Kvantova cisla

* nabyvaji celoCiselnych hodnot

« kazda kombinace definuje jediny AO:
v (AO) = ¥ 1mi (1,0,0)

hlavni kvantové cislo n =1, 2, 3, 4 ... VInova funkce y,,,, je vlastni funkci
feSené Schrodingerovy rovnice pouze pro tyto hodnoty n. Je rozhodujici pro
energii AO.

vedlejsi kvantové ¢islo 1= 0,1,2.... n — 1. UrCuje tvar a smérové vlastnosti AO

Vig ViIwv s

magneticke kvantové ¢islo m, = -I, -1+ 1...0, +1....+/ - 1, ...+l. UrCuje orientaci
AO k soufadnému systému.

spinoveé kvantoveé ¢islo m_, (parametr spinové funkce)
m,=+1/2(T) m,=-1/2 ()



Elektronové slupky a podslupky (energiové hladiny a
podhladiny)

- jsou uréeny kvantovymi Cisly. U velkych atomu se slupky mohou prekryvat.
Elektrony se stejnym n lezi ve stejné elektronoveé slupce.

Elektrony se stejnym n i/ lezi ve stejné elektronové podslupce.

Elektrony, které maji stejne n, i m lezi ve stejném orbitalu.

Degenerované orbitaly jsou orbitaly, které jsou popsany stejnym hlavnim
kvantovym Cislem a stejnym vedlejSim kvantovym Cislem. Navzajem se tedy liSi
pouze magnetickym kvantovym Cislem. PocCet orbitalt v kazdé slupce je 21 + 1:
1s orbital, 3 p orbitaly, 5 d orbitalt a 7 f orbitalu.

Protoze existuji pouze dve hodnoty spinu elektronu, mohou byt v kazdéem
orbitalu pouze dva elektrony.

Podslupka tedy muze obsahovat maximalné 4/ + 2 elektrony a slupka
maximalné 2n? elektronu.

Elektronova konfigurace = vrstva (n) + podslupka (/) + poCet elektronu



Obsazeni jednotlivych orbitall se fidi pravidly:

Princip minima energie
atom nepodléhajici vnéjSimu pusobeni prechazi samovolnymi procesy do
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Vystavbovy princip

orbitaly s energii nizsi se zaplnuji dfive nez orbitaly s energii vySsi, energie
orbitall se zvySuje s rostouci hodnotou souctu hlavniho a vedlejSiho
kvantoveho Cisla.

Pauliho princip vylu€nosti

Dva elektrony se nemohou nachazet ve stejném stavu, jejich stavy se musi
liSit alespon v jednom kvantovém Cisle. V elektronovém obalu nemohou byt
zadné dva elektrony se vSemi Ctyrmi kvantovymi Cisly stejnymi, v jednom
orbitalu mohou byt maximalné dva elektrony s opacnym spinem.

Hundovo pravidlo maximalni multiplicity

V degenerovanych orbitalech vznikaji elektronoveé pary teprve po obsazeni
kazdého orbitalu jednim elektronem, nesparované elektrony maji stejny spin.
Soucet magnetickych spinovych Cisel vSech elektront v podslupce, resp.
tzv. multiplicita, musi byt maximaini.



Excitovany stav

je stav s vyssi energii. Jestlize atom ponhlti urCité mnozstvi energie z okoli
(ohfev, excitace UV zafenim, ...), mUze dojit k pfeskoku jednoho nebo vice
elektrond do energeticky bohatSich orbitalt. Elektrony se pfesunou dale od
jadra atomu a cely atom tak bude snaze reagovat, nez kdyby byl ve svém
zakladnim stavu. U jednoho atomu muze existovat vice excitovanych stavu.
vliv na vytvareni chemickych vazeb (v zakladnim stavu je uhlik dvojvazny a
v excitovaném stavu Ctyfvazny).

§C: 1s|TL| 2s (T 2p (T |T

sC*: 1s|Td] 2s|T | 2p[T |T |T

Valencni excitovany stav = stav, kdy prvek ze zakladniho stavu excituje
valenéni elektron (popf. elektrony) do prazdnych orbitalu valencni vrstvy v
souladu s Hundovym pravidlem. Nékteré prvky se excitovat nemuzou, u
nékterych atomu existuje vice valenénich excitovanych stavu.



Madelungovo — Klechkowskiho pravidlo (n+/)

1. prednostne se obsadi orbital, u néhoz je soucet n + I mensi
2. z orbitalu se stejnym souctem n + |, se jako prvni zaplni ten, jehoz hlavni
kvantove Cislo n je mensi.

Orbitaly se zaplnuji v nasledujicim poradi: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s,
4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p

[Orbital Value ofn  Value of Value of in+
15 1 I 1T+0=1
25 2 I 2+0=72
2p 2 1 2+1=3 20 (n="2 has lower energy than
s 3 I d+0=13 ds(nh=13)
dp 3 1 J+4=4 dp (n=3) has lower energy than
15 4 I 4 +0=4 ds(n=4)
ad 3 2 J+2=45 3d (n=3) has lower energy than
. An 4 1 4+1=5 Ap (n=4).




Wiswesserovo pravidlo

= urCeni energetické sekvence atomovych podslupek (n, £ ) podle rovnice

/
Winé) =n4f— —
(n,£) =n {+1

Orbitaly se zaplnuji v nasledujicim poradi:
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p...
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Zaplnovani atomovych orbitall

(total: 2 electrons)

(total: 4 electrons) | 42050 4
(total: 12 electrons) 1572525 35° a
(total: 20 electrons) |_,-.,-22_;,-2'_?'J.,’i,'{_.h,i_'{_l._." l5° &

(total: 38 electrons) ] 52952 f,l,-l._'!;.-..—'j’-,','- lh-::mlllulljh-ﬁ_-ﬁg .

152257 2p" 35230 457 3d 4t 557 4d 5
{total: 36 elactrons)
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(tatzl: 72 elactrons)
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1s>2s>2p>3s>3p>4s>3d>4p>55s>4d>5p>6s>4f>5d>6p>7s>5f>6d>7p



Teorie

,.7 I've written He over
1s° _ here because it makes
better sense for now.
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Element 1:? ;1011{:-:1- Electronic Configuration Nmr ;:;izgr
Helium 2 1s? 18 1
Neon 10 1s%2s%2p° 18 2
Argon 18 1s*282p°3s* 3p° 18 3
Krypton 36 1s*2872p"3s?3p®3d""4s? 4p° 18 4
Xenon 54 15?25?2p°3s?3pf3d'%4s? 18 5

4p°4d'95s2 Spb
Radon 86 15*25?2p63s?3pf3d'4s? 4p° 18 6

4419404952 5p55d196s 6p°

Electron

Configuration

Sodium
Magnesium
Aluminum
Silicon
Phosphorus
Sulfur
Chlorine

Argon

o | acon
Configuration
11 15%2522p©3s!
12 1522522pb3s?
13 1522522p53s23p!
14 1522522p63s23p?
15 1522522p%3s23p3
16 15%25%2p®3s23p?
17 15%25%2p®3s23p°
18 15%2572p53s23p®

Using Noble Gas

[Ne]3s!
[Ne]3s?
[Ne]3s?3p’
[Ne]3s%3p?
[Ne]3s%3p3
[Ne]3s23p*
[Ne]3s%3p?

[Ne]3s?3p® or [Ar]



Exceptions to the Aufbau Principle

Half-filled d subshell plus
half-filled s subshell has
slightly lower in energy

than s? d4.

Filled d subshell plus half-
filled s subshell has
slightly lower in energy

than s2 d°.

More exceptions occur
farther down the periodic
table. They aren’t always
predictable, because energy
levels get closer together.
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[Ar]3d'4s2
[Ar]3d™4s?
[Ar)3d?4s?
[Ar]3d>4s]
[Ar]3d %42
[Ar]3d%s>
[Ar]3d 452
[Ar]3d%4s2
[Ar]3d'%4s]

[Ar]3d'04s?

1s>2s>2p>3s>3p>4s>3d>4p>5s>4d>5p>6s>4f>5d>6p>7s>5f>6d>7p



Anomalous E. conf. — exception to the Aufbau Principle

Element Expected Observed
Cr (Z =24) [Ar]3d* 4s? [Ar]3d® 4s'
Cu(z=29) [Ar]3d® 4s? [Ar]3d™ 4s!
In terms of orbital diagram: T T T t T T
Cr [Ar]
3d 4s

Reason: a half filled 3d subshell has extra added

stability.
In terms of orbital diagram: ]‘ H T H H T
Cu [Ar]

3d 4s

Reason: a filled 3d subshell has extra added stability.

Unusual Electron Configurations

Predicted Electron Actual Electron
Configuration Configuration

copper, Cu [Ar] 3d? 4s2 [Ar] 3d 10 45
silver, Ag [Kr] 4d° 552 [Kr] 4d'0 55
gold, Au [Xe] 4f 14 5d° 652 [Xe] 4f 14 5410 65
palladium, Pd ||[Kr] 4d® 552 [Kr] 4d'°
chromium, Cr | [Ar] 3d* 4s2 [Ar] 3d° 4s
nolybdenum, | kr) ag* 552 [Kr] 4d5 55
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Skutecnost

1s?

2s1(28%

351|352

4s'|4s2[3d'|3d2[3d%(3d5 3d%3d53d7|3d8
5s1|5s2|4d"'|4d?4d4 4d 4d 4d74d®(4d"
6s'(6s2\ |5d2/5d3(5d45d5|5d¢5d7 |5d?
7s'|7s?| \ |6d?6d3|6d*6d56d®6d7|6d®




lonizace

Pomoci Hundova pravidla Ize zobrazit také elektronové konfigurace iontu
- jak kladné nabitych iontu (kationty), tak zaporné nabitych iontt (anionty).

1. kationt vznika tak, ze z elektroneutralnino atomu je odtrzen jeden nebo vice
elektront; v atomovém obalu ma tedy kationt pfislusného prvku o dany pocet
elektroni méné, nez ma elektroneutralni atom.

2. aniont vznika tak, zZe elektroneutralni atom pfijme jeden nebo vice elektronu;

v atomovém obalu ma tedy aniont pfislusného prvku o dany pocet elektronu vice, nez
ma elektroneutralni atom.

lonty neprechodnych prvkl nabyvaji konfigurace nejblizS§iho vzacného
plynu- Na: 1s22s?22p%3s? —— Na*: 1s522522p°
|_|_I

10 electrons total,
isoelectronic with Ne

Cl: 1s22s22p®3s23p> —— Cl: 1s522522p%3s23pb

18 electrons total,
isoelectronic with Ar

U prechodnych kovll se pfri ionizaci odstépuji elektrony z ns orbitalu

drive nez z (n-1)d orbitalu. Fo: [Arl4s23d5 Mn: [Arjds23d5

Fe2+: [Ar]4s°3d® or [Ar]3d® Mn?+: [Ar]4s°3d°® or [Ar]3d®
Fe3+: [Ar]4s°3d° or [Ar]3d°



Electron Conﬁgurations of Cations and Anions

Na [Ne]3s’ Na® [Ne]

Atoms lose electrons so that
Ca [Ar]4s? Ca* [Ar] |cation hasa noble-gas outer

Al [Ne]3s23p' AI%* [Ne] electron configuration.

H 1s’ H- 1s2 or [He]
Atoms gain electrons so
that anion has a noble- F 1s2s°2p°® F~ 1s°2s%2p° or [Ne]
gas outer electron

2002914 12 1029a29n6
configuration. O 18°2s°2p™ O 1s°28°2p° or [Ne]

N 1s22s22p® N3 1s522s22pf or [Ne]



Ti

Ti*
Tis*
Ti*

152 252 2p® 3s® 3p® 452 3d°
152 252 2p® 352 3p° 4s! 3d°
152 252 2p® 3s? 3p® 3d?
1s2 252 2p® 3s? 3p° 3d!?
152 252 2p® 3s2 3pd

HERIRERERR
3d° 45"
WL [
3d* 4s”

3d° 45"

ANk

3d® 4g”

Metal ions 3d orbitals
[Ar] | ] |,
[Ar] [ ] [
[Ar] [ \
Mn2, Fe*  [Ar] L [J [J [J 1]
Fe*, Co*  [Ar] |JId |J ][]
(Ar] LU 1]
[Ar] SRR
[Ar] [LLLTLT I
Cu*, Zn?*  [Ar] J1d




