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An effective scientometric analysis based on SCOPUS database was conducted to evaluate nano-
biotechnology research from a different perspective for the period 2003–2012. Nanobiotechnology 
has been intensively investigated by bibliometric methods due to its technological importance and 
expected impacts on economic activity. The present study analyses nanobiotechnology research 
output during 2003–2012 on different parameters, including the growth, global publications share 
and citation impact, share of international collaborative papers and contributions of major col-
laborative partner countries. A total of 114,684 papers were published during 10 years, which re-
ceived 2,503,795 citations with an average of 21.83 citations per paper. It has been observed that 
during 2003–2012, USA held the first position by number of publications (34,736), h-index (349), 
g-index (541), hg-index (434.52) and p-index (326.47). Developing countries such as India, China, 
South Korea and Canada showed increasing trends in their publications and their activity index 
also showed increasing trends. Top 10 institutions contributed 7.16% share of total publications. 
Masssachusetts Institute of Technology, USA received the highest h-index (120) among the top 10  
institutions. Biomaterials (1631) was the top journal of publication output; Nano Letters had the 
highest impact with an average citation per paper (73.86) and American Chemical Society received 
the highest h-index (158) among the top 10 journals. 
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BIONANOTECHNOLOGY and nanobiotechnology are terms 
that refer to the intersection of nanotechnology and bio-
logy. Nanobiotechnology is essential in several industries, 
including pharmaceutical, chemical, and oil and gas, 
whereas bionanotechnology is a specific application of 
nanotechnology. Nanotechnology is an interdisciplinary 
field. Nanoscience and nanotechnology are considered as 
one of the promising research fields having important  
social and economic impacts in the future. There is a vast 
amount of published information in this field of res-
earch1–5. Nanobiotechnology is relatively new to medical, 
consumer and corporate bodies. It is the union of engi-
neering and molecular biology. The true promise of 
nanotechnology lies in the ability to manipulate materials 
on the same unbelievably small scale used by nature6. 
Two of the most promising technologies of the future are 
biotechnology and nanotechnology. Biotechnology: Use 
of living in the creation of wealth. Nanotechnology: 
Creation, investigation and utilization of systems that are 
1000 times smaller than the components currently used in 
the field of microelectronics. The interface of these two 
worlds lies in nanobiotechnology. Nanotechnology deals 

with developing materials, devices or other structures 
possessing at least one dimension sized from 1 to 100 nm. 
Biotechnology deals with metabolic and other physio-
logical processes of biological subjects, including micro-
organisms. Association of these two technologies, i.e. 
nanobiotechnology can play a vital role in developing and 
implementing many useful tools in the study of life7. 
 Patent study8 of nanotechnology suggests that ‘the field 
is misconstrued as either a field of technology or an area 
of converging technologies while evidence to date sug-
gests rather that nanoscience and nanotechnology be con-
sidered a set of inter-related and overlapping but not 
necessarily merging technologies’. Bionanotechnology, 
nanobiotechnology and nanobiology are terms that refer 
to the intersection of nanotechnology and biology9. 
Nanobiotechnology gives us the ever-growing scope for 
biotechnologist to explore better options of research in 
biotechnology. Derivatives of this subject of study are 
widely popular in several applications such as pharma-
ceutical, food, agriculture, consumer goods, etc. Institutes 
like the Life Science Foundation of India have recently 
introduced a diploma course in nanobiotechnology – 
advertised in Current Science10. In India, the field holds 
immense importance particularly in the nanomedicine 
sector. The arrival of nanobiotechnology in India has 
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raised a series of questions and challenges in terms of  
intellectual property protection11. 
 The present study is based on scientometric analysis of 
nanobiotechnology research output for the years 2003–
2012. Scientometrics has typically been defined as the 
quantitative study of science and technology. Scientomet-
rics includes all quantitative aspects of the science of  
science, communication in science and science policy12. 
Mapping scientific fields is quite a common operation in 
bibliometric studies, in order to visualize networks  
explicitly or implicitly carried by articles (collaboration, 
citation). Different elements of a bibliographic record 
may be used to generate a map structure. Each element 
reveals a specific structure, unique in a sense, but always 
related to the structures based on other elements13. 
 The present study aims to capture the overall publica-
tions at macro level of the field among the top 10 coun-
tries and at the micro level relates to analysis of the 
subject nanobiotechnology. Hirsch14 introduced a single 
index to quantify a scientist’s published research impact 
which created an unprecedented response from the scien-
tometrics community. As an improvement of the h-index, 
Egghe15 proposed the g-index. Alonso et al.16 presented a 
new index called hg-index in order to reduce the dis-
advantages of using h-index and g-index, without affect-
ing the advantages of both the measures. Non-parametric 
statistics enables us to honour both productivity and qual-
ity, whereas the impact may be lower in the case of aver-
aging for the sole reason of higher productivity. These 
statistics share this appreciation of both productivity and 
citation rates with the h-index, but they differ from the  
h-index in that a range of tests for the significance of  
the impact (above or below expectation) becomes avail-
able. Less-cited papers can thus be appreciated propor-
tionally, while the h-index uses the h-value as a threshold 
for the cut-off of the tails of the distributions17–19. The 
metrics vary according to the particular methods used. In 
this study the various measures of collaboration and the 
indices like h-index, g-index, hg-index and p-index have 
been used to find the productivity and impact of the  
published work of a scientist or scholar of the priority 
countries. 

Related literature 

Meyer et al.20 showed the interdisciplinary nature of nano-
technology and also looked at differences among coun-
tries during the period 1991–1996. Braun et al.21 focused 
on the scientific aspects of nanotechnology and described 
the rapid development of the field since the early 1990s. 
Chau et al.22 constructed a web portal about nanotechno-
logy. Huang et al.23–26 monitored the research status of 
nanotechnology based on descriptive statistics and a cita-
tion network of countries, institutions and technology 
fields. Other studies also investigated nanotechnology  

using bibliometric methods27–33. In nanobiotechnology, 
nanotechnology provides the tools and technology plat-
forms for the investigation and transformation of biological 
systems, and biology offers inspirational models and bio-
assembled components to nanotechnology. Braun et al.34 
analysed 16 nano-titled journals dedicated entirely to  
the field to study the characteristics of the journals gate-
keepers. Hajar and Nahid35 looked into the scholarly  
activity of female researchers in the field of nanoscience 
and technology and compared it to that of male research-
ers. Schummer36 analysed the development of scientists 
and engineers in nanoscale research of 600 published pa-
pers in eight existing nanoscale journals in 2002 and 
2003, and also investigated multi- and interdisciplinary 
research collaboration in current nanoscale research. 
Worldwide nanotechnology research has experienced 
rapid growth in recent years. The status of nanotechno-
logy research and development was studied in previous 
papers37–41. Li et al.40 conducted a longitudinal study of 
the worldwide nanotechnology development status using 
papers published in the Thomson Science Citation Index  
(SCI) Expanded database. Huang et al.24 found that the 
major contributions of nanotechnology innovations are 
from the United States, Europe and Japan. 
 Bassecoulard et al.42 used the methodology of citation 
analysis to obtain a database of all the nanotechnology 
publications from 1999 to 2003. They subsequently used 
cluster analysis to classify the literature into different 
disciplines (themes) according to the similarity of the  
papers in the references, that is, the source of knowledge 
or information. Igami and Okazaki43 through a citation 
analysis mapped the nanotechnology field and classified 
the nanotechnology publications into 30 subfields.  

Objectives 

The objective of the current analysis is to identify 10 
years research trend in nanobiotechnology with the aim 
to: (i) study global research trends related to nanobio-
technology, (ii) identify contribution and citation impact 
of most productive countries related to nanobiotechno-
logy; (iii) catalogue the international collaboration among 
top 10 countries, (iv) identify the active performance of 
the countries using various indices, (v) identify the con-
tribution of top 10 institutions and top 10 journals, (vi) 
study the authorship pattern, degree of collaboration, 
highly productive authors in the field of study, and (vii) 
identify and study the contribution of the most productive 
journals, institutions, etc. on nanobiotechnology. 

Methodology 

For the purpose of the study, the Scopus database was 
searched for all records of papers published in peer-
reviewed journals and other bibliographical forms. Data 
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was collected from 2003 to 2012. This study is based on 
the world publication data on nanobiotechnology  
retrieved from the Scopus citation database [http://www. 
scopus.com/search/] for the 10 years (2003–2012). Defin-
ing a research domain via a set of queries is not a simple 
task44. In this article, the main string used to retrieve data 
on nanobiotechnology was as follows: 
 
(TITLE-ABS-KEY(nano*) AND TITLE-ABS-KEY(bio*)) 
AND PUBYEAR > 2002 AND PUBYEAR < 2013. 
 
This may be too simple an approach45, using ‘nano*’ as 
the query to define nanotechnology and considering it to 
be a useful approach when the domain is interdisciplinary 
and difficult to define; often experts in the field are them-
selves unable to agree on the precise nature of nanotech-
nology. 
 The indicators provided in this study are: (1) Bench-
marking research performance of countries, institutions 
and scientists. (2) Trends in nanobiotechnology research 
publications. (3) Bibliographic form and language distri-
bution of nanobiotechnology publications. (4) Single 
country publications, international collaborative publica-
tions, most collaborative country. (5) Average citation 
per paper. (6) Activity index, h-index, g-index, hg-index 
and p-index. (7) Most productive institutions and jour-
nals. (8) Authorship pattern, degree of collaboration. (9) 
Productivity and citation impact of world’s top 10  
authors. (10) Highly cited papers (more than 2000 cita-
tions). 

Results and discussion 

Benchmarking research performance of countries 

The global publication share of the top 10 most produc-
tive countries in nanobiotechnology research varied from 
2.97 to 30.29% during 2003–2012. The United States 
topped the list with a share of 30.29%. China and Ger-
many ranked second and third (with 16.58% and 7.02% 
share) followed by Japan and Germany at fourth to fifth 
position with publications share of 6.75% and 6.36% re-
spectively. India, France, Italy and Canada ranked at sev-
enth to tenth positions (their global publications share 
ranging from 2.97% to 4.62%). 
 The countries showing increase in their publications 
share from 2003 to 2012 included China (20.64%), fol-
lowed by India (6.95%), South Korea (5.29%), Italy 
(3.94%) and Canada (2.95%). In contrast, the developed 
countries showing decrease in their publications share 
during the same period were USA (25.45%), Germany 
(6.02%), Japan (4.72%), UK (5.01%) and France 
(4.29%). All developing countries showed a rise in their 
publications share in nanobiotechnology research: China 
by 15.03%, followed by India (5.39%), South Korea 

(2.51%), Canada (0.23%) and Italy (0.07%) from 2003 to 
2012. 
 India ranked at seventh position among the top 10 most 
productive countries in nanobiotechnology research with 
its global publications share of 4.62% during 2003–2012. 
China and Canada ranked second and tenth with global 
publications share of 16.58% and 2.97% respectively dur-
ing the same period. India’s global publications share  
increased from 1.56% to 6.95% from 2003 to 2012. 
 The quality of papers published by these 10 most pro-
ductive countries in terms of citations per paper (Table 1) 
varied from 6.36 to 23.27 during 2003–2012. The highest 
citation impact was registered by Canada with 23.27 cita-
tions per paper, followed by South Korea (18.60), USA 
(18.42), Germany (17.65), China (15.94), Italy (15.81), 
UK (11.99), India (11.52) and France (8.42). Canada re-
ceived more than world’s average citation per paper 
(21.83) and held the first position based on the citations 
received. 

Trends in nanobiotechnology research publications 

The world’s cumulative publication output in nanobio-
technology research consisted of 114,684 papers during 
2003–2012, with an average number of 1146.84 papers 
per year. The world’s cumulative publications output  
increased from 2,944 papers in 2003 to 21,118 papers in 
2012, witnessing a growth of 21.78%. Average percent-
age of growth of the study period was 1.76. The percent-
age of growth was more than the average percentage of 
growth in the year 2008 seems high (2.84%); whereas the 
percentage of growth for the year 2011 and 2010 was 
2.20% and 2.13% respectively. 

Bibliographic form and language distribution of 
nanobiotechnology publication, 2003–2012 

From this study, 15 types of bibliographic form were 
found in a total of 114,684 publications during the 10-
year study period. Articles (78,601) were the dominant 
document type, comprising 68.54% of the total produc-
tion. Ninety-seven per cent of all articles were published 
in English. Thirty-two other languages also appeared, the 
most frequent being Chinese (2.06%), Japanese (0.40%), 
French (0.22%) and German (0.18%).  

International productivity and collaboration 

Data on international productivity and collaboration based 
on the affiliation information of authors were generated. 
Table 2 lists the top 10 productive countries with the 
number of single country publications and internationally 
collaborated publications. USA was the largest contributor,
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Table 1. Publications output, share and rank of top 10 countries in nanobiotechnology research, 2003–2012 

 Number of papers Share of papers TC ACPP 
 

Country 2003 2012 2003–2012 2003 2012 2003–2012 2003–2012 2003–2012 
 

USA 1,120 5,374 34,736 38.04 25.45 30.29 1,099,375 18.42 
China 165 4,358 19,015 5.60 20.64 16.58 333,259 15.94 
Germany 308 1,272 8,050 10.46 6.02 7.02 224,555 17.65 
Japan 196 997 6,562 6.66 4.72 5.72 128,145 6.36 
UK 179 1,059 6,077 6.08 5.01 5.30 171,729 11.99 
South Korea 82 1,118 5,362 2.79 5.29 4.68 102,830 18.60 
India 46 1,468 5,295 1.56 6.95 4.62 84,095 11.52 
France 165 907 5,235 5.60 4.29 4.56 104,820 8.42 
Italy 114 832 4,359 3.87 3.94 3.80 79,601 15.81 
Canada 80 623 3,406 2.72 2.95 2.97 87,126 23.27 
World output 2,944 21,118 114,684 100 100 100 2,503,795 21.83 

TC, Total citations; ACPP, Average citation per paper. 
 

Table 2. Top 10 productive countries in nanobiotechnology research, 2003–2012 

 Single country publications International collaborative publications 
 

Top 10 countries TP TP% Number Percentage Number Percentage MCC 
 

USA 34,736 30.29 22,393 64.47 12,343 35.53 China (1831) 
China 19,015 16.58 14,188 74.61 4,827 25.39 USA (1831) 
Germany 8,050 7.02 2,075 25.78 5,975 74.22 USA (1137) 
Japan 6,562 5.72 4,065 61.95 2,497 38.05 USA (571) 
UK 6,077 5.30 1,430 23.53 4,647 76.47 USA (830) 
South Korea 5,362 4.68 3,364 62.74 1,998 37.26 USA (951) 
India 5,295 4.62 3,855 72.80 1,440 27.2 USA (415) 
France 5,235 4.56 1,254 23.95 3,981 76.05 USA (556) 
Italy 4,359 3.80 1,570 36.02 2,789 63.98 USA (570) 
Canada 3,406 2.97 1,311 38.49 2,095 61.51 USA (645) 

TP, Total publications; MCC, Most collaborative country. 
 
publishing 34,736 articles on nanobiotechnology and 
China ranked second with 19,015 articles, followed by 
Germany (8050), Japan (6562), UK (6077), South Korea 
(5362), India (5295), France (5235), Italy (4359) and 
Canada (3406). The number of single country publica-
tions and internationally collaborated publications by 
these countries also ranked as the top 10 among all coun-
tries in nanobiotechnology research – 55,505 (48.39%) of 
the 114,684 articles were single country publications and 
42,592 (37.14%) were internationally collaborated publi-
cations. Although single country publications dominated 
in nanobiotechnology research, international collabora-
tion of researchers became more prevalent, which has 
also been a general trend in other fields46. The propor-
tions of internationally collaborated publications to the 
total output of these 10 countries showed significant  
disparity. Approximately 76% of the articles produced by 
UK and France involved other countries, whereas  
the proportion of collaborated articles in India only  
accounted for 27.2% (Table 2). 
 The international collaborative share of different coun-
tries in their national outputs in nanobiotechnology  
research varied from 25.39% to 76.47%, with highest 
publication share (76.47%) coming from UK followed by 

France (76.05%), Germany (74.22%), Italy (63.98%) and 
Canada (61.51%) with more than 50% of their publica-
tions with international collaboration. Japan (38.05%), 
South Korea (37.26%), USA (35.53%), India (27.20%) 
and China (25.39%) produced less number of interna-
tional collaborated publications. 
 One hundred and fifty countries were involved in the 
total research output (n = 114,684) on nanobiotechnology 
during 2003–2012. About 85% of total publications was 
contributed by the top 10 most productive countries, 
which indicates that the researchers from these countries 
were involved more in this field compared to other coun-
tries and 96% of total citations was received by the publi-
cations contributed by these top 10 countries. The total 
19,709 (17.19%) papers are important as these are creat-
ing the major international impact. The papers may have 
significant theoretical and/or experimental novelty that is 
helping draw the attention of the research community 
(Figure 1). 

Impact of contribution by countries 

Different measures and indices have been developed for 
bibliometric studies. Taking a fixed number or a certain
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Figure 1. International collaboration among top 10 countries. (Note: Visualization using Pajek.) 
 
percentage of all publications into consideration would 
mean a somewhat arbitrary and biased choice. To solve 
this problem, Hirsh14 introduced the h-index. The h-index 
is not an average, not a percentile, not a fraction; it is to-
tally a new way of measuring performance impact, visi-
bility, quality, etc. of the career of a scientist. It is a 
simple measure without any threshold. Based on the h-
index various indices are developed for evaluating the ca-
reer of individual scientists according to their scientific 
output. The g-index is an h-type index for quantifying the 
scientific productivity of scientists based on their publi-
cation record. The h-index and g-index describe the most 
productive core of the output of a researcher and inform 
about the number of papers in the core. Moreover, on-line 
databases such as Web of Science, Scopus, Google 
Scholar provide the h-index. Alonso et al.16 presented a 
new index called the hg-index. The hg-index of a researcher 
is computed as the geometric mean of his h- and g-
indices, that is: .*hg h g  Prathap47 proposed an index 
called the p-index. This gives the best balance between 
quality (C/P) and quantity (C). 
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While ranking the countries by various indices, there is 
no variation in the case of USA. It holds first rank among 
the top 10 countries in various evaluations, followed by 
Germany in the second position, Japan in the fifth posi-
tion and Italy in ninth position in all types of indices 
evaluation. China holds third position in both h- and  
p-indices and goes to the fourth position based on g- and 

hg-indices. India holds eighth position in h-, g- and hg-
indices and tenth position in p-index. This reveals that the 
h-index is only based on the citations and ranking of  
the citations received; the g- and hg-indices are based  
on the h-index only. But the p-index is based on both  
citations and publications and shows the best balance  
between quality and quantity (Table 3). 

Activity index 

Activity index (AI), as suggested by Frame48, is based on 
the absolute publication output. Thus it is influenced by 
the size of the country and size of the field. AI character-
izes the relative research effort a country devotes to a 
given subfield. 
 It is the ratio of the country’s share of the world’s publi-
cations output in the given field to the country’s share of 
the world’s publications output in all science fields,  
expressed as percentage. An AI > 100 reflects higher than 
average effort and AI < 100 indicates a lower than aver-
age effort by a country. 
 
 AI = (Ni j/Nio)/(Noj/Noo)  100, 
 
where Ni j is the total number of publications of a country 
in a subject field j, Nio is the total number of publications 
of the country i in all the subfields, Noj is the total number 
of publications for all the countries in the subfield j and 
Noo is the total publications output for all subfields for all 
countries. AI for the top 10 countries for two blocks has 
been calculated and is shown in Table 4. 
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Table 3. h, g, hg and p indices of nanobiotechnology output of major countries 

 Rank 
 

Country TP TC ACPP h g hg p h g hg p 
 

USA 34,736 1,099,375 18.42 349 541 434.52 326.47 1 1 1 1 
China 19,015 333,259 15.94 169 242 202.23 180.09 3 4 4 3 
Germany 8,050 224,555 17.65 180 282 225.30 184.34 2 2 2 2 
Japan 6,562 128,145 6.36 127 221 167.53 135.77 5 5 5 5 
UK 6,077 171,729 11.99 164 266 208.86 169.30 4 3 3 4 
South Korea 5,362 102,830 18.60 127 193 156.56 125.40 5 6 6 8 
India 5,295 84,095 11.52 114 176 141.65 110.13 8 8 8 10 
France 5,235 104,820 8.42 66 145 97.83 128.03 10 10 10 7 
Italy 4,359 79,601 15.81 104 172 133.75 113.28 9 9 9 9 
Canada 3,406 87,126 23.27 115 188 147.04 130.62 7 7 7 6 

 
Table 4. Activity index of top 10 countries 

 2003–07 2008–12 
 

Country TP AI TP AI Total 
 

USA 11,064 117.30 23,672 93.24 34,736 
China 3,433 66.49 15,582 112.10 19,015 
Germany 2,563 117.25 5,487 92.23 8,050 
Japan 2,270 127.40 4,292 88.08 6,562 
UK 1,788 108.35 4,289 95.19 6,077 
South Korea 1,154 79.26 4,208 106.16 5,362 
India 708 49.24 4,587 117.82 5,295 
France 1,519 106.86 3,716 95.49 5,235 
Italy 1,132 95.64 3,227 99.44 4,359 
Canada 952 102.93 2,454 96.00 3,406 
Others 4,558 101.20 12,029 105.74 16,587 
Total 31,141  83,543  114,684 

AI, Activity index. 
 
 For countries having AI value more than 100 reflects 
their higher activity of nanobiotechnology research than 
the world average, as noticed in USA, Germany, Japan, 
UK, France and Canada during the first block period. 
During the second block period China, South Korea and 
India show higher activity of research. Hence there is an 
increase in the number of countries gaining higher AI 
from one block period to another block period. It is also 
observed that for any country, AI fluctuates from one 
block period to another block period. For developing 
countries like India, China and South Korea, AI in the 
first block was below 100 (49.24, 66.49 and 79.26 respec-
tively) and increased in the second block period (117.82, 
112.10 and 106.16 respectively) and shows their increas-
ing trend in nanobiotechnology research publications. 

Benchmarking research performance of institutions 

The top 10 most productive institutions involved in nano-
biotechnology research each published more than 700  
papers during the study period 2003–2012. The publica-
tions profile of these 10 institutions along with their  
research output citation received and h-index values are 
presented in Table 5. These 10 institutions involved in 

nanobiotechnology research together have contributed 
7.16% share (with 8210 papers) in the cumulative world 
publications output in nanobiotechnology research, with 
an average of 821 papers per institution. Only four insti-
tutions have registered higher publications share than the 
group average. These are Massachusetts Insittute of 
Technology (MIT; 1132 papers), National University of 
Singapore (1070), Chinese Academy of Sciences (838) 
and Seoul National University (832). The average cita-
tions per paper registered by the total papers of these 10 
institutions were 27,754 during 2003–12. Only two insti-
tutions registered higher impact than the group average. 
The average h-index value of these 10 most productive in-
stitutions was 78.4 during 2003–2012. The four institu-
tions scored higher h-index value than the group average 
of 78.4. Of these two institutions, the highest h-index 
value of 120 was achieved by MIT (Table 5). 

Most productive journals 

The 10 most productive journals publishing research  
papers in nanobiotechnology together contributed 12,794 
papers, which accounts for 13.52% share of the world’s 
total output during 2003–2012. Journals which published 
at least > 950 papers related to nanobiotechnology research
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Table 5. Productivity and citation impact of top 10 major world institutions in nanobiotechnology research 

Top 10 institutions TP TC h-index Country 
 

Massachusetts Institute of Technology 1,132 60,232 120 USA 
National University of Singapore 1,070 42,099 104 Singapore 
Chinese Academy of Sciences 838 21,573 70 China 
Seoul National University 832 20,591 70 Seoul 
Shanghai Jiaotong University 746 12,263 52 China 
Nanyang Technological University 739 16,076 60 Singapore 
Northwestern University 727 44,536 100 USA 
Zhejiang University 722 14,361 56 China 
Nanjing University 703 19,384 70 China 
University of Michigan Ann Arbor 701 26,432 82 USA 

 
Table 6. Most productive journals in nanobiotechnology research, 2003–2012 

Top 10 journals TP TC ACPP h-index 
 

Biomaterials 1,631 91,804 56.29 137 
Langmuir 1,588 46,969 29.58 90 
Biosensors and Bioelectronics 1,555 46,103 29.65 87 
Journal of the American Chemical Society 1,394 100,055 71.78 158 
Journal of Nanoscience and Nanotechnology 1,221 14,659 12.01 54 
Analytical Chemistry 1,217 54,878 45.09 110 
Nanotechnology 1,165 22,483 19.30 60 
ACS Nano 1,035 36,933 35.68 87 
Journal of Materials Chemistry 1,035 26,693 25.79 73 
Nano Letters 953 70,390 73.86 128 

 
during 2003–2012 are listed in Table 6. The total number 
of journal articles published by the world is 94,596. 
 Biomaterials (1,631) was the top journal by publication 
output, followed by Langmuir (1,588), and Biosensors 
and Bioelectronics (1,555). Nano Letters had the highest 
impact with ACPP of 73.86 and Journal of the American 
Chemical Society received the highest h-index of 158 
among the top 10 journals. Langmuir ranked second in 
terms of total papers and it received the fifth rank in  
h-index. These core journals are in the subject areas of 
physics, materials science and engineering. 

Authorship pattern 

The analysis revealed that 8.56% of the publications are 
contributed by single authors and two-author contribu-
tions account for 13.01%. The study shows that more and 
more publications are being contributed under joint  
authorship. Alternatively, it can be said that there is an 
increasing trend towards multiple authorship. It can be  
inferred from the analysis that the nanobiotechnology  
authors are in favour of team research. 

Degree of collaboration 

The degree of collaboration (DC) in a discipline is calcu-
lated using the formula given by Subramanian49 
 

 DC = Nm/Nm + Ns, 
 

where Nm is the number of multi-authored research  
papers in a discipline published during a period, and Ns is 

the number of single-author research papers in a disci-
pline published during the same period. 
 Table 7 shows the cumulative and countrywise author-
ship pattern. Analysis on author collaboration was done 
by Subramanian’s formula to find the degree of collabo-
ration. The degree of collaboration of the top 10 countries 
lies between 0.91 and 0.99. During the period of study, 
the share of multi-authored papers was around 90%. This 
shows that the collaborative research is more predomi-
nant in the field of nanobiotechnology. Collaborative  
research is more effective than the single-author research 
and the production of the single-author research is less 
than 10% (Table 7). 

Benchmarking research performance  

Ten authors had 100 or more publications; Webster has 
published maximum number of papers, but Mirkin  
received maximum citations (14,822; Table 8). Rama-
krishna had the highest h-index of 55. The h-index is in-
sensitive to uncited papers and highly cited papers15. The 
publications profile of these 10 authors along with their 
research output, citations received and h-index values are 
presented in Table 8. These 10 authors together contrib-
uted 1,436 papers with an average of 143 papers per  
author and accounted for 1.25% share in cumulative 
world publications output during 2003–2012. Four  
authors published higher number of papers than the group 
average (143 papers). These are: Webster with 250  
papers, followed by Yuan (180 papers), Chay (173) and 
Ramakrishna (151). Considering the quality/impact of
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Table 7. Countrywise authorship pattern 

 Single Two Three More than  Degree of 
Country author authors authors three authors Total collaboration 
 

USA 2,549 5,392 5,915 20,880 34,736 0.93 
China 224 1,354 2,518 14,919 19,015 0.99 
Germany 111 568 737 6,634 8,050 0.99 
Japan 403 651 983 4,525 6,562 0.94 
UK 519 771 877 3,910 6,077 0.91 
South Korea 118 484 843 3,917 5,362 0.98 
India 219 1,056 1,159 2,861 5,295 0.96 
France 294 303 465 4,173 5,235 0.94 
Italy 195 290 423 3,451 4,359 0.96 
Canada 148 537 644 2,077 3,406 0.96 
Others 5,042 3,514 3,807 4,224 16,587 0.70 

Total 9,822 14,920 18,371 71,571 114,684 0.91 

 
 

Table 8. Productivity and citation impact of world’s top 10 authors in nanobiotechnology research 

Top 10 authors Affiliation TP TC h-index Country 
 

Webster, T. J. Northeastern University, Department of Chemical Engineering, 250 5,687 40 USA 
   Boston, United States 
 

Yuan, R. Southwest China Normal University, College of Chemistry and 180 3,870 32 China 
   Chemical Engineering, Chongqing, China 
 

Chay, Y. Southwest China Normal University, College of Chemistry and 173 3,733 32 China 
   Chemical Engineering, Chongqing, China 
 

Ramakrishna, S. National University of Singapore, Center for Nanofibers and 151 10,965 55 Singapore 
   Nanotechnology, Singapore City, Singapore  
 

Tan, W. Hunan University, College of Chemistry and Chemical Engineering, 131 7,983 44 China 
   Changsha, China 
 

Wilner, I. Hebrew University of Jerusalem, Institute of Chemistry, 120 10,885 51 Israel 
  Jerusalem, Israel 
 

Ju, H. Nanjing University, Department of Chemistry, Nanjing, China 117 4,434 39 China 
 

Weissleder, R. Harvard Medical School, Department of Systems Biology, 109 7,417 44 USA 
   Boston, United States 
 

Mirkin, C. A. Northwestern University, Department of Chemistry and 105 14,822 51 USA 
   International Institute for Nanotechnology, Evanston, United States 
 

Couvreur, P. Universite Paris-Sud XI, Orsay, France 100 3,511 33 France 

 
 
papers, these productive authors received a total of 
73,307 citations for 1,436 papers. Five authors registered 
higher impact than the average impact of papers of all  
authors (7,330). Measuring the performance of these  
authors on the basis of h-index, five achieved higher h-
index value than the group average of 42. These authors 
are Ramakrishna with h-index of 55, followed by Wilner 
(51), Mirkin (51), Tan (44) and Weissleder (44; Table 8). 

Highly cited papers 

Table 9 shows that most of the articles with multiple  
authors are highly cited. Out of the 11 articles, only 1  
article was published by the country collaboration.  
Authors receiving more than 2000 citations are from 

France, Japan, USA, UK and Australia. Among the 
highly cited papers, it was only one publication was  
international collaborated type by the author affiliation, 
i.e. UK, Australia. All the 11 publications were collabora-
tion type by the author affiliations of each paper by single 
country publication with author affiliations from the same 
country and inter-institutionally collaborative publica-
tions with different author affiliations within the same 
country. 

Conclusions 

Due to technological importance and expected econo- 
mic activity, nanobiotechnology has been intensively 
studied using scientometric methods. In this study we
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Table 9. Highly cited papers (more than 2000 citations) 

   No. of   
   citations Country of 
Author(s) Title Year received the author(s) 
 

Daniel, M. C., Astruc, D. Gold nanoparticles: assembly, supramolecular chemistry, 2004 5,695 France 
   Quantum-size-related properties and applications 
   toward biology, catalysis and nanotechnology 
 
Kitagawa, S., Kitaura, R., Noro, S. I. Functional porous coordination polymers 2004 4,966 Japan 
 
Michalet, X., Pinaud, F. F., Bentolila, L. A., Quantum dots for live cells, in vivo imaging, 2005 3,645 USA 
 Tsay, J. M., Doose, S., Li, J. J.,   and diagnostics 
 Sundaresan, G., Wu, A. M., Gambhir, S. S.,  
 Weiss, S.  
 
Love, J. C., Estroff, L. A., Kriebel, J. K., Self-assembled monolayers of thiolates on metals as a 2005 3,381 USA 
 Nuzzo, R. G., Whitesides, G. M.  form of nanotechnology 
 
Sinha Ray, S., Okamoto, M. Polymer/layered silicate nanocomposites: 2003 3,286 Japan 
   a review from preparation to processing 
 
Oberdorster, G., Oberdorster, E., Nanotoxicology: an emerging discipline evolving from 2005 2,633 USA 
 Oberdorster, J.  studies of ultrafine particles 
 
Nel, A., Xia, T., Madler, L., Li, N. Toxic potential of materials at the nanolevel 2006 2,599 USA 
 
Rosi, N. L., Mirkin, C. A. Nanostructures in biodiagnostics 2005 2,394 USA 
 
Gao, X., Cui, Y., Levenson, R. M., In vivo cancer targeting and imaging with 2004 2,340 USA 
 Chung, L.W. K., Nie, S.  semiconductor quantum dots 
 
Pankhurst, Q. A., Connolly, J., Applications of magnetic nanoparticles in biomedicine 2003 2,333 UK, Australia 
 Jones, S. K., Dobson, J. 
 
Gupta, A. K., Gupta, M. Synthesis and surface engineering of iron oxide  
  nanoparticles for biomedical applications 2005 2,216 UK 

 
 
have presented a summary of scientometric research in 
nanobiotechnology. Using publications from the litera-
ture, an overview of bibliometric efforts has been given 
to trace the emergence of this new technological area. 
The data show which countries are most active in terms 
of scientific publications in nanobiotechnology. To  
engage with nanobiotechnology successfully, developing 
countries would need to address a range of issues pertain-
ing to research, technology development, skills require-
ment, institutions involved, risks issues, regulatory and 
governance structure and stakeholder engagement. Regu-
latory oversight for nanobiotechnology is necessary to 
channelize research efforts in a responsible direction. The 
regulatory regime for nanobiotechnology needs to be dy-
namic and should be reviewed from time to time. Trans-
parency and public involvement in the design and 
implementation of regulatory structure in nanobiotech-
nology should be ensured. Market analyses and further 
studies remind us that there is still a long way ahead for 
this emerging area to become a generic discipline or 
technology. 
 
 

1. Meyer, M., Patent citation analysis in a novel field of technology: 
an exploration of nanoscience and nanotechnology. Scientomet-
rics, 2001, 51(1), 163–183. 

2. Noyons, E. C., Mapping excellence in science and technology 
across Eruope. Nanosci. Nanotechnol., 2003, EC, EC-PPN, CT 
2002–0001. 

3. Pouris, A., Nanoscale research in South Africa: a mapping exer-
cise based on scientometrics. Scientometrics, 2007, 60, 541–553. 

4. Schummer, J., The global institutionalization of nanotechnology 
research: a bibliometric approach to the assessment of science  
policy. Scientometrics, 2007, 70, 669–692. 

5. Roya, B., Mansour, T., Seyed-Majid, M. and Hoda, A., Mapping 
the Iranian ISI papers on nanoscience and nanotechnology: a citation 
analysis approach. Malays. J. Libr. Infor. Sci., 2009, 14, 95–107. 

6. Seetharam Raviraja, N., Nanomedicine – emerging area of nano-
biotechnology research. Curr. Sci., 2006, 91, 260. 

7. Fakruddin, Md., Zakir, H. and Hafsa, F., Prospects and applica-
tions of nanobiotechnology: a medical perspective. J. Nanobio-
technol., 2012, 10(31), 2; doi: 10.1186/1477-3155-10-31; http:// 
www.jnanobiotechnology.com/content/10/1/31 

8. Meyer, M. and Persson, O., Nanotechnology–interdisciplinarity, 
patterns of collaboration and differences in application. Scien-
tometrics, 1998, 42, 195–205. 

9. Ehud, G., Plenty of Room for Biology at the Bottom: An Introduc-
tion to Bionanotechnology, Imperial College Press, 2007, ISBN 
978-1-86094-677-6. 

10. Nanobiotechnology Course: Life Science Foundation India. Curr. 
Sci., 2008, 95, 417. 

11. Sharma and Chugh, Legal aspects of nanobiotchnology inventions: 
an Indian perspective, SCRIPTed, 6(2), 2009; doi: 10.2966/ 
scrip.0600209.433 

12. Wilson, C. S., Informetrics. In Annual Review of Information Sci-
ence and Technology (ed. Williams, M. E.), 34, MedfordNJ:  



GENERAL ARTICLES 
 

CURRENT SCIENCE, VOL. 106, NO. 11, 10 JUNE 2014 1499 

Information Today, Inc. for the American Society for Information 
Science, 2001, vol. 3, p. 143. 

13. Mithal, R., Ahmad, M. and Singh, G., Citation mapping of pub-
lished literature on Embelia ribes. Ann. Lib. Infor. Stud., 2005, 52, 
308–316. 

14. Hirsch, E., An index to quantify an individual’s scientific research 
output. Proc. Natl. Acad. Sci. USA, 2005, 102, 16569–16572. 

15. Egghe, L., Theory and practice of the g-index. Scientometrics, 
2006, 69, 131–152. 

16. Alonso, S., Cabrerizo, F. J., Viedma, E. H. and Herrera, F., hg-
index: a new index to characterize the scientific output of  
researchers based on the h- and g-indices. Scientometrics, 2010, 
82, 391–400; doi: 10.1007/s11192-009-0047-5. 

17. Glanzel, W., Characteristic scores and scales: a bibliometric 
analysis of subject characteristics based on long-term citation  
observation. J. Informetrics, 2007, 1, 92–102. 

18. Vinkler, P., The v-index: a new indicator to characterize the  
impact of journals. Scientometrics, 2010, 82, 461–475. 

19. Vinkler, P., Application of the distribution of citations among 
publications in scientometric evaluations. J. Am. Soc. Infor. Sci. 
Technol., 2011, 62, 1963–1978. 

20. Meyer, M., Persson, O. and Power, Y., Nanotechnology expert 
group and Eurotech data. Mapping excellence in nanotechnolo-
gies, Preparatory study, 2001. 

21. Braun, T., Schubert, A. P. and Zsindely, S., Nanoscience and 
nanotechnology on the balance. Scientometrics, 1997, 38, 321–
325. 

22. Chau, M., Huang, Z., Qin, J., Zhou, Y. and Chen, H., Building a 
scientific knowledge web portal: The NanoPort experience. Deci-
sion Support Syst., 2006, 42, 1216–1238. 

23. Huang, Z., Chen, H., Yip, A., Ng, G., Guo, F., Chen, Z.-K. and 
Roco, M. C., Longitudinal patent analysis for nanoscale science 
and engineering: country, institution and technology field.  
J. Nanopart. Res., 2003, 5, 333–363. 

24. Huang, Z., Chen, H., Chen Z.-K. and Roco, M. C., International 
nanotechnology development in 2003: country, institution, and 
technology field analysis based on USPTO patent database.  
J. Nanopart. Res., 2004, 6, 325–354. 

25. Huang, Z., Chen, H., Yan, L. and Roco, M. C., Longitudinal 
nanotechnology development (1991–2002): National Science 
Foundation funding and its impact on patents. J. Nanopart. Res., 
2005, 7, 343–376. 

26. Huang, Z., Chen, H., Li, X. and Roco, M. C., Connecting NSF 
funding to patent innovation in nanotechnology (2001–2004),  
J. Nanopart. Res., 2006, 8, 859–879. 

27. Hullmann, A. and Meyer, M., Publications and patents in 
nanotechnology: an overview of previous studies and the state of 
the art. Scientometrics, 2003, 58, 507–527. 

28. Marinova, D. and Mcaleer, M., Nanotechnology strength indica-
tors: international rankings based on US patents. Nanotechnology, 
2003, 14, R1–R7. 

29. Eto, H., Interdisciplinary information input and output of a nano-
technology project. Scientometrics, 2003, 58, 5–33. 

30. Kostoff, R. N., Murday, J. S., Lau, C. G. Y. and Tolles, W. M., 
The seminal literature of nanotechnology research. J. Nanopart. 
Res., 2006, 8, 193–213. 

31. Kostoff, R. N., Stump, J. A., Johnson, D., Murday, J. S., Lau, C. 
G. Y. and Tolles, W. M., The structure and infrastructure of the 
global nanotechnology literature. J. Nanopart. Res., 2006, 8, 301–
321. 

32. Zhou, P. and Leydesdorff, L., The emergence of China as a lead-
ing nation in science. Res. Policy, 2006, 35, 83–104. 

33. Santo, M. De Miranda, Coelho, G. M., Dos Santos, D. M. and 
Filho, L. F., Text mining as a valuable tool in foresight exercises: 
a study on nanotechnology. Technol. Forecast. Soc. Change, 2006, 
73, 1013–1027. 

34. Braun, T., Zsindely, S., Disopatonyi, I. and Zador, E., Gatekeep-
ing patterns in nano-titled journals. Scientometrics, 2007, 70, 651–
667. 

35. Hajar, S. and Nahid, K., Gender differences in science: the case of 
scientific producitivity of nano science and technology during 
2005–2007. Scientometrics, 2014, 98, 457–472; doi: 10.1007/ 
s11192-013-1031-7. 

36. Schummer, J., Multidisciplinarity, interdisciplinarity and patterns 
of research collaboration in nanoscience and nanotechnology. Sci-
entometrics, 2004, 59, 425–465. 

37. Chen, H. and Roco, M. C., Mapping Nanotechnology Innovations 
and Knowledge, Springer, New York, 2009, p. 330. 

38. Hullmann, A., Measuring and assessing the development of 
nanotechnology. Scientometrics, 2007, 70, 739–758. 

39. Kostoff, R. N., Stump, J. A., Johnson, D., Murday, J. S., Lau,  
C. G. Y. and Tolles, W. M., The structure and infrastructure of the 
global nanotechnology literature. J. Nanopart. Res., 2006, 8, 301–
321. 

40. Li, X., Chen, H., Dang, Y., Lin, Y., Larson, A. C. and Roco,  
C. M., A longitudinal analysis of nanotechnology literature 1976–
2004. J. Nanopart. Res., 2008, 10, 3–22. 

41. Karpagam, R., Gopalakrishnan, S., Natarajan, M. and Babu 
Ramesh, B., Mapping of nanoscience and nanotechnology  
research in India: a scientometric analysis, 1990–2009. Scien-
tometrics, 2011, 89, 501–522. 

42. Bassecoulard, E., Lelu, A. and Zitt, M., Mapping nanosciences by 
citation flows: a preliminary analysis. Scientometrics, 2007, 70, 
859–880. 

43. Igami, M. and Okazaki, T., Capturing nanotechnology’s current 
state of development via analysis of patents. OECD Science, 
Technology and Industry Working Papers, 2007/4, OECD Publish-
ing, Paris; available at http://www.oecd.org/dataoecd/6/9/ 
38780655.pdf (last accessed on 2 March 2014). 

44. Zitt, M. and Bassecoulard, E., Delineating complex scientific 
fields by an hybrid lexical-citation method: an application to 
nanosciences. Infor. Process. Manage., 2006, 42(6), 1513–1531. 

45. Hullmann, A. and Meyer, M., Publications and patents in the 
nanotechnology: an overview of previous studies and the state of 
the art. Scientometrics, 2003, 58(3), 507–527. 

46. Persson, O., Glanzel, W. and Danell, R., Inflationary bibliometric 
values: the role of scientific collaboration and the need for relative 
indicators in evaluative studies. Scientometrics, 2004, 60, 421–
432. 

47. Prathap, G., The 100 most prolific economists using the p-index. 
Scientometrics, 2011, 84, 167–172; doi: 10.1007/s11192-009-
0068-0. 

48. Frame, J. D., Mainstream research in Latin America and the 
Caribeean. Interciencia, 1977, 2, 143–148. 

49. Subramanian, K., Bibliometric studies of research collaboration: a 
review. J. Infor. Sci., 1983, 6, 33–38. 

 
 
 
Received 6 February 2014; revised accepted 28 April 2014 

 

 
 


