NMR spektroskopie ”»)

- spektroskopicka metoda zaloZzena 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 protont nebo neutronu)

| = 0 (sudy pocet proton( i neutron() *°C, €0, 32S

| =1/2 snadno méfitelna >N, 1°F, 31p

je-li1>1/2, jddra maji vedle jaderného magnetického momentu i
kvadrupdlovy moment — obtizné méritelna

PoufZita literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy Marshall. New York: W.H. Freeman and
Company, 2007.




.y . o |ze aplikovat pouze na atomy, jejichz
spektroskopicka metoda zaloZzena na méreni

i ok aho ziFent (radiove jadro ma spinovy moment (lichy
absorpce ele teragnetlc ého zareni (radiové polet protond nebo neutrond
frekvence od asi 4 do 900 MHz)
Signal
Rotating decay
RF pulse sample tube with time
generator

SN

E —— <%‘:>> o WW*‘

e S 0
AR

Computer
analyzer

Magnetic field
(e.g..7.05T)

(S)/

spinova rezonance jader v silném magnetickém poli )




. 3 vzdalenost piku od (CH,),Si v Hz
» Chemicky posun 5 =

frekvence spektrometru v MHz




TBoé

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

Absorption for H* Absorption for — C—H

Deshielded Shielded




N

. deshielding H % H deshielding ,'.II H

A

ppm (&)

Pouzitd literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy
Marshall. New York: W.H. Freeman and Company, 2007.




TABLE 16.2 CHEMICAL SHIFTS FOR PROTONS IN DIFFERENT ELECTRONIC ENVIRONMENTS

TYPE OF PROTON CHEMIC AL
SHIFT (&)

Mathyl R—CH,4 ~0.9

Methylene ;EHE r1.2
Methine | ~17

_E|;|.|

Allylic W H re2
Ayl R—=—H ~25
Aomatic 5\ ~25

methyl @—G H,

TYPE OF PROTOMN

Alkyl halide Iil

FI—(I:—.'I{

R

‘Alcchol  R—O—H
Viglic  H

:ﬂf
EEEE

FIJJ\H
Carboxylc O
acid

CHEMICAL

o e e S e



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




Kolik *H NMR signalti 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,”




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




» Vymeénitelné 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

)




TH NMR

CH3OCHCHACH,

10y mm (equivalent to 4 H)

!

(CH3)451

—

15 mm
(equivalent to & H)




» Multiplicita signalt

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



J=THz

1.7 1.6

ZH

—AJ-IJ— (CH3)y5i

Pouzitd literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy
Marshall. New York: W.H. Freeman and Company, 2007.




I
C
|

a

3 H neighbors: quarte]_|
Jpe=06.8 Hz

1 H neaghbor: doublet -
.fﬂ!;,-lﬁl'lz

1H

Pouzitd literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy
Marshall. New York: W.H. Freeman and Company, 2007.




Pokuste se navrhnout *H NMR spektrum 2-jodpropanu

9 & 7 & 5 4 3 2 1 0
ppm (&)

PouZitd literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy Marshall. New
York: W.H. Freeman and Company, 2007.




Pokuste se navrhnout *H NMR spektrum oktanu

IH NMR
a b ¢ d d ¢ b a
{L‘H3FH3CH§CH1CH1CH1CH;:CH3

Eﬁﬂmﬁﬂdme

HmﬁMJMH””Lﬂh

T
1.51.2

ppm

12H e
AH | 1009
P

9 8 7 6 3 4 3

ppm (5)

Pouzita literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy
Marshall. New York: W.H. Freeman and Company, 2007.




Pokuste se navrhnout *H NMR spektrum
uvedené slouceniny

9 & 7 6 5 4 3 2 1 0
ppm (8)

PouZita literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy
Marshall. New York: W.H. Freeman and Company, 2007.




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

-

Prifad'te 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 &



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

Pouzitd literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and

4241
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38373635
ppin

Function. Ed. Clancy Marshall. New York: W.H. Freeman and Company,

2007.




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




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




S

—
2




Prifadte nasledujici signaly k jednotlivym vodikovym atomu

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

2,2 ppm, 2H, t

1,4 ppm, 2H, t

€

1,0 ppm, 6H, s

4,2 ppm, 2H, s

)



Type of coupling Name Range Typical
(Hz) (Hz)

Vicinal, cis 6-14 10
H H
\ /
C—=2=C
/
Vicinal, cis
,— Vicinal, 11-18 16
trans
H }..{ IR ) i
B 6.0 P H a"'i" H \ /
| C—4+=C C——=—C
TELNAR.S / N\
H™ 1 1N e H
'LI 1\ Vicinal, trans
Geminal 0-3 2
E:demal Field H
\ /
C——cC
H
None 4-10 6
/
P
c=—c M
/ Ny

https://chem.libretexts.org/ )

https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Alkenes/Properties_of Alkenes/Nuclear_Magnetic_
Resonance_(NMR)_of_Alkenes




Pokuste se priradit jednotlivé piky v nasledujici *H NMR

spekterum vodikovym atomim v niZze uvedené 1 H
slouceniné \\ /
/ ¢ AN
_—~0OH
IH NMR H /;3
1H
11 10
ppm
PouZita literatura (spektra)
Vollhardt, P K and Neil E. Schore. Organi
_’= I" “z J= I‘ I‘II Cgemai;t:v Sf:jcrtufenandeFunctico:.rEd. (:Iaannc;
Marshall. New York: W.H. Freeman and Company,
‘ ‘ ‘ | 2007.
| e s | i phabl ikl
767574 6.36.2 (CH3)4Si
ppm ppm

ppm (5)




13C NMR spektroskopie




13C NMR pocet signalli

O | @ |0 @
O @ | O @
. ® | 4@
| o

¢ @| | | @




220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 o0 50 40 30 20 10 0O

ppm (8)

Pouzitd literatura (spektra)
Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function. Ed. Clancy

Marshall. New York: W.H. Freeman and Company, 2007.




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




g0 |-

),

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

BSHLARNEEL i ¢ IRREN

S S e e

P

|

f

!

2

T

1

i
S
e

!

!

T

R L
;‘f—‘ C._.H bcnding: _ _ |

I
1

20{-¢

1 f
A MOZR A =N ZTR AR

CH3fCH2}4CH3 H

| |
| |
1 ! i | ¥ it | i £ I £l LEad 1 14 |
i C—H Hl.-l'ﬁlL'h 1_.. _1'__. R MG S AR =R ....;. SEAN NSRS RNAN _! L {:,1} H-]].EX:].I].E
L

ENAR

§ i i i HNGH AR i
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber [cm_']



E:rce constant (bond strength)

© 4 P - l
Hookuv zakon ( 1 )( f )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™)




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™)



Efekt rezonance /\)k /\ﬁ\ 10
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 P oM
N0 v W L’é")
This bond is weakened
as a result of H bonding
100
§ 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™)

)




1 NN N
Amlny NH,

s N=—H
il
Hexylamine -
(a primary amine) Piperidine
(a secondary amine)
100 : 100
] I ]
I
1 I
I
] | ]
80 - 80—
I
g | S i
60 S 60
I [
-% . I E 1 I
@ 1 | 5 i :
g | 8 |
— 404 I = 404 I
R I . |
| I |
I [
: I : I
20 - | 20 |
| I ] |
I I u
. I I
I [
1 I : I
0 1 T 1 1 I 1 1 1 1 II 1 1 1 1 I 1 1 1 ﬂ 1 1 1 1 I 1 1 T 1 |I 1 T 1 1 I 1 1 1
4000 3500 3000 2500 4000 3500 3000 2500
Wavenumber (cm=1) Wavenumber (em™1)

\

Symmetric stretching Asymmetric stretching




80 5
| rrerfe the absence
70 1 of a N—H streich
| in this compournd,
B0 J a fertiary amine
@ 1
: @l 214
= : C-N
2 I stretch
& 407
E 1 triethylamine
30
| HsCHoC r~1’ﬂHEEH&1
i Fhal™
N1 “CH.CH;
10+
04
1' = L] a 1 (8
AQ00 2000
Wavenumbers (cme-1)




% Transmittance

3263

N-H stretch
(secondary amine)

diethylamine

2000

Wavenumbers (cm-1)

733

C-N 1143 /
stretch

MN-H wag
(pnmary, seconadry
amines)




Y% Transmittance

\

shonlder
Fremned

! 3360
40 4 N-H stretches
(primary amines)

aniline

MN-H bend
(primary amines) 1619

2000

Wavenumbers (cm-1)

1281

C—N
stretch

\
N-H wag st
(pnmary, seconaary
amines)
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2000
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%Transmittance

2000
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L Transmittance

3073 2745

2000

Wavenumbers (cme-1)
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2000
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» HMOTNOSTNI SPEKTROMETRIE

Tonizing electrons ‘
70-eV cathode Magnet

(electron generator) -
8 Accelerator plates (deflects M™)

Strength H

Collector slit

Collector

Amplifier

Figure 11-22 Diagram of a
mass spectrometer.




katoda emitujici

gckizony proud elektronu
nenabite
vod molekuly ionty
pfivo . :
plynného —> OOO o @ ®®F —>  analyzator
vzorku :
2
C—//—
anoda

https://is.cuni.cz/webapps/zzp/download/130142983



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=2ahUKEwimpKzkirPhAhWNaVAKHRDaBRwQFjALegQICRAC&url=https://is.cuni.cz/webapps/zzp/download/130142983&usg=AOvVaw2xI5IWI6Qtd-1nj1bOmqTH

iO I'ltOVj? magnet
zdroj svazek
iontu

urychlovac

iontl \

leh¢i ionty — — t&z81 ionty
| ]

detektor

https://is.cuni.cz/webapps/zzp/download/130142983



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=2ahUKEwimpKzkirPhAhWNaVAKHRDaBRwQFjALegQICRAC&url=https://is.cuni.cz/webapps/zzp/download/130142983&usg=AOvVaw2xI5IWI6Qtd-1nj1bOmqTH

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~



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

Vollhardt, Peter K and Neil E. Schore. Organic Chemistry Structure and Function.
Ed. Clancy Marshall. New York: W.H. Freeman and Company, 2007.
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