NMR spektroskopie ”

- spektroskopicka metoda zalozena na méreni absorpce
elektromagnetického zareni (radiové frekvence od asi 4 do 900 MHz)

- spinova rezonance jader v silném magnetickém poli

- lze aplikovat pouze na atomy, jejichz jadro ma spinovy moment
(lichy pocet protonll nebo neutroni)

[ = 0 (sudy pocet protonu i neutrona) *2C, 120, 3?S

| =1/2 snadno méfritelna >N, 1°F 31p

je-li1>1/2, jddra maji vedle jaderného magnetického momentu i
kvadrupodlovy moment — obtizné méfitelna
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Two types of hydrogen:
twos NMH-signals
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Cl C 0 I:Z H
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I H 30|
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Expansion | Expansion |
_#_-"'; h'“‘*-,_h__ #__"-f 'H.Hx
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[ 1 I C C |
I H | I I
I | I I
| I I |
| I I |
3,000 1,600 1,000 0 Hz 1530 6,400 4300 0 Hz
(at 300 MHz) (at 753 MHz)




. B vzdalenost piku od (CH;),Si v Hz
» Chemicky posun § =

frekvence spektrometru v MHz
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* T BIoc:al

holé jadro (H+) elektrony vytvari  elektronova hustota ¢astecné
bezezbytku citi vliv indukované pole (B,) odstinuje jadro pred
vnéjsiho pole (B,) orientované proti B, B, takze to citi B,

Absorption for H Absorption for — C—H

Deshielded (low field) Shielded (high field)

l
)
O Lowhen High fild >




N

deshielding H @”} H deshielding

b 3

ppm (8)




1 R[N The Deshielding Effect of Electronegative Atoms

Electronegativily of X Chemical shift & (ppm)
CH,X (from Table 1-2) of CH; group
CHyF 4.0 426
CH;OH 34 340
CH4CI 32 3.05
CH;Br 3.0 268
CH,l 2.7 216
CHyH 2.2 0.23
CH.Cl .
5 = 105 ppm 1Tppm
N
CH-Cl, CH;—C—Br CH;—CH,— CH,—Br
£ =53
PrEm [|_] F_?‘__" =103 188 339 ppm
CHCl, 421 ppm

& = 727 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 ntmmew 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




_(;H 120° rotation
N S /N
C—0C. |
- iny
Hn‘/ \n" Rotational
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HH\C C!#H
avg \
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» Vymenitelné protony

» protony v OH, NH, SH: proménlivé chemické posuny

- kysely charakter

» H mistky, chemicka vwména

- Zavislost na koncentraci, teploté, rozpoustédle atd.

- chem. posuny reprodukovatelné pouze za presné definovanych podminek

- multiplety nebo Siroké singlety (v zavislosti na rychlosti chemicke vywmény)

- pfitomnost vice vyménitelnych protond: inter- nebo intramolekularni chemicka
vymeéna

» praktické vyuZiti vymeény protoni za deuterium (D,0, CD,COQD)

NH
aminy 1-5 ppm
amidy 5 — 6.5 ppm
OH ™ amidicke skupiny v peptidech 7 - 10 ppm

alkoholy 1 -5 ppm
fencly 4 - 10 ppm
kyseliny 9 - 13 ppm SH
enoly 10 - 17 ppm alifaticke thioly 1 — 2.5 ppm

aromaticke thioly 3 -4 ppm

)




Pocet signalu - Chemicka vyména

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

H-,

BN

H. Chemické vyména je na
tasové Skale NMR
H

a) Rychla = pozorujeme
prumérnou hodnotu

b) Stfedni = pozorujeme
Me-.. /ﬁ'\m — M'EM'I‘)\HE velmi Siroky signal
Me

c) Pomala = pozorujeme
signaly krajnich stavi

v

5—!

Pocet signala - Vliv teploty

/ sfow
Kk aAv /E\ Kk o
Mo 7 “Me ' Me-\"},)‘m
e oo

A B

A A

intermediate exchange
k=Av

Lze stanovit rychlost
’ chemickeé vymény
fasi exchange ( aktivaéni energii )
kwAv

—

symmetric exchange A«=B



'H NMR spektrum methanolu CH,OH pfi rliznych teplotach

o~ N
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NMR Spectra of Methanol at Various Temperatures
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Kolik *H NMR signalG ocekavate u nize uvedené molekuly?

Mirrow 2




CH, CH, H.C
CH, CH,
O | _CH, O, . _CHs ; _OH
H.e™  TCH, H,.C— C o H.C CH: H,C— C CH,”




Kolik signalti ocekavate v 'H NMR spektru cis- a trans-1,2-dichlorcyklobutanu?

Cis to the Cis to Cl
i chilorine alims om €1
———, /

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




Rozhodnéte, které spektrum nalezi molekule
(t-butyl)(methyl)etheru
a které molekule 2,2-dimethylpropanolu?




TH NMR

CH3OCHCHACH,

10y mm (equivalent to 4 H)

!

(CH3)451

—

15 mm
(equivalent to & H)




» Multiplicita signalu

singlet dublet triplet kvartet kvintet
1:1 1:2:1 1:3:3:1 1:4:6:4:1

Multiplicita signalu — Pocet linii pro 1=

MMK o T

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




Splitting patiern Splitting pattern
Structure for H
|
H, has one neighbor H,: | H, has one neighbor H,
2 peaks or doublet H, H, 2 peaks or doublet
H
I
H, has one neighbor H,; | H, has two neighbors H,;
2 peaks or doublel Hy 3 peaks or triplet
H, H,
ol
H, has two neighbors H,: || H, has two neighbors H,:
3 peaks or triplet Hy M, 3 peaks or triplet
H,
.
H, —C—C—H,
H, has one neighbor Hj: | Hj has three neighbors H,:
2 peaks or doublet H, 4 peaks or quartet
Hy Hp
Hy — —al—
H, has two neighbors H,: | H, has three neighbors 11,:
3 peaks or triplet Hy My 4 peaks or quartet
Hg
]l.—(|2—l[.
H, l
H, —J:— —Hy
H, has one neighbor H,: | Hy, has six neighbors H,:
2 peaks or doublet H, 7 peaks or seplet

Neez T, and Hy are not equivalent and have no other coupled nuclei in their vicinity.




» Interakcni konstanta

nezavisi na H, vnéjsiho magnetického pole

Jab (HZ)

— ™~

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

II,__\ /H,.
%

T

/.. geminal coupling,
variable 018 Hz

I||__ I|-I
L5l
J ., vicinal coupling,
typically 68 Hz

I|I,_ | ili,.
R

J . 1, 3-coupling,
usually negligible



» 1H NMR spektrum ethyl-acetatu

O
J\ H2 CH
—_ 3
CH, H5C O——C —CH;
kvartet (q) triplet (t)
ij=
3J=6.8 Hz , J=6.8 Hz
~40 35 30 25 20 15 —10 05
410 4.00 . .
1.30 120

- 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 &

)



2 H neighbors:
triphet
J=TH=z
" I iH 3
3 H neighbors: _IJL
nartet TRy
. 1716
J=THz o
M 2H
_L“.I_ (CHA)45
b Lkl Ll
3534
ppan I
9 & 5 4 21 0




3 H neaghbors: quarted_|
Ty =68 Hz

1 H neaghbor: doublet
J'ﬂl,-iﬁ]-l:

1H




Pokuste se navrhnout *H NMR spektrum 2-jodpropanu




Pokuste se navrhnout 'H NMR spektrum oktanu

IH NMR
a b ¢ d d ¢ b a
CHyCH,CH,CH,CH,CH,CH,CH,
& Values are close i
12H [T

6H | 1.009
Non-first-order —T__ | PP

1.31.2
s (CH4)4Si

ppm (5)

3 2 1 (




Pokuste se navrhnout *H NMR spektrum d
uvedené slouceniny

& o
1 0O
CH,
'H C:.HE
CH, 4 H
o
CH
1H

(CH3)ySi




Rozhodnéte, které z nasledujicich sloucenin odpovida nize uvedené

'H NMR spektrum.

TME

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




B =375
¥

Wi

a =220

-

Prifad'te nasledujici 'H NMR
spektra nize uvedenym
slou¢eninam:

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 &



Pokuste se navrhnout, jak
bude vypadat H NMR
spektrum uvedené
slouceniny

4241

-I'I'I'I'I'I'I'I'ITTI'ITI'I'ITI'I'I'I'I'I'ITI'
38373635
ppin




IH NMR

Pokuste se odhadnout,

jak bude vypadat *H NMR Br
spektrum bromcyklohexanu

ppm (5 )




Rozhodnéte, které z nasledujicich sloucenin odpovida nize uvedené
'H NMR spektrum.

< , - A D D N
10 ¢ &8 7 & 24 3 2 1 04 A0 = - - :




Rozhodnéte, které z nasledujicich sloucenin odpovida nize uvedené
'H NMR spektrum.

-

II:I El



Pokuste se odhadnout, kterému z izomernich alkoholi sumarniho

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

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

AN AAm w

D g W2
120 4 M

L&




Pokuste se odhadnout, kterému z izomerni etherti sumarniho vzorce C;H,,0.

Odpovida nasledujici *H NMR spekterum.

» 1,19 (s, 9H)
» 3,21 (s, 3H)




Priradte nasledujici signaly
k jednotlivym vodikovym

atomum
2,2 ppm, 2H, t

1,0 ppm, 6H,s
1,4 ppm, 2H, t
2,2 ppm, 2H, t
4,2 ppm,2H,s

1,4 ppm, 2H, t <

1,0 ppm, 6H, s 4,2 ppm, 2H, s




Priradte nasledujici signaly

k jednotlivym vodikovym

atomﬁm 212 ppm, 2H, S

m, 2H,t
0,9 ppm, 6H, s
1,8 ppm, 2H, t
2,2 ppm, 2H, s
4,2 ppm,2H, t
0,9 ppm, 6H, s 1,8 ppm, 2H, t

)




Pokuste se priradit jednotlivé piky v nasledujici *H NMR spekterum

vodikovym atomlm v niZze uvedené slouceniné

H, H, Avy 5 (37 H2) H,
- Av, 4 (T2HZ) ——— | - e J
y L2
/%12
, " /

/ J1.3

13
/ 23
23 Y13 /lvl ==
J

L
3.5 3.0 2.5
& (ppm from TMS)




Iy NMR
A
Cl H
1 10 \\CZ .
oo Hx" ‘\E_,_.._ﬂl-l
6’!
J=14Hz J=14Hz
| b | AL
167574 6362 (CH3)4Si
Ppm | L]
1H
|
0 g i 5 4 3 2 1 0
ppm (8)

Vicinal, cis H-14 10
e ~,
N A
C—C Vicinal, trans 11-18 16
"/ ~
M
>c=c\H Geminal 0-3 2
o e
C—C None 4-10 6
7 ™
Ho o
>c=c—c|£—[-[ Allyic, (1.3)-cis or -trans 0.5-3.0 2
H H
_{|:_CI:=‘I:_‘|5_ (1,4} or long-range 0.0-16 1
Iy NMR
1H H
T[T -
1 10 o “‘xc,,ﬂ oH
J=9H=
J=9Hz |
6362
Ll LILLLL L) -
6968 IH1H P (CH3)y51
< u
9 £ 7 6 5 4 3 1 0

ppm (&)




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 '°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 signall

O | @ |0 @
O @ | O @
. ® | 4@
| o

¢ @| | | @




0

40 30 20 10

50

ppm (8)

140 130 120 110 100 90 80 70 60

190 180 170 160 150

220 210 200




13C NMR

CH,
(CH;)48i
(PP T O W Spa—— y I J—— it --puli\ul..—-Lh
0 () | 40 30 20 10 0




C NMR dekapling OFF or ON, and APT

238 g CH, 3 5 2 3 2 5285 o
RRE i ¢ 3 3z 2888 ¢
HO" ™
m JU[ Hac’i‘cH, |||||
CandCHEf ‘ l
CHandCHs; | ” I
: i
80 76 72 68 64 60 56 52 48 44 40 % 32 28 24 20 16




http://www.vscht.cz/nmr/predmet/lekce/NMR-lekce6.pdf (26.2.2014)

http://www.nmrdb.org/predictornew (Simulace NMR spekter)

http://www.vscht.cz/anl/dolensky/technmr/soubory/2013 Techniky
MerenilnterpretaceNMR INTRO.pdf

Pouzita literatura



http://www.vscht.cz/nmr/predmet/lekce/NMR-lekce6.pdf
http://www.vscht.cz/nmr/predmet/lekce/NMR-lekce6.pdf
http://www.vscht.cz/nmr/predmet/lekce/NMR-lekce6.pdf
http://www.nmrdb.org/predictornew
http://www.vscht.cz/anl/dolensky/technmr/soubory/2013_TechnikyMereniInterpretaceNMR_INTRO.pdf
http://www.vscht.cz/anl/dolensky/technmr/soubory/2013_TechnikyMereniInterpretaceNMR_INTRO.pdf
http://www.vscht.cz/anl/dolensky/technmr/soubory/2013_TechnikyMereniInterpretaceNMR_INTRO.pdf
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Infracervena spektroskopie

vibracné — rotacni spektroskopie
v organické chemii — dikaz pritomnosti funkénich 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
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Stretching vibration (sym.)  Stretching vibration (asym.)  Planar rotation (rocking)

f . 5CH
e X g ) a

Wy

@

Wagging (out of plane)

Scissoring

Twisting (out of plane) *
Valencni vibrace:

streching (symetricka a asymetrickd) v
Deformacni rovinné:

rocking — kyvadlova 0
scissoring — nGzkova
Deformacni mimorovinné: wagging — véjirova

twisting - kroutiva

w slaby m stredni
s silny v rlzny
br Siroky sh ostry



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

F 3
Energie
clekironu E> — wiiienergie

T
}\Y\V‘::“Iﬂc l't'H{H'Ill Aﬁ}:'lru I‘-{ Wil

Ey — niAienerge

hv=E-E=h7| )




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

s

[D

d

n)

@
L

Absorbance A=-logT
A=¢gc.l.c



E:rce constant (bond strength)

° 4 P - l
Hookdv zakon  _ _ ( 1 )( 5 )2
- reduced mass=[ ——

L my +ms

C—H Cc—D c—o0 c—cCl
~3000ecm' -~2200em' ~1100em?' -~700cm’}

C=N C—N C—N
~2200cm' -~1600cm!' ~1100 cm™!

Diagnostic Region Fingerprint Region
Triple Double .
Bonds to H Bonds Bonds Single Bonds

4000 3500 3000 2500 2000 1500
Wavenumber (cm™)




%Transmittance

nitromethana

I
M+ H=C—NO;
' X

4000 2000

Wavenumbers (cm-1)

1383
M—0 stretch

1573
M0 stretch




L Transmittance

meta-nitrotoluane

HaC

NC:

1537 1358

MO stratch MO stretch

L L 1 L L

2000

Wavenumbers (cme-1)




» 2000 - 1500 cm™? dvojné vazby

HIT-MD=925 |SCORE= (1 |SDBS5-NO=275 |[IR-NIDR-05745 : LIOUID FILM

I-HEXEME

|:l:'mHJ.E

LoD

R

=0

TRANSHITTAMCE

3080 C-H

stretch z |

. 1640 C=C stretch U
N 962 C-H stretch <

T — T ™ T ™
4000 ELalelu} eoon LEe0ad L0y s00

HAVERLUHAER I -1l
30s0 27 | zeEa =4 | lale &F | lioa 77 63l BT
sAEee £ | l@e1 72 | 1978 48 | loai 7R ES4 77
zaza 4 | 1o4z zZo | 1343 74 =93 =z 4oz bo
FATE 1F | IE47 ®E | 1797 7 s10 7 — _ -
#AEL 12 | L4dE? 2E 1747 Al =24 =4 HE CH ( CHE % - HE'
935 73 | 1483 =8 | 1215 A4 =7 &1
2475 41 | 1433 37 | 1137 4l T41 EEB 2—23




» trojna vazba - CH;CH,CN

HIT-HO=9G7 |E|CDRE= [ 1 ISEIEIS—HEI=315 | IR-NIDA-QO3062z « LIGUID FILH
FROFIOMI TRILE
T JH=N
Lo
£ E
z | == o
= = = =]
[ o
o8 Q
= 2248 C=N stretch a 4 _ @]
n Lt 1080 a 790 !
skeletalni =
) Wy
vibrace )
2097 C-H stretch 1464 1432 asym. C-H bending
I:'-H:I:Il:l ! ﬂIEHJ ' EDIIJI:I I.HIIEI lﬂIUIJ a
HAVENIIHEERT -yl
FG3Z Ta ZE4+4q T ZZ9g gl Lazn =0 545 B&
A54% e e =1 D345 4 L1770 2E
249 74 =749 al 2195 al LO7s Z9
Jgaz 54 ZBZq =l 1539 g1 LoDpe T
2997 10 2521 &Eid idgd 14 S36 &d
2952 13 = 101 E=1 1432 23 THE 43
>q0al 14 24R0 =26 1387 BE= TET a7




Efekt hybridizace

Hybridized atomic orbitals

19¢e.

0% 25% 1 33% | 50% | 100%
s character |s character s character s character s character

% Transmittance

sp’

S

/

~2900 em™!

Vit

—C—H

I I
3200 3000 2800
Wavenumber (cm™)

% Transmittance

sp?

.

V4

~3100 em™’

I I
3200 3000 2800
Wavenumber (cm™)

sp
=C—H
~3300 cm™!

Alkyne

N1

% Transmittance

I I
3200 3000 2800
Wavenumber (cm™)



Wavenumber

l}m
4000 3500 3000 2500 2000 1500 1000 600 cm!




15000

Wavenumber




- ey W
owvertones H\l r/y‘\,w\
1086 \ l
1035
1465 ,
o // in-plane
2 | 2925 1614 .-E_H
g II? C—H stretch C—H stretch toluane bending
2 1 (aromatics) (alkyl)
il 40 4 Hw. S
= s \ c=C H
2032 N
304 H_Gﬁ I|5II'::—'[:—H
1 C-H stretch C—C, N N\
: (aromatics) H Ly 1506 Qop
A4 C-C stretches C-H
! rete thed the aromaiie C—H in the aromatic ring hEl‘ldil‘lg
1 stretches are 1o the lefi of 3000, crnd 738
10 1 the alkvl C—H stretches are to the
i right of 300K
0-
I ¥ " e 1 ' v
4000 2000
Wavenumbers (cme-1)




1og

1985

Jiyartanes of

993 & 912

5]
=
L

A0=0

Transrmittance ST

isp® C-H stretchin
il 2965 asyrnrmetric CHy

2932 asymmetric CTH3
2876 symmmetric CHj
28435 symmetric CHy

1643

qlz

1-Pentene CH3CH2CHzCH=CH2

T T L S S S S B B S R B —
4000 000 S0 100

waverurber em™l

1 i i ' ' |
10600 00

http://www.vscht.cz/anl/lach1/7_IC.pdf )




Efekt rezonance /\)k /\ﬁ\ 0
I — A~

O

1720 cm™! -

tte ”.E)
HOH :0:

One additional -
resonance structure

1680 cm™!

0 O

\)Tj\c:ﬂ %na

1740 cm™! 1710 cm™1




(
Efekt vodikovych vazeb pr— - _H
V ~ ey
This bond is weakened
as a result of H bonding
100
g 80
] i
E 60 f
= | Free
E 4[)—: O-H /‘
I:'?, : O-H
o~ 207 participating |
in H-bonding
D I 1 I 1 | 1 1 1 I | I 1 I 1 | 1 I 1 I | 1 1 1 1 | 1 1 1 I | I 1 I I |
4000 3500 3000 2500 2000 1500 1000 400

Wavenumber (cm™)

)




t:’--._h‘1 }\
H---:07 "R
100
3540
1 O-H stretch \
FoRarer
H-bonded
0-H bend
; out-of-plane
1415
=ED Z-C-H
E . in-plane bend
£
£
a 1240
= C-0 stretch
o
C2H5—C1
o-H
propionic acid C=l3 stretch
CCly solution imer
1715 H-bondead
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primarné vznika molekularni ion M*:

fragmentaci vznikaji ionty dcerinné

Ionlzation of a Molecule on Electron Impact

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

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

ABCD™ — A"+ BCD®
—+ A*"+BCD* —SBC+D
-+ CD"+AB™ —SB+A" (nebo A + BEY)
- 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




CH.CH,CH, + & — C,H.CH,CH,* + 2&°

4]
p — Moo hase
1-"-|._\_-
CHOH, CH:
we J C] |
E P = 106 I-’
2 ol
B 106 molekularni
% a0 | on
z CHOH:
o <
0 i [ 1l " I Ll
| | I | | I T ; | |
in LK i il Mk il Lo A Tk Hil Ll Kl R L]




Prirodni zastoupeni izotopt béznych organickych prvku

Prvek “M” “M+1” “M+2” Typ
m/z % miz % m/z % prvku

H 1 100 2 0.015 “Np”
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 “Np
Si 28 100 29 5.1 30 34 | “M+2”

P 31 100 “Np
S 32 100 33 | 0.79 34 44 | “M+2”
ol 35 100 37 32 | “M+2”
Br 79 100 81 97.3 | “M+2”

[ 127 | 100 “NP

43 (M—Br)*
hase peak

CH{CH;CH,Br

Two molecular ions

124 (C3H1Br)

122 (C3H;™Br) —-»{,\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

i
\
—L'.___‘ }C—CHjCH; {W H,C —E—i—i— CH,CHj; BT
H
miz =72
E
?H:* Tertiary
Ci carbocation
T
H;C CH,CH,
miz =Tl

3
— > HC—Cie—

H
miz = 43
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CH; CH;  m/e=100
CHs, CH,
+ s +
CH3—C—CH,—CH,—CH; ——»  CHs £|3—CH2—CH2—-GH3
CHs neutral CHs stable
fragment cation
m/e = 85
t.I:Hg [I:Ha
. &
CH3~—{.|':—CH2-CH2—CH3 AR CHa—r|:"' CH,—CH,—CHa
CHs stable CHs neutral
cation fragment

m/e =57
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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, —Ll!I-I—CH=CHE_

2-Butenyl cation

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

CHH=CH CH,—CH,CH,




» Stépeni alfa k heteroatomu

56 (M — HyOF
- | -8 - hq I - + I
R-0—C— —» R-0—C— —> R-O: c—
e I - I - I (CHZ{-}H)'
free radical carbocation 31

H
41

I
CHyCH,CHCH,OH

Alcohol Fragmentation by Dehydration and e« Cleavage

HO H .

|
R—C—CHR'| —— [RCH=CHR']'* + H,0

|
H

M+ (M — 18)**
o e
-
HO " [ HO fr HO T - .
s T0 eV ' e I
é é REC—OH —— { CAOH s C:DH}
- - T | 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



