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Quantum computing is a rapidly growing technology that exploits conventional information theory, computer science, and 
quantum mechanics principles to address complicated computational problems. The recent breakthroughs in information 
and communication technologies have yielded profound and intriguing insights into quantum computing research.  
For more advances in quantum computing, researchers are currently concentrating on exploiting material science in this 
burgeoning research domain to achieve outperform processing power. Henceforth, a scientometric analysis is 
undertaken to extract the role of material science in quantum computing by analyzing the published academic bibliometric  
data using CiteSpace. It appraises the research status quo of the field by analyzing yearly publication growth rate, 
average citation structure analysis, international research collaboration analysis, most cited publication analysis, and 
keyword co-occurrence network analysis. It deduced that two-qubit gates, quantum entanglement, and spin fluctuation 
are the research hotspots. Superconducting qubits and spin-orbit coupling are the current most active research areas in material 
science assisted-quantum computing research. China, the United States, and Japan are mediating in this field. Furthermore, 
it offers future research directives and significant clues to researchers for the further diffusion of knowledge in the research 
domain. 
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1 Introduction 
The 21st century is an era of interdisciplinary 

research that will enable human to achieve the tasks 
which were impossible till now. Amongst these 
challenging technologies, a critical role would be played 
by quantum computing.1 It is an interdisciplinary 
research field in science and technology. Materials 
science is among one of the disciplines having a great 
impact on quantum computing. Various research 
documents in this field have been published as a result 
of global recognition and intense interest in quality 
control. Therefore, a highly pertinent investigation is 
needed to identify the evolution of path-breaking 
trajectories for scientific advances. The integration of 
communication technology and materials science, along 
with other disciplines has increased the development of 
highly efficient computing systems. In the last decade, 
research work in this discipline is going at a very fast 
pace and attaining new heights. A current key research 
inclination is concerned with finding an alternative to 
increase the computation power as well as refining 
existing ones for quantum computing. The two research 

areas are similar in terms of their goal, but have 
different implications on future research. Therefore, a 
progressively synthesized network of 2290 original 
research and review articles from the Scopus database is 
obtained from the infancy stage of the evolution of the 
domain till 2022. Visualization of the literature offers a 
timely and flexible approach to track the growth of new 
evolving developments. Therefore, CiteSpace, a 
scientific visualization and analysis tool is used to ease 
the analysis of evolving developments2,3. Scientometric 
is the tool for the quantitative and qualitative 
examination to reveal the research progress of any 
discipline.4,5 The article presents an analysis of the 
literature published in the discipline of materials science 
in the domain of quantum computing6. It explores the 
measurable aspects of the data to analyze the progress, 
impact, and relevance of research.7 It is a crucial 
arithmetical and visualization analysis to identify 
significant research topics.8,9 The analysis enlightens 
evolutionary research ideas in the field of materials 
science. The article offers a thorough and improved 
grasp of various patterns, research hotspots, subtopics, 
and other features that will form the basis for future 
research collaborations and initiatives in the field of 
quantum computing. 
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periods. There is a significant increase in growth rate 
from (2014-2016) to (2017-2019) as shown in Fig. 1 
which means that significant research work is done in 
the discipline in this time span. The highest number of 
publications in the discipline are in the time span of 
2020-22 (527), but the growth rate with respect to 
2017-19 is only 21.43%. There is a decrease in 
growth rate despite the increase in the number of 
publications in the area because, in this time span, 
other research areas like Covid-19 (14) have gained the 
attention of the researchers. Although, the number of 
publications is highest in the domain, growth rate is 
not at the peak. 

Also, the data is taken on November 2, 2022, so 
there is a possibility that the number of publications 
can still increase till the end of the year and 
correspondingly, the growth rate will also increase. 
 
3.2 International Collaboration Analysis 

This section visualize and analyze the contribution 
and collaboration between different countries in terms 
of leading countries contribution analysis. 
 
3.2.1 Top Contributing Countries Analysis 

The analysis inclines the contribution of the top ten 
countries in research in material science in the domain 
of quantum computing. Table 1 lists the countries 
which are leading in research in material science and 
contributed significant publications in the field of 
quantum computing. It analyses the countries in terms 
of the number of published articles (P), percentage 
share of the respective country to the total number of 
articles (P%), citation count (CC) of the country, 
average citation rate (ACR) which is the ratio of total 
citations of the country and the number of 
publications of the respective country, and RCI 
(Relative Citation Impact) of the country.2  

 
 

RCI= 
′     

′     
 

A relative citation Index greater than 1 signifies that 
the citation rate of the country is greater than the world 
citation rate. It means that the country is contributing 
high-quality research in comparison to others. The 
analysis shows that China has published the highest 
number of research articles 387 with 18.06 percent 
publication share in total publications in the whole, as 
shown in Table 1. The United States is in second place 
with 373 (17.41%) followed by Germany with 148 
(6.91%) and Japan with 88 (3.73%). In the CC, the 
United States is the leading nation, which means that the 
research work done by this country is finding its place 
globally. The ACR value of Japan is highest at 35.22, 
followed by France (27.91) and Canada (27.83).  
It signifies that these nations are contributing high-
quality research papers in the domain. Similarly, the  
value of RCI determines the influence of a  
country's research status in global scenarios. In this 
study, we have found that Japan with an RCI value of 
1.58 is the country having the greatest research influence 
in the domain, followed by France (1.25) and Canada 
(1.25). The United Kingdom (1.18) and the United 
States (1.02) are also making their influence on global 
research. 
 

3.2.2 Network Analysis 
The analysis of the network provides important 

linkage in research work between different countries 
based on different parameters. It consists 70 nodes, 
346 links, and the density is 0.1433. A node signifies 
a country and links between nodes indicate the 
connections among countries. A larger node size 
indicates a larger contribution of the respective 
country, and the thickness of the link signifies the 
extent of the connection between countries. Larger is 
the thickness of link, the greater the research 
connection between them. "Modularity" (Q) of the 
network is the extent to which it can be divided into 
independent blocks, and its value lies between 0 to 
1.(15) Modularity of the network in the study is 0.259, 

Table 1 — Top-10 Most Productive Nations 

Country P P% CC CC% ACR RCI 

China 387 18.06 4481 9.36 11.58 0.52 
United States 373 17.41 8476 17.71 22.72 1.02 

Germany 148 6.91 2924 6.11 19.76 0.88 
Japan 88 4.11 3099 6.48 35.22 1.58 

Russian Federation 80 3.73 677 1.41 8.46 0.38 
United Kingdom 68 3.17 1793 3.75 26.37 1.18 

India 68 3.17 814 1.70 11.97 0.57 
Italy 64 2.99 782 1.63 12.22 0.55 

France 58 2.71 1619 3.38 27.91 1.25 
Canada 55 2.57 1531 3.20 27.83 1.25 
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top ten countries. The top cited article in China is by 
Qiang X. et al.19 with a citation count of 295 in the year 
2018. In this article, a two-qubit CMOS-compatible 
quantum processor using silicon photonic structures is 
realized, enabling optical quantum processing in 
information technology. The use of silicon photonics for 
future quantum processors is also highlighted, and a two 
qubit quantum approximate optimization algorithm is 
used for the purpose. The review article by Kjaergaard 
M. et al.20 in the year 2020 with 402 citations in found 
superconducting qubits as the top research area because 
of their utility in the noisy interfering environment. Also, 
they analyzed the role of superconducting qubits in error 
correction in quantum computers with high-fidelity. 
Also, recent experimental developments in hardware and 
error correction using it are discussed. Medford J. et al.21  
of Germany highlighted Nano electronics role as 
superconducting qubits and spin qubits. They discussed 
that addition of third spin provides qubit rotations due to 
exchange degeneracy, hence full control of spin can be 
gained through electrostatic gating only. Therefore the  
three-electron spin exchange qubit performance is 
characterized in this article by performing measurement 
and state tomography in the presence interfering 
environment. Veldhorst M. et al.22 in 2014 of Japan has 
number of citations 586 in the discipline. In this article, 
qubit realization with nitrogen-vacancy centres in  
silicon (phosphorous and diamond) is discussed. Also a 
quantum dot qubit with a high control dependability 

required for fault-tolerant quantum computing is 
discussed. Pogorelov I et al.23 with 69 citation count, 
presented a quantum computing demonstrator on 40 Ca+ 
optical qubits in a linear Paul trap to address integrated 
realizations of quantum information processing 
hardware. Also, measurements related to single-qubit 
interactions and entanglement are discussed. Wolfowicz 
G et al.24 addressed the challenges of decoherence when 
spins are used for quantum technologies. He showed that 
atomic clock transition for electron spins in the solid 
state can be observed particularly in bismuth donors in 
silicon which increases the electron spin coherence time 
to a great extent. He found that clock transition-based 
qubits are less sensitive to an external magnetic field. 
Choudhury B S and Dhara A25 proposed an equatorial 
two-qubit quantum state. They performed unitary 
operations to achieve the states and showed that the 
states are successful when parity holding the information 
transmits it classically to the receiver. 

Lo Franco R et al.26 showed the entanglement 
preserve and nonlocality of solid-state qubits using 
decoupling techniques. They investigated the 
efficiency of an entanglement memory element under 
two-pulse echo and showed that entanglement and 
coherence features could be attained for a longer time 
by using this technique. Nicolas A et al.27 utilized the 
orbital angular momentum property of light and the 
implementation of memory for qubits encoded in the 
optical degree of freedom is described. Qubits  

Table 4 — Most Cited Article of Top 10 Countries 

Country  Citation Count Year Author Title 

China 295 2018 Qiang X. et al.(19) Large-scale silicon quantum  
photonics implementing arbitrary  

two-qubit processing 
United States 402 2020 Kjaergaard M. et al.(20) Superconducting Qubits: Current  

State of Play 
Germany 192 2013 Medford J. et al.(21) Self-Consistent Measurement and  

State Tomography of an Exchange-Only
Spin Qubit 

Japan 586 2014 Veldhorst M. et al.(22) An addressable quantum dot qubit  
with fault-tolerant control-fidelity 

Russian  
Federation 

69 2021 Pogorelov I et al.(23) Compact Ion-Trap Quantum  
Computing Demonstrator 

United  
Kingdom 

173 2013 Wolfowicz G et al.(24) Atomic clock transitions in silicon-base
spin qubits 

India 54 2015 Choudhury B S and Dhara A(25) Joint remote state preparation for  
two-qubit equatorial states 

Italy 84 2014 Lo Franco R et al.(26) Preserving entanglement and nonlocality
solid-state qubits by dynamical decouplin

France 314 2014 Nicolas A et al.(27) A quantum memory for orbital angular
momentum photonic qubits 

Canada 242 2013 Childress L. and Hanson R.(28) Diamond NV centers for quantum comput
and quantum networks 
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and taking informed decisions in this knowledge 
domain. In response to its future scope, researchers can 
dig into various research topics by doing journal 
analysis, author co-citation analysis, and document co-
citation analysis. Top contributing institutions can also 
be highlighted and bring about new facts, innovations 
and key discoveries contributed by the researchers to 
keep the scope open and wide. 
 
References 
1 Bhatia M, Sood S K & Sood V, J Ambient Intell Humaniz 

Comput,(2020) 1.  
2 Sood S K, Rawat K S & Kumar D, Telemat Inform, 69 

(2022) 101796.  
3 Chen C, J Assoc Inf Sci Technol, 57 (3)(2006) 359. 
4 Rawat K S & Sood S K, Qual Quant, 55 (4)(2020) 1371.  
5 Nerur S P, Rasheed A A, & V Natarajan V, Strateg Manag J, 

29 (3)(2008) 319. 
6 Chen C & Carr L, Proceedings of the tenth ACM Conference 

on Hypertext and hypermedia: returning to our diverse roots, 
(1999) 51. 

7 Neelam S & Sood S K, IEEE Trans Eng Manag, 68 
(1)(2020) 317.  

8 Howard D White H D & Katherine W McCain K W, J Am 
Soc Inf Sci, 49 (4)(1998) 327.  

9 AlRyalat SA, Malkawi LW, Momani SM, J Vis Exp, 24 
(152)(2019) e58494. 

10 https://www.scopus.com/ 
11 El-Din H M A, A S Eldin, and Hanora A M, Scientometrics, 

108 (2)(2016) 895. 
12 Sood S K, Rawat K S, & G Sharma, IEEE Trans Eng 

Manag,(2022). 

13 Serenko A & Bontis N, Knowl Process Manag t, 11 
(3)(2004) 185. 

14 Horbach, Serge PJM, Res Eval, 30 (2021) 231. 
15 Sood S K & Rawat K S, Nat Hazards ,103 (3)(2021) 2863. 
16 Kaur A, Sood S K, Earth Sci Inform, 13(2020) 1.  
17 Song J, H. Zhang H & Dong w, Scientometrics, 107 

(3)(2016),1111. 
18 Eck N V & Waltman L, Scientometrics, 84 (2)(2009) 523. 
19 Qiang X, Zhou X, Wang J, Wilkes C M, Loke T, O'Gara S, 

Kling L, Marshall G D, Santagati R, Ralph T C, Wang J B, 
O'Brien J L, Thompson M G & Matthews J C F, Nature 
Photonics Nat Photonics 12 (2018) 534. 

20 Kjaergaard M, Mollie E, Schwartz M E, Braumüller J, 
Krantz P, Wang J I J, Simon Gustavsson S & Oliver W, 
Annu Rev Condens Matter Phys 11( 2020) 369.  

21 Medford J, Beil J, Taylor J M, Bartlett S D, Doherty A C, 
Rashba E I, DiVincenzo D P, Lu H, Gossard A C & 
Marcuset C M, Nat Nanotechnol,8 (2013) 654. 

22 Veldhorst M, Hwang J C C, Yang C H, Leenstra A W,  
Ronde B D, Dehollain J P, Muhonen J T, Hudson F E, Itoh K 
M, Morello A & Dzurak A S, Nat Nanotechnol, 9 (2014) 981.  

23 Pogorelov I, Feldker T, Marciniak CD, Postler L, Jacob G, 
Krieglsteiner O, Podlesnic V, Meth M, Negnevitsky V, 
Stadler M, Hofer B, PRX Quantum, 2 (2021) 020343. 

24 Wolfowicz G, Tyryshkin AM, George RE, Riemann H, 
Abrosimov NV, Becker P, Pohl HJ, Thewalt ML, Lyon SA, 
Morton JJ, Nat Nanotechnol, 8 (2013) 561. 

25 Choudhury B S & Dhara, Quantum Inf Process, 14 (2015) 373. 
26 Lo Franco R, D'Arrigo A, Falci G, Compagno G, & Paladino 

E, Physics Review B 90 (2014). 
27 Nicolas A, Veissier L,Giner L, Giacobino E, Maxein D & 

Laurat J, Nat Photonics, 8 (2014) 234. 
28 Childress L & Hanson R, Physics Mrs Bulletin, 38 (2013) 

134.  

 


