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abstract 

Nanoscale Smart Materials in smart layers have been a challenge in the industrial, electronics, 

medical, and construction sector. Smart materials are materials that are able to understand 

their environment and react surroundings. Chromic materials, photochromic materials, 

electrochromic, thermos-chromic material are the components able to change the color of 

light through electromagnetic wavelengths since the light is a quality that affects the visual 

sense and thus the objects become visible. But the definition of light today is that the light has 

waves in which the affected eye can see colorful environment which is called the theory of 

light waves and the concept in smart materials is formed through response sense and affects 

the color and clarity in the color, shape and size change of material. Gold nanoparticles in 

various 3-side forms have different properties with 1 Angstrom sizes. The color of 1 nm 

materials is yellow and between 3 and 30 nm is green. Color change can now be applied in 

various fields. V frequency of energy can change color and in the ultraviolet, microwave, 

infrared has a vibration between micron dimensions. Physical conditions of the wave intensity 

and wave power represent the reflected color. In 1900, Planck's constant equation is and   

which is used for the light intensity. Chameleon color change is one of the patterns that can 

change color through electromagnetic waves and convert the light into different colors. For 

this purpose, pigments’ design  and volume are very necessary and practical to change color 

and to create smart environments able to change the color. 
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INTRODUCTION 

 

Today, the global wavelengths are a range of concepts, methods, information and formulas of 

wavelengths interacting with the environment which transmit the information from the 

environment by the help of color. In general, it can be said that colorimetric is based on the 

light analysis of the objects and the light tries to release message through distributed colors. 

Materials such as pigments and octopus chameleons change through receiving the frequency 

from the nervous system and  1    3 x xph zr Ti O  materials all have dielectric and 1 ,2 ,3  ,D D D crystals 

for color publication that each of the crystals has a  PBG bandgap. Each band has /a z  since each 

wavelength effects  ~ .iE،Hekxt  of the field where the wave vector 
2

/k c





 
equals to the 

vector silicon (1/11) of (1200) 3(700)(6 / 9)pzt knbo glass which the materials with dielectric can 

contribute to the propagation of a wave. Photonic Bandgap ( )PBG  actually means that the 

properties of holes or dielectric are designed as a structure periodically for repeats an 

intermittent operation (fixed wavelength colors) used to analyze the structure of the periodic 

Fluker-Bloch. 

( ). ik x t e
The release of the same surface wave has periodic power 

2 ( )H X to analysis of the 

structure in (x, t) e^ i(k .x . t)H  to study perovskite crystal structures of 3ABO  that are 

crystallized.  
A is the cation and B is the anion in this formula. For alternating crystalline structure in the 

first stage, its assembly position studied the position of B (1/ 2,1.2,1.2) with the understanding of 

the position of (0.0.0)A . Electric torque has been considered to study the material since 3phtio  

has not electric torque. We can make pigments through the method that has been wavelength 

frequency with the performance to change the color. If the wavelength is not fit a one-

dimensional crystalline structure and the width za  of that equation is clear, the specific 

wave is not twisted or re-twisted. According to Figure (1-1), the waves with wavelengths 

outside the stop band do not enter into the one-dimensional crystal. 
 

. 

 

 

 
 

Figure (1-1): alternate structures to reflect the wavelength 
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The reflected waves are not in a same phase and undermine each other. Thus the passing wave 

is very weak. The effects of this band gap can be observed in nature on butterfly wings. 

Figure (1-2) determine the structure of the material. 
 

 
 

Figure (1-2): the periodic structure of a crystalline substance in nature to reflect light and see 

the color of the wings of a butterfly. 

 

 

 

The density with DFT computing is considered to study the structure of the material. As noted 

above, the density type and the functionality of the wave should be noted to reflect a 

wavelength of a substance. fp LAPW method has been used to amplify linear waves. There 

are two operation ways for this method which are: fp LAPW - LAPW   

 

The wave function in the 
( ) ( )

( )

KJ R CJ K G LAPW
G

K G R


   

 method using wave functions based on a combination 

of radial functions im( ) Y ( )IU r r  spherical harmonica is 
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Where G is reverse grid vector and K is Brillouin zone vector and both Bim and Aim are 

obtained in the sphere of Maffin-tin wave functions. As we know, potential has lots of 

changes in density of wave function around the core and the potential becomes far from the 

core and it can be considered in terms of the wave function and the type of wave function in 

the following figure can be of the group I and II which are flat in which I  is a plane wave in 

the near spherical inner core of Maffin-tin. It is also considered as II  and spherical 

harmonica. As a result, the equations can be named wavelength and can have wavelength 

behavior. For this reason, we can see the world in color or with different colors. 

 

Crystal have been divided into various parts, including: 
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- one-dimensional crystal 

- two-dimensional crystals 

- three-dimensional crystals 

 

 

 

The two-dimensional crystals: 

 

The structures are the arrays of dielectric cylinders in the air and pitted page. 

 

 
 
 

Figure 1-3: array of two-dimensional crystals 

 

 

 

If the determined wavelength by PBG structure is two-dimensional, band gap structure will be 

two-dimensional and each unit cell of the structure reflects the waves and therefore 

undermines reflected incoming waves severely.  

 

 

  

3D Photonic crystals: 
 

These crystals have FCC Yablonovit structure, a wooden handle structure˓ an inverse glass 

structure, a square spiral structure and a wooden structure. 
 

FCC: 

Look at FCC structure. The structure in horizontal and vertical level was periodic and the bars 

include dielectric, air holes, the radius of hole is 0.293a and the height of the hole is 0.93a and 

the structure is 0.21PBG and dielectric constant is 12   .  

 

Studying 3phzro Compound: 

 

This compound has lead and the crystal lattice constant has a square structure and external 

network constant  is 4 / 088a  and spatial group is 3pm m  and has 32 symmetry. An object 
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must have large optical energy gap to reflect light or color. the energy gap of 3phzro is 
3 /166 .xEg e v . Totally, it can be said that the indirect band gap background the elegant bar is 

determined at the max point m and the min point x of conduction band. As you know, 

today 2Tio  oxide have been used in sunscreens. The substance is between one and one hundred 

nanometers using nanotechnology. A waterproof is therefore used which appears colorless on 

the skin. Previous sunscreen reflected light of the sun by absorption wavelength and thus 

appear sunscreen on the skin. In general, if we want to get the science of being colorless or 

invisible, particles with long wavelength must reflect small wave based on their particle size. 

As a result, this performance receives lots of interest in invisibility. Figure (1-4) determines 

density of states and band structure of 3phzro .  

 

 

 

 
 

Figure (1-4) shows the effect of the density of matter on the reflect from a surface 

 

This combination ( 6 33) 3ph zro bTio o has a tetragonal network and 4p mm  space group and the 

network 4 / 046 / 6 30 4 /136a       in this equation that there is a Ti  atom in 001   for 

each Zr  which is replaced by Zr  atom and thus it can be said that this matter has had eight 

crystal symmetry and indirect band gap is 1/ 9 .Eg e v   and therefore the size of the orbitals is 

reduced. 

In fact, we can say that color is an electromagnetic length which is observable by human eye. 

Human eye can see the wavelengths between 400 to 800 mili-micron. In fact, we can say that 

the nature of colors is not physical, but the wavelength can be seen as colorful in two cases: 

A- the physical state of the environment to reflect, B- the absorption of the eye from the 

environment, resulting in a color vision from the environment and it can be said that the color 

of the incoming wave length depends on the frequency. Each color has a specific wavelength 

and frequency which is shown in Figure (1-5).  

 

 

Figure (1-5) light frequencies and its reflection from the frequency  

 

To see a white band visible at all times, in fact, the energy of EM electromagnetic wave is the 

same in visible band and also if band filed itself does not reflect any wavelength ( ) , we see 
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the whole or surface as black. In 1676, Newton proved that the rays of white light can be 

broken by a prism optics to show a colored multi-band layer. Figure (1-6) shows wavelength 

of the prism. 

 

 

 
 

Figure (1-6): the spectrum analysis of light by the optical Charter 

 

 

 

Knowledge of color theory for the whole wavelength makes 4 awesome models for the 

scientific justification of color and light which are:  

 

- Front (Hue) 

- Saturation  

- Brightness(HAB) 

- RGP  

 

 

HUE model: 

 

This model is based on human perception of color. All colors in HSBare based on 3 basic 

features described. The color space are described in Hue , for example, orange or green are 

determined by the returned wavelength of light by the object by passing it. As measured 

location on the standard color circles are presented with an angle between 0 to 360. Figure (1-

7) shows standard circular of colors appears for the eye. 
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Figure (1-7) shows Standard circle of colors and the angle of reflection 

 

 

In general, it can be said that we see all the objects colorful due to the reflected colors to our 

eyes and the objects reflected with short wavelength to our eyes are invisible for us. 

 

Conclusion:  

 

Today, the use of nanotechnology in the field of colors would improve the science of light. It 

general, by some materials with identified density as well as studying the properties of 

dielectric materials, surface materials can be created that the surface can be colored by the 

reflection of them. Colored vision to the objects and environments is only due to the reflection 

of the light from the environment to the human eye.  

 

 

REFERENCES 

 

[1] 1.  [LEFT]1. J. m. Benyus, Innovation inspired by nature Biomimicry, J. ECOS, No 

129, 2006. 

[2] 2. A. Lakhtakia, R. J. Martin-Palma, Engineered Biomimicry, Elsevier, 2013, p291 

[3] 3. L. Jiang, L. Feng, Bioinspired Intelligent Nanostructured Interfacial Materials, 2010. 

[4] 4. NatureTech Technology, video, part 1&2&3. 

[5] 5. H. Yahya, Biomimetics, technology imitates Nature, Global Publishing, 1999. 

[6] 6. D. Lee, Nature’s palette: the science of plant colors, Univer¬sity of Chicago Press, 

Chicago, IL, USA (2007). 

[7] 7. W.D. Bancroft, The colors of colloids. VII, J Phys Chem 23 (1919), 365–414. (1991), 

3492–3500. 

[8] 9. K. Kumazawa and H. Tabata, Time-resolved fluores¬cence studies of the wings of 

Morpho sulkowskyi and Papilio xuthus butterflies, Zool Sci 13 (1996), 843–847.  



 ی معاصر در علوم و تحقیقاتپژوهش ها مجله

 1402، مهر 51سال پنجم، شماره  

40 

 

[9] 10 . H. Ghiradella108, Light and color on the wing: structural colors in butterflies and 

moths, Appl Opt 30 

[10] 11.  A.L. Ingram and A.R. Parker, A review of the diversity and evolution of photonic 

structures in butterflies, incorporating the work of John Huxley (The Natural History 

Museum, London, from 1961 to 1990), Phil Trans R Soc Lond B 363 (2008), 2465–

2480[/LEFT] 

[11] [COLOR=#3C3D35][FONT=nassim][SIZE=4] 

[12]  [/SIZE][/FONT][/COLOR] 

[13]    

[14] 12.  Berlin, B. and Kay, P., Basic Color Terms: Their Universality and Evolution, 

Berkeley: University of California Press, 1969. 

[15] 13.  Waldman, Gary (2002). to light: the physics of light, vision, and color. Mineola: 

Dover Publications. p. 193. ISBN 978-048642 Introduction 1186. Berns, Roy S. (2019). 

Billmeyer and Saltzman's Principles of Color Technology. Fred W. Billmeyer, Max 

Saltzman (4th ed.). Hoboken, NJ: Wiley. pp. 5–9, 14. ISBN 978-1119366683. OCLC 

1080250734. 

[16] 15.   Hermann von Helmholtz, Physiological Optics: The Sensations of Vision, 1866, as 

translated in Sources of Color Science, David L. MacAdam, ed., Cambridge: MIT Press, 

1970. 

[17] 16.   Palmer, S.E. (1999). Vision Science: Photons to Phenomenology, Cambridge, MA: 

MIT Press. ISBN 0262161834. 

[18] 17.   Magazine, Nicola Jones,Knowable. "Color Is in the Eye, and Brain, of the 

Beholder". Scientific American. Retrieved 2022-11-08. 

[19] 18.   Judd, Deane B.; Wyszecki, Günter (1975). Color in Business, Science and 

Industry. Wiley Series in Pure and Applied Optics (3rd ed.). New York: Wiley-

Interscience. p. 388. ISBN 978-0471452126. 

[20]   19. "Under well-lit viewing conditions (photopic vision), cones  ...are highly active 

and rods are 20.inactive."Hirakawa, K.; Parks, T.W. (2005). "Chromatic Adaptation and 

White-Balance Problem" (PDF). IEEE International Conference on Image Processing 

2005. IEEE ICIP. pp. iii-984. doi:10.1109/ICIP.2005.1530559. ISBN 0780391349. 

Archived from the original (PDF) on November 28, 2006. 

[21] 21. Flück, Daniel (19 January 2009). "Colorblind colors of confusion". Colblindor. 

Retrieved 14 November 2022. 

[22] 22.Jameson, K.A.; Highnote, S.M.; Wasserman, L.M. (2001). "Richer color experience 

in observers with multiple photopigment opsin genes" (PDF). Psychonomic Bulletin and 

Review. 8 (2): 244–261 [256]. doi:10.3758/BF03196159. PMID 11495112. S2CID 

2389566. Archived (PDF) from the original on 2013-10-04. Jordan, G.; Deeb, S.S.; 

Bosten, J.M.; Mollon, J.D. (20 

[23]   

[24] 23. PLOS e1001205. doi:10.1371/journal.pbio.1001205. PMC 3222625. PMID 

22131906. 

[25]  "A Brief History of Synesthesia in the Arts". Retrieved 9 February 2022.Biology. 9 

(11):  

[26]  

[27]  24.  Depauw, Robert C. "United State July 2010). "The dimensionality of color vision 

in carriers of anomalous trichromacy". Journal of Vision. 10 (8): 12. 

doi:10.1167/10.8.12. PMID 20884587. 



 ی معاصر در علوم و تحقیقاتپژوهش ها مجله

 1402، مهر 51سال پنجم، شماره  

41 

 

[28]    Kershner, Kate (26 July 2016). "Lucky Tetrachromats See World With Up to 100 

Million Colors". Retrieved 9 February 2022. 

[29]  25. Brang, David (22 November 2011). "Survival of the Synesthesia Gene: Why Do 

People Hear Colors and Taste Words?"s Patent". Archived from the original on 6 

January 2012. Retrieved 20 March 2011. 

[30]    M.D. Fairchild, Color Appearance Models Archived May 5, 2011, at the Wayback 

Machine, 2nd Ed., Wiley, Chichester (2005). 

[31]  26.  "Economic and Social Research Council: Science in the Dock, Art in the Stocks". 

Archived from the original on November 2, 2007. Retrieved 2007-10-07. 

[32]  27.  Westfahl, Gary (2005). The Greenwood Encyclopedia of Science Fiction and 

Fantasy: Themes, Works, and Wonders. Greenwood Publishing Group. pp. 142–143. 

ISBN 978-0313329517. 

[33] 28. "Chart: Color Meanings by Culture". Archived 10-12. Retrieved 2010-06-29.from 

the original on 2010- 

[34]   29. Dzulkifli, Mariam; Mustafar, Muhammad (2013). "The Influence of Colour on 

Memory Performance: A Review". The Malaysian Journal of Medical Sciences. 20 (2): 

3–9. doi:10.1016/j.chb.2010.06.010. 

[35]    "There's a sneaky reason why you always see red and yellow on fast food logos". 

Business Insider. Retrieved 2022-02-09. 

[36]   30. Gnambs, Timo; Appel, Markus; Batinic, Bernad (2010). "Color red in web-based 

knowledge testing". Computers in Human Behavior. 26 (6): 1625–1631. 

doi:10.1016/j.chb.2010.06.010. 

[37]  

[38]  

 


