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For decades, superconductivity has been the subject of intense discussion
in class rooms and laboratories of scientists due to cryogenic
requirements of low temperature superconductors. Today, however,
superconductivity is being applied to many diverse areas such as: medicine,
theoretical and ex-perimental science, the military, transportation, power
production, electronics, as well as many other areas.

Historical Background

uperconductivity was first discovered in 1911 by the
Dutch physicist, Heike Kammerling Onnes. In the same
year. He began to investitage the electrical properties of
metals in extermely cold temperatures. It has been known for
many years that the resistance of metals fell when cooled
below room temperature, but it was not known what limiting
NL Heike  value the resistance would approach, if the temperature were
Kammerling Onnes - reduced to very close to 0 K. Onnes passed a current through
as13) a very pure mercury wire and measured its resistance as he
steadily lowered the temperature. Much to his surprise there
was no leveling off of resistance, let alone the stopping of electrons as
suggested by Kelvin. At4.2 K the resistance suddenly vanished. Current was
flowing through the mercury wire and nothing was stopping it, the resistance
was zero. According to Onnes, "Mercury has passed into a new state, which
on account of its extraordinary electrical properties may be called the
"superconductive state".
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Milestones in Superconductivity

1911: Dutch physicist Heike Kamerlingh Onnes discovers
superconductivity in mercury at temperature of 4 K.

1913: Kamerlingh Onnes is awarded the Nobel Prize in Physics.

1933:  W.Meissnerand R. Ochsenfeld discover the Meissner Effect.

1941: Superconductivity in niobium nitride at 16 K.

1953: Vanadium-3 silicon found to superconductat 17.5 K.

1962: First commercial niobiumtitanium superconducting wire.

1972: John Bardeen, Leon Cooper, and John Schrieffer win the Nobel Prize
in Physics for the first successful theory of how superconductivity
works.

1986: Alex Miiller and Georg Bednorz make a ceramic compound of
lanthanum, barium, copper, and oxygen that superconducts at 35 K.

1987: Cerarnic that superconducts at 92 K, bringing superconductivity into
the liquid nitrogen range.

1988: Allen Hermann of the University of Arkansas makes a
superconducting ceramic containing calcium and thallium that
superconducts at 120 K. Soon after, IBM and AT&T Bell Labs
scientists produce a ceramic that superconducts at 125 K.

1993: Superconductor made from mercury, barium and copper,
(Hg,Ba,Ca,Cu,0;) with maximum transition temperature of 133 K.

2003: Nobel Prize in Physics and medical science for superconductivity
and its application in MRI.
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Abstract

The transition temperature T, of the superconductor signals the onset of
superconductivity. We were curious to see the variation of T, with the formula
mass (F,,) of well-studied high-T oxide superconductors to observe whether
there exists any correlation between T, and F,, of these oxide
superconductors. Interestingly, it is observed that the ratios of T, /F of 8
different high-T, superconductors which exhibit transition temperature > 90
K, converge to show a ratio of 0.136 with a 14% deviation. Other
superconductors and bismuth-based which have T, less than 90 K differ
significantly. Extrapolating the transition temperature to 25 °C, a formula
mass F,, of high-T, oxide superconductor turns to be 2239 with only 14%
deviation in different materials which have T,.> 90 K. This means if oxide
superconductors of formula mass 2239 are synthesized, then that materials
could exhibit room-temperature superconductivity. The experimental work
on YBCO superconductors is underway and results will be communicated
essentially an extension of the present work.

Keywords Formula mass - T,/ F, ratio - Composite - Polymerized
superconductors

1 Introduction

Since, the discovery of superconductivity by Dutch physicist Heike
Kamerlingh Onnes [1], in 1911, it has been a topic of hot discussion in
classrooms and laboratories due to the cryogenic requirements of low
temperature superconductors. Today, however, superconductors are being
used in varying areas such as in medical scanners, theoretical and
experimental science, in the military, transportation (Maglev trains), power
production, electronics, as well as many other areas. Superconductors are
materials that conduct electricity without power loss and produce strong



Table 1 Data showing T versus formula mass of high-temperature superconducters

S. |Material Formula| Te (K) | SlopeTe / |Slope=90|Formul
no. Mass FM K a mass
(298 K)
1 |YBapCu30O7y 667.00 92 0.138 0.138 2161
2 |Bi2SrpCuOg 752.74 20 0.027
3 |Bi2SrpCaCup0g 888.36 85 0.096
4 |BipSrpCapCu30Og 959.98 110 0.115 0.115 2601
5 |TlpBapCuOg 842.96 84 0.100
6 |ThBapCaCupOg 978.58 108 0.110 0.110 2767
7 |T12Ba2Ca2Cu3010 | 111420 | 125 0.112 0.112 2670
8 |TIBapCa3Cugq011 1029.45| 122 0.119 0.119 2242
9 |HgBapCuOg 634.79 94 0.148 0.148 1911
10 [HgBapCaCupOg 738.41 128 0.173 0.173 1719
11 |HgBapCapCu3Og 874.04 134 0.153 0.153 1944
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Fig. 1 (a) T.vs FM plot of YBCO and Tl-based oxide superconductors (b) T.vs FM plot
of YBCO and Hg-based oxide superconductors

magnetic fields. With the discovery of high-temperature superconductors,
which can operate at liquid nitrogen temperatures (77 K), it has emerged as
an effective tool for various industrial and scientific applications. The highest
temperatures [2] at which even the best of these materials become resistance-
free is -70 °C. Application of shining lasers at superconductors can make
them work at higher temperatures, recently suggests new findings from an
international team of scientists [2]. Currently, superconductors only work at
very low temperatures, requiring liquid nitrogen or helium to mention their
temperature. Now, scientists [2] have found a way to make certain materials
superconduct at higher temperatures.

Clark [2], a theoretical physicist university of Bathe, worked with his
experimental physicist colleagues to try to understand low superconductivity
might emerge when the material is exposed to laser radiation. He explained,
“Super- conductors currently only work at very low temperatures, requiring
expensive cryogenics-if we can design materials that superconduct at higher
temperatures, or even room M. Prasad et al. Transition Temperature versus
Formula Mass of Selected High-T.Oxide Superconductors: A Step Closure
to...temperature, it would eliminate the need for cooling, which would make
them less expensive and more practical to use in a variety of applications.
Related research led by Waterloo physicist [3] showed proof of electronic
nematicity-a situation whereby electron cloud snaps into an aligned and
directional order- in a particular type of high-temperature superconductor. In
this study, they “identified some unexpected alignment the electrons- a
finding that is likely generic to the high-temperature superconductors and in
time they turn out to be a key ingredient of the problem”. The proof the
scientists put forward indicates the electronic nematicity is a general feature
of cuprate high-temperature superconductors-where cuprates are copper-
oxide ceramics made up of two-dimensional layers of planes of copper and
oxygen atoms divided largely by other atoms.

It has become apparent in the past few years that the electrons involved in
superconductivity can form pat- terns, stripes, or checkerboards, and exhibit
different symmetries-aligning preferentially along one direction, “Their



study [3] revealed, “these patterns and symmetries have important
consequences for superconductivity- they can compete, coexist or possibly
even enhance superconductivity”.
Soon after the discovery of ceramic high-temperature superconductivity by
Bednorz and Muller [4] in 1986, there were enormous research activities in
the world's many lab- oratories employing different groups of metal oxides
with expectations to raise transition temperature as high as possible. Various
metal oxides with different stoichiometric ratios were thoroughly
investigated and repeatedly studied to assess the authenticity of the variable
transition temperature reported to the specialized Journals meant for high
temperature superconductors. Physicists, material scientists, chemists,
engineers, theorists, mathematicians and computer experts including science
administrators got engaged with two major objectives:
(1) To search for materials that could exhibit superconductivity closer to
room temperature and.
(i) To enrich our understanding of the mechanism of high T.-oxide
superconductors.
This is because the phenomenon of superconductivity in these materials was
considered different and exotic from low-temperature superconductors
observed in metals and alloys [5-7]. Such vigorous efforts have resulted in
approximately two hundred thousand papers by a large number of
researchers all over the world with new experimental and theoretical
techniques [8-12]. However, the two objectives cited above are yet to be
achieved. Under the prevailing situation, the attempts to research for new
materials that could meet our goals particularly, T, closer to room
temperature, therefore, research efforts in oxides were seemingly diverted to
look for applications of these materials available to us. Now major
laboratories and researchers are deeply involved in the projects and activities
of' making high-T superconducting devices [13-17].
We viewed the variable transition temperature of high-T, oxide
semiconductors from their formula mass perspective. We selected these
materials and intend to examine the formula mass of these ceramic
superconductors Table [18].
Such data are shown in Table 1 [18]. Let us look at the variation of T on the
formula mass of these materials shown in Table 1. Transition temperature
increases almost linearly with F,. The slope of T.F,, in the case of
YBa,Cu,0,, Tl- based (Fig. la) and Hg-based (Fig. 1b) oxide
superconductors are in excellent agreement with an average value of 0.142
with a 4% deviation. However, taking 8 high T.-oxide superconductors
which have T.> 90 K shown in Table 1, gives T/F,,= 0.136 with a 14%
deviation. Reviewing T, versus formula mass data closely, it is noticed that
materials #1,8,9,10 and 11 represent an excellent fit in a straight line if
plotted as T versus formula mass. Other materials, # 4,6 and 7 show higher
formula mass for room temperature though the slope remains nearly closer.
This consistency among the different classes of high-temperature
superconductors seems to be unnoticed by researchers. Accordingly, we
extrapolated the formula mass of materials that could exhibit T, closer to
room temperature. Looking at the last column of Table 1, we find that the
hypothetical average formula Mass of 8 oxide high-T materials given above
turns out to be 2239 with a 14% deviation. This empirical analysis of T,
versus formula mass seemingly suggests that if YBCO, Tl-based and Hg-
based oxides, etc. of much higher masses are synthesized virtually in the
polymerized form/composites, we are likely to get transition temperature
higher and closer to room temperature.
1.1 Motivating Factors
Superconductivity was initially discovered in mercury at liquid helium
temperature by Onnes [1] in 1911. All metals and alloys possess a very high
electron density. It is the high electron density and mobility of charge carriers
that make a distinction between superconductors, metals, and
semiconductors. In other words, it is the absolute value of electrical
conductivity that helps us classify different kinds of conductors. Reports on



some high-temperature superconductors suggest that thinner [16, 17]
samples exhibit semiconductor-like behavior whereas thicker ones showed
metallic-type characteristics prior to superconducting transition. More
recently [19] in YBCO demonstrated that transition temperature T, has very
much to do with the 3D-charge carrier concentration and they reported the
value 1.6 x 10”c¢m”. Such information on 3D charge density in a high-
temperature superconductor is viewed from a perspective of raising the
carrier density comparable to metallic conductors in the oxides by
synthesizing composite-polymerized sort of materials that could ensure the
increased concentration of charge carriers at par with metals and alloys that
could exhibit T.closer to ambient temperature and pressure.
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ABOUT THE CITY - LUCKNOW

Lucknow or Lakhnau is the capital city of Uttar Pradesh (India), resides
on the bank of river Gomati. Located in what was originally known as the
Awadh (Oudh) region, Lucknow has always been a multicultural city,
and flourished as a cultural and artistic capital of North India in the 18th
and 19" centuries. Courtly manners, Nawabi culture, beautiful gardens,
poetry, music, and fine cuisine patronized by the Persian-loving Shia
Nawabs of the city are well known amongst Indians and students of
South Asian culture and history. Lucknow is popularly known as The
City of Nawabs. The Hindu holy places Ayodhya is about 135 km away
from Lucknow The temperature range will be around 32°-15°C. Details
about Lucknow are also available at www.up-tourism.com.

How to reach
Lucknow is well connected to all the major cities in the country by air,
rail and roadways. Superfast/Express trains are available throughout the
day and night to/from all major cities. Charbagh Railway Station is about
9.5 km from the University. Chaudhary Charan Singh Domestic/
International Airport is about 4.5 km from the University. Indian
Airlines, Jet Airways, Jet Lite, GoAir, Indigo etc., operate flights from
Lucknow to all over India. The normal frequency from Delhi to
Lucknow and return is around 4-6 flights/hour each way.
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