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Osnova kurzu

« Molekuly
« Makromolekuly

* Pohyby molekul

 Interakce
 V ramci molekul
« Mezi molekulami
 Se svéetlem



Atomy — shrnuti z minula

Atomy - Tvoreny jadrem (protony a neutrony) a
elektronovym obalem s elektronovou konfiguraci

Rozdily mezi prvky vyplyvaji ze stavby elektronového obalu

Fyzikalni a chemické vlastnosti prvka se pravidelné opakuiji
e Atomovy polomeér
* lonizacni potencial (IE)
* Elektronova afinita (EA)
* Elektronegativita

Fotoelektricky jev + spektroskopie — Carové spektrum atom(

Premény mezi atomy = jaderné reakce
* Rizend jaderna reakce X Spontanni jaderna reakce
* Transmutace
« Stépeni jader
« Syntéza (fuze) jader



Molekuly



Molekula — definice IUPAC

* elektricky neutralni entita sestavajici z vice nezli
jednoho atomu. Presné, molekula, v niz je pocet
atomu vétsi nezli jedna, musi odpovidat snizeni na
plose potencialni energie, které je dostatecne
hluboké, aby udrzelo alespon vibracni stav.

* nejmensi castice latky schopna samostatné
existence a zachovavajici zakladni chemické
vlastnosti dané latky



Typy molekul

* homonuklearni—H,, N,
* heteronuklearni — H,0

molekuly jsou podle definice neutralni existuji i
* molekulové ionty NH,* (stalé ve vode, kryst.)
* radikaly NO- (nestalé, reaktivni)



Predstavy o molekulach

* 1812 Berzelius — na zakladée elektrostatiky
* 1904 Abegg — pravidlo osmi

* 1913 Moseley — atomoveé Cislo

* 1915 Kossel — teorie elektrovalentni vazby
* snaha ziskat konfiguraci vzacnych plynu

* 1916 Lewis — teorie nepolarni vazby
* sdileni dvojic elektronu a vytvoreni co nejvice
stabilnich oktetu
* 1927 Heitler, London — kvantova teorie molekul H,
* MO-LCAO
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Proc existuji molekuly?

* celkova energie atomu v molekule je nizsi nez
celkova energie izolovanych atomu =>

Vznikd chemicka vazba

vzdalenost 10-19 m
1.0 2.0
| 1

452e J

vazebna energie

Celkova energie

kfivka (plocha) potencialni energie

0.74 =r,
vazebna vzdalenost



Chemicka vazba

Co drzi atomy u sebe?



Interakce v nasem mikrosvete

Interakce protony at.jadra atomy molekuly

+ + + +

neutrony elektrony atomy molekuly
Vznika at. jadra  atomy molekuly jiné molekuly

a mol. klastry

T (K) 108 103-10* 10%-10% 10-400

Fyzika

Chemie

Biologie



Energy

Kovalentni a nekovalentni interakce

e odlisny puvod
Kov | — prekryv castecné obsazenych
orbitall
Nekov | — elektrické vlastnosti molekul

‘ e rozdilné vlasnosti (AG=AH-TAS)

AE (kcal/mol) R (A) entropie
l A s R KI -~ 100 12-16 nedulezitd
K — Nl-~1-5 2.0-5.0 klicova
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Vazebna/Disociacni energie

* pro oddéleni dvou atomu spojenych vazbou je
treba dodat energii — disociacni energii vazby

H,9) ——= 2H(g) D = 435.9 kJ/mol

* disociacni energie je rovna energii, ktera se uvolni
pri tvorbé vazby (ma jen opacné znaménko,
dusledek zakona zachovani energie)



Plocha potencialni energie (PES)

* energie tvori plochu nad souradnicemi jader —
energeticka (hyper)plocha - PES

E-f(R)

* lon H,*

Celkova energie

vzdalenost 10-19 m
1.0 2.0
| 1

452e J

vazebna energie

kfivka (plocha) potencialni energie

0.74 =r,
vazebna vzdalenost



Polarita vazby

* ruzné prvky maji riznou elektronegativitu (miru

schopnosti poutat valencni elektrony)

* polarita hovori o a odpovida rozlozeni elektronové
hustoty v molekule

@
@

D

-
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d

@ Q@J |
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https://chem.libretexts.org/LibreTexts/Mount_Royal_University/Chem_1201/Unit_3%3A_Chemical_Bonding_|_-_Lewis_Theory/3.4%3A_Bond_Polarity



* ruzné prvky maji riznou
elektronegativitu (miru

Polarita vazby schopnosti poutat

valencni elektrony)

Electronegativity Difference

Nonpolar g Polar 18
Covalent Covalent . lonic
Bond l Bond l Bond
Examples: C-H c-0 NaCl
25-21=04 35-25=10 3.0-09=21
(b) (©)
5+
Nonpolar covalent bond  Polar covalent bond lonic bond
Bonding electrons shared Bonding electrons shared Complete transfer of one or more
equally between two atoms.  unequally between two atoms. velence electrons. o
No charges on atoms. Partial charges on atoms. Full charges on resulting ions,

16
https://chem.libretexts.org/LibreTexts/Mount_Royal_University/Chem_1201/Unit_3%3A_Chemical_Bonding_|_-_Lewis_Theory/3.4%3A_Bond_Polarity



Kovalentni vazba *
Y X
Kovalentni vazba (AX = 0.0 - 1.8) Hyd.,o;en N‘og. (:,‘g:n f:o,:_:

. J , o H,) (N,) (0,) (F,)
* pevné spojeni dvou a vice atomU
* vazby se ucastni pouze valencni elektrony (oktet)

* nepolarni (AX =0.0-0.4) . ' “
e polarni (AX=0.4-1.8)
oo oo @

—@
 koordinacnhée kovalentni kit Sk g

(ct,) (Br,) (1)

* |atky vétSinou nerozpustné ve vodé
* nevedou el. proud
* dobre se misi s nepolarnimi rozpoustédly

17



Kovalentni vazba

slucovani atomu spociva v prechodu el. z jednoho na druhy
atom. (J.J. Thomson)

— usporadani vnéjsich elektronu s vétsi stabilitou nez v
isolovanych atomech

nd = v

A28}

| / /\
m ) ANB) + AZIBI
' Enhanced

gloctron density

vnitrni elektrony jsou tvorbou KV nedotcCeny

29.11.2023 18



valentni vazba -

* ucinny a neuci
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Dé

ka chemicke vazby

* na typu vazanych jader

* na nasobnosti vazby (zalezi na poctu
nesparovanych elektronu)

1s

1.
T
v

2p 2p

O [+ N |t 4
ﬂ-]EFIJ, N |vlvlv

http://e-chembook.eu/chemicka-vazba

C-C
C=C
C=C
H-C

153 pm 346 kl/mol
134 pm 610 kJ/mol
121 pm 837 kJ/mol

20

109 pm 413 kJ/mol



Teorie molekulovych
orbitalu



Teorie molekulovych orbitald

* kombinaci vSech atomovych orbitalt v molekule
* vhodna symetrie

 podobna energie

* kombinaci n AO vznikne n MO

e MO-LCAO (Molekulové Orbitaly — Linearni
K(C)ombinace Atomovych Orbitalu)



MO-LCAO

o/

* Dva pronikajici se orbitaly AO’ a AO” se pfi rlstu
hodnoty S méni na dvojici orbitalll MO a MO*.

AOQ' AQO" AO' AQO" AO'AQ"

S—0 S < 0 S << 0

 MOP" -vazebny orbital (symetricky orbital).
ma mensi energii nez puvodni AO” a AO”. V tomto
orbitalu se po vzniku vazby budou nachazet oba
elektrony, ucastnici se vazby (Vznikly systém bude mit
mensi energii nez puvodni systém).

« MO* - antivazebny orbital (antisymetricky orbital).
ma vyssi energii nez puvodni AO’ a AO”. Neni vétSinou

obsazovan elektrony. Kdyz k tomuto obsazeni prece
jenom dojde, tak pusobi proti vzniku vazby.



MO-LCAOQO: linearni kombinace AO

 Pro vlnové funkce y(MOP) a w(MO*) molekulovych
orbitald MOP a MO*, vzniklych prinikem
atomovych orbitalu AO" a AO"”, plati:
y(MOP) = c'y(AO" ) + c“y(AO")
y(MO*) = c'y(AO" ) - c“y(AO")

¢’ a ¢“jsou vahove konstanty (Jjakym podilem ptispivaji AO do MO)

A ) . ., Node
Atomové orbitaly odecist P YW
> 9 .
o 1s 1s (1s—19)  — —
Q
: —— —
e £ £ Energy of isolated H atoms
@© ) L e ) e e it s e i o e et ) it o e
= \ % y j
c . S
2
o Isolated H atoms seCist ——
= ° °*
(1s+ 15) k\u -
- 24

https://is.muni.cz/el/1431/jaro2012/C0001/um/32299794/C1020_L10_MO.pdf



Analogie MO s AO

* kvantove Cislo | — orbitalni uhlovy moment
/... 01 2 3 4..

ot 6 ¢ V.. molekuly

s pd f g..atomy



MO-LCAO - Rad vazby

Rad vazby = %(Z vazebnych el. — ¥ antivazebnych el.)
charakterizuje nasobnost a pevnost vazby
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\ - 7,
Pid \ / | . s
., \\ ’ ~ /’
; . F
RN Fd L% ’
~ g N, P
‘ ’

H HE O F

d
d

Energy
S
»
Energy
d By
= o s

vazebny fad

v H,* je roven %, 15 s N s
- AN 1\1, /' ‘\/,

N, Je roven 3,

AO MO AO AO MO AO
of Li of Liz of Li of Be of Bez of Be

O, je roven 2 atp.

A Lip bond order = 1 B Bep bond order =0



Degenerované orbitaly

* nekdy je-li spojnice jader
totozna s osou x => S
soucasny prekryv p, a p, /

AO za vzniku MO 1, a T, fzzpz-

se stejnou energii => \ |

* degenerované MO

G* 2s

priklad N, Lﬁc 2s




Nasobnost vazby

* jednoducha vazba je typu o
 zvysena elektronova hustota na spojnici
vazanych atomu
* nasobna vazba obsahuji navic vazby typu

 zvysena elektronova hustota mimo spojnici
jader

28



Lokalizace vazby o—=c

* chem. vazba jako spojnice jader tzv.
lokalizované (sdilené elektrony jsou pouze v
okoli vazanych atomu)

» delokalizované — o elektronovy par se déli tri a
vice atomu (vazba je rozprostfena po celé
molekule nebo jeji ¢asti)

Example: Benzene (CgHg) [ | ~— [ ) o [()

) )
) ) ’ R ——— : /
 / : g y
\ 7 )
v Vo St V/
| . \ N \ - —
(a) o bonds (b) 2p atomic orbitals (c) Delocalized 7 bonds

http://www.praca-w-niemczech.info/imalddrm-delocalized-pi-bond.html



MO-LCAO — kombinace p orbitalu

e
-

ii o* 2pz

I

|

|

|

|

|
ronn
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MO-LCAO — HOMO a LUMO

¢

_ T LUMO

! ]

s _F:\ :: c
HOMO = nejvyssi obsazeny MO —H— T HOMO

31



Molecular Orbital Coefficients
1 2 : : |HOMO
(B) —-0 (B)—-0 () --0 (A) —-0 (A) ——0
|\\/1 (::) EIGENVALUES —- -11.14751 -0.94411 -0.56257 -0.54330 J-0.52231
11 ¢ 1s 0.98709 -0.20843  0.00573 -0.00023 | 0.00511
2 25 0.09914 0.20199 -0.00671 0.00003 |-0.00625
3 2PX 0.00032 0.00925 0.37325 -0.00044 | 0.00129
. 4 2PY 0.00000 -0.00029 0.00088 0.37349 |-0.00498
GaUSSIan03 5 2P7 0.00031 0.00842 -0.00179 0.00490 | 0.37353
6 35 -0.07142 0.61246 -0.01588 0.00159 |-0.01356
7 3PX -0.00166 0.01224 0.30719 0.00147 | 0.00100
) . 8 3PY -0.00009 0.00028 0.00238 0.31088 |-0.00305
3P% -0.00159 0.01098 -0.00154 0.00514 | 0.31716
Vypocet MO pro CHfE 2 H 18 -0.00047 0.12306 0.19169 -0.00340 |-0.19600
11 25 0.01382 0.02304 0.16812 -0.00341 |-0.20040
12 3 H 18 -0.00052 0.12183 -0.06955 0.25994 | 0.05672
13 25 0.01395 0.02231 -0.06438 0.24515 | 0.05431
14 4 H 1S -0.00028 0.12483  0.09940 -0.11973 | 0.22549
15 25 0.01444 0.02058 0.08748 -0.11526 | 0.22819
16 5 H 18 -0.00075 0.12014 -0.22248 -0.13730 |-0.08615
17 25 G (). 02560 -0.19681 -0.12760 |-0.08804
LL(LMQ 7 8 9 ™
AL (D) —-V (D) —-V (D) —-V (D) ——V
EIGENVALUES —— 0.29402 | 0.34084 0.35074 0.35818  0.91363
11 ¢C 1s -0.17915 | 0.00675 0.00066 -0.00005 -0.00075
2 25 0.04311 | 0.00194 -0.00052 -0.00394  0.01903
3 2PX 0.00229 |-0.01462 -0.01384 0.27473 -0.02425
4 2PY -0.00278 | -0.04489 -0.26541 -0.01839 -0.04624
5 2P7% -0.00625 |-0.25962  0.04839 -0.01233 -0.74588
6 35 2.49436 | -0.14223 -0.00588  0.04072  0.02540
7 3PX 0.03982 |-0.08401 -0.08816 1.51321  0.03843
8 3PY -0.01162 | -0.24603 -1.39797 -0.08627 0.07119
9 3P% -0.00005 |-1.30501 0.23512 -0.06245 1.09261
10 2 H 18 -0.00064 |-0.07666 0.01489 -0.04160 0.47265
11 25 -0.97935 | -1.08385 0.30069% -1.38097 -0.16315
123 H 1s 0.00445 | 0.02975 0.07297 0.02659 -0.15492
13 25 -0.91992 | 0.69625 1.56936 0.57040 0.01697
14 4 H 1s 0.01219 | 0.07178 -0.04923 -0.01807 -0.50366
15 25 -0.89675 | 1.33843 -0.99730 -0.68372 0.12436
29.11.2023 16 5 H 1S -0.00536 | -0.05030 -0.03741 0.05158 0.26090
17 25 -0.97606 | -0.70522 -0.86554  1.41052 -0.09513




MO-LCAO pro B,, C, a N,

Energy

Gos
AO MO AO

AO MO AO

A MO energy levels for Op, Fp, and Nep B MO energy levels for Bz, Cp, and Np
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MO-LCAO

De @
fas \/

hase
P nuclei

2. 2p, in-phase

*

9 %,
3 &

phase
< nuclei
in-phase
2py 2p, ,

— PNip

Jednoducha vazba

Dvojna vazba
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Multiplicita

* multiplicita spinu — odrazi celkovy elektronovy spin
souboru elektronu

e udava stupen degenerace systému v nepritomnosti
vnejsiho magnetického pole

* Ukazuje na magnetické chovani



Multiplicita

M=2S+1

kde S je soucet neparovych spinQ (1/2) v atomu

nebo molekule

o u1 A W N =

singlet
dublet
triplet

kvartet
kvintet

sextet

1/2

1
11/2
2
21/2
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Multiplicita — dimer kys

Paramagneticky
triplet

iku

A Moleculur
/N0
{
Alomie Atomic
A ~ /7
OO OO

Encrey

|
| 0"
(A1) _— 2
. O/ 1S
IS e b

singlet
A Molecuku
7\
Atomic = _\ ¥ - Atomic
AN )
\Tl '“\\I’,) \Q
2Px 2Py 2% 2P 2Py 2Px
'y N
N/
Enecrgy ’/‘I /‘\—’2? \\ Jf’._ \}
\\L ‘\ i/ l\ /4-/ N/
28 ~ /) o
)
(! - ‘\_‘/'.,\\ M
s P =
\\i/. E\)// \_-
IS Y 15

Figure 1-Molecular orbital of triplet oxygen (Min and Lee 1999)

Figure 2-Molecular orbital of singlet oxygen (Min and Lee 1999)
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« UV p.VISl-: infrared -

_ 100
spektrum methane (CH,) 50
IS
nitrous OX|de (NZO) 1100 5
A,Jl J. To. _‘%
| 0 g
xygene (02) and ozone (O, -100 &
l Al O CCD
carbon d|0X|de (COZ) 7100 €
}\Aﬂ J %0 8
| O E
Water (H O) o
100 &
)/-.\.LLF 50 &
. 0 &
atmosphere o
2100 &
150
l I O
100nm 500nm 1um ~ 5um 10um

29.11.2023 Wavelength



Oxid uhelnaty

2p

25

CO
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Fotoelektronova spektroskopie

* slouzi ke studiu ok 2p ey
rozlozeni orbitalu ox2p

o 7 + 15
* Koopmansuv teorem

P, - o M 5]

€, , ~=
. . v ™ 2P TP j
* zaruje se UV svetlem ox2s }- -
(UPS) nebo RTG zaF 1
(XPS) a sleduiji se J

——_ 135

vyrazené elektrony o 2s — ]




XPS

v v/

* meri prvkoveé slozeni,
empiricky vzorec,
chemicky a elektronicky
stav prvku v materialu
(méreni vyzaduje velmi
vysoké vakuum — UHV)

Focused Beam of

Electron Energy Analyzer (0-1.5kV)

Photo-Emitted Electrons (< 1.5 kV) S (measures kinetic energy of electrons)

escape only from the very top surface
(70 - 110A) of the sample
Electron

Electron
Collection
Lens
Take-Off-Angle ¢

_ |. Si(2p)
Si0,/8i° A 'E
Sample |

Si(2p) XPS signals
from a Silicon Wafer

Electron Detector
(counts the efectrons)

X-rays (1.5 kV)

Samples are usuailly solid because XPS
requires ultra-high vacuum (<10° torr)

K-ray Photo-electron Spectroscopy*
Electron Spectrum
Cu XPS
2p3 Survey Spectrum
of Pure Copper
(Cu)

(MR

# of electrons measured

o Eipaon Gounts

Cu Cu Auger

*aka ESCA

1 25) electrons

ok & 20
Binding Energy of Electrons (eV)

Usual Analysis

Area and Depth

Top 20 atomic layers



Metoda valencni vazby



Metoda valencni vazby

1927 - Heitler, London

1930 — Slater, Pauling

 zalozena na Lewisové konceptu KV

* sdileny el. par ze dvou AO tvori chem. vazbu

VvV eV 7/

regionu
* resonance (struktur muze byt mnoho)

e struktury se sparovanymi e prispivaji dominantné k vin.
fci



Typické pocty valencnich elektronu

1 Valence Electrons and Electron Dot Symbols 8
Xe :.XS
2 ..
PR .. we ) |2 s
@) - o @m
!“‘::‘l I Tn.u .x' S wml|fe vml|? wels s l;":-
Li | Be B C N| O F Ne
u‘"-:- x:m::n f A u.n:-a u(-:- 1: -u::‘ x; :‘.. 1:“:- 18 s
Na | Mg Al | Si| P | S | Cl|Ar
um:- ;_::- 21 wowl22 omrfi23 wsufl24 nemi|25 swem||26 wesi27 w28 w129 @l ww :1_:: ll"::u 33 u”’:- l:“::- )6..":-
K |C|Sc| Ti|V|C|Mn|Fe]|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br|[Kr
:‘I"M:: llw(::: ;“:: 4’:‘::- ::“:': l‘;":: ::.“: “-:-ur l;(‘:n “‘:n 47‘“:::: Mh:uu 0"“::-: :O'-:: Sl‘“l:n 5;“‘1:- s:-:n :’:’:n
Rb| Sr| Y | Zr {[Nb|fMo| Tc [Ru|Rh |Pd |Ag | Cd | In|Sn | Sb | Te| I | Xe
5;.:1::! ;“'I‘:': :;.7‘;‘ :(:: 7:‘:m 74 w75 weas|[76 wax 7;07:11 7’:‘“1:: 70“:» :.::u l:“::- 2 waz l:m::l :: B.ml'l‘m “..:u
Cs |Baflaluf Hf | Ta | W | Re || Os | Ir | Pt | Au|Hg| Tl | Pb| Bi | Po | At | Rn
A O G i o ) e 0 £ B Bl L N )
Fr | Ra |Ac-Lr| Rf | Db | Sg | Bh || Hs | Mt | Uun|Uuu|Uub Uuq
2 (X
)
57 anlS58 waullS9 ewll60 mn|l6l oew J62 vem|i63 vim||64 n|I65 anl|66 ww||67 wam||68 w169 amBT0 w71 M
la|Ce| Pr|Nd|Pm|Sm| Eu |Gd|| Tb|Dy |Ho| Er | Tm | Yb | Lu
89 (2 §90 ramiol w92 rmes]i93 un ||98 (e (195 e |[96 wen 97 (w 198 (su ||99 sa §100 s §101 (e § 102 (e | 103 (e
Ac | Th|Pa| U |Np|Pu|[Am|Cm | Bk | Cf | Es | Fm | Md | No | Lr

http://www.wou.edu/chemistry/courses/online-chemistry-textbooks/ch150-preparatory-chemistry/ch150-chapter-4-covalent-bonds-molecular-compounds/
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Kovalentni vazba

+ - hydrogen
molecule

2 hydrogen
atoms

+ — fluorine
molecula

2 fluarine
atoms

— carbon dioxide
2 * molecule

2 oxygen carbon
atams atom

JOROO0

4 fluorine carbon

atams atom a molecule of
carbon tetrafluoride

https://chemstory.wordpress.com/all-new-chemystery-2-0/forming-covalent-compounds/
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MO a VB

benzen
MO: 6 mtel. > 6 MO, 3 obsazené a 3 virtualni
(vSech 6 el. ve vazebnosti)
VB: 2 Kekulé a 3 Dewarovy struktury
(80% 20%)

OO e




Dalsi typy vazeb

Koordinacneé kovalentni
lontova

Koordinacni



Koordinacne kovaletni vazba

(komplexni, donor-akceptorova)
* |iSi se jen zpUsobem vzniku

* elektrony sdileného paru dodava pouze jeden atom
(donor)

e atom prijimajici el. par je akceptor

e po vytvoreni vazby ji nelze dle vlastnosti sloucenin
odlisit od ostatnich vazeb

Lone Pair of

e oo Flectron® \../\ C::atl’tra:itn;;end @ /\Qew fofiic.Clomg
® @ :@: @}/;%?:@ @.@ . ®.®o® @

1 Valence Shell 5 Valence Shell 7 Valence Shell

Electrons Electrons Electrons Ordinary Covalent : @ i
Bonds 1 I
Ammonium Chloride
Cation Anion
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ittp://www.wou.edu/chemistry/courses/online-chemistry-textbooks/ch150-preparatory-chemistry/ch150-chapter-4-covalent-bonds-molecular-compounds/



lontovd vazba Mo/ — mdP: e

* zaloZena predavani elektront a pusobeni
elektrostatickych sil

* pri rozpousténi nebo v taveniné se ionty uvolnuji —
volny pohyb => Roztok Ci tavenina vede el. proud.

lontové krystalické latky Q QG Q

* vysokeé body tani a varu

SDILENI PRESUN

v v v Vs ELEKTRONU ELEKTRONU
* pomeérné krehké -
@ @
1] (1]
- ._
Na-. :Cl: — Na':Cl: o
"M\ byl e molekula kation ~ anion
~— | Kovalentni vazba | lontova vazba |
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www.kch.tul.cz/sites/default/files/texty/ft/prednasky.../ft-04-chemicka-vazba.ppt



lontova vazba

a2 ®
» &
. . .

http://www.wou.edu/chemistry/courses/online-chemistry-textbooks/ch150-preparatory-chemistry/ch150-chapter-3-ionic-compounds/
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Vznik iontoveé vazby

Nukleace a rust

top view
| phase transition b c
) nucleation % ‘ -J z
[0) 0.
5|3 & growth o :
o) : side view
o ! x :0.277(8 '
9 \ 2, : e ’_ © AN
e 153 ; 3808 P 3 overs
5| ¢ ; L‘“ y :0.273(16) (nm)
e:Nat o:CI- Ie (x,y,2) = (5,8,5)
d semi-
i (i) @y\ordered jjj) () (o ordered (v) (vi) (V") step (viii)
25 crystal
— —_— }. :2‘ .
hidden
'lreservoir \esede!
nucleation phase trans:t/on crystal growth

Takayuki Nakamuro, Masaya Sakakibara, Hiroki Nada, Koji Harano, and Eiichi Nakamura:
Capturing the Moment of Emergence of Crystal Nucleus from Disorder. Journal of the
American Chemical Society 2021 143 (4), 1763-1767 -
https://pubs.acs.org/doi/10.1021/jacs.0c12100



https://pubs.acs.org/doi/10.1021/jacs.0c12100

Koordinacni slouceniny



Koordinacni slouceniny

* Molekula Ci ion, v némz jsou k atomu M vazany dalsi
atomy Ci skupiny tak, ze pocet vazeb mezi ligandy a
centralnim atomem prevysuje oxidacni Cislo atomu M

* Vazby maji vlastnosti vazby kovalentni jen vznikaji
koordinaci (vazba koordinacné-kovalentni)

N
Nao !!';I _~N Kompenzujici ionty
7 s H
Centralni atom “}CH | /C.f
s
"/’C | \C“"Q‘ Ligand
N.-"" C “\N g y

K,[Fe(CN)]



Koordinacni slouceniny K, [Fe(CN),]

Centralni atom

* Prechodny (pripadné i neprechodny) prvek (prazdné
valencni orbitaly — akceptorem el. paru)

/’ /7 s v N
* \VV hranaté zavorce uplné vlevo ll
vV, Ve v . N\‘\:C (I: ..;‘_,}N
e \Vetsinou ve formeé kationtu > C
Loy

Ligandy

« Castice s nadbytkem elektront (s volnymi el. pary) —
obsahuji donorovy atom

* VV hranaté zavorce vpravo od centralniho atomu




Koordinacni slouceniny

Klasifikace ligandu

e Podle poctu donorovych atomu
» jednovazny (monodonorovy) Ci vicevazny (polydentatni)

* Podle zpusobu vazby u vicevaznych ligandu
* mustkovy (vaze se k vice nez jednomu centralnimu atomu)

* chelatovy (polydonorovy ligand vazany k jednomu a témuz
centralnimu atomu dvéma i vice donorovymi atomy)

NH, NHy 17
—_ 2 2
K2 ”KDH‘“Fe’/DHE HET \c{a THE
e
H07 | g~ | “OH; H-C 7/ N\ _CH
Z¥SNH, NH; 2

https://is.muni.cz/do/rect/el/estud/pedf/js18/obecna_chemie/web/skripta/Obecna-chemie.pdf



Koordinacni slouceniny

Koordinacni ¢islo centralniho atomu

* Rovno poctu donorovych atomu vazanych na
centralni atom

* Nabyva hodnot 2-9

https://cs.wikipedia.org/wiki/Koordinaén%C3%AD_¢%C3%ADslo



Koordinacni castice
Ky[Fe(CN)]

e Stabilni Utvar tvoreny centralnim atomem a ligandy
(vznikly koordinaci)

* Mezi centralnim atomem a ligandy je vice donor-
akceptorovych vazeb, nez je hodnota ox. Cisla

centralniho atomu N
v 7’ V4 I 4 V4 N\. C #N
e Uzavrené v hranatych zavorkach Sc .7
-~
v Sy o L7 1 Ca
* Podle poctu centralnich atomu N . SN
* mononuklearni (jeden centralni atom) H

e polynuklearni s vazbou kov-kov ¢i mustkovym ligandem



Kompenzujici ionty
Ky[Fe(CN)]

* lonty nekoordinacni povahy vazané na koordinacni
castici
e Koordinacni ¢astice muze a nemusi byt nabita

(kompenzace dalsi koordinacni ¢astici s opacnym
nabojem nebo anorg. ionty)

* Malé anorganicke ionty (Na*, NH,*, Cl-, NO;"...)



Shrnuti

* Molekuly vznikaji tvorbou chemické vazby a uvolnénim
energie

* Podle typu vazby
* Kovalentni
e Polarni
e Koordinacné kovalentni
* lontova



Podékovani

* VVytvoreno na zakladé podkladu
* Prof. Otyepka
e Dr. Kihrova



Nekovalentni interakce

strong repulsive i i
. Interatomic Potential
. separation at
L_>| energy minimum
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http://www.extrovertgeek.in/2014/06/molecular-psychology-potential-energy.html
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