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The final goals of the investigation of condensed matter are to identify suitable mate-
rials for specific applications and to produce and process them economically at large
scale, both of which depend on the microstructures and physicochemical proper-
ties of these materials. The relations between processing, structures, properties, and
performance are illustrated in Figure 1.20. The goal and means in this research is
therefore to define the intrinsic physicochemical properties of materials that affect
their performance in the desired application. When this is accomplished, suitable
structures on different scales (starting from the atomic scale, including the essen-
tial elements and the necessary composition, then continuing to the microscopic
and finally the macroscopic scale) can be designed in accordance with the relations
between microstructures and properties of materials. Finally, suitable processing
methods can be developed for the desired structures. The logical chain of relations
is from processing to structure, then to properties and finally to the material’s per-
formance in application.

The study of condensed matter or materials includes two main aspects: materi-
als science and materials engineering. Materials science involves investigating the
relations between the structures and properties of materials. Materials engineering
is about designing or engineering the structure of a material so as to produce a pre-
determined set of properties. The key to success is the precise characterization of
composition, structure, and properties of the materials including the development
of suitable characterization methods, since the characterization part is crucial for
the study of all relations between material structures, properties, and performance
and thus also for the design and fabrication of materials with desired functions and
structures.

In this book, some of the most important advanced characterization methods
for the investigation of materials are presented, including X-ray crystallography,
X-ray diffraction, X-ray absorption (EXAFS and XANES), electron microscopy
(SEM, TEM), energy dispersion spectroscopy (EDS), X-ray photoelectron spec-
troscopy (XPS), wavelength-dispersion X-ray spectroscopy (WDXS), electron probe
microanalysis (EPMA), AFM, Fourier-transform infrared (FTIR) spectroscopy, and

Figure 1.20 Relationships
between processing, structures,
properties, and performance in
materials science and
engineering. properties

performance

structure

processing

cau
ses

/eff
ect

s

goa
ls/m

ean
s



34 1 Universe, Matter, Condensed Matter and Materials

so on. Their basic physical and chemical principles will be introduced and the
corresponding instruments will be described. Some typical experiments will be
provided to students as a training course, which will enable them to characterize
the properties of typical samples (such as magnetoplasmonic thin films and
nanostructured or 2D materials) using the described instruments.

Questions for Thinking

1.1 Describe the classification of matter and explain the characteristics of the dif-
ferent types.

1.2 Describe the different elementary particles and how they can be classified on
the basis of their fundamental interactions.

1.3 Define the fundamental constants and explain their context and meaning.

1.4 Describe how scientists can deduce the existence of dark matter from gravita-
tional observations and electromagnetic measurements and explain the pro-
posed relation between dark matter and the accelerated universe.

1.5 Define condensed matter, explain its classification and describe the main prop-
erties of the different types.

References

1 Hawking, S. (1989). A Brief History of Time. Bantam.
2 Gamow, G. (1999). The New World of Mr. Tompkins (George Gamow’s Classic Mr

Tompkins). Cambridge University Press.
3 Sloane Digital Sky Survey. The Big Bang, http://cas.sdss.org/dr6/en/proj/basic/

universe/bigbang.asp (accessed 07 March 2023).
4 https://www.thefreedictionary.com/Blackholes (accessed 10 April 2023).
5 National Aeronautics and Space Administration. (2017). The Wilkinson

Microwave Anisotropy Probe. http://map.gsfc.nasa.gov (Webmaster: Britt
GriswoldNASA Official: Dr. Edward J. WollackPage Updated: Friday, 12-22-2017).

6 Close, F. (2018). Antimatter, 2e, vol. 2018. London: Oxford Landmark Science,
Oxford University Press.

7 Baquero-Ruiz, M., Charman, A.E., Fajans, J. et al. (2014). New Journal of Physics
16: 083013.

8 Bertsche, W.A., Butler, E., Charlton, M., and Madsen, N. (2015). Journal of
Physics B: Atomic, Molecular and Optical Physics 48: 232001.

9 Andresen, G.B., Ashkezari, M.D., Baquero-Ruiz, M. et al. (2011). Nature Physics
7: 558–564.

10 Freedman, W.L. (1998). Proceedings of the National Academy of Sciences 95: 2–7.



References 35

11 Carroll, S.M., Press, W.H., and Turner, E.L. (1992). Annual Review of Astronomy
and Astrophysics 30: 499–542.

12 Demianski, M., Lusso, E., Paolillo, M. et al. (2020). Frontiers in Astronomy and
Space Sciences https://doi.org/10.3389/fspas.2020.521056.

13 Riess, A.G. (2020). Nature Reviews Physics 2: 10–12.
14 Hughes, V.W. (1987). Nuclear Physics A 463: 3–36.
15 Uzan, J.P. and Leclerq, B. (2008). The Natural Laws of the Universe. Springer.
16 Sharma, G., Bhardwaj, S., Chauhan, B. C. et al. (2018). XXII DAE High Energy

Physics Symposium, Proceedings in Physics, 203, 251–256. Springer, Cham.
17 Joshipura, A.S. and Smirnov, A.Y. (2006). Nuclear Physics B 750: 28–44.
18 Frampton, P.H. and Mohapatra, R.N. (2005). Journal of High Energy Physics 01:

451–459.
19 Martin, B. and Shaw, G. (2003). Particle physics, elementary. In: Encyclopedia of

Physical Science and Technology, 3e (ed. R.A. Meyers), 15453. Academic Press,
New York.

20 McNaught, A.D. and Wilkinson, A. (1997). Compendium of Chemical
Terminology (IUPAC, The “Gold Book”), 2e. Oxford: Blackwell Scientific Publi-
cations.

21 Feynman, R.P., Morinigo, F.B., Wagner, W.G., and Hatfield, B. (1995). Feynman
Lectures on Gravitatio. Addison-Wesley.

22 Zee, A. (2003). Quantum Field Theory in a Nutshell. Princeton University Press.
23 Platscher, M., Smirnov, J., Meyer, S., and Bartelmann, M. (2018). Journal of Cos-

mology and Astroparticle Physics 12: 009. arXiv:1809.05318.
24 European Organization for Nuclear Research (CERN). The Higgs boson. https://

home.cern/science/physics/higgs-boson (accessed 07 March 2023).
25 Wikipedia. Graviton. https://en.wikipedia.org/wiki/Graviton (accessed 07 March

2023).
26 LIGO Scientific and Virgo Collaboration, Virgo, C., Abbott, B.P. et al. (2017).

Physical Review Letters 118: 221101.
27 Feynman, R. (1970). The Feynman Lectures on Physics II. Addison Wesley

Longman.
28 Forshaw, J.R. and Smith, A.G. (2009). Dynamics and Relativity. Wiley.
29 Lerner, R.G. and Trigg, G.L. (1991). Encyclopaedia of Physics, 2e. NY, USA:

Wiley-VCH.
30 Rothman, T. and Boughn, S. (2006). Foundations of Physics 36: 1801–1825.
31 Castelvecchi, D. and Witze, W. (2016). Nature News https://doi.org/10.1038/

nature.2016.19361.
32 Senatore, L., Silverstein, E., and Zaldarriaga, M. (2014). Journal of Cosmology

and Astroparticle Physics 8: 016.
33 Dyson, F. (2013). International Journal of Modern Physics A 28:

1330041-1330041-1330035-1330014.
34 Will, C.M. (1998). Physical Review D 57: 2061–2068.
35 Trippe, S. (2012). Journal of the Korean Astronomical Society 46: 41–47.
36 Greensite, J. (2011). An Introduction to the Confinement Problem. Springer.
37 Gross, D.J. and Wilczek, F. (1973). Physical Review Letters 30: 1343–1346.



36 1 Universe, Matter, Condensed Matter and Materials

38 Politzer, H.D. (1973). Physical Review Letters 30: 1346–1349.
39 Nobel Foundation (2004). The Nobel prize in Physics 2004. https://www

.nobelprize.org/prizes/physics/2004/summary/ (accessed 07 March 2023).
40 Glashow, S. (1959). Nuclear Physics 10: 107.
41 Salam, A. and Ward, J.C. (1959). Nuovo Cimento 11: 568–577.
42 Weinberg, S. (1967). Physical Review Letters 19: 1264–1266.
43 Schaum, N., Lehallier, B., Hahn, O. et al. (2020). Nature 583: 596–602.
44 Nobel Foundation (1979). The Nobel prize in Physics 1979, https://www

.nobelprize.org/prizes/physics/1979/summary/ (accessed 07 March 2023).
45 Bais, S. (2005). The Equations: Icons of Knowledge. Harvard University Press.
46 Nobel Foundation (1999). The Nobel prize in Physics 1999. https://www

.nobelprize.org/prizes/physics/1999/summary/ (accessed 07 March 2023).
47 https://baijiahao.baidu.com/s?id=1649423593601236088&wfr=spider&for=pc

(What are the fundamental constants behind the universe? Accessed June 30,
2023).

48 Bertrand, N., Wu, J., Xu, X. et al. (2014). Advanced Drug Delivery Reviews 66:
2–25.

49 A. M. S. Collaboration, Aguilar, M., Ali Cavasonza, L. et al. (2019). Physical
Review Letters 122: 101101.

50 https://www.guancha.cn/Science/2015_04_06_314892.shtml (or,
http://www.360doc.com/content/20/1126/11/18841360_948011317.shtml
(my personal library: Large Hadron Collider (LHC), the world's largest and
highest-energy particle accelerator complex, built by the European Organization
for Nuclear Research (CERN), located underneath the Franco-Swiss border.)
Accessed June 30, 2023.

51 Nobel Foundation (1976). Samuel C. C. Ting Facts, https://www.nobelprize.org/
prizes/physics/1976/ting/facts/ (accessed 07 March 2023).

52 LIGO Scientific and Virgo Collaboration, Virgo, C., Abbott, B.P. et al. (2016).
Physical Review Letters 116: 061102.

53 Becker, D., Lachmann, M.D., Seidel, S.T. et al. (2020). Nature 582: 193–197.
54 Shoenberg, D. (1985). Biographical Memoirs of the Royal Society 31: 327.
55 Kedrov, F.B. (1984). Kapitza: Life and Discoveries. Mir Publishers Moscow.
56 Yang, X., Luo, L., Mootz, M. et al. (2018). Physical Review Letters 121: 267001.
57 Drozdov, A.P., Kong, P.P., Minkov, V.S. et al. (2019). Nature 569: 528–531.
58 Errea, I., Belli, F., Monacelli, L. et al. (2020). Nature 578: 66–69.


