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Spektrum elektromagnetického zareni a jeho molekularni efekty
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Rentgenovo zaieni (X) | 10° ':"é
vakuova UV 10¢ |8
(blizka) UV 103 %
viditelné svétlo 10 - %
infra¢ervené zaieni 1 ﬁ
terrahertzova mezera | 10! %

mikroviny 102

radiofrekvenc¢ni zafeni | 10°

_extrémné nizka frekvence™ 13 Hz! 10-8

molekularni
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ohyb, rozptyl
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excitace
elektronn

vibrace molekul

rotace molekul

Zmeny
spinovych stavii



Vlastnosti NMR spektroskopie
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Magnelic Field Strength Is Proportional to Resonance Frequency
Magnetic field strength H, (tesla): 211 423 705 11.8 141 211 T
Hydrogen resonance frequency » (megahertz): 90 180 300 500 600 900 MHz
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- RSN NMR Activity and Natural Abundance of Selected Nuclei

Natural Natural
NMR abundance NMR abundance
Mucleus activity (%) Nucleus activity (%)
"H Active 09 985 16y Inactive 99759
H (D) Active 0.015 Ly} Aclive 0.037
HAT) Aclive 0 By Inactive 0,204
e [nactive 08 89 it Active 100
% Aclive 1.11 Hp Aclive 100
1y Aclive 09 63 30y Aclive 75.53
BN Aclive (137 | Aclive 24 47
Abbreviations: 13, dewterom; T, tritium.
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Chemicky posun )))
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Vyssi pole vs. nizsi pole

Ho-cH,-CH,
frekvence o, velikost stinéni o
jadra citi jadra citi
vySsi pole nizsi pole
Absorption for H* Absorption for —C—H
|| Deshielded (low field) ﬂ Shielded (high field)

|
-iﬂd Highfield >
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1 LR[S N The Deshielding Effect of Electronegative Atoms

Electronegativity of X Chemical shift & (ppm)
CH;X {from Table 1-2) of CH; group
CHyF 4.0 4.26
CH,0H 34 340
CH, 1 3.2 305
CH;br 30 268
CH,l 2.7 2.16
CH;H 2.2 0.23
CH.CI —
& = 105 ppm 1.73 ppm wl:\_;-l
\_\ S
i E‘[;I;]C]l};“ CHs—(:f— Br CH;—CH;—CH,—Br
6=1.103 188 339 ppm
CHCI, =

& = 727 ppm A4.21 ppam




Indukéni a mezomerni efekty
Indukéni efekt (I-efekt) se tyka posunu elektronl na o vazbach.

CHa2 6" CF3 &

I+ je zpusoben I- je zpﬁsoben' .
elektrondonornimi LH. & 5 H . elektmgahceptormml
substituenty. ~ substituenty.
7.05 ppm 7.49 ppm

Mezomerni efekt (M-efekt) se tyka posunu elektront na konjugovanych vazbach n nebo interakci
nevazebnych elektronovych paru s nasobnou vazbou.

H
— 3 / . + _'/H M* zpUsobuji substituenty
H3C—E—C—C\ L e H.C—O0—/—C—C poskytujici nevazebné
| H ™~ — \H elektrony.
H 3.75 ppm, 4.05 ppm H
ol " |o]
|| H + H . -
A~ / | / M- zplsobuji
H3C—C—C:C\ <— HC—C—C—C substituenty pfitahujici
lektrony.
H~ serireny
H N H i

6.11 ppm, 6.52 ppm



Symetrie molekuly pomaha urcit chemickou )))

ekvivalenci
* NMR spektrum odrazi symetrii molekuly Homotopické atomy
» 0 tom, zda dvojice atomi poskytne dva rizné el c atri
signaly nebo jen jeden, rozhoduje jejich )\H SR NS
vzajemny vztah pfi operacich symetrie ol H 1 signal ve spektru

Enantiotopicke atomy
cl deuteriova rovina symetrie

+H suhshtl.me . .
)g )\ )\ neni osa symetne
ekvivalentni

Br H ..
ena ntmmer‘,r 1 signal ve spektru

Diastereotopicke atomy (molekuly s chiralnim centrem)

deuteriova -
OH i H OH i
H,C ", substituce HG ) H H,C o Neniasa symetnie
= fu ) .~ e f neni rovina symetne
HO "'y " HO " HO '™ - -
\ g a g ’ neekvivalentni
H Hell rozlisitelné ve spektru
diastereotopicke diastereomery

methylenove vodiky







Axis of twolold rolation




Pocet signalu - Chemicka vyména

Bud se jedna o skute&ny chemicky proces (reakci) nebo se jedna zménu
konformace, napriklad v disledku rotace kolem vazby.

H-,

BN

H., Chemicka vyména je na
tasove Skale NMR
H a) Rychla = pozorujeme
prumérnou hodnotu

b) Stfedni = pozorujeme
Me-.. /ﬁ'\m — h‘h'l‘/ﬁl\me velmi Siroky signal
Me

c) Pomala = pozorujeme
signaly krajnich stavud

v

5—!

Pocet signala - Vliv teploty

Av sfow
k aAv /B\ Kk o
“‘*«." 7 Me ' W\N}.)“Me
e e

A B

A A

intermediate exchange
k=Av

Lze stanovit rychlost
’ chemické vymény
fasi exchange ( aktivaéni energii )
k wAv

—

symmetric exchange A<=B
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Ring Mip

Obr. 313 "H NMR spektrum (80 MHz) jedingho vodiku
cyidehexanu-dy, v zavislosti na teplotik.




Kolik *H NMR signalti ocekavate u nize uvedené molekuly?
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Kolik signalGi ocekavate v *H NMR spektru cis- a trans-1,2-dichlorcyklobutanu?

Cis to the Cis tn C1
H chlorine aloms on C1
———, /

e . Trans to chlorine
Mirror plane Trans to the om C1
birror plase bisecting rans o 0 WMI
cis-1,2-Dichlorocyclobutane 1.2-Dichi ol




22 mm (equivalent to 9 H)

2.5 mm (equivalent to 1 H]\f\‘

5 mm (equivalent to 2 H)

A ppm (5)

Rozhodnéte, které spektrum nalezi molekule
(t-butyl)(methyl)etheru

a které molekule 2,2-dimethylpropanolu?







Rozhodnéte, které spektrum nalezi molekule

(t-butyl)(methyl)etheru a které molekule 1,2-dimethoxyethanu.

(CH3Si

=

15 mm
(equivalent o 6 H)

|

10 mm (equivalent to 4 H}




» Multiplicita signalu

singlet dublet triplet kvartet kvintet
Lot 7 AN NRRAN NG NG AN AR RN ARN SRRV AR &

Multiplicita signalu — Pocet linii pro 1=

MMK o T

6? 17 200 996 206 $6
269 696
090 649




Splitting patiern Spiuhg paitern
for H, Structure
T
H, has one neighbor H,: 1 | | | H, has one neighbor H,
2 peaks or doublet =i H, H, 2 peaks or doublet
!
— —Ll:—u.
H, has one neighbor Hy: ||| ‘ | | JLJ L Hy has two neighbors H,:
2 peaks or doublet L H, | 3 peaks or triplet
li. H,
— __C_
H, has two neighbors H: [ ]| || JL_;uL H, has twe neighbors 1,:
3 peaks or triplet A Hy, H, 3 peaks or triplet
H,
| ‘ H, —L—{L—]I,
H, has one neighbor H;: i | _JILJUJL H,, has three neighbors 1,:
2 peaks or doublet L H, 4 peaks or quariet
Ji, Hy
H, —C—C—
H, has two neighbors H,: | ] ] . _JILJ\J i Hy, has three neighbors H,:
3 peaks or triplet LWL . Hy Hy L 4 peaks or quartet
Ha
]l.—l||:—l[.
H,

H, —C—C—H,
H, has one neighbor H,: ||| ‘| | | 1\ * ~ | Hy, has six neighbors H,:
2 peaks or doublet LN H, T peaks or seplet

Nivdez H, and Hy, are not equivalent and hawve no other coupled nuclei in their vicinity.




» Interakcni konstanta

nezavisi na H, vnéjsiho magnetického pole

Jab (HZ)

— T

vills}

-

5 (ppm)

J(H,H) [HZ] J(C,H) [HZ]

geminalni 1J 125 - 250
. 2) 0-30 -10 az 20
vicinalni
3)  0-18 1-10
3 | 0-3 <1

dalekého dosahu
(long range)

Coupling Between
Close-Lying Hydrogens

I I__\ ' H,
%

T

/.. geminal coupling,
variable 018 Hz

I|I_ F|| b
L5l
J ., vicinal coupling,
typically 68 Hz

I|I_ | ili,-,
R

J .. 1, 3-coupling,
usually negligible



» 1H NMR spektrum ethyl-acetatu

o)
)L Hy CH
. —_ 3
CH, H;C O——C —CH;
kvartet (q) triplet (t)
3=
= B8 e _ . J=6.8 Hz
f*‘""ﬁf H“---,____‘
40 35 30 25 20 15—10 05
410 4.00 ; :
130 1.20

- spektrum 1. fadu: Av == J, AX systém

- methylen vidi 4 ruzné stavy methylu (kvartet), methyl vidi 3 rizné stavy methylenu (triplet)

- pocet sloZek multipletu pro | = 1/2: n+1, n je pocet interagujicich jader v sousednim multipletu

- vzdalenost sloZzek multipletu v Hz - interakéni konstanta J )
- stfed multipletu - hodnota chemického posunu &
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3 H neighbors: quarte!,_
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'H NMR
a b ¢ d d ¢ b a

ﬂl;qFHzCHECHZCHﬁHjCH%CHa
& Values are close
12H
6 H
Non-first-order —| 1‘__._..,||
1.31.2
== (CH3)yS1
i

ppm (5)




&= 536 ppm w[{n Hhﬂ,fﬁati‘}'ppm

m—:.l:—J:—n(:H,m;

T Cl OCH;CHy T
// \_\ ",f" ‘\_“
spinofHy: o« ¢ g SpinofHy: @ 0 B

Stépeni signalt:

.
I
[
[

'lJM‘JM .rﬁ,l

1,1-dichlor-2,2-diethoxyethan

N S
h N 00— CH;——CH,4
| | ¢

[
|
|

Bpe fpp

pap

ofip

[y d
T— CH;——CH;y
CIZCH—{']:H
O——CH;——CH;
IS i



Rozhodnéte, které z nasledujicich slouc¢enin odpovida nize uvedené

'H NMR spektrum.

TME

|4 | A, )
a1  integration # 9.8 4.9 20,3




B =375
¥

Wi

a =220

-

Prifadte nasledujici *H NMR
spektra nize uvedenym
slouceninam:

1,1-dichlorethan
1,2-dichlorethan
1,3-dichlorpropan

3.73

g
LJ

0 &ppm
TME 5.89 TMME
¥
it 1L
| . | i1.5 5.1 integration #
| T T T T T T : T : T : T
1 0a =) 2 4 3 2 1 0 &
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38373635
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Rozhodnéte, které z nasledujicich sloucenin odpovida nize uvedené
'H NMR spektrum.




Rozhodnéte, které z nasledujicich slouc¢enin odpovida nize uvedené

'H NMR spektrum.

TME

Lo 9 = 7 (= 5 d i) 2 i 0o &i0 9 g 7 £ ] 4 i Z 1 0 A




Pokuste se odhadnout, kterému z izomernich alkoholt sumarniho

vzorce C;H,,0 odpovida nasledujici tH NMR spektrum.

))

v

0,92 (t, 3H)
» 1,20 (s, 6H)
» 1,49 (k, 2H)
» 1,85 (S.s, 1H)

v

NMHTKH RN %
AR
m o, W )
1S




Pokuste se odhadnout, jak byste na zakladé H NMR spekter rozlisili

izomerni ethery sumarniho vzorce C.H,,0.

Jro/ MK A(O\

» 1,19 (s, 9H)
» 3,21 (s, 3H)




Pokuste se zjistit strukturu dvou izomerd A a B se sumarnim vzorcem

C;H,,0, ktera maji nasledujici 'H NMR spektra:

Pokuste se zjistit strukturu dvou izomeri A a B se sumarnim vzorcem C,H,,0, ktera
maji nasledujici *H NMR spektra:

A:d=1,19 (s, 9 H); 3,21 (s, 3 H) ppm

B: d =0,93 (t, 3 H); 1,20 (t, 3 H); 1,60 (sextet, 2H); 3,37 (t, 2 H); 3,47 (k, 2 H) ppm

g2 SR
6=32]lppm—"2_> |“11C C
/’1/ CH1, CH?,
No coupled ’\

neighboring Hs: singlet

L‘ﬁ = 1.19 ppm

- No coupled
neighbormg Hs: singlet

i 8 = 3.37 ppm

&=347
3 coupisgm 2 coupled 8 = 1.60 ppm
: neighboring Hs: triplet 5 coupled

neighboring Hs: quartet - :
o = 9 neighboring Hs: sextet

e N0 CHE“‘C}QJ/ e
3 2

f & = 0.93 ppm

2 coupled
neighboring Hs: triplet

& = 1.20 ppm
2 coupled
neighboring Hs: triplet



H, Av,,(3THz) T2

H3
- Avy 4 (T2HZ) —————= | = o _j12
J,.FJ.1'2 f; !
o
Y3
J13 J.-" 1
|4 r;’

/| J
J ) Y23 '-_"1.3 | leaf, |7 23
23 o “
N Ha .H.H, | p | "
Ph H2
_JP e e P p*\'——&J U L—A-—

L
3.5 3.0 2.5
& (ppm from TMS)




>C=C< Vicinal, cis 6-14 10
H
\C=C/ Vicinal, trans 11-18 16
A R
H
e
J =C\H Geminal 0-3 2
N >C{“H
C=C None 4-10 6
7 Ny
H
|
>C=C_‘I£_H Allylic, (1,3)-cis or -trans 0.5-3.0 2
H H

—C—C=i|3—(|%— (1.4)- or long-range 0.0-1.6 1




13C NMR spektroskopie

Stejna jako v 'H NMR spektru, tj. odpovida pottu ekvivalentnich jader.

Ale znaéné zavisla na zpusobu méfeni nebot *C jadra maiji velmi
rozdilné relaxacni casy ...

Obvykle tedy v 1°C neintegrujeme ... Ale!
Maji-li uhliky blizké relaxacni €asy, pak je |1ze integrovat. napf. fenyl
skupina, smési rotaénich &i konfiguraénich izomera, atp.

Potet vodikl, respektive mnoZstvi spin-spin interakci zrychluje
relaxaci °C.



13C NMR pocet signalli

@ 1 CI—@— Cl

{ Ha 4

Ci

Sl s}
o SR

Q




Jaké nepfimé spin-spinové interakce Ize oéekavat?

Pouze s jadry majici vyznamneé pfirozené zastoupeni izotopt majici
jaderny magneticky spin I = 4.
Pozor na izotopové obohacené latky.

Jadro Spin Pi'::z:v Zpusobi multiplicitu signali 1*C jader 7
"H 112 9999  ANO
H 1 0,0  NE ( DEUTEROVANA ROZPOUSTEDLA ANO )
*H 1/2 - NE ( NEPATRNY VYSKYT)
.6 0 98,93  NE ( NULOVY JADERNY MAGNETICKY SPIN )
=13 1/2 1.07  NE (NIZKY VYSKYT)
"N | 9963  NE ( KVADRUPOLOVY MOMENT )
N 1/2 0,37  NE ( NiZKY VYSKYT)
50 0 9996  NE ( NULOVY JADERNY MAGNETICKY SPIN )
“F 1/2 100 ANO
“1p 112 100 ANO

CH; — kvartet
CH, — ftriplet (dublet dublet)
CH — dublet
C — singlet










13C NMR ... Sumovy (Sirokopasmovy) dekapling

Standardné se *C NMR spektra méfi s dekaplingem 'H  ( '9F, N, ... )
CH,

388 2 Spektrum 3 8 2 9 ¥ 5285 &
REE R prvniho g 3 3a SgNs ¢
' fadu [
HO = 13C NMR | |
<N A j nedekaplované ]t A - |
He™ e I LU UM ”.UL.L
Narist intensity EI?:&V#"‘
Lo )
signala oproti tadu
CDClI,
BC{'H} NMR
m 'H dekaplované




C NMR dekapling OFF or ON, and APT

988 3 CH, s =2 T @ 9 585 &
SEE i ¥ ¥ 17 mag
HOY
m JUl Hac"’;‘“cH, |||||
CandCHzf ‘ \
CHandCHs,} | ” I
: |l
80 76 72 68 64 60 S6 52 48 44 40 3 32 2 24 20 16




0 i) 0 40 3 20 10 0




0

10

50

40 30 20
3 Q
CH,4
One peak

HyC

HﬁAC“
Three peaks

140 130 120 110 100 90 80 70 60
ppm (8)
Four peaks

160 150

170

190

180
CH; HC, CHs
e U
Four peaks

2200 210 200




ArcC

C=C

c-C

C=0 0=C-X

T T
220 200 180 160 140 120 100
Ppm

80

OH
CH,CHCH,CH,

phase {up) and those with an even
numher of H have a negative phase
{dowmn)

broadband decoupled

In the DEPT spectra, the C with an odd
number of attached H have a positive

DEPT

I L L L
200 180 1&0 140 120

| T
100

Ppm
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Infracervena spektroskopie

vibracné — rotacni spektroskopie
v organické chemii — dlikaz pritomnosti funkcnich skupin

4000-400

Uuwv VIS NIR IC FIR
| |

| [ [
200 400 800 nm N
1,2 0.4 0.8 25 15 pm 50 pm
12500 4000 670 cm!

wavelength (pm)

2.5 3 3.5 4 4.5 ] 35 6 7 8§ 9 10 11 12 13 14 15 llﬁ

! _:_,.= 1R s !: HHEIH L H s T i R e S o

BSHLARNEEL i ¢ IRREN

i BEEasiaRaRa

P

bending _r_ '_

L}

1§

T

{

=

!

i
TN AT
B T I ' 1

-

:

2(} H T . |

1
:_ MOZPp—-"=S0ZPr D -z =

CH_{CHZ\MCH} O

| i
L et H—jft C=H stretch SERE MIERMERHIRAIAL RAAM i _ EARH AN2ARR AN _! TS
o

0 | | 11 i
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber [cm_'}



valenéni v - zména délky vazby
symetricka v,
antisymetricka v,
deformadni & - zména valenéniho thiu
maji ni2di energi
ve spektru lbedi pii niSich frekvencich ned vibrace
valendni
Vibrace lokalizované do urdité ¢asti molekuly, ktera vibruje relativné
nezavisle na zbytku molekuly se nazyvaji oo aitersticie vhvace -

charakteristické frekvence

S b ‘i’;‘ P \

Stretching vibration (sym.)  Stretching vibration (asym.)  Planar rotalion (rocking)

0g0 %P o9

Scissoring Wagging (out of plane) Twisting (out of plane) *

Valen¢m vibrace (v): streching — symetricka a asymetricka

Deformacni rovinné (9): rocking — kyvadlova: scissoring — nizkova
Deformaéni mimorovinné (y): wagging — véjifova: twisting — kroutiva )




Aktivni jsou pouze ty vibrace v IC spektru, pfi kterych se méni dipélovy
moment L

'y
Energie
c¢kktronu E> — vwilienergie

~

;\f\g\‘-:luﬁc fotonu rys\ﬁ;‘("l’““ fotonu

E;— nmizienerge

hv=E-E=h7| )




Transmitance T (propustnost) hodnoty 0 -1 (0—100%)
T=1/1,
T = 0 prostiedi svétlo nepropousti viibec
T = 1 prostredi propousti vSechno svétlo

s

Ib

d

n)

@
I

Absorbance A=-logT
A=¢c.l.c



» Charakteristické vibrace

cml

| | I | i | i I | I | I I | | |
4600 4200 3800 3400 3000 2600 2200 2000 1800 1600 1400 1200 1000 8OO GO0 400
| [ | =] ]
alifatcke C-H volngé OH dva pasy C=C arom. C-0-C asymeticky
stretching stretching (shj C-H siretch., aldehyd (w) stietch {m) stretching (vs)

I EE— L EEE I —
arorratické C-H aminy C=N streich C-H bend. -0 siretching (v) C-H bending
stretching (w) M-H stretching (v) alf. nitril [w) alif. (v) C=C-H (s

.| I I
[— 0-H stretching, dimery COOH (w, br) MN-H bend. (V) C-M stretch. G-Hbendng,
C=C-H (ms)
arom. C-H = — = - p— —
stretch. (w) C=C-H (sh) -H stratch, C=Cstreteh =C stretch C-F stretch. luhové a out-of-plane
alkany (v) alkyn HC*C-H (v) Ar-C=C (wem) bending [v)
= L | .|
OH stetch.  C-H stretch. alkany (sh) N=0 stratch.  C-C skelefalni vibrace (w)
ROH (sh) aromaty fw-rr) BN
— = E— - e
0-H strateh (ki) SH streteh C=0 strteh (v) B-O sireteh, 5-0 streteh,
vodikové vaby
| e L L -
COoH [4H, P-H stretch C=M stretch COOH deform
| T ]
SiH stretch MO, stretch. M- sirateh
dvijice
woslaby, m steadni, = silny —
vavelmisilny, v ruzny P-0 stretch,
br Siroky, sh ostry ——
P=0 stretch.
| | 1 | | | | 1 | I | I 1 | | |
AGON  A200 3800 3400 3000 26800 2200 2000 1800 1800 1400 1200 1000 800 &10  A00



wavelength(micons)———»

2.5 3 @4 5 [ 7 a8 9 10 11 12 13 14 15 1é&p
C=N
0—H, N—H c=c g e
—— == S =6
— = ]
C—H .HH c= gﬂ
[ = ] 54
>
C,N, 0 <« o—e (C—C,C—0, C—N)
e=e
] *—o—o
e . ee e
‘» . . *
W
\/ \/ =
==
e
55
[ 1 [l [ [ [ [ [ [ 1 1 [ [ [ [ [ [ [ 1 [ [ [ [ [ [ [ [l 1 [

«— frequency (%) ——

5000 4000 1600 3400 1200 3000 2800 2600 2400 2200 2000 1900 1800 1700 1600 1500 1400 1100 1200 1150 1100 1050 1000 950 900 850 800 750 700 650 o/

)



Bonds 1o
Hydrogen
C—H
O—H
N—H

" Lighler atoms —
higher frequency

Triple  Double Bonds

cC=C

CmC Co=()

CmeN Co=N
< wa

Stronger bonds =

higher frequency










Transmittance

2000

Wavenumbers (Cme1)




%Transmittance

2000

Wavenumbers (cme1)




L Transmittance

3073 2745

2000

Wavenumbers (cme-1)




o

rrfnm
% 8 B 8 8

JIUETISLIES ] %

1
=
=T

R

R

10 -

4000

Wavenumbers (cm-1)




HTransmittance

2000

Wavenumbers (cm-1)




OH

SN |

(
(

Y\ou

100

l_

ES

L]

2 50

m

£

[

wW

[=

3

=

A
0 I T I T ] T T
4000 3000 2000 1500 1000 500
100
|—
#
@
£ 50
m
t
£
"
c
R
= BT
2;81143 } aldehyde C-H aldehyde C-H bend
2-methylpropanal 2877
A sp’ C-H _
2972 1732 C=0O
0 I T | ] T ]
4000 3000 2000 1500 1000 500

wavenumber et




OH O

100

'_

ES

o

c S0

a

£

£

w

c

F

[

D
a T T T ™T T T v T
4000 3000 2000 ) |, 1500 1000 500
1 3000 Cvertone of 896
|—
#
a
2 50 !
]
L
£
L]
c
a
=
H-bonded | 1036 896 =CH;
: 2-methyl-2-propen-1-ol -
D .- ¥l-2-prop c-0
o r T v T T T T
4000 3000 2000 1500 1000 500

wavenurnber ernl




OH

@ -

—

100

I_

#

3

5

£

£

w

c

8

’_

E
e - E
4000 3000 2000 1500 1000 500
wavenumber el
100 3000
[ W
2 3136
o sp? C-H4{ 3121
£50 2050 Two C=C absorptions
E 1] reflect two distinct and
'E significant conformers
a 2934 of this molecule
[ 2907
= 2883 [ 3oy
2984
1641
. C=C
:'.;:hy'l vinyl ether 1e14

— : — —
4000 3000 2000 1500

wavenumber crn!




H
/O

100
F—
#
2 50
o
£
£
"
c
[
=

B

L] T T T : | I |
o oo 2000 1500 100 T
wavenumber crm!
100
>3000

Overtoneof 1716
[
#
£50
n
£
£
wi
c
I
=

29
1170 C-CO-C bend
2-butanone 1365
CH3C=0 bend

B 1716 C=O
o_ - imec |
“ 000 £000 1500 1o T

wavenumber em!




100

I_

#

o

2504

m

£

£

“w

[=

s

=

C
1] T T T - - : I
1 2000
|_
E
o
£50+
L N TR
§ --------
e |  F.oiiiiy
w | e e e ey
c | R
a [ ]
F SRS
broad ..
H-bonded s
2874
l 1097 C-O
N 2978
C 3330 Sase  cyclobutanol

o T - 1 . . : I

- o oo , 1500 1000

wavenumber cm”



» HMOTNOSTNI SPEKTROMETRIE
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Figure 11-22 Diagram of a
mass spectrometer.




primarné vznika molekularni ion M*:

fragmentaci vznikaji ionty dcerinné

Ionlzation of a Molecule on Electron Impact

M + e(T0eV)y —— M + 2e
MNeutral lonizing Radical eation
malecule heam (Maolecular ion)

= Vznik molekulirniho iontu (radikal ion!!!):
ABCD + & — ABCD™ + 2¢
s Fragmentace = dcerinné ionty:

ABCD™ — AT+ BCD
= A"+BCD* —=BC*+D
—* + — b+ nebo A +
CD"+ AB* B+ A bo A
- CD"+AB* —SD+C (nebo C + D)

= Kolize + nasledna fragmentace:
ABCD™ + ABCD — (ABCD),™ — BCD* + ABCDA~



Tabulated Spectrum

Relative Molecular or
m/z Abundance (%) Frogment fon
17 1.1 M+1n'
16 100.0 (base peak) M** (parent ion)
15 85.0 M-1n"
14 9.2 M-t
13 3.9 m-nt
12 1.0 M—ate




Prirodni zastoupeni izotopt béznych organickych prvku

Prvek “M” “M+17 “M+27 Typ
m/z %Yo m/z %o m/z % prvku

H 1 100 2 0.015 “M”
C 12 100 13 1.1 “M+1”
N 14 100 15 0.37 “M+1”
0 16 100 17 | 0.04 | 18 0.2 | “M+2”

F 19 100 “N”
Si 28 100 29 5.1 30 34 | “M+2”

P 31 100 “N”
S 32 100 33 | 079 34 44 | “M+2”
ClI 35 100 37 32 | “M+2”
Br 79 100 81 97.3 | “M+2”

[ 127 | 100 “N”

43 (M—Br)'
base peak

CH;CH,CH,Br

Twi molecular ions

124 (C4H451Br)

122 (C3H;Br) —-2_‘3




M — AT+ e
simplified mass specrum of pentang - CH3CH2CH2CHaCH3 . )
Fragment lons from
A Pentane
relakive
abunda nog .I:[_h | E;HT i
mifz = 15 rfz = 43
29 37 72 \ /
\ / / [CH;—CH,—CH,—-CH,—CH,]*"
u | | miz =72
IIIIIIIIIIIFIIII
10 20 30 40 50 60 0 C,Hs" CyHy*
mifz = 29 mfy = 57
[CH3CHaCHaCHaCHg)d  —— = [CH3CH2CH2CH2]Y  +  «CH3
[CH3CH2CH2CHpCHgld  —— = [CH3CHpCH2]Y  +  «CHpCHg
[CH3CH2CH2CH2CH3)d — =  [CH3CH2]Y  + *CH2CH2aCHg



Secondary
carbocation

HC

H

miz = 57

Preferred Fragmentation of 2-Methylbutane

o
\
1 }C—CHQCH3 {W H3C —E—ﬁi—é— CHICH':‘ O,
H
miz =72
|-
?H:* Tertiary
Ci carbocation
T
H,C CH,CH,4
miz =Tl

3
— > HC—Cie—

H
miz = 43




Allylic - -

hond i
| (:H;é:":l?“— CH,
| CH;=CH —CH, +CH;] —=
miz = 56 ’
i
_CH1 I CH —_— EHE_
2-Propenyl (allyl) cation
miz = 41
CH, —u[::H=’/:::1+|\“—«’1:'|~1z
=
|CHy;—CH=CH—CH,~+CH, —CH;| — I
miz = 84
'CHj, — CH—CH— CH,

2-Butenyl cation

55 (M - CH,CH,)" miz = 55

CH,CH=CH CH,—CH,CH,




» Stépeni alfa k heteroatomu

56 (M — HyOF
.- | '5' hq I - +|
R-O—C— —» R-O0—C— —> R-0O: Cc—
* * - | (CH,OH)"
free radical  carbocation 31 -
41
5 soT s CH;CH-LtliHCHz(}H
£
73 (M — H)y*
f,’ T4 M™
. Wl b o
0 0 40 60 50 100 120
mz
Alcohol Fragmentation by Dehydration and e« Cleavage
s
R—tII—CHR' — [RCH=CHR']"* + H;0
H
M+ (M — 18)**
] N\
h
HO ' HO ' HO ' N N
e eV b |
. & REC—OH — { CLOH «— C:DH}
- - T | - s o A



» stépeni alfa ke karbonylu

simplified mass spechrum of pentan-3-one - CH3CH2COCH2CH3

‘_/ ST
relative

abundance =

[CH3CH2COCH2CH3) —# [CH3CH2CO1*  + «CH2CH3

[CH3CH2COCH2CHE  ———m  [CH3CHI*  +  «COCH3CH:

0 o +0
- i n /
-8
& c » C C—
\"C/ \FI o \‘C/ \F'l \
7N 7N\ R neutral
$ fragment

resonance stablised
carbocation I



