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Rontgenkrisztallografia
Ultraibolya-lathato (UV-VIS) spektroszkopia
F(ourier-)T(transzformacios) infravoros spektroszkopia
Magmagneses rezonancia (NMR) spektroszkopia

'H NMR

13C NMR
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mass spectrum of honey bee alarm pheromone
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Table 3.3 Exact masses of common elements

Element

hydrogen
carbon
carbon
nitrogen
oxygen
fluorine
phosphorus
sulfur
chlorine
chlorine
bromine

bromine

Isotope
H

120
130
14y
160
19

Atomic
weight
1

12
13
14
16
19
31
32
35
37
79
81

Exact mass

1.00783

12.00000
13.00335
14.00307
15.99492
18.99840
30.97376
31.97207
34.96886
36.96590
78.91835
80.91635

[

The reason that exact masses are
not integers lies in the slight
mass difference between a
proton (1.67262 x 10727 kg) and
aneutron (1.67493 x 1027 kg)
and in the fact that electrons have
mass (9.10956 x 1071 kg).

Table 3.4 Exact mass determination for the bee alarm

pheromone

Composition

CeH1002
CgH14N2
C7H140
CgHisg

Calculated
M*
114.068075
114.115693
114.104457
114.140844

Observed
M*
114.1039
114.1039
114.1039
114.1039

Error in
p.p.m.
358
118

5

369




- tomegspektrometria kémiai ionizaciéval

- negativ ion tomegspektrometria

- E(lectron)S(pray)l(onisation) tomegspektromeria

- M(atrix)A(ssited)L(aser)l(onisation) tomegspektrometria

A megvalositas modja:

- time-of-flight, egyszeri
- kvadrupdl, egyszeri
- mindkét fajta, tandem
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X-ray crystal structures are
determined by allowing a sample
of a crystalline compound to
diffract X-rays. From the resulting
diffraction pattern, it is possible
to deduce the precise spatial
arrangement of the atoms in the
molecule—except, usually, the
hydrogen atoms, which are too
light to diffract the X-rays and
whose position must be inferred
from the rest of the structure.

\/ \/

/\ /\

HO,C—(CHa)—CO4H T

hexanedioic acid

0
H 0
o

shape of hexanedioic acid

N

data for structure taken from Cambridge Crystallographic Data Centre
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® The more conjugated a compound is, the smaller the energy transition between its
HOMO and LUMO and hence the longer the wavelength of light it can absorb. Hence
UV-visible spectroscopy can tell us about the conjugation present in a molecule.
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egy molekula csak akkor mutat elnyelést az infravoros tartomanyban,

ha legalabb egy olyan rezgése van, ami megvaltoztatja a molekula
dipéimomentumat






bond vibration in the infrared
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IR spectra of (a) hexane, (b) 1-hexene, and (c) 1-hexyne
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IR spectrum of benzaldehyde
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Stronger bonds vibrate faster and so do lighter atoms.

Values chiefly affected by mass of atoms: (lighter atom, higher frequency)
C-H C-D Cc-0 c-Cl

3000 cm ™t 2200 cm™t 1100 cm™ 700 cm ™t

Values chiefly affected by bond strength (stronger bond, higher frequency)

C=0 Cc=0 c-0
2143emL 1715 em™L 1100 em™2

® The regions of the infrared spectrum

e e e b frequency scale in wavenumbers (cm)
4000 3000 2000 1500 1000
0—H c=c c— c—0
N—H C—F
c—H C=N = c—cl




Table 3.6 IR bands for bonds to hydrogen

Bond strength, kJ mol™1

IR frequency, em1

Reduced mass, 1

Bond

2900-3200
3300-3400

=0.92
0.93

12/13

C-H

14/15

N-H

NHs3: 450

H,0: 500

3500-3600°

=0.94

16/17

0-H

When not hydrogen-bonded: see below.
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® The summary chart shows some typical peak shapes and frequencies for X—H
bonds in the region 4000—-3000 cm™".
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Table 3.9 Useful absorptions in the fingerprint region

Frequency, em 1 Strength Group Comments

1440-1470 medium CH» deformation (present in nujol})

~1380 medium CHs deformation (present in nujol)

~1350 strong NOo symmetrical N=0 stretch

1250-1300 strong P=0 double bond stretch

1310-1350 strong S0 antisymmetrical S=0 stretch
1120-1160 strong S0, symmetrical S=0 stretch

~1100 strong c-0 single bond stretch

950-1000 strong C=CH trans alkene (out-of-plane deformation)
~890 and ~750 strong Ar-H five adjacent Ar-H (out-of-plane)

~750 strong Ar—H four adjacent Ar-H (out-of-plane)

~T700 strong C—ClI single bond stretch




Az IR spektroszkoépia f6 haszna a funkciés csoportok azonositasa.
Elvben kvantitativ analizisre is hasznalhaté (kisebb-nagyobb koze-
litéssel teljesul a Lambert-Beer torvény), de erre a célra csak ujab-
ban, az IR spektrofotométerek ugrasszerii fejlodése utan hasznaljak.



(a) (b)

By

magspinek rendezddése kuls6 magneses tér hatasara

az eredd magspin nem nulla, ha a magot alkoté nukleonok
kozul legalabb az egyik paratlan — a szerves kémiaban leg-
gyakrabban hasznalt magok 'H és 13C
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applied
magnetic
field

shielding of nuclei from an applied magnetic field by electrons:

\ / small induced magnetic field

shielding the nucleus

1

nucleus electron(s)

Boffective = Bapplied = Bigeal
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Type of proton

Chemical shift (8)

Reference peak
Saturated primary

Saturated secondary

Saturated tertiary

Allylic primary

Methyl ketones

Aromatic methyl

Alkyl chloride

Alkyl bromide

Alkyl iodide

Alcohol, ether

Alkynyl

Vinylic

Aromatic

Aldehyde

Carboxylic acid

Alcohol

Formula
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\
Cl—C—
74
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Extremely variable



- a protonok kémiai kornyezete

- az egymastol kémiailag kulonboz6 kornyezetben lévo
protonok relativ szama

- az egymastol kémiailag kulonboz6 kornyezetben lévo
protonok "szomszédsagi viszonyai"



O

‘ I
c4
b CH3 CCH,CHj
1
208.7 & -
2
‘A
g
k|
W“W ™S
SALI A Pt P .3 0 0 01 01 ,,,.WW.WMWW,MW
200 180 160 140 120 100 80 60 40 20 0 ppm
Chemical shift (§)
(a)
0
I
N 'Hj
7
Br

2

g

£

L C1

TMS
A [w v Y s e b 12 AN Mt A e

100 80 60 40 20 0 ppm
Chemical shift (6)

200 180 160 140 120



Chemical shift (8)
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13C NMR - spin csato

i
HCl,C OH

C1

-

Intensity

B TR A5 Ay g PP ¥ b i omi

200 180 160 140 120 100 80 60 40 20
Chemical shift (6)

0 ppm



Intensity

JC=Br
C—Cl
+=CHs'
O
=C
Gaey
Aromatie

c—0

C=0
C—N

200 150 100 50 0 ppm

Chemical shift ()



DEPT — distortion
by polarisation transfer
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Figure 13.10 DEPT-NMR spectra for 6-methyl-5-hepten-2-ol. Part {a] is an ordinary
broadband-decoupled spectrum, which shows signals for all eight carbons. Part (b) is a
DEPT-90 spectrum, which shows only signals for the two CH carbons. Part (c) is a DEPT-135
spectrum, which shows positive signals for the two CH and three CH; carbons and negative

signals for the two CH, carbons.



- a szénvaz felépitése



A legkonnyebben és legpontosabban akkor tudjuk egy
molekula szerkezetét meghatarozni, ha rendelkezésunkre
allnak a tomeg-, az UV-VIS,az FT-IR, az 'H NMR, a 13C NMR
spektrumok mindegyike.



fontos NMR-aktiv magok és néhany tulajdonsaguk

Isotope

'H

1 IB
HC
I4N
I5N
I?D
I'&!F

>9S5

.;IP

Spin quantum no. |

1/2

3 x1/2
1/2

1

1/2

5 x1/2
1/2

1/2

1/2

Natural abundance (%)

99.98
80.42
1.11
99.63
0.37
0.037
100
4.7
100

NMR frequency (MHz)

at 705 T

300
96.25
75.43
21.67
30.40
40.67
282.23
59.6
121.44
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Fig. 4 *"Al MAS NMR spectra of A, Na-montmorillonite and the
pillared layer clay samples with synthetic metal/Al ratios; B, Fe(or
Cr):Al=0:13;C,Fe:Al=1:12and D,Cr:Al= 1:12



alaposszefuggés: [, = K, N,

|, — integralt jelterulet
N, — a magok szama
K, — a spektrométetrre jellemzo allando

Mérési modszerek:

relativ (aranymeghatarozas) — 1,/I,=N,/N,,
abszolut — belso standard alkalmazasa
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1,3,5-benzenetricarboxylic
acid

1,3,5-tnmethoxybenzene
1,3,5-tnoxane
1,4-bis(TMS)-benzene

1.4-dinitrobenzene
1,4-dioxane

Anthracene

Benzyl benzoate
Biphenyl

Dimethyl 1sophthalate
Dimethylformamide
Dimethylsultone
Formic acid
Hexamethylcyclotnsiloxane
Maleic aad
Methenamine
Phloroglucinol
Sodium acetate
Tert-butanol
Tetramethylpyrazine
TSP-d,

Etacrynic acid
2,5-dimethylfuran

Para-fluorobenzoic
acid sodium salt
(FBEN)

Sodium fluoroacetate

Trifluoroacetic acid

Para-fluoro-D-
phenylalanine

Dimethyl-methylphosphonate

Methylphosphonic acid (MPA)

Phenylphosphinic acid (PPA)

Triphenylmethylphosphonium
bromide

glyphosate

3-Aminopropylphosphonic

acid
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