chu,

Physica C, 216 (1993) 21.

14 A. Schilling, M. Cantoni, J. D. Guo and H. R. Ott, Nature, 363 (1993) 56.

15 C. W. Chu, L. Gao, F. Chen, Z. J. Huang, R. L. Meng and Y. Y. Xue, Nature, 365 (1993) 323.

16 V. I. Bogillo and P. Staszczuk, J. Therm. Anal. Cal., 55 (1999) 493.

17 P. Staszczuk, D. Sternik and V. V. Kutarow, J. Therm. Anal. Cal., 69 (2002) 23.

18 K. Isawa, A. Tokiwa-Yamamoto, M. Itoh, S. Adachi and H. Yamauchi, Physica C, 222 (1994) 33.

19 T. Tsuchiya, K. Fueki and T. Koyama, Physica C, 298 (1998) 49.

20 B. M. Kats and V. V. Kutarov, Langmuir, 12 (1996) 2762.

21 A. B. Kisielev, In: The Structure and Properties of Porous Materials, Butterworths, London,

1958, p. 195.

22 A. V. Neimark, Zh. Fiz. Khim., 64 (1990) 2593.

23 P. Pfeifer and D. Avnir, J. Chem. Phys., 79 (1983) 4573.

24 P. Pfeifer, In: Fractals in Physics, North-Holland, Amsterdam, 1986, p. 72.

25 V. V. Kutarov, private information.

26 P. Pfeifer and M. Obert, In: The Fractal Approach to Heterogeneous Chemistry, D. Avnir,

(Ed.), Wiley, Chichester 1989.

27 O. Malcai, D. A. Lidar and O. Biham, Phys. Rev., 56 (1997) 2817.

J. Therm. Anal. Cal., 71, 2003

182 STASZCZUK et al.: HIGH-TEMPERATURE SUPERCONDUCTORS


