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Studium struktury organickych molekul

= |zolace a identifikace prirodnich latek, syntéza novych molekul, studium reakénich mechanism...
... se neobejde bez analytickych nastroju:
= 1) separacni metody: krystalizace, filtrace, destilace, chromatografie (TLC, plynova, kapalinova...)

= 2) strukturni, fyzikalné-chemické metody: spektroskopie

= historie: bod tani/varu, index lomu, rozpustnost, dikazni reakce funkénich skupin a jednotlivych
prvkd, polarimetrie, elementarni analyza

= UV, IR (Raman) — velmi omezené informace o strukture (pfitomnost standardnich funkcnich skupin
—CN, —COR, —N; ....)

= Robert Burns Woodward — (NP — 1964 - "for his outstanding achievements in the art of organic

synthesis,,) - ur€eni struktur mnoha prirodnich latek pomoci totdlnich syntéz a aplikaci jednoduchy

7
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Studium struktury organickych molekul

= RTG difrakce — zcela zasadni vyznam pfi studiu struktur malych i velkych (bio)molekul,

relativni/absolutni stereochemie, informace o chovani latek (dynamické jevy) v roztoku zcela chybi

= struktura vitaminu B,, —vyfeSena pomoci x-ray difrakce — 1948-1955, D.M. Hodkin (N.C. -1964) - "for

her determinations by X-ray techniques of the structures of important biochemical substances".

H,NOC

" typické zobrazeni struktury vyresené pomoci x-ray

R = 5-deoxyadenosyl, Me, OH, CN difrakce



Studium struktury organickych molekul

MS — hmotnostni spektrometrie, urceni molekularni struktury (sumarni vzorec) — ale pro rozliseni
regioisomert, diastereomert a enantiomert je MS nevhodnou metodou, velky vyznam ma dnes
HR-MS (MS s vysokym rozliSenim) v kombinaci s jemnymi ionizacnimi technikami, ktera poskytuje

informace o identité molekuly

Urceni struktury vSak mlze byt komplikovano fragmentaci, nestabilitou molekul pfi pfechodu do
plynné faze apod.
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NMR spektroskopie

= NMR spektroskopie — Nuklearni Magneticka Rezonance — zcela zasadni a unikatni spektralni metoda, s

moznosti pracovat se vzorky v plynném, kapalném a pevném stavu

= nedestruktivni, detailni informace o strukture latek, dynamickém chovani molekul — tautomerie,
konformacni pohyb, nekovalentni interakce, stereochemie

= urceni 3D struktury proteinti za fyziologickych podminek vcetné dynamického chovani

= studium difdznich jevl

= NMR v pevné fazi se vyuziva pfi studiu riznych materiald, farmaceuticky aktivnich latek — studie
krystalovych polymorfli apod.

= MRI — magnetic resonance imaging - medicinalni aplikace — diagnostika




NMR spektroskopie

= spektroskopie je obecné zaloZzena na interakci hmoty s elektromagnetickym zarenim

Energy

Wavelength [m]

109 109 1073 108 1011 10713

Radio waves Microwaves IR Uv X-rays Gamma-rays

/50 700 600 500 400 [nm]

v NMR jde o absorbci radiofrekvencnich vin magneticky aktivnimi jadry ve vysokém magnetickém poli
1H, 13c’ 19|:’ 31P, 15N, llB, ZQSi, 27A|, 105pd’ 195pt



NMR spektroskopie

néktera atomova jadra (izotopy) mohou mit spin — nenulovy jaderny spin (rotace kolem vlastni

osy), ktery produkuje magneticky dipdl moment

1H, 13c’ 19|:’ 31p’ IN: 1= 1%
1iB=1= 3/2

I > % kvadrupolarni jadra — chovani v NMR spektroskopii je
YN,?H:1=1 —»

mnohem komplikovanéjsi

12¢ 16Q, 32G: | = 0 - NMR neaktivni jadra — nedaji se méfrit

The case of the spin-% nucleus rezonanéni podminka:
A nucleus with spin at higher AE = hYBo/Z n=hv

energy generates a magnetic
field in the opposite direction ——

o the external magnetic field& A B, — externi magnetické pole (Tesla)
The Nuclei are electrically _ .
charged and many have - - 9.5 T =400 Mhz NMR stroj
$pin that causes them to = Y -—magnetogyricka konstanta —
behave like a magnet @ , ..
3 vlastnost daného jadra,
B 5 €im vétsi tim je jadro v NMR citlivéjsi
. Energy gap 0 %
, corresponds to 3
B radio frequency g N {){/ N B — E&E"‘ kT
o
No field =
o  AE pro H pfi 400 Mhz je 3.8x10" Kcal/mol =
N,/Ng=1.000064 !!! — velmi maly rozdil v
populacich
A nucleus with spin at lower

energy generates a magnetic 9 NMR je velmi necitliva metoda
field in the direction of the

external magnetic field




NMR spektroskopie

jadra v magnetickém poli kratkym pulsem (usec) radiovych vin (o Sirokém
vytvoFi makroskopickou spektru frekvenci) se jadra ozari a vektor
magnetizaci magnetizace zane rezonovat (precesni pohyb)
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Strucna historie vyvoje NMR

1946 — prvni NMR spektrometr 30 Mhz

1961 — prvni FT-NMR spektrum vyrobeny v CSR (Tesla Brno, J.Dadok)
1966 — aplikace Fourierovy transformace v NMR

1975 — 2D NMR techniky

1985 — vyreSena prvni 3D struktura proteinu pomoci NMR

Ethanol *H NMR Spectrum CHs

Methyl Triplet

N

CH3;CH,0H

Methylene Quartet

OH CH: /
Integral 1 2 3
ppm 35 30 25 20 15 1.0
First 1H NMR Spectrum of ethanol
at 30 MHz -1951 Stanford Univ 'H NMR Spectrum of ethanol at 700 MHz

Nobelovy ceny: 1943 — O. Stern (Fyzika)
1944 — O. Rabi (Fyzika) Supravodivy magnet
1952 — E. Bloch, F. Purcell (Fyzika) (200Mhz) Tesla Brno
1987 — K. Alexander Miiller (Fyzika)
1991 — R. Ernest (Chemie)
2002 — K. Witrich (Chemie)
2003 — P. Lauterbur, P. Mansfield (Fyziologie a medicina)
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Vyvoj instrumentace NMR

Vyssi magnetické pole, vétsi rozliseni a citlivost

40 MHz 1000 MHz

cca 60 let vyvoje H

I IDX ’
L R MV*LLI’LA‘ALM%MH \;”“W‘ﬂfwﬂ il W‘m

0 197

Fig. 1. The first NMR spectrum of a protein (RNase A; 20%
(w/v) in D,O) published, a single slow scan at 40 MHz [14].

4 3 z 1 0 ppm

1 GHz NMR spectrum of 2 mM ubiquitin
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Vyvoj instrumentace NMR

Citlivost 'H NMR experimentu pro standardni 0.1% roztok ethylbenzenu
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DOI: (10.1021/acs.macromol.6b02736)
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NMR v organické chemii

Prvni strukturni problém vyie$en pomoci 'H NMR spektroskopie (1955)

"‘C’ \C’" ; represents the sample sub-
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to attached to carbon atoms
Volume: 0.01 cc. - ) for ompauad A 90¢ 1 1
SiR:als Observed: H' : M::"" ."i"‘“w“ 't't'hn of 2-:?

' doubt identity of the sample
Frequency: 30 mc. with structure A.

Fleld . 7050 gauss The sample was furnished through the courtesy of
Professor E. J. Corey, Chemistry Department, University of Illinois.
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Zakladni NMR parametry

Chemicky posun

Pocet signdll ve spektru

Relativni integralni intensita

Multiplicita signalu -interakéni konstanty

Polo-Sitka signalu — relaxace/dynamické jevy

Z jednoho spektra lze vycCist obrovské mnozstvi informaci

14



Zakladni NMR parametry — Chemicky posun

= Chemicky posun = é (ppm)

6 = frekvence signalu - frekvence standardu (Me,Si v

Hz)/frekvence spektrometru (v MHz)

- nezavisly na pouzitém poli (frekvenci spektrometru)

Plotted on the same Hz scale

220 MHz

s

4[][]

Plotted on the same ppm scale
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Zakladni NMR parametry — Chemicky posun

= Chemicky posun = 6 (ppm), zavisi na rozpoustédle, teploté, pH, iontové sile apod.

Chloroform-d o o0 I W
i =r 39 o
':E__I| "-.l A LN P
" [
“ \ﬂrl;
|M
4 -|'- -'”w- Lt J~-._
DMSO-d. f f/‘
{I:!-:-:'- (= - W= T
) e S me
N
I__—-'

8.0 75
Chemical Shift (pprr) 16



Zakladni NMR parametry — Chemicky posun

= Chemicky posun je velmi dulezitou kvalitativni veli¢inou — na kazdé jadro plisobi
okolni jadra a elektrony svym magnetickym polem - strukturni informace

o 1H ~ :
A~ 15 ppm: Aromatické H Alkoholy, Ha
Kyseliny Amydy : e i s
Olefiny Alifatické H
I Alde,rhydy I HI I I I I I
T | | | | [ PPm
15 10 7 5 2 0
TMS

= Efekt elektronegativity na chemicky posun methyl skupiny:

Li H | Br Cl F
H)V’Fr' H/k’ﬁ' H/I“’ﬁ' H/I“,’I* H/I“,’I* H/I“’ﬁ'

~—2ppm  0.13 ppm 1.98 ppm 2.45 ppm 2.84 ppm 4.13 ppm

v

rostouci elektronegativita, vétsi odstinéni, vétsi chemicky posun

——— chemicky posun odrazi elektronické a stereochemické jevy, intra a

intermolekuldrni interakce (H-vazby, -t interakce, interakce s rozpoustédlem...)
17



Zakladni NMR parametry — Chemicky posun

= 13C NMR chemické posuny
13C ~ 220 ppm:

c=0 Aromatika,
-2V konjugovape alkeny Alifaticke CH,
ketonech ﬁ Olefiny CH,, CH
II I I I I I I |
I I I I I [ PPM
210 J' 150 100 80 50 0
TMS

C=0 v kyselinach,

aldehydech, esterech Uhliky v sousedstvi

alkoholu, ketonu
= Efekt elektronegativity + stinéni elektrony na chemicky posun methyl skupiny:
Li H | Br Cl F
H/I“ﬁ' H)V,’I* H)V,’I* H/I“,’J,* H/I“’ﬁ' H/I“’ﬁ'
-13.2ppm -2.1ppm -225ppm 10.3 ppm 25.2 ppm 74.1 ppm

-222.5 ppm 18



13C NMR substituovanych benzochinont

13C NMR, acetone-d,

N\
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Zakladni NMR parametry — Chemicky posun

= 13C NMR spektrum

(e @) N <
(- o I (@) OMNMNT — «— T — M TOMWO S
% o ~ o RNl SHNEFAALBIe
] © < o NP~ O ) N < QOQOWMOMMHOO
N ~— -— -— QOSSO <<tTMNOMm DONNNN -
| | | | —5 N A NN o~ ———
3
= AT

95
I

90
I

85
I

80
!

Transmittance [%]

forskolin

75

70
!

forskolin

= 2 karbonylové skupiny — 1 charakteristicka vibrace
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Zakladni NMR parametry — pocet signalli/intenzita

= Pocet signall ve spektru odrazi symetrii molekuly — rozliSeni isomeri apod.

H
H vSech 6 atomu H i C je ekvivalentnich — ztotoZnitelnych operaci symetrie -
H pouze jeden signal v 1H i 13C spektru
H
H O O zavedenim substituentu na jadro se snizi
H H )L H OH symetrie a pocet aromatickych signalu bude 3 —
Cl . m ortho, meta, para a jejich integralni intenzita v
H H AICI, H H poméru, 2:2:1
H PH
Br O Br
H H )LCI H H zavedenim substituentu na jadro se opét zméni
> symetrie a pocet aromatickych signalu bude 2, v
H H AlCl; H H poméru 2:2 - 1:1
H
1H cions (@)
3 *H signaly
Br O acylaci do ortho polohy se opét zméni symetrie
H a vSechny polohy jsou chemicky a magneticky
neekvivalentni - pocet aromatickych signalu
H bude 4, v poméru 1:1:1:1
H

Pomoci IR nebo MS velmi obtizné Ci nerozlisitelné

21



Zakladni NMR parametry — multiplicita

» neekvivalantni jadra, skupiny atomul navzdjem interaguji — jemna struktura
spekter - multiplety

Ethanol *H NMR Spectrum CHy

Methyl Triplet

N\

CH3;CH20H

Methylene Quartet

OH CH: /
AA

Integral 1 7 4 3

ppm 3.5 3.0 25 2.0 1.5 1.0

First tH NMR Spectrum of ethanol
at 30 MHz -1951 Stanford Univ 'H NMR Spectrum of ethanol at 700 MHz

Pocet linii v multipletu=21* n+1 2 +1=3—triplett

H
. - H
—_ 1 1
I splrlove cislo, ’/z’pro H ] H>I§<OH 3+1=4-quartet g
n — pocet sousedicich atomu H H

>prolH=n+1 3, =7 Hz

22



Zakladni NMR parametry — multiplicita

= Pocet linii a jejich intenzita — Pascallv trojuhelnik

0 1 Singlet (s)
1 1 1 Dublet (d)
2 1 2 1 Triplet (t)
3 1 3 3 1 Kvartet (q)
4 146 4 1 Kvintet (kv) pentet n =4
S 1 5 10 10 5 1 Sextet (sex)
6 1 6 15 20 15 6 1 Septet (sep)
o HLH Hq CSH
'ﬂl\K&H L HH 3|j|’ Hy-H,, ale i Hy-H. > dd (nebo
t H&O H— sep t a ? multiplet (4 linie) ne t, protoZe
H H
H H H, Ha # Hc
q d 7 H, dd
dd n=2 ddd n=3 ddd n=3 dddd n=4 ddddd n=3

=  Komplexni molekuly mohou mit velmi komplexni spektrum



Zakladni NMR parametry — multiplicita

1.165 1.155 1.145 1.135 1.12! >

3.43 3.41 3.39

)
M {%1.80 1.75 1.70 1.

= chemicky ekvivalentni,
magneticky neekvivalentni
= diastereotopicita

T L

74 70 66 62 58 54 50 46 42 38 34 30 26 22 18 14 1.0



Zakladni NMR parametry — multiplicita

N 7~
Om\O
%8 .

(ap] — O M~ N O O (42)]

X O o oMY OO O N

| o M~OM OMN O (@)]

-— P~ I~ P~ O O O (op] -—

| ~ ~ | |

= 13C.1H interakce se béhem méreni potlaci
(decoupling) a 13C-13C interakce jsou témér
nepozorovatelné diky izotopovému zastoupeni
izotopu 13C (1.1 %)

= > 13C spektra jsou obvykle jednoduse
interpretovatelna (singlety), pokud nejsou stépeny

jinym NMR aktivnim jaddrem: 11B, 15F, 31P apod. 3x— OCH, /\

A
V

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 25

| I
|
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Zakladni NMR parametry — multiplicita

@ = undecoupled 3C NMR spektrum s 'H interakcemi

&
L]

66.5 66.0 65.5 650 64.5 64.0

T T T

129.0 128.0 127.0 126.0

195 150 145 140 135 130 125 120 115 110 105 100 95 90 &85 80 75 70 65 60 955




Zakladni NMR parametry — multiplicita

(@)]

(o)} D O O [p]
HO o o0 M I~ N

I NN N Tp]

— — — — (8]

| ~\— |

13C-{1H} NMR spektrum

128.57
1 127.62
127.06

—65.15

67 66

63

65 62
) L 3
131 130 129 128 127 126 125 124
27
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20



Dynamické chovani molekul

Heq Hax
Enantiomers
A 0.4 Hz - wo AL
. . a -90° D -
ot 20 HZ ——w=1 Boat

CZ\'
J/‘\ %2.4 Hz . -7ge Half-chair
—t
C,

- b ¢ -61°

—7[¥— 2.8 Hz
d - - U 1
43 )L : D, D, . K
0.5 Hz .
- e Twist-boat Twist-boat

%{_}

Enantiomers

konformacni pohyb cyklohexanu
pfi 0°C je inverze kruhu velmi rychla a pozorujeme primeérny signal

pti -90°C je pohyb ,zastaven” a pozorujeme dva typy signalu H_, a Heq

Half-chair

C;

Chair
D3q4
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Dynamické chovani molekul

Studium rotace okolo o C-N vazby

29



Teplotné zavisla 'H NMR spektra

T=303K

T=293K

_JUU‘VL uﬁl\ }\A/k N\_MAM \J M\\A/JV\,JWL JJU‘L
_JJ\/UWL | J i J \{*)U,b\ Ay JUUL
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NOESY spektra pfi 263K

Konformacni vyména H signall pfi nizsi teploté

Exchange NOE/standardni NOE interakce

ppm M ; Jk MM J

— H-3"H-8"

7.2
7.4

7.6

H-8/H-9"

6
7.8
H-5'H-6" (0 U (@

8.0

8.2 e RiEaantas nks 222 RAZAE
8.2 8.1 8.0 7.9 7.8 ¥
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NOESY spektra pfi 193K

J

3 3

6 95 18 8 o' 7 4 12 1
[ l‘ * * \J i
pm AW A M Mo MM
¢
7.0
9
7.2 _
@
7.4
819"
7.6 op
7.8 e Qe
9 415
D 617
T 22!

Pfi velmi nizké teploteé je rotace
»,zZastavena” a v NMR spektrech
je vidét pouze sada
standardnich NOE interakci
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Vypocet velikosti bariéry rotace z NMR parametr

k. = tAv/\2
kc — kET"IIh* E—ﬁGis"RT <O
AG*.=4.58 T, (10.32 + log T./k.) cal/mol O
Kobs/s ™ AG* s (kcal/mol) AG?* . 1cq (kcal/mol)
86.47%253K 14.56%93K 14.96
: | | ‘ \
N W SOV T W O . . Av = 38.95 Hz (H-5"/H-6")
| T, = 293K
e ) v v\) 'V'M’u\/\.JJ\“!\ﬁ&&_ kc = 86.47 s1
_)!'“I\J ML u\\ M) v'U \)‘AWJ‘JL_J%M_JJU‘b
= 9;@ na . sz l7 ¥ & 1'2" ‘11
. D S .V U .

T T T T T T
8.1 8.0 79 7.8 7.7 76 7.5 7.4 7.3 7.2 71 7.0 6.9 ppm
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2D NMR spektroskopie

= 1D 'H NMR spektrum proteinu

= P¥iliS mnoho signalu, nizké rozliseni,
interpretace NMR spektra nemozna (jen
castecnd)
il
I
AW
L,LLW MJ #JLJHJ“M { } i ———-
ppm 4 3 2 1 0 -1

—> 2D, 3D... NMR experimenty

Nékolik desitek pouzivanych 2D experimentt - COSY, NOESY, DOSY,'H-13C HSQC, H-13C HMBC;,s....

3D NOESY-HSQC, NOESY-TOCSY...4D...5D!!!
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2D NMR spektroskopie

I malé organické molekuly, mohou mit velmi komplikované spektrum — expanze do vice dimenzi
poskytne detailnéjsi informace

Two Dimensional NMR Spectroscopy

_ t2

+— Preparation —s<«— Evolution —s<«— Detection —s

2D NMR Spectrum
t2 Fourier t1 Fourier Stacked Plot or Contour
t1 Transform_ Transform Map
T : >
: >
-« p— Iy
F==hN W
o
->
ke
F2 Fo
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1H-13C - J-edited HSQC spektrum

TR

H 1H — na X atomu # 13C 10
- OHskupina ¢ 1 . 20
% oy -30

| | 40

o 0o -50

-60
70
80

forskolin

9

1H-13C - J-edited HSQC 100
w e C-H konektivita 110
+ rozliSeni -CH, -CH; vs. -CH, skupin '_120
130
-140
-150

60 55 50 45 40 35 30 25 20 15 10 05 0.0 3



=

NOESY spektrum

L

forskolin

= NOE interakce jednotlivych
protonl pres prostor ™ 5A
= Stereochemické informace

T &

54 50 46 42 38 34 30 26 22 18 14 1.0 0.6

-0.5
1.0
-1 .5
-—2.0
2.5
;3.0
-3.5
-4.0
_—4.5
-5.0

-5.5
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2D NMR spektroskopie

DOSY- Diffussion Orientated SpectroscopY

= Difazni koeficient souvisi s velikosti a
tvarem molekuly, tzn. lze zjistit

molekulovou hmotnost napf. polymert l 1
apod. | |

1 CH
e 3
o \2/ (3)\4/ :
6
Water i
H i
2 I L1
T ' |
Caffeine
9 CHg
|] ,14
4 9
I |l /
0¢5\N/ Hﬁ’;‘
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Urceni struktury pomoci NMR

ROAQ%@ Et,SiH, BFL.0Et, RO

3 g : Me
‘><5 or CF;COOH HO b)(Me
Me™ "Me
R =TBDPS RO
0_ 0
Me Me

oc¢ekavany produkt

Et;SiH, BF5.OEt,

» "6\ 89.7 ppm

R DCM, -10°C /:’ = key tH-13C
8220 20O f)\ 56,01 56 % HO & Me nvec

75.4 ppm interaction
ppm X ppm / Me
Me Me
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Urceni struktury pomoci NMR

O 0SO,CF,
TBDPSO TBDPSO

Bnd 6Bn set of conditions Bnd 6Bn

Desired product

o (\6@ 0S0,CF;
RO RO RO

68n (Sv)OBn BnO OBn

isolated when NaHMDS, PhCHj,
kinetic enolate was used (37%)

thermodynamic enolate

OSO,CF; O
RO RO
e OBn

BnO OBn

desired triflate always major product, ~ 60 % yield
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9F NMR

0SO0,CF;
TBDPSO

BnO OBn

0 -10 =30 =30 -70 -90 =110 =130 =130 =170 =190 =210
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1H-13C J-edited HSQC

INN

J‘ J.| L
OSO,CF,4
TBDPSO

BnO OBn

1

"

3.0 4.5 4.0

3.9

3.0

2.5 2.0
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Priklady neo€ekavaného produktu

TBS?MeO

Me K20$O4'2H20

NMO, aceton:H,O

TBSO,, O
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Jednoducha aplikace ve farmacii a biologii - ligand-protein binding

Ligand intensity is

decreased.
A A A\~
O A O A © A
@rxYe OSSO 0SS e
OA OA @A
saturation saturation saturation
A particular protein Saturation extends ?aturatlon i propaga?eq fo
. : N S ) igand through association
signal is saturated by [ toall protein signals. | N and dissociation
. . . s b 7 - - - a
selective irradiation (Spin Diffusion) .\ (Saturation Transfer) /
[A) no saturation (B) saturation (C) = (A)—(B)
A
subtract 8 A — 2
O 0= 0 O=0O
@ A O
saturation

no binding activity
ligand / compound

O
decreasei saturation
protein A ‘i = a

Only ligand and protein
signals are observed. (51




Jednoducha aplikace ve farmacii a biologii - ligand-protein binding

(A) HDO
@
f_l_l
@
Ik :
e — MMM— e
T T T T T T T T T T T T pPpIm
10.0 9.0 3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 ] -1.0
A
(B) HDO

100 90 80 70 60 50 40 30 20 10 0  -10
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Jednoducha aplikace ve farmacii a biologii - ligand-protein binding

(A) HDO
@
f_l_l
@
Ik :
e — MMM— e
T T T T T T T T T T T T pPpIm
10.0 9.0 3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 ] -1.0
A
(B) HDO

100 90 80 70 60 50 40 30 20 10 0  -10
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NMR spektroskopie v pevné fazi — solid state NMR

Kapalna faze vs. pevna faze

Smeés volné baze a hydrochloridu

solution / . \

" HCI
\// OH ho
¢ / NH., 2

H

powder K

G A Nuagm L.(.mwmaﬂmw! A ‘J k»m,.w._,ammw.“wa JLW\“‘MWJ M aap

~180.0 140.0 100.0 60.0 20.0
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NMR spektroskopie v pevné fazi — solid state NMR

4 ) o ,
O\}/@* Uréeni typu krystalového polymorfu —

extrémneé dulezité ve farmacii.
\/Oj}c
CO0OH

Qtrudure of il‘ldDmE’[hECi_ly

[13C liquid NMR] [13C solid NMR]

Sample dissolved in CDCl; for analvsis Sample analvzed in powder form

TR I I I“ITF"’LU;L»JLMU A M

a UL | | | ﬁm A_AA

rrrrrrrrrrrrrrrrrrrr

Amo phqusl

15 1000 500
K - parm pen Million ?Iq.:ﬂl” 1[!: party pev Mallhon - Cachonl3




Konstrukce NMR spektrometru

Helium Ports

Helium tower

ot

Insert Sample here

o>

Nitrogen poris

Nitrogen tower

metal plug

Vacuum

4~ Chamber
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Nevyhody Vyhody

= relativné velké naroky na prostor = nedestruktivni

= vysoka porizovaci cena = v kapalné i pevné fazi

= relativné vysoké provozni naklady = detailni strukturni informace
= ¢asova naroc¢nost méreni/interpretace dat = studium dynamickych proces

= nizkd citlivost

= (C8950 NMR - Strukturni analyza
= (5320 Theoretical concepts of

NMR
= (C6770 NMR Spectroscopy of
Biomolecules

= (7998 Zaklady experimentalni
NMR
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