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ABSTRACT 

New nano crystalline perovskite GdBa2Ca3Cu4O10.5+δ (GBCCO / GBCCO 1234) having 

orthorhombic crystal system belonging to high temperature superconducting family Ba2Ca(n-

1)CunO(2n+4-δ), is designed and synthesized via solid state reaction route in a specially designed 

furnace. Molecular structure of the superconducting cuprate ceramic GBCCO 1234 is obtained 

and the reasons behind its superconducting nature are analysed based on its oxygen deficient 

copper oxide planes. By documenting ac magnetic susceptibility of the ceramic as a function of 

temperature, superconducting properties of the ceramic is determined. Real and imaginary parts 

of ac susceptibility are plotted against temperature as it varies from 4 K to 350 K and the 

superconducting transition temperature or critical temperature (Tc) of the superconductor is 

obtained.Four point electrical probe test is performed to find out the temperature dependent 

resistance of the ceramic and Tc of GBCCO 1234 is evaluated, which is in agreement with the 

same obtained via magnetic susceptibility measurement. 
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1. INTRODUCTION 

Superconducting ceramic materials belongs to electronic ceramics with innumerable properties 

and potential applications. Superconductors are materials that offer zero resistance to the flow of 

electric current. When cooled down to certain particular temperatures called transition 

temperatures or critical temperatures, resistance of superconductors falls abruptly to zero. 

Transition temperature (Tc) of a super conductor depends on the nature and structural 

composition of the material. Superconductivity is first observed in mercury in 1911 by Dutch 

scientist Heike Kammerlingh Onnes. Pure mercury exhibits superconductivity at 4.2 K. Ceramic 

superconductors are discovered in 1986 by Bednors and Muller. First ceramic superconductor is 

(La, Ba)2CuO4with transition temperature at 35 K which crossed the barrier of 30 K restricted by 

the BCS theory of super conductivity [1].  

               One advantage of ceramic superconductors when compared with their metallic 

counterparts is that they exhibit superconductivity at high temperatures. Materials showing 

superconductivity at high temperatures are generally called “high temperature / high Tc 

superconductors (HTS)”. This discovery was astounding and gave rise to a lot of questions 

because, majority of ceramics are insulators at room temperature. Once temperature falls below 

the transition temperature, a ceramic super conductor enters into a completely different 

superconducting state. Even though P. W. Anderson explained superconductivity in ceramic 

materials on the basis of his resonating valence bond theory, soon after their discovery, a full 

understanding of these superconductors is still not developed [2]. In 2014, evidence showing 

that fractional particles can happen in quasi two-dimensional magnetic materials, and there are 

genuine electronic mechanisms instead of electron phonon attraction mechanisms, is found by 

EPFL scientists and this evidence supports Anderson's theory of high-temperature 

superconductivity [3].  

Even though superconducting ceramic cuprates come as a zoo of materials, today most 

researches in super conductivity are centred on four cuprate ceramic four super conducting 

families. They are YBCO family having transition temperature around 92 K, BSCCO family 

with transition temperature in the range 20 K – 110 K, TBCCO family (Thallium Barium 

Calcium Copper Oxide) having transition temperature between 80 K – 125 K and HBCCO 

family (Mercury Barium Calcium Copper Oxide) with transition temperature ranging between 94 
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K - 133 K [4]. All four families of superconductors have distorted perovskite crystal structures 

and superconductivity is caused by the alternating layers of oxygen deficient copper oxide 

planes. Perovskites are materials having ‘ABO3’formula with tetragonal and orthorhombic 

representative structures. ‘O’ atoms are oxygen atom, ‘B’ atoms are usually small metal cations 

and ‘A’ atoms are usually large metal cations. Super conducting action of the ceramic is 

happening at the multiple layers of copper oxide planes. As the number of layers of copper oxide 

increases, transition temperature of the ceramic super conductor also increases. 

Applications of superconductors are immense. There is no IR2 loss and hence superconductors 

can be used to make super conducting power transmission wires, passive RF, powerful 

electromagnets, radars, SQUIDS, beam steering magnets in particle accelerators, magnetic field 

detectors and Josephson junctions [5]. They can be used for magnetic levitation, logic and 

storage functions in computers, RSFQ logic, magnetic separation, integrated circuits, magnetic 

energy storage devices, Maglev trains, Magnets for MRI and other imaging applications in 

medical field [6]. 

 

2. MATERIALS AND EXPERIMENTAL METHODS 

2.1. Preparation of the sample 

The new nanocrystalline ceramic perovskite GdBa2Ca3Cu4O10.5+δ in orthorhombic crystal system 

[7] with perovskite crystal structure is designed and synthesised from reagent grade chemicals of 

high purity (>99.99%) Gadolinium oxide  (Gd2O3),  Barium  carbonate  (BaCO3), Calcium  

Oxide  (CaO)  and  Cupric  Oxide  (CuO). They are weighed according to the stoichiometric 

formula given by 

 
½ Gd2O3  + 2 BaCo3 + 3 CaO + 4 CuO = GdBa2Ca3Cu4O10.5+δ+ 2CO2 

 

                 After weighing, the powders are manually mixed in an agate mortar with pestle for 

three weeks. Mechanical mixing is employed via ball milling with zirconium beads for a time 

period of two months along with daily sieving and mixing. Ball to powder weight ratio is 40: 1. 

This is followed by attrition milling for 3 hours. Time of attrition must not extend twelve hours 

since changes of agglomeration predominates [8]. Manual and mechanical mixing are performed 
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to assure homogeneity of the mixture. Formation of ceramic phase by atomic diffusion of 

constituent materials during solid state reaction takes place when fired at optimum temperature. 

The firing temperature decides the density of the ceramic product. Electromechanical 

characteristics of the synthesised ceramic greatly depend on this density. 

The obtained homogenous mixture is calcined at different temperatures (at treating 

temperatures), 30˚C, 500˚C, 850˚C and 900˚C in a specially designed furnace. A step by step 

increase in temperature is provided to the furnace. Each calcination is followed by cooling in an 

oxygen rich atmosphere ( oxygen is allowed into the furnace). After cooling it is taken out for 

grinding, sieving and mixing. Calcinations are continued till the desired properties and desired 

crystal structure is obtained. The higher the calcination temperature, the higher the homogeneity 

and density of the final ceramic product and hence proper calcination at the right temperature is 

necessary to obtain the best electrical and mechanical properties [9, 10]. Optimum temperature is 

set at 900 degree Celsius, which is found by trial and error method. Prepared ceramic is 

pelletized using a hydraulic press. It is then subjected to ac magnetic susceptibility test and four 

point electrical probe arrangement to find out the superconducting transition temperature. 

 

2.2. AC Magnetic Susceptometer 

Majority of experimental physicists consider Meissner effect as the signature experiment to 

determine the superconductivity of a material. By documenting magnetic susceptibility of a solid 

as a function of temperature, it is possible to determine the superconducting properties of a high 

Tc superconductor.  Magnetic fields used for measuring the magnetic properties of 

superconductors can either be ac or be dc. For the study of superconducting properties of a 

ceramic material based on its magnetic susceptibility as a function of temperature measured in a 

susceptometer, unlike dielectric or resistivity measurements, specimen in powder form can also 

be used. No electrical contacts are required. Magnetic measurements are possible even at very 

low temperatures below critical temperature, where resistivity tends to zero. Jc (critical current 

density) is easily measurable as it is independent of contacts and is devoid of any inter granular 

weak link. These are some advantages of using magnetic susceptometers for superconductivity 

studies.  
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In an ac magnetic susceptometer magnetic behaviour of the superconducting sample is measured 

using sensing coils. Superconducting material to be tested is put inside a coil and is subjected to 

an alternating magnetic field Hac. This magnetic field produces a net magnetic moment within 

the sample in accordance to the applied field. A second coil detects this magnetization and the 

change in flux produced by the magnetised sample. Change in flux is associated with the changes 

occurring in the magnetic moment of the superconducting specimen (denoted as ‘dm’), which is 

caused by the time varying ac magnetic field. An amplifier analyses this signal and hence 

magnetic measurements can be done.  Magnetic ac susceptibility is given by the equation 

                             χ
�� � 

��

����

     -------------------    [1] 

                             χ
�� � 

��

����

        ------------------- [2] 

Hence the slope of the curve plotted with intensity of magnetization against magnetic field 

intensity of the applied field gives ac magnetic susceptibility of the material. (dM/dH) is also 

known as differential susceptibility. The importance of ac susceptibility is that it reveals 

additional physics about the sample under investigation. 

               As frequency of the external ac magnetic field increases, magnetization of the sample 

lags behind the applied magnetic field and there will be a phase lag. So we can consider, 

separating the in phase (real) and out of phase (imaginary) components of susceptibility and 

related parameters.  

We can represent the complex magnetic field H by the equation 

               � =  �� + ������    -------------------- [3] 

H0 denotes the dc magnetic field and H1 denotes the amplitude of the time varying ac magnetic 

field. Multiplying eqn. 3 throughout with � we obtain the complex magnetization M which is 

given by 

                       �� =  ��� +  �������---------------[4] 

i.e.,                  � =  �� +  �������     -------------- [5] 

Where �� = ���----------------------[6] 
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M0 is the dc magnetization. Similarly  

                     �� = ���----------------------[7] 

M1 denotes the amplitude of the time varying magnetization 

So                   � = �� +  ������------------------[8]                

               At high frequencies of applied ac magnetic field ac magnetic moment of the 

superconducting specimen lags behind the applied field, because of the dynamic effects in the 

material, ac susceptibility is called dynamic susceptibility. This can be detected using a 

magnetometer. Complex or dynamic susceptibility is given by                           

                        � = |�|e���  ------------------- [9] 

Where |�| denotes the magnitude of ac susceptibility. Phase shift Φ is is given by 

Φ =  ωt--------------[10] 

i.e          � = � (cos ωt + i sin ωt)     ---------- [11] 

�′ = χcos ωt +  � χsin ωt-------------[12] 

                         � = �� +  ����------------------[13] 

               Real part as well as imaginary part of magnetic susceptibility depends on two factors - 

the amplitude of external magnetic field and the frequency of external magnetic field. The real 

component χ′ represents the component of the susceptibility that is in phase with the applied ac 

field and it reflects the screening properties expressed as a difference in the energy (associated 

with the magnetic field) of the sample between the non-superconducting and the superconducting 

states, while the imaginary component χ′′ represents the component that is out of phase with the 

applied ac field and it is related to the energy losses that represent the amount of ac magnetic 

energy converted into heat in the sample, or in other words, the energy absorbed by the sample 

from the ac field [11]. χ′′ represents the dissipative processes taking place.  

Typically, the onset of a significant nonzero χ' is taken as the superconducting transition 

temperature Tc, in other words Tc is considered as the temperature corresponding to the first 

significant (1%) deviation of χ′ from zero [12]. The imaginary part of ac magnetic susceptibility 
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χ’’ will have non zero values at temperatures below the critical temperature of the 

superconducting material, where magnetic irreversibility happens in the superconducting 

specimen. χ" also helps in calculating the critical current of the superconductor. By finding the 

temperature at which χ" is maximum for various AC drive field amplitudes, we can determine 

the critical current, the maximum current a superconductor can carry before becoming 

electrically resistive and the critical current vs. temperature [13]. 

AC magnetic susceptibility of the superconducting ceramic sample GBCCO 1234 is determined 

as a function of temperature. PPM (Physical Property Measurement System) of Quantum 

Designs is used for the determination of AC magnetic susceptibility. Temperature can be varied 

from 1.9 K to 400 K. For convenience of measurement as well as accuracy and precision in 

measurement, along with PPMS, ACMS (ac/dc Magnetometry System) is used. Model P500, 

ACMS from quantum designs is connected with the help of a twelve pin connector, to the PPMS, 

at its base Model 6000 PPMS from quantum designs is used. 

2.3. Four Point Electrical Probe Arrangement 

In a four point electrical probe arrangement, superconducting sample is connected with four 

leads and a thermocouple is placed on it [14]. A schematic representation of four point electrical 

probe arrangement is shown in Figure 1. Probes 1 and 4 are used to connect a dc power supply so 

a constant current will flow through the length of the sample whereas probes 2 and 3 are 

connected to a voltmeter to measure the potential drop across the length of the superconductor 

[15]. Since the voltmeter has a high input impedance, basically no current will flow through 

these leads so that the potential difference does not include a drop due to the contact resistance of 

the leads (which would be a factor if a simple ohmmeter was used)[16]. The resistance of the 

sample between these leads is the ratio of the measured potential difference to the drive current 

[14]. 
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Fig. 1. Schematic representation of four point electrical probe circuit 

The circuit is connected as shown in figure 1 and the superconductor was placed in the cryostat 

filled with liquid nitrogen [14]. Using the four point probe, a dc current supply was connected. 

As the sample was allowed to gradually warm, the voltage from the four point probe was 

recorded [15, 16]. The resistance is the ratio of the voltage to the drive current [16]. 

 

3. RESULTS AND DISCUSSIONS   

3.1. Structure of GBCCO 1234  

GBCCO 1234 is a perovskite in orthorhombic crystal system as determined from its XRD data 

[7]. Perovskites are materials having ‘ABO3’formula with tetragonal and orthorhombic 

representative structures. ‘O’ atoms are oxygen atom, ‘B’ atoms are usually small metal cations 

and ‘A’ atoms are usually large metal cations. Crystallographic unit cell of GBCCO 1234 is 

obtained and it is shown in figure 2. The name GBCCO 1234 is given as per the conventional 

nomenclature among superconductors. Each molecule contains 1 Gd atom, 2 Ba atoms, 3 Ca 

atoms, 4 Cu atoms and 10.5 O atoms by molecular formula. Since calcinations are done in 

oxygen rich atmosphere, it contains 10.5 + δ oxygen atoms technically. Its structure contains 4 

CuO2 layers. Those layers are clearly visible in the figure 2. 
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Fig. 2. Crystallographic unit cell of GBCCO 1234 with 4 CuO2 planes 

            All important families of ceramic superconductors have distorted perovskite crystal 

structures and superconductivity is caused by the alternating layers of oxygen deficient copper 

oxide planes. Here superconductivity is caused by the holes in the oxygen sites of CuO2 planes. 

As the number of layers of copper oxide increases, transition temperature of the ceramic super 

conductor also increases. It usually decreases after four layers. Superconducting behaviour is an 

anisotropic property. Superconductivity shows direction sensitivity.  It is parallel to the CuO2 

planes. Super currents flow un-obstructively through CuO2 planes. These planes are connected 

by Josephson coupling. Oxygen absorption during calcinations in an oxygen rich atmosphere 
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also increases the superconductivity of the sample. Superconducting properties of ceramics 

depend on the amount of the oxygen absorption of the specimen during heating and cooling [17]. 

Particular super lattices formed by superconducting layers of atoms are called super stripes. 

               GBCCO 1234, the cuprate superconductor is a quasi-two-dimensional material. Its 

superconducting properties are determined by electrons moving within weakly coupled copper-

oxide (CuO2) layers. Neighbouring layers contain ions of gadolinium, barium and calcium which 

act to stabilize the structure and electrons and holes in the copper-oxide layers. The copper-oxide 

planes are checker board lattices with squares of O2− ions with a Cu2+ ion at the centre of each 

square. The dx2 -y2 orbital state of the Cu2+ implies that electron-electron interactions are more 

significant than electron-phonon interactions in cuprates – making the superconductivity 

unconventional. A schematic representation of GBCCO 1234 is given in figure 3. 

 

 

 

Fig. 3. Molecular structure of GBCCO 1234. Blue balls represent Cu, dark blue balls denote Gd, 

green balls indicate Ba, red balls stand for O and yellow balls represent Ca. 
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               Majority of high temperature ceramic superconductors are insulators at room 

temperature. Once temperature falls below the transition temperature, a ceramic super conductor 

enters into a completely different superconducting state. Even though so many theories exist on 

this regard including P. W. Anderson’s resonating valence bond theory, no theory is generally 

accepted yet.  

3.2. Determination of Superconducting Transition Temperature by measuring AC Magnetic 

Susceptibility 

               By documenting ac magnetic susceptibility of the ceramic as a function of temperature, 

it is possible to determine its superconducting properties. Real (χ’) and imaginary (χ’’) parts of 

ac susceptibility are plotted against temperature as it varies from 4 K to 350 K which is given 

below in figure 4. Critical temperature Tc of the superconductor is determined from the graph.  

 

Fig. 4. Real (χ’) and imaginary (χ’’) parts of ac susceptibility vs. temperature 
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               When a superconductor enters into its superconducting state from its normal state, the 

characteristic property is the drop in resistivity to zero. However, the magnetic manifestation of 

zero resistivity is that a material is a superconductor if it exhibits perfect diamagnetic shielding; 

that is, its susceptibility χ' is exactly -1 (in SI units, where numerical results must be corrected for 

any sample demagnetization factor) [18]. Hence ac susceptibility measurement is considered as a 

unique tool in determining Tc or the critical temperature of the superconducting sample. 

Sometimes the onset temperature of transition, Tonset, which is defined as the onset upon cooling, 

even if the measurement is made upon warming, which occur with the first sign of zero-

resistance, is used to characterize the transition temperature and thus the quality of the sample 

[19]. Tonset is a parameter associated with Meissner effect in superconductors which implies that, 

when a superconductor is in its superconducting stage, χ' will be ‘–1’. Typically, the onset of a 

significant nonzero χ' is taken as the superconducting transition temperature Tc, in other words Tc 

is considered as the temperature corresponding to the first significant (1%) deviation of χ′ from 

zero [20]. From the graph plotted with χ′ and χ’’ against temperature, it is clear that the onset 

temperature for the superconducting sample is at 102.5 K. Hence critical temperature Tc of 

GBCCO 1234 is taken as 102.5 K 

3.2. Determination of Superconducting Transition Temperature by measuring resistance  

Resistance of the ceramic GBCCO 1234 is measured for temperature ranging from 75 K to 225 

K. Figure 5 plots measured resistance as a function of temperature for a drive current 0.1 A, 

using the four-point electrical probe.  

 

 

Fig. 5. Resistance as a function of temperature 

International Journal of Scientific Research and Review

Volume 8, Issue 5, 2019

ISSN NO: 2279-543X

Page No: 399



 
 

The curve begins at zero resistance at cold temperatures and at a certain temperature, begins to 

ascend, indicating a measurable resistance. We have considered the critical temperature to be the 

point where the resistance first begins to rise from zero [14]. It is at 102 K.  

CONCLUSIONS  

               Superconducting nanocrystalline perovskite GBCCO 1234, having orthorhombic 

structure, belonging to the high Tc superconducting family Ba2Ca(n-1)CunO(2n+4-δ), is synthesized 

by solid state reaction route. From the obtained molecular structure it is observed that GBCCO 

1234 has four CuO2 planes. Superconductivity is caused by the holes in the oxygen sites of CuO2 

planes. Super currents flow un-obstructively through CuO2 planes which are connected by 

Josephson coupling. Oxygen absorption during calcinations in an oxygen rich atmosphere also 

increases the superconductivity of the sample. Perovskite structure, four oxygen deficient copper 

oxide planes in the unit cell and oxygen absorption during calcinations is the three important 

causes of superconductivity in GBCCO 1234. By AC susceptibility measurement, critical 

temperature Tc of GBCCO 1234 is determined as 102.5 K. By measuring resistance as a function 

of temperature using four probe electrical point arrangement Tc of GBCCO 1234 is 102 K. This 

is a new and promising event in the case of ceramic superconductors. 
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