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Which is the smallest object that

you have seen so far?



Which is the smallest object that

you have seen so far?

Macroscopic : visible to the naked eye



Which is the smallest object that you know?



Which is the smallest object that you know?

Microscopic : Not visible to the naked eye



https://www.youtube.com/watch?v=BT7be4tIfBQ



That is a fantacy!!



That is a fantacy!!

Here is a REAL example of
miniaturization



256 MB = 256 x 10¢ Bytes
16 GB = 16 x 10° Bytes

a byte is a unit of computer memory

[t is miniaturized (reduced in size) with
enhanced capacity



Miniaturization: Reduce the size
without changing the properrty!

1971: Intel Transistor count 2,300 with area 12 sq. mm
2016: Intel Transistor count 7,200,000,000 within area of
456 sq. mm

In last 45 years size of a transistor has
reduced drastically

https://en.wikipedia.org/wiki/Transistor coun

t



Reduce the size without
changing the property!

There is limit to this
miniaturization!!

Why?



What is everything made up of?



Inside an atom




Period

-
Li
Lithium
21

[Hej2s!

22990

Sodium
281

11

39,098/

K

Potassium
2881
IArj4s!

[Nej3s!
19

84.468]

Rb

Rubidium
281881
IKrIss!

37

132.905

Cs

Cesium
28181881

55

223.020/

Fr

Francium
2818321881
[Rni7s!

Déeles!
87

18

VillA
. . BA
Periodic Table of the Elements T
2 13 14 15 16 17 n@
na s ek [F: IVA VA VIA VIIA e
2A Number ~ Mast 3A 4A SA 6A 7A 122
4 9.012 5 108115 12011 7 14.007 8 15.999 9 18.998 10 20.180
B it B | C | N | © B N
e Name S
Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
22 Electron Shells 23 24 25 26 a7 28
[Hel2s2 Element symbol represents state at room temperature ; 3 [Hel2s22 [ Hes?zp || [Helzs?3 [Hel2s22p8
12 21308 Solid, Liquid or Gas e e otmtcd] 13 6982 {4 28085(15 30974 @  32066| {7  35453) {g 39948
’ -
MM 3 4 S 6 7 8 M 10 11 12 Al Ail SISI Phosph Sslfu d1|@|l:| A
agneslim ne IVB VB vIB VIIB Vil B 1B LI oot ospois P e ol
Nef3s? 3B 4B 5B 6B 7B ¥ 8 ¥ 1B 2B INej3s23p! INej3s23p? Nej3s23, [ mvems?apt || iNems2y INej3stapt
20 40,078 21 44,956 22 47.88 23 50842 24 51.996 25 54,938 26 55.845 27 58933 28 58603 29 63.546 30 65.38 31 69,723 32 72631 33 74922 34 78971 35 79.904 36 84,798
. .

Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br | Kr
Calcium Scandium Titanium WVanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
2882 2892 28102 28112 28131 28132 18142 28152 1B162 28181 16182 28183 26184 28185 28186 28187 26188
(#1452 (13l 452 [An]3d 2452 1Ar13d?as? 1Ar]3d54s1 [Ar13et5452 [An] 35452 1Ar13d7 452 113dPas2 (A3 045! [Arzd1 0452 (a3 045247 [ar)3d104524p2 (ar2d10as23p> | (An3d'0asZepd || [ar3d'0a5epS 1Ar12d 1045246

38 87.62 39 88906 40 91.224 41 92.906 42 95.95 43 98.907 44 101.07 45 102.506 46 10642 47 107.868 48 112414 49 114.818 50 118.711 51 121.760 52 1276 53 126,904 54 131.249
Sr Y Zr Nb Mo Tc Ru Rh Pd A Cd In Sn Sb Te I Xel
Strontium Yttrium Zirconium Niobium Molybdenum  Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
281682 281697 1818102 81811 2818131 18181 1818151 2818181 281818 1818181 TAIBIEZ 2813183 2818184 1818185 pIRERET 2818187 2818188
K155 [Kri4d 1552 [Ki14ci2552 [KrHeiss! IKri4dt5ss! [Kridi555? [Kr14ci7ss! [Kr4dBss! [krad 10 [kri4d 19551 [Kri4d! 0552 Tkri4d ! 05525p1 [kri4d 10552502 [kri4d 1055252 [Kii4d 19552554 Tkri4d 1 05525p5 [Kri4d 1055256
56 137328 |57.71 72 17849 73 1805948 74 18384 7§ 186207 J§ 19023 7 192217 7@ 195085 7Q 196967 g() 200592 | g4 204383 g9 2072/ g3 208580 g4 [208962) | g 209987 @ 222018
-
Ba Hf Ta w Re Os Ir Pt Au Hg | Tl Pb Bi Po | At
Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine
28181882 281832102 281832112 281832122 261832132 281832142 281832152 281832171 281832181 2681832182 261832183 261832184 261832185 1B1832186 261832187 2E1B32188
Dieles? [¥elaf195d 2552 [Xelat! 950365 [Xel4t! 95d9gs? [Xelaf195d5852 [¥elaf 19545652 IXelat! 9547652 [Xel4r145d%s! [Xelaflsd10ss1  [xelaiidsd108s?  |[elai?sd196s2ep] [%elafi15d10es2ep? [Xelar45d Oas2ep? [xelail 4sd106s26p* |[Meldf! 45d108s28pS| (el 541 Oas26pt
88 226025 | 89-103 104 [261] 105 [262] 106 [266] 107 [264] 108 [269] 109 [268] 110 [269] 111 [272] 112 (2771 113 unknown 114 [289] 115 unknown 116 [298] 117 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv |Uus Uuo
Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium | Ununtrium Flerovium | Ununpentium = Livermorium |Ununseptium || Ununoctium
2818321882 28183232102 zgiaznng 28183232122 28183231132 28183232142 28183232152 28183232162 28183231172 28183232182 28183232183 28183232184 28183132185 23183232188 28183232187 28183232188
[Rn]7s? [RnIsf9d27s2”  [Rnisfl4ed37s2” | Rnisflied®rst  Rnsf4edS7s8 Rnpsfed®7s2”  [RnisfledTrs?” | [RnisfYed®7s2 st dsd%rsd (AnisflAed! 072" [Rmisfied!07:27p 1] [Rnistl 46d1 075272 [Rnisf] f6d1 075277 [Risf1 46d1 07527 0% [RnlsflAed 0752765 ] [Rnistl 46d1 O7s27p6]
57 138.905 58 140.116 59 140.908 60 144.243 61 144913 62 15036 63 151.964 64 157.25 65 158.925 66 162.500 67 164.930 68 167.259 69 168934 70 173,055 71 174.967
Lanthanide Ce | Pr Nd | Pm | Sm Eu | Gd | Tb | D Ho | Er | Tm | Yb | Lu
Series Lanthanum Cerium  Praseodymium| Neodymium | Promethium || Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
28181892 18132082 28131182 28182282 28182382 28132482 28132582 18182592 28182782 18132882 28133982 28183082 28183182 18132282 28132292
Dtelsdl6s? xenf! sdles? DerPsd Dxerrtes? [Xenfesd [XenfPos? el 652 el 5d 1652 Ixenfes? ixelaf1le xetar!l [Xeraf12 IXe14f13 IXelar1 ixelaf!45dlss2
89 227028 90 232,038 91 231.036/ 92 238.029 93 237.048 94 244.064 95 243.061 96 247.070 97 247070 98 251.080 99 [254] 100 257.095 101 2581 102 25910 1 03 [262]
actnide | Ac | Th Pa Pu Am Cm Bk Cf Es Fm No Lr
se"es Actinium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
2818321892 28183218102 2818322092 2818322192 2818322382 2813322482 2818322582 2818322592 2818322782 2813322882 2818322982 2818323082 2818323182 2813323282 2818323292
[Rnisd1752 IRnj5d2752 (Rn5f26d! 752 [Rnisi36d 1752 [Rnisfé6d 752 [Rn5f6752 [Rnl5f7752 [RniSi76d 1752 [Rni5f%752 IRnlsi107s2 TRnjsi! 1752 [Rnsf1 272 [Rnsf137:2 IRnlsi147s2 IRn]st196d 1752
1
Alkali Alkaline Transition Basic : Noble . = |
Metalloid Nonmetal Halogen Lanthanide Actinide |
| Metal Earth Metal Metal 29 Gas ;

© 2015 Todd Helmenstine
sclancenates.org



How the bonds are formed?

oxygen carbon oxygen : N :
l I I lithium fluorine

carbon dioxide lithium fluoride

Electrons are shared
equally or unequally



Metals and Non-metals

Metals : electrons shared by all the atoms
non-directional bonds

Non-metals: electrons are shared within
small group of atoms
Directional bonds



Carbon

Same element: Different structure: different bonding

drastically different properties!!



How atoms are arranged in a bulk?

Unit Cell

!

s

Simple Face-centered Body-centered
cubic cubic cubic
Simple Body-centered Hexagonal
tetragonal tetragonal
Simple Body-centered Base-centered Face-centered
orthorhombic orthorhombic orthorhombic orthorhombic
ﬁ i, @
Simple Base-centered Triclinic

Rhombohedral Monoclinic monoclinic



What happens as the size reduces?

Atoms are no more organized in a periodic fashion

the crystal structure collapses
and this is the limit of miniaturization.



Miniaturization is possible in
scalable regime

Where the surface atoms form a very
small fraction of total number of atoms



A non-scalable regime

Clusters: different from bulk!

terraces edges & corners

< 10 nm
valenc
eband =
continuous discrete

K.

5

Cluster
<2 nm

~

R Kubo, J Phys. Soc. Jpn. 17, 975 (1962)




1.1 1.6 2.2 2.7 3.3 nm

Outer diameter

92 76 63 52 45 surf.%
0 55 41 29 21 edge%
92 22 8 4 2 corner%




This is successful example of research field
drivien by theory and computation



Computers as a tool

Understanding
Predicting
Designing

Control



Two states: Cage and Non-Cage
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Nano Cages OR Nano Switches?
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Four States
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Clusters as catalyst

Inhomogeneous charge distribution
in homogeneous clusters



Thank you
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