Molekula

* An electrically neutral entity consisting of
more than one atom (n > 1). Rigorously, a
molecule, in which n > 1 must correspond to
a depression on the potential energy surface
that is deep enough to confine at least one
vibrational state. (IUPAC Gold Book)
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Molekula H,

krivka potencialni energie E = f(R)

nevznika molekula

ﬁ triplet state
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7 - orbitaly

* Vv rovine spojnice jader je nulova el. hustota
* nad a pod ni je zvysena el. hustota

* moznost snadné degenerace

SEOSLS




Nasobne vazby

* mezi dvéma partnery muze vzniknout i
vice vazeb — hovorime o nasobnych
vazbach
— jednoducha vazba (obvykle o)

— dvojna (obvykle o a )
— trojna (obvykle o a 2n)
T H;C—CH,

o H,C—CH,
T

HC—CH

d

E



Charakteristiky vazeb

délka bézné kovalentni vazby: 100-200 pm, bézna energie kovalentni vazby ~400 kJ/mol

délka 107" m energie kJ.mol délka 10 m energie kJ.mol’’
C-H 1.10 373 N-H 1.01 390
C-C 1.54 348 N-N 1.48 159
C=C 1.34 620 N=N 1.26 419
CC 1.20 814 P-H 1.40 319
C-F 1.40 473 O-H 0.96 466
C-Cl 1.76 331 S-H 1.30 348
C-Br 1.94 277 Si-H 1.50 318
C-l 2.13 239 Si-F 1.80 542
C-N 1.47 293 Si-Cl 2.10 361
C=N 1.27 616 Si-Br 2.30 289
C-O 1.43 344 Si-l 2.50 214

C=0 1.21 708 C-Hg 2.10 218
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Homonuklearni dvouatomové mol.
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kombinuji se orbitaly s podobnou energii

Heteronuklearni molekuly

S =0, nulovy
prekryvovy
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Elektronické stavy molekul

* Elektrony obsazuji molekulové orbitaly (o, o*,

i, it*

, Nn...)

* Lze je mérit fotoelektronovou spektroskopii
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méri prvkové sloZzeni, empiricky vzorec, chemicky a elektronicky stav prvk( v materidlu (méreni
vyZzaduje velmi vysoké vakuum — UHV)

XPS

Photo-Emitted Electrons (< 1.5 kV) Electron Energy Analyzer (0-1.5kV)

Kineti of elect .
escape only from the very top surface (megeures kinslic energy of electrone) 'Photo-electron Spectroscopy* e
(70 - 110A) of the sample \ > Electron Spectrum
Cu XPS
Electron Electron Detector - 2p3 Survey Spectrum
Collection (counts the electrons) = of Pure Copper
Lens ‘ g (Cu)
: E Cu
- g 2p1
@
i : Cu Auger I Cu
Focused Beam of electrons u
X-rays (1.5 kV) AN
[7°) " £ A 20

Electron
Take-Off-Angle

Binding Energy of Electrons (eV)

Usual Analysis
Area and Depth

Si0,/8i°
Sample

Cefefefafelefeicfeie
Top 20 atomic layers

Samples are usuaily solid because XPS Si (2p) XPS signals
requires uitra-high vacuum (<10° torr) from a Silicon Wafer
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UV/VIS spektra molekul

* Excitace elektront UV/VIS fotony

Electronic UV absorption spectra of water:

gas liquid water
100 3 108
] C b 2 a
— ' = A,B,C
m 103_ B A 3
2, g 107
g 5 '
o s
5 2 ]
g 1%
5 0.1+ 2 ]
2
Ne
- N 105 ! rrrTrn T T T T TTIrIT
e e 20 10 100 1000
wavelength A[nm] wavelength A[nm]

Wozniak B., Dera J. (2007). Atmospheric and Oceanographic Sciences Library.
New York: Springer Science+Business Media. LLC. ISBN 978-0-387-30753-4.
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UV/VIS Spektroskopie

1
T/l =—2 transmitance
IO,)L
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Shutter

Tungsten
lamp

Deuterium
lamp

I 1024-clement
diode array

In—-4=-k,cL, log—2=-¢,cL, In(10)¢, =k,

IO,/l
—-logT, = A, =¢,cL

IO,)L

A ... absorbance
Lambertliv-BeerQv zakon

&, ... molarni absorpéni koeficient
c ... koncentrace L ... délka opt. drahy
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UV/VIS Spektrum

citlivé na zménu koncentrace H
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absorbance
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Lambertuv-Beeruv zakon

0.7 £(591nm)
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0.6 +
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UV/VIS spektra molekul

e Spektra jsou spojita ne Carova jako u atomu

Electronic UV absorption spectra of water:

gas liquid water
100 3 108
] C b 2 a
— ' = A,B,C
m 103_ B A 3
2, g 107
g 5 '
o s
5 2 ]
g 1%
5 0.1+ 2 ]
2
Ne
- N 105 ! rrrTrn T T T T TTIrIT
e e 20 10 100 1000
wavelength A[nm] wavelength A[nm]

Wozniak B., Dera J. (2007). Atmospheric and Oceanographic Sciences Library.
New York: Springer Science+Business Media. LLC. ISBN 978-0-387-30753-4.
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“Vnitrni pohyb moleku

kéé. 3:*

bending

+“— >

Q9

symmetric stretching

—>

QO O

asymmetric stretching

vibrational motion rotational motion

http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0m/s22-04-entropy-changes-and-the-third-.html



Ukazka vibraci molekuly vody
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Molekuly maji vibracni a rotacni stavy

e Stupné volnosti 3N (pocet atomU/jader)
— 3 translacni (v osach x, vy, z)
— 3 rotacni (pro linedrni 2 rotacni)

— 3N-6 (3N-5 pro linearni) vibracnich stupnd
* Vibracni o rotacni stavy jsou kvantované

Harmonicky oscilator Rigidni rotor
1 -
En=(n+§)hcv, n=0, 1. E,=J(J+1)heB, J=0, I...

vibracni frekvence -
rotacni konstanta

vibracni kvantové cislo rotacni kvantové ¢&islo

EO = _hcvy Energie zakladni vibraéni hladiny Energie zakladni rotacni hladiny =0

E = E = hcv hladiny jsou ekvidistantni
n+ n
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Rotacne-vibracni struktura

Vyssi vibracni hladiny nejsou

6.0 ekvidistantni - anharmonicita
5.0 T Internuclear Distance
/f Rotational
40 + 4 Quantum
/ Number
/
3

=2

2.0 + / =20 =
1.0 + 1 Y -
- E, =2 hev
0.0+t o S -
0.0 1.0 2.0 3.0 4.0 5.C
R (A) Copy it 2000 B.M. Tissue

disociacni energie vazby



McQuarrie, Simon: Physical Chemistry, A Molecular Approach

Rotacni konstanta Vibracni vinocty vzdalenost energie

Spectroscopic parameters of some diatomic molecules in the ground electronic state.
Molecule I}e/cm‘l &e/cm"l' D/cm™! 17‘5,/cm_1 fEe i')e/cm"_l R,(v = 0)/pm DO/kJ-mol‘l
H, 60.8530 | 3.0622 471 x 107 | 4401.213 | 121.336 74.14 432.1
HF 20.9557 | 0.798 2.15x 1072 | 413832 | 89.88 91.68 566.2
H>Cl 10.5934 | 0.3072 5319 x 10™* | 2990946 @ 52.819 127.46 427.8
H”’Br 8.4649 | 0.2333 3.458 x 107 | 2648.975 | 45.218 141.44 362.6
H'?] 6.5122 | 0.1689 2.069 x 1074 | 2309.014 | 39.644 160.92 294.7
R2¢lbg 1.9313 | 0.0175 6.122 x 107® | 2169.814 | 13.288 112.83 1070.2
“N'%O | 1.67195] 0.0171 54x107° 190420 | 14.075 115.08 626.8
NN 1.9982 | 001732 576 x 107° | 2358.57 | 14.324 109.77 941.6
160160 1.4456 | 0.0159 4.84 x 107% | 1580.19 | 11.98 120.75 493.6
ORPR 0.89019 | 0.13847 33x107% | 916,64 | 11.236 141.19 154.6
BCPa | 0.2440 | 0.00149 1.86 x 1077 | 559.72 2.675 198.79 239.2
BrBr | 0.0821 | 0.0003187 2.09 x 10~% | 325.321 1.0774 228.11 190.1
P27 1 0.03737] 0.0001138 425 x 100 | 214502 0.6147 266.63 148.8
BCI®F | 05165 | 0004358 877x 107 | 786.15 | 6.16] 162.83 252.5
PNa®Na| .0.1547 | 0.0008736 5.81 x 10~7 | 159.125 0.7255 307.89 71.1
PKPK | 005674 | 0000165 8.63 x 10~ | 92.021 | 02829 390.51 53.5
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Osud elektronické excitacni energie

Jablonskiho diagram t ‘ - 1 Absorption 105 seconds
7 Vé v Vé T . : . . 12
(monomolekulérni relaxaéni procesy) T L R claxation and Intermal SO o oo
) 0 Phosphorescence >107 seconds
o 4 i
EA excited singlet states N P N L— 2
S = vibrational 8| Si 1 F 1% CH S | 2
S,2 energy Q ¥lvlvlvly i _o T
1 £ 7 .0 I
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| el ISC C L y L 2
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MVabs Z e e
c S6% 69
2 o ..—? T - et T . n :
S ; £ (; — Absorption Fluorescence Phosphorescence
2 B
0
e .
ground state Emisni spektra vykazuji Cerveny posun

PFi excitaci se neméni spin a geometrie (Franck-  Fluorescence kratsi dosvit nez
Condon(v princip, vertikalni pfechod) fosforescence (spinove zakazany prechod)



ELECTROMAGNETIC SPECTRUM

NMR rotace  vibrace elektronové prechody XPS
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Polarizované svetlo

direction of

51 propagation

direction of
propagation

Electric
Fields

"/

If this wave were approaching
an observer, its electric
vector would appear to be
rotating counterclockwise.
This is called right -

circular polarization.

Note the 90°
phase difference \

y
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Polarimetrie

Opticky aktivni latky — staci rovinu polarizovaného svétla
- vyuziti napr. sacharimetrie =~ "=

SAMPLE TUBE
VITH OPTICALLY
ACTIVE SAMPLE

FIXED
POLARIZER X
PLANE
589 nm LED %W POLARIZED

23 LIGHT v 4
NON-POLARIZED
LIGHT

r 100

I:OC:I)L ... specificka otacivost, pri dané teloté a vinové délce
lc,

Ol ... uhel otoceni

/ ... délka optické drahy

c, - hmotnostni koncentrace, napt. v g/L



6], deg. - cm?/dmol

Cirkularni dichroismus (CD)

Meéri rozdil v absorpci levo- a pravo-tocivého cirkularné polarizovaného

\"4
svetla
A,‘l = :1 L — ,‘1 R
8e+d | 1 — ohelix
2 — antiparallel B
6e+4 + 3 — disordered
4 — collagen (triple helix)
4554 5 collagen (denatured)
2e+4
Oe+0
-2e+4
-4e+4
-6e+d | 1 1 1 1

190 200 210 220 230 240 250

Wavelength, nm

(6], deg. - cm?/dmol

Wavelength, nm

Nat. Protoc. 2006; 1(6): 2876—2890.

6000
~ 4000t Lol
— -glucose
E 2000}
-
.%o -2000F \ |.f"
= 4000} D-glucose
6000} I .
230 279 300
A, nm
8e+4 Circular dichroism (CD) spectra of polypeptides and
= 't’gﬂg'obin proteins with representative secondary structures. a,
be+d 3 — Chymotrypsin CD spectra of poly-L-lysine at pH 11.1 in the 1 (black) a-
fa 4 Bereedones | pelical and 2 (red) antiparallel B-sheet conformations
and at pH 5.7 in the 3 (green) extended conformations5
C and placental collagen in its 4 (blue) native triple-helical
0640 : | and 5 (cyan) denatured forms64. b, CD spectra of
» representative proteins with varying conformations: 1
-2e+4 (black) sperm whale myoglobin; 2 (green) chicken heart
T L lactate dehydrogenase; 3 (red) bovine a-chymotrypsin
180 200 220 240 gnd 4 (cyan) human Bence Jones protein REI light chain,

which is a human immunoglobulin light chain of k type.
Spectra are from data sets supplied by Dr. W.C.
Johnson.



Cirkularni dichroismus (CD)

Sklad proteint (protein fold) — denaturace/renaturace

Phlp 7 inthe Presence of EGTA

22000
18000
14000
10000
6000
2000
-2000
-6000
-10000
-14000

-18000 T T . . T . l
190 200 210 220 230 240 250 260

Wavelength [nm]

—20"(:
—gs“c

IS ] - re folded

e [deg *cm’fdmol]

http://strubi.uni-graz.at/projects/all.htm
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Plocha potencialni energie (PES)

Obrazek 6.1: Panel A ukazuje plochu potencialni energie E zavislou na dvou promeén-
nyvch x1 a s, vedlejsi panel zobrazuje tutéz plochu ve formeé mapy. Bod R predstavuje
reaktanty a bod P produkty.

vrstevnice




Energie

reaktanty

Atkins 22.3.2

Plocha potencialni energie (PES)

tranzitni stav

KINETIKA e, 17 ey BAEE)) b

energeticky minimalni reak¢ni cesta

i 1 =t L U k i Firs 4
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produkty 4/4/ 2 - 0 1 2 3 ]
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&5 ..: ‘-_ es|

-
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s katalyzou »
-

reakéni koordinata reakéni koordinata
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Reakcni koordinata

A geometric parameter that changes during the
conversion of one (or more) reactant molecular
entities into one (or more) product molecular
entities and whose value can be taken for a
measure of the progress of an elementary
reaction (for example, a bond length or bond
angle or a combination of bond lengths and/or
bond angles; it is sometimes approximated by a
non-geometric parameter, such as the bond
order of some specified bond).... (IUPAC Gold
Book)




Ukazka Sy 2 reakce

Ukazka S, 1 reakce

o



Dynamika vibraci/disociace Nal

Yy
=)

Intensity

-d
o

&
o

-2 0 2 4 6 8
Time delay/ps
Femtosecond spectroscopic results for the reaction in which Nal separates into Na and |I.

The full circles (lower set of data) are the absorption of the complex and the open circles
the absorption of the Free atoms (A.H. Zewail, Science, 242 (1988) p.1645).



Individualni reakce

S,/S, seam

C*

trans
minimum

Lty
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ne kazda reakce je produktivni

pfi excitaci prechazime na jiny PES —
jiny tvar — jina chemie
fotochemie



