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PERIODIC TABLE

NIST

Group . P . f h EI National Institute of
1 Atomic Properties of the Elements e e 18
1A e VIIIA
2, H 1
1 ‘s, Frequently used fundamental physical constants Physical Measurement Standard 2 S,
H For the mos{ accurale velues of these and other canstants, visit physics.nist.goviconstants Lab‘?"at"ry Refere.nce Data He
1 Hydrogen 1 second = 9 192 631 770 periods of radiation corresponding to the transition www.nist.gov/ipml www.nist.gov/srd Helium
1,008 between the two hyperfine levels of the ground state of "°Cs 4.002602
1s 2 speed of Fight in vacuum c 299792458 ms (exact) [] solids 13 14 15 16 17 16
13.5984 1A Planck constant h 6.62607x10%Us  (P=hi2) [ Liquids 1A IVA VA VIA VIIA | 245874
3 ’SI-Z 4 ‘S“ elementary charge e 1.602 177 x 107 C D Gases 5 P |6 P, [T ‘5;'2 8 sz 9 ZF';,Z 10 130
L- ) B electron mass M 9.109 38 x 107" kg g C N 0 F N
2 1 < mc” 0510999 MeV [] Artificially [
Lithium Berylum proton mass g 1.672 622 x 107 kg Prepared Boron Carbon Nitroger: Oxygen Fluarine Neon
5.94 80121831 fine-structure constant o 1/137.035 999 P 1201 [l L= = L3940 15 0 1 o
51392157 95322;? Rydberg constant R.. 10 973 731.569 m”’ 1; 2080 1‘|51 2008 11:2;33 1153?;12 11‘7?:2251 12‘12;;1;
- - R.c 3.289 841 960 x 10 Hz - - - 5 -
11 %s,.|12 s, R he 13.605 69 eV 13 *r;, |14 °p |15 *s;, (16 °P, |17 °P5, |18 s,
o 2 Yo .
Na Boltzmann constant k 1,380 6 x 1077 U K’ S[ P Cl A_l‘
3 Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlarine Argon
2208976928 | 24.305" g 4 5 6 7 8 9 10 1 12 26.0815385 | 28.085" |30.97376200|  32.06" 3545 39,048
2 P noln 2 Nal 5? 3 Nel 2, 4 2, & 2, B
o1 Netee nB IvB VB vIB VIIB VIl B 1B B | Moy | Moy | Moo Il e
19 ’s,|20 's,|21 *p, |22 °F |23 °“F,,|24 's,|25 °s.,|26 °D,|27 °‘F,.|28 °F, |29 ‘s,|30 's,(31 °P;, (32 P, |33 ‘s:,|34 °‘P,|35 P |36 s,
= . .
3 Ca | Sc | Ti V | Cr n| Fe | Co| Ni |Cua |7Zn | Ga | Ge | As | Se | Br
'q-, 4| potassium Calcium Scandium Titanium Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
o 39.0083 40,078 44955008 | 47,867 50,9415 51,9961 | 54.038044 | 55845 | 56033194 | 58.6934 63,546 65.38 69.723 72,630 74921595 | 78,971 79.904* 83,798
[Ards [Ars? [Agadas® | [adadiest | ranadlsst | adad®es | raeadias® | (ansds® | anad’est | [anad®as® | [anaa®as | radaaas’ | (anad"as’ep |1anad " astap” ([anad asten” | (anae Pasan® | argad “as®ap” |[araa s ap’
4.3407 6.1132 6.5615 5.8281 6.7462 6.7665 7.4340 7.9025 7.8810 76399 7.7264 9.3942 5.9993 7.8984 9.7886 9.7524 11.8138 13.9996
37 *s,,|38 's,|39 D,|40 °F |41 °‘D,|42 's,|43 °s,. |44 °F,|45 °F,,|46 's,|47 °s,|48 s, |49 ‘P, |50 °p, (51 ‘s, (52 P, |53 °*Pi, |54 s,
Sr Zr Mo | Tc | Ru Pd Cd | In | Sn | Sb | Te Xe
5 Rubidium Strontium Ytirium Zirconium Miobium Melybdenum | Technetium | Ruthenium Rhodium Palladium Sibver Cadmium Indium Tin Antimany Telurium ledine Xenon
854678 87.62 88.905584 91224 | 92.90637 85.95 (98) 101.07 | 102.90550 106.42 107.8682 | 112414 114.818 118.710 121.760 127.60 126.90447 | 131.293
[Kr]5s [Kr]5s® [Krjadss® | [Krjad’ss® [Krl4d"5s [Kr4d®ss | [Kridd®ss® [Kr)4d 58 Krjdd®5s [Kr)4d [kridd"ss | [Kridd "5t | [(Kij4d""5s"5p |[Krldd '"5s%5p? | [Krld "5s%5p” | [Kelad 557 5p* | [Kr1ed %57 5p” |[Kejdd %% 5p®
41771 5.6949 5.2173 5.6339 6.7589 7.0924 71194 7.3605 7.4589 8.3369 7.5762 59938 5.7864 7.3439 8.6084 90097 104513 12,1298
55 ’s,,|56 s, 72 °F,|73 °F,.|74 °D,|75 °s., |76 °o,|77 °..|78 °0,|79 *s,.|80 's,|81 °p;,|82 °r,|83 's;,|B4 °r, |85 *r., (8B 's,
Cs | Ba Hf | Ta | W | Re | Os | Ir | Pt | Au [ Hg | Tl | Pb | Bi | Po | At | Rn
6 Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Pelonium Astatine Raden
132.9054520 |  137.327 178.49 | 180.94788 183,84 186207 | 190.23 192217 195084 | 196.966569 | 200.592 204,38* 2072 208.98040 (208) (210) (222)
[Xe]bs [Xe]6s® [Xel4r 567" | (xejar'“s0”6s” | rejer ‘sa'as? | [xelar *50°ss” | Xejer 5d%s” | xejer ‘s0'es” | [xejai5a"6s |[Xejar 50 6s |[Xejer*5d 8s’|  [Holep iHglep? Hglep’ [Hglee® [Ha]sp’ [Halep®
3.8939 52117 5.8251 7.5496 7.8640 7.8335 8.4382 8.9570 8.9588 9.2256 10.4375 6.1083 74167 7.2855 8414 9.31751 10.7485
87 ’s.,|88 s, 104 °r, |105 ‘F,,|106 107 108 109 110 111 112 113 114 115 116 117 118
Fr | Ra Rf | Db Bh | Hs | Mt | Ds Cn |Uut | FI [Uup| Lv |Uus |Uuo
7 Francium Radium Rutherfordium| Dubnium | Seaborgium Bohrium Hassium Meitnerium | Darmstadtium | Roenlgenium | Copernicium | Ununtrium Aerovium | Ununpentium | Livermorium | Ununseptium | Ununoctium
{223) (226) (267) (268) (271) (272) (27a) (276) (281) {280) (285) (284) (289) {288) (293) (294) {294)
[Rn|Ts [Rnj7s” [Rnjsf''6d"7s*| [Rn]sf ‘6d’7s" | [Rn)sr ‘6d"7s’| [Rn]57 ‘6d°7s"| [Rn)51" '6d"7s”
4.0727 5.2784 6.01 6.8 7.8 7.7 7.6
h?ttj‘rjnrgi:r G“"Egg‘;ta“’ » 57 'D..|58 'c;|59 “1;,|60 °1,|61 °H;,|62 'F, |63 °s:, |64 °D;|65 °H,.|66 °L|67 °.|68 °H, |69 °F,|70 s, |71 ‘D,
-l
N s 2/ La | Ce | Pr |[Nd |Pm |Sm | Eu |Gd | Tb | D Ho | Er | Tm Lu
Symbol 58 G, £ | Lanthanum Cerum  |Praseodymium| Neodymium | Promethium | Samarium Europium | Gadolinium Terbium Dysprosium | Holmium Erbium Thulium Yiterbium Lutetium
o £| 13800547 | 140.116 | 140907 144,242 (145) 150,36 151,964 15725 158,92535 | 162,500 | 164.93033 | 167.250 | 16893422 | 173.054 174,9668
Ce | Mepsdes’ | [rejersdss’ | [Mepres® | [xelt'ss’ | [xeafss’ | preai'es” | (relef’ss’ | (Mepr'soss’ | prejares’ | [xepss’ | prejarss’ | puepres’ | repr™es’ | [xeras’ | prepr*sdes’
Name —_| Cerium 5.5769 5.5385 5.473 5.5250 5.582 5.6437 5.6704 6.1498 5.8638 5.9391 6.0215 6.1077 6.1843 6.2542 5.4259
Standard __|— 140.116 g 89 °p,|90 °F, |91 'K, |92 °;|93 °L,,|94 TF |95 °s;,|96 °D;(97 °H,(98 °1,(99 I;,.[100 °H,|101 *F;,|102 's,|103 °F,
i 2
omie - (XeJ4fsds 5l Ac | Th | Pa | U Pu Cm Cf | Es | Fm | Md | No | Lr
5.5386- B Actinium Tharium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium | Californium | Einsteinium Fermium | Mendelevium | MNobelum | Lawrencium
i & | (@20 232.0377 | 231.03588 | 238.02891 (237) (244) (243) (247) (247) (251) 252) @57) (258) (259) (262)
Ground-state lanization (Rnlgars® | [Rnl6s7s” | [Rnlsfects’ | [RnlsFedrs” | (Relsf'ed7s’ | [Rnls7s® | (Relst7s” | [Relsfears’ | (Ralsf7s® | [Rals7s® | (Relst'7st | RalstP7st | (Ralst RSt | (Rais7s® [Rnlst t7stTe
Configuration  Energy (eV) 5.3802 6.3067 589 6.1841 6.2655 60258 5.9738 5.9914 6.1978 6.2817 6.3676 6.50 6.58 6.65 4.90

TBased upon "“C. () indicates the mass number of the longestslived isotope,

*IUPAC conventional atomic weights; standard atomic weights for these

elements are expressed in intervals; see iupac.org for an explanation and values.

For a description of the data, visit physics.nist.gov/data
NIST SP 966 (September 2014)
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Composicoes Atdmicas Aproximadas da Crosta
Terrestre e do Corpo Humano
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- ESTRUTURA DA MATERIA
Modelos Atomicos ATOMOS, MOLECULAS E |'ONS
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TABELA 2.7 Configuracgoes eletronicas do estado fundamental dos primeiros 18 elementos

Diagrama de caixa de orbital Configuracao Notacado dos

1s 2s 2px 2py 2pz 3s 3px 3py 3pz eletronica gases nobres
(condensada)

H (1) Is!
He (2) 1s2
Li(3) 152 2s! [He] 2s!
Be (4) 152 252 [He] 2s2

B5) [ CIl R 152 252 2p! [He] 252 2p!
ce [T 152 252 22 [He] 252 2p?2
SO HIER 152 252 2p? [He] 252 2p3

os [N|[AHAIT]T] 152 252 2p* [He] 252 2p*
JORME RIERIE R RN 152 252 2p° [He] 252 2p
Nectoy [(TIENIIN TN 15 252 2p° [He] 252 2p°
Nvaan [ FTNTN] [T ] 152 252 2p 3s' [Ne] 3s'

ve a2y [ [0] PR (1] 152 252 2p6 352 [Ne] 3s2

s () (T (R R 225 o
siae [WHRITRIRTR] LT ET] | 1222022003223p2  [Nel3s23p2
pasy [ ERTUTR] (W] ETTTTT] 122020302300 (Nel3s23p°
S (16) |11H11H11|11|”ﬂ,||‘[1”ﬁ]1‘|” 152252 2p5 352 3p*  [Ne] 352 3p*
can  [(WHTITRITRTE LRI T] 122020932305 [Nep3s23ps
aras) [ WIIRIINTNIN] RN N] 152222053230 [Nep3s23p°

Neédnio (Ne) O nednio, niimero atdmico 10, tem dez elétrons em seus atomos neutros, que
preenchem completamente todos os orbitais da primeira e segunda camadas. O estado fun-
damental do atomo de nednio nao tem elétrons nao emparelhados.




UNIDADE DE MASSA ATOMICA (u ou uma)

Carbono 12

Unidade de massa
atomica (u)

u = 1,6605402 x 10~ kg

1 grama (g) = 6,02214 x 1023 u




Determinacao da abundancia dos isotopos
por espectrometria de massa

Separacdo pela razdo massa/carga em um
campo magnetico
Accelerating grid Magnet
(=) ' o Detector
Heated (=) : \
filament :
\ \ ‘-4'}3 ’ - _:_3:7‘;’
i» ’ c Beam 331+ \
Sample / B of positive Slit
(+) \ ions
lonizing To vacuum Separation of
electron pump ions based on
beam mass differences

Calculo da massa atébmica ponderada/média
devido a presenca de isdétopos

Signal intensity

<M>=0.7578%x34,969 + 0.2422x36,966 = 35,453 u

Assim 1 mol de atomos de Cl tem massa média de
35,453 g ou a massa molar do Cl é 35,453 g/mol

3507
- 75,78 %
7 24,22 %
34 35 36 37 38

Atomic mass (amu)

17
Cl

CLORO
35.453

—>» Nimero Atémico

Numero de Protons

—) Massa Atomica

A massa atomica do cloro
é aproximadamente 35,5u.



CALCULO DE MASSA MOLECULAR E MASSA
MOLAR DE COMPOSTOS QUIMICOS

Definicao: A massa molecular de um composto é a soma das massas
atomicas (ponderadas) dos atomos que constituem a molécula.
Obs: Valores tomados de uma boa tabela periodica
A massa molar é a massa de 1 mol de moléculas do composto.

Exemplo: massa molecular HCI u=1,66054x102%g
1,008 u + 35,453 u=36,461u 1 grama (g) =6,02214 x 1023 y

Massa molar HCl = 36,461 g/mol



COMPOSTOS IONICOS E COVALENTES

5 AlCl4
MgClo
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Reacao de um metal alcalino com um
halogénio gerando um sal (sdlido i6nico)




TIPOS DE LIGACAO QUIMICA

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

metal

cation

e

electron
transfer
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A lonic bonding

nonmetal nonmetal
electron

sharing

I

Separate molecules

B Covalent bonding
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pooling

Metal<ion cores
in e” sea

C Metallic bonding




Percent 1ionic character

Carater I6nico ou Covalente de Compostos Binarios
em Funcao da diferenca de Eletronegatividade

1 2 3
Electronegativity difference



ESCALA DE ELETRONEGATIVIDADE DOS ELEMENTOS
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POLARIDADE DE MOLECULAS DIATOMICAS

Dipole Moments and Polar Molecules

u=Qxr

Q is the charge

ris the distance between charges

1D=3.36x103%Cm a

TABLE 8.3 Bond Lengths, Electronegativity Differences,
and Dipole Moments of the Hydrogen Halides

Bond Electronegativity Dipole
Compound  Length(A)  Difference Moment (D)
HF (LY92 14 182
HCl L.27 0.9 LB
HEBr 1.41 0.7 (.62

HI L6l 04 (h44



POLARIDADE DE MOLECULAS POLIATOMICAS

Depende: Geometria, diferenca de eletronegatividade,
presenca de orbitais com pares de elétrons nao ligantes

ﬁl 9 @*

uH N'-«-.,T
X\

W - & 1

chloromethane water ammonia
u=1.87D u=1.85D u=147D



Exemplo de inversao de polaridade

Chloromethane, CH3Cl Methyllithium, CH;Li
(electron-poor carbon) (electron-rich carbon)



Efeito de Localizacao de carga e
Deslocalizacdo (via ressonancia) na polaridade de
compostos quimicos

CH;CH,0™
lon Etoxido lon Acetato
Carga (-) Carga (-)
localizada delocalizada
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TEORIAS DE LIGACAO QUIMICA
PERSPECTIVA HISTORICA

Gilbert N. Lewis

1) TEORIA DE LEWIS (1902 —1913) REGRA DO OCTETO

2) TEORIA DA LIGACAO DE VALENCIA (1927 — 1932)
HIBRIDIZACAO DE ORBITAIS ATOMICOS

Linus Pauling

3) TEORIA DO ORBITAL MOLECULAR (1933 — ATUAL)
LIGACAO QUIMICA DESLOCALIZADA

Robert Mulliken

Friedrich Hund




TABLE 8.1 Lewis Symbols

Electron Lewis
Element Configuration Symbol
Li [He]2s' Li:
Be [He]2s? ‘Be-
B [He]2s22p! B
C [He]2522p2 G
N [He]2s22p° ‘Nz
) [He]2s22p* O
P [He]2s%2p° F
Ne [He]2s22p° :Ne:
Na [Ne]3s! Na-
Mg [Ne]3s? ‘Mg
Al [Ne]3s23p? <Al
Si [Ne]3s23p? -Si-
[Ne]3s23p°
S [Ne]3523p4 =$=
Cl [Ne]3s23p° -Cl:
Ar [Ne]3523p6 =A:;:r=
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Teoria de Lewis

Passo 1: Interligo os elementos
Regra do Octeto :

H—C—N:
Passo 2:Complemento o octeto do atomo central
P T
H—C—/—N: > H—C=N:
55
Formulas Formulas
eletrénicas: estruturais planas:
:ClsCl: —,  CI—Cl
080 — 0—0
NN = N=N

R

H@Q@H —» H—O—H

08C8R0: —~ 0—C—0
HoNeH —» H—N—H

T

H

Sem muitos detalhes de geometria molecular




Excecdes a Regra do Octeto

o caso da ligacao covalente dativa ou coordenada:

H H
: 1
H-*N+*H  H-N-H
: |
H 8
excegoes a regra do octeto:
F—Be—F N=0O
menos de 8 elétrons nimero impar de elétrons
F (radical livre)
S\\ mais de 8 elétrons
7| F




2) TEORIA DA LIGACAO DE VALENCIA (1927 — 1932)
HIBRIDIZACAO DE ORBITAIS ATOMICOS
GEOMETRIA DE MOLECULAS POLIATOMICAS

Bonds in plane Bond behind Centralatom H
of paper Bond infront Plane of paper (in plane of \ |
<\ 0 ) of plane / / paper) _Cuny
/N X N\ H H™
H H H H

)
JAJ ‘k.\')) \O \V‘: \,ﬁ

(a) Water, H,O (b) Ammonia, NH; (c) Methane, CH,



Teoria de Ligacao de Valéncia — Geometrias moleculares
em funcao de ligacOes e pares de elétrons nao ligantes

Bond Spatial Electron pair Lone pair substitutions
angles geometry geometry
1800 @—@—@ e

Linear (sp)

120°
Trigonal planar (sp?)
109.5°
a ..
Tetrahedral (sp?) Trigonal Bent

pyramidal

Trigonal bipyramidal (dsp®) “Sawhorse” T-shaped Linear

9%

90°

h
A

Octahedral (d?sp?®) Square Square  T-shaped Linear
pyramidal planar
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Energia média de Ligacdo (kJ/mol) e distancia de ligacao (pm)

Bond Energy Length Bond Energy Length Bond Energy Length Bond Energy Length
Single Bonds
H—H 432 74 N—H 391 101 Si—H 323 148 S—H 347 134
H—F 565 922 N—N 160 146 Si—Si 226 234 S—S 266 204
H—Cl 427 127 N—P 209 127 Si—O 368 161 S—F 321 158
H—Br 363 141 N—O 201 144 Si—S 226 210 S—Cl 271 201
H—I 295 161 N—F Z12 139 Si—F 565 156 S—Br 218 225
N—CI 200 191 Si—Cl 381 204 S—I ~170 234
C—H 413 109 N—Br 243 214 Si—Br 310 216
C—C 347 154 N—I 159 222 Si—I 234 240 F—F 159 143
C—Si 301 186 F—Cl 193 166
C—N 305 147 O—H 467 96 P—H 320 142 F—Br 212 178
C—-O 358 143 O—P 351 160 P—Si 213 227 F—I 263 187
C—P 264 187 0—0 204 148 P—P 200 221 Cl—Cl 243 199
C—S 259 181 0—S 265 151 P—F 490 156 Cl—Br 215 214
C—F 453 133 O—F 190 142 P—Cl 331 204 Cl—I 208 243
C—Cl 339 1737 0—Cl 203 164 P—Br 272 222 Br—Br 193 228
C—Br 276 194 O—Br 234 172 P—I 184 246 Br—I 175 248
C—I 216 213 O0—I 234 194 I—I 151 266
Multiple Bonds
C=C 614 134 N=N 418 122 C=C 839 121 N=N 945 110
C=N 615 127 N=O 607 120 C=N 891 L1 N=O 631 106
C=0 745 123 0, 498 121 C=0 1070 113

(799 in CO,)




