Crystal Binding
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Periodic table of the elements
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2 : 4 H p 5[] J e 5 6 7 8 9 10
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ithium erylliu 3 - ron rbon itrogen gen uorine eon
Hydrogen d 3s[|2"H =0 5 e 53e 12 g
11 12 1.008 2s[ % m=0 13 14 15 16 17 18
3Na Mg -1 f s - Al Si P S Cl Ar
Sodium  |Magresium 1 n=1 Alumirium | Silicon  |[Phosphorus |Sulfur Chlorine  |Argon
1 2 3 4.4 -3.3.5 -2.24.6 -1.1.3.5.7
19 20 21 22_ 23 24 25 26 27 28_ 29 30 31 32 S5 34 35 36
4K Ca |Sc Ti \'J Cr Mn Fe Co Ni Cu Zn Ga Ge |As Se Br Kr
Paassum |Calcium  |Scandium |Titanium  [Vanadum  [Chromum  [Manganese |lron Cobalt Mickel Copper  |Zinc Gallium  |Gemanum [Arsenic  |Selenium  |Bromine  |Krypton
1 2 3 4 5 3.6 24,7 2.3 2.3 2 2 2 3 424 -3.3.5 -2.24.6 1,135 2
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
5Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd |n Sn Sb Te | Xe
Rubidium |Strontium |Yttrium  |Zirconium |Miobium  |Molybdenun|Techretium |Ruthenium  [Rhodium  |Palladium |Silver Cadmium |Indium Tin Antimony (Tellurium  |lodine Kenon
1 2 3 4 5 46 4.7 3.4 3 24 1 2 3 424 -3,3.5 2,246 -1,1,357 1246
55 56 72 73 74 75 76 T 78 79 80 81 82 83_ 84 85 86
6Cs Ba s7.7¢ Hf  Ta |W Re 0Os |Ir Pt Au Hg [T Pb Bi Po At Rn
Caesium |Barium Hafmium |Tantalum |Tungsten |Rhenium |[Osmium |Iridium Platinum |Gold Mercury  |Thallium |Lead Bismuth  |[Polonium |Astatine |Radon
1 2 4 5 46 4 4 34 24 3 1,2 13 24 3 224 -1.1 2
87 88 104 105 106 107 108 109 110 111 112 13 114 115 116 117 118
7Fr Ra go_103/Rf Db Sa%«,- Bh Hs Mt Ds Rg Cn Nh FI Mc Lv [Ts |Og
Francium |Radium Rutherordiun| Dubnium | Sedbomgium |Bohrium  [Hassium  [Meinenum  |Damstadtiu genun | Copemicium|Mihonium [Flerovium (Moscosum |Livermonum  (Tennessine |Ogahesson
1 2 4 5 B 7 8

Commeon oxidation states are shown in bold beneath the element closeup.
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57 58 59 60 62 63 66 67 68 69 71

61 64 65 70
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb |Lu
Latharum |Cerium Prageodymil Neodymium | Promethium | Samaium | Europium (Gadolinum  (Terbium  |DySprosium |Holmium |Erbium Thulium Ytterbium |Lutetium
3 3.4 3 3 3 3 2.3 3 3 3 3 3
a0 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa U ngn Pu Am Cm Bk Cf [Es Fm Md No |Lr
Actinium | Thorium | Protacinium |Uranium  |Nepiunium  |Plutonium [Amedcium |Curium |Berkelium |Califomium | Bnstanium (Fermium - |Menddeviur  (Nobelium {Lawrencium
5 4 3 3 3 3 3 3
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What holds a crystal together?
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“Perhaps one of you gentlemen would mind telling me just
what it is outside the window that you find so attractive..?”

Cartoon courtesy of NearingZero.net



What causes bonding?
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Basic types of binding

Crystals are classified with respect to their binding type
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For cjrodsz;@dv , relahive energries asre l'uJFoAawb )

Cohesive enerag\: energy that must be added to a crystal to separate its components into neutral free atoms

at rest, at infinite separation, with the same electronic configuration

9(5«151-0&) — B"(cd'oms)

Lattice everay (iovic crystals): energy that must be added to a crystal to separate its components into

free ions at rest at infinite separation.
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Cohesive energies

Table 1 Cohesive energies

L Be Energy required to form separated neutral atoms in their ground | B c N 0o F Ne
158. | 320. | electronic state from the solid at 0 K ut 1 atm. The data were supplied by | 561 J711 J474. §251 1810 [1.92
163 §3.32 | Prof. Leo Brewer. 581 | 7.37 |492 1260. f0.84 |0.020
377 | 7865 134 |170. |113.4)60.03 | 19.37]0.46
Na |[mg Al |si e S cl |Ar
iwr. 145. | « k}/mol » | 327, | ass. |331. |275. |13s. |7.74
1.913] 1.51 | « oViatom »1339 J463 |343 J285 | 140 J0.0
2567 34.7 | keal/mol 78.1 | 106.7]79.16|65.75| 32.2 | 1.85
K Ca |Sc Ti v Cr Mn |Fe Co |Ni Cu Zn Ga |Ge |As Se ﬁar Kr
90.1 1178. 376 J468. |512. §395. |282 |413. |424 |428. |336. |130 | 271, |372. |285.3)237 |118. [ 112
09341184 1380 [485 [531 [4.10 |292 428 |4.39 J4.44 |349 |1.35 | 281 {385 J296 |2.46 }1.22 Jo.11
2154] 425 |899 |111.8]1224945 |674 |98.7 |101.3}1024 804 |31.04] 648 | 888 |68.2 |56.7 | 28.18] 268
Rb |se |y Jzr INb Mo |Tc |Ru |Rh |Pd |Ag In |Sn |Sb |Te |1 Xe
822 J166. J422. |603. 1730. |658 |661. |650. |554. |376. |284. | 112. | 243. |303. |265. |211 |107. | 159
0852 1.72 |4.97 |6.25 |7.57 |682 |685 |6.74 |5.75 |389 295 J1.16 | 252 314 {275 J2.19 J 1.1 Jo.16
19.5% 39.7 | 100.8]144.2§174.5 |157.2|158. 1554113251898 |68.0 | 26.73] 58.1 | 724 |63.4 |50.34] 2562| 3.80
Cs Ba |JLa |H!I |[Ta w Re |Os |Ir Pt Au |Hg | ™M Pb |Bi Po |At Rn
77.6 ) 183. J431. J621 |782. |8se. |775. |788. |670. |s64. |368. 65, | 182. | 196. J210. 144, 19.5
0.804 | 1.90 {4.47 }6.44 [8.10 |8.90 |8.03 |8.17 |694 |584 |381 fos7 | 188 } 203 ]218 {150 0.202
18.54 | 43.7 | 103.1]148.4 |186.9 J205.2 | 185.2 | 188.4 | 160.1}134.7 | 87.96 | 155 | 43.4 46.?8[50.2 34.5 466
Fr Ra Ac -
160, | 410, Ce Pr Nd |Pm |Sm |Eu Gd |Tb Dy Ho | Er Tm J¥b |JLu
1.66 f4.25 417 | 357. | 328. 206. | 179. | 400. | 391. | 294. | 302. | 317. | 233. | 154. Ja28.
38.2 98, 432 1370 | 3.40 214 1186 §4.14 1405 J3.04 [3.14 ] 320 § 242 | 1.60 J4.43
99.7 |853 | 785 49.3 | 428 | 955 934 | 702 | 723 | 758 | 558 [ 37.1 [1022
Th Pa U Np JPu |Am |Cm Bk |CI Es |Fm | Md | No |Lr
61582% 536. J 456 | 347. | 264. | 385
555 | 473 | 360 | 273 | 399
1429 128. | 100. | 830 |63. | 921 I '




Cohe Qj\e«’ﬂ has a sireng wiLpack en the
Melting point - e %a\ % s

1 2 3 4 5 6 ¢ 8 9 10 M1 12 13 14 15 16 17 18

Pnictogens Chalcogens Halogens

. (O Series . Carbon O Radius 125 pm s
1 C | Solid _ | 273
(O Stateat 273 K ___Solid (O Hardness____Unknown
L ® Mefting Point 1211 4 K O Modulus, | Unknown
3
2 Li Hg| LIQL.IId (O Bailing Point, ... 3003 K O Denstty........ 5323 kg/m#®
Lithium H G (O Electronegativity. 2.01 (O Conductivity. 60 W/mK
‘ﬁiﬁg . as O Electron Affinity 119 kJ/mol OHeat 321.4 JikgK =
Ovaence 4 O Abundance  0.000020%
3 :!:‘Iod%m MMag,Qes-um Rf] Unknown O 1stlonizaion 762 kJ/mol O Discovered 1886 Sulfur
37087 923 933.47 388.36
19 20 3N 34 35
4K Ca Ga Se Br
Potassium  |Calcium Gallium | |Gemranium Selenium |[Bromine |Knypton
336.53 1115 302.91 1211.4 494 265.8 1579
37 38 49 50 52 53 54
5Rb Sr In Sn Sb [Te | Xe
Rubidium [Strontium Indium Tin Antimony  |Tellurium  |lodine Xenon
312.46 1050 42975 505.08 903.78 722 66 386.85 161.3
55 56 81 82 83 84 85 86
6/Cs |Ba Tl Pb Bi Po At [Rn
Caesium |Barium Thallium |Lead Bismuth  |Polonium  |Astatine |Radon
301.59 1000 577 600.61 544 4 527 575 202
a7 88 113 114 115 116 17 118
7Fr Ra Nh FI Mc |Lv [Ts |(Og
Francium |Radium Mihonium [Flerovium (Moscovum |Lvemmonum (Termessne  |Oganesson
300 973
I Darker colors indicate an element's melting point is colder (blue) or hotter (red) than the selected temperature.
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60 61 62 63 64 65 66 67 68 69 70 71
Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb |[Lu
it Meodymium | Promethium | Samanum  |Europium | Gadolnium (Terbium  |DySposium (Holmium |[Erbium Thulium Yiterbium |[Lutetium
1294 13?3 1345 1095 1586 1629 1685 1747 1770 1818 1092 1936
92 94 95 96 a7 98 99 100 101 102 103
U N qg Am Cm Bk Cf Es Fm Md No Lr
Uranium nium Plutonlum Amerdum |Curium  |Berkelium [Calfomium | Eingeinum |Fermium  |Mendelsiur |Mobelium  |Lawenciim
1408 N7 913 1449 1618 1323 173 1133 1800 1100 1100 1900
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Van der Waals interaction
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