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Magnetic Resonance Data for Nuclei

Isotope Natural

Abundance

%

Relative

Absolute

Frequenc
y [MHZz]
at7.04'T

Reference
compound

Detection
range

|pprnn

H 1/2 99,98 1,00 1.00 300 Si(CH;), 0to10
SH 1/2 0 1,21 0 319 Si(CT,), 0to10
13C 1/2  1.108 1.59x102 1.76x10* 75 S5i(CH;), 0to 220
15N 1/2  0.37 1.04x103 3.85x10°¢ 30.3 15NH, 0 to 900
170 5/2  3x107? 2.91x102 1.08x10°> 40.6 H,O -50 to 1700
F 1/2 100 0.83 0.83 282 CFECl, -280 to 276
S1p 1/2 100 6,63x102 6,63x102 121 H,PO, -480 to 270

® Dr hab Stawomir Makowiec 2021 Y.




Fluorine NMR

- Fluorine Shifts Overview
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19 F chemical shifts

(617, 65.7)

F F MPh 9
Cl —P
S0
. (-66) (-73.3)
F CF.-C=C-CF F.BCH, CF,OF
di—f c (-57) (588) (72.3)
|L T E’”&' - CF,CH, AsF; AsF. CF:H F-BPh F.PMe
-4) (-48.7) por (517) (-86) (695} (-78.6) (-92)  (-92.9)
F
CF,Cl (CF.N  CF, CFPCL CF.CO:H  (RCE:)N
(-28.1) (-56) (62.3) (721}  (-TB5) (-85}
CF.CL (CF. L5 (CF5 )P CF.CF.CE.I (CE;).CF (CF,).C=0
(6.8 {-38.6) {-50.8) (61} (-74.5) (-84.6)
FEEr; KEF* C—F;SEEt EF3SS‘EF3 FC-C-';C-C-';F C-F:J:-F;C—F;C-E;
1) (-18.7, Jype=3006) (-35.2) (-46.9) (58} (82
MePF; FBMe, (CF;):Hg CF.OH  C.H.CF.  (CF.80,),  CH,=CF, FC=CF
(-4) (-20) (-36.4) (-545)  (-63.7) (74.7) (-81.3) (-95)
CF.l Pd(FF,), PF,  AsF,  MePF, Tef, PF,  PF.  CF,S0.H POF, BuNF
(-4.8) (-22) (-35.1) (-40.6)  (-46) (57)  (65) (71}  (-72.8) (-90.7)  (59)
Lo bovn s bov st as oot bvwv s by by by bvvvv b by vav by bvvav bovna bov s bov s bovva b vl
0 =10 =20 =30 -40 =50 -50 -7l -&0 -50 -100
CFCl,
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Fluorine NMR - target molecules

F
N

I F

ﬁ—g PO OCUOYI\KF
N=\ FF F
HO ) NZ\ ij\tN)LN d
H H
F

Lefenuron (pesticide and antifungal)
Fluconazole (antifungal)

FF_FF
F = F

F\ [ F
F— F
F F

FFEFF

Perfluorodecaline (Fluosol - artificial blood
100 mL of perfluorodecalin can dissolve 49 mL of O,
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Fluorine NMR - reference compounds

CFCl; (trichlorofluoromethane) 0.00
CF,COOH (trifluoroacetic acid) -76.55
CsFe (hexafluorobenzene) -164.9
CgHsF (fluorobenzene) -113.15
CF,Cl (trifluorochloromethane) -28.6
F, (elemental fluorine) +422 .92
FCH,CN (fluoroacetonitrile) -251.
CFCI,CFCI, (difluorotetrachloroethane) -67.80
CeH=CF, (trifluorotoluene) -£63.72
SiF, (tetrafluorosilane) -163.3
SFe (sulfur hexafluoride) +57.42
8205,F2 +472
(CF,),CO (hexafluoro acetone) -84.6
p-FCeH:F (para-difluorobenzene) -106.0
HF (aq) -204.0
CF, -62.5
Aqueous F- (KF) -125.3
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Fluorine NMR - J; coupling

Type Range Examples
2 FF ]
F F JeFgem cl Hppg = 174.1 : 4 F J=g = 184
)/\ 40370 Hz Br Jer = 18.00, 18.04 ,=75
F F JATI182 2 | 3)..=49
: ., =48
e JOC-TO-ETE" ; #
J24 =21
0-45 Hz
F FH
3‘-|FF-tr'r' K —
100150 H Jrr = -132.0 0 e gy = 2102
] z 1248
JA-T-34 F 5;.? A *Jrrang = 0.33
FF 3. F F Jy=18.2 ) WL oo =389
0-60 Hz *Jer =191 F l 188.8
|_J|.!-.-?2-34 jD_=1 ?3? {all couplings aljail.abla}
r =112 1oCE82528
“Jern - H . BSCF-86-878
e 2 =311
0-110Hz ¢ FET
2z lom 5,=-'E".‘1'
JAT2-34 - 2

: i
F
E.'-IFF—c:-
F 1835 Hz
4‘-|FF-rr
F 015
“Jer
116
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Fluorine NMR - Jg;; coupling

Type

=,
~
~
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Range

2‘-' HF -g=m
40-60 Hz

3Jen
5-20 Hz

|
HF-trans
10-50 Hz

2‘-' HF-g=m
70-90 Hz

Examples
FF
5 Cl 2),=482
' 2, =37, 62
JATIE2
F
K .
R 2), =56
3, =13.2
JOC-TO-ETS Yy=13
F F
" =06
Jup =203 3 —
- Jur, =340
JA-TZ-34 JA-T234
F o H
ﬁ e = 3.0
JA-TZ-34
FF FH

x

2 =720 ﬁ 2 = 751

JA-TZ-34
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ey Coupling

10 9 3 7 & = 4 3

o Or had iapegirm ot diflioromethane
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ey Coupling
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Spin system of CF,CHFCI
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'H Spectrum of CF,CHFCI

'n
— 5,829 [4]
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'H and F Spectra prediction for (CH,),CF

ST
3Jey = 10 Hz )<F
C:'s\‘ HyC CF\ 3py = 10 Hz
P
H3C CF\ l
""""""""""""""""""""

-

3Jey = 10 Hz

,\
]

'H Spectrum

i‘ ‘i’

YF Spectrum
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(CH,),CF 'H Spectrum

I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T N T T 1
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1 {pprd
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(CH,),CF YF Spectrum

l:H"
H,C ~+~F
CH,
el o, 1 peak no. 10
e ———— — ‘J'lvﬁlll
-129 -130 131 -132 -133 -134 ppm
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3 C NMR

H
b:E:D
MeCOH ?Hf Nz H |
: Me CHOH Mele | ’~.‘E =i
: MEME S o,
CH.=C=CH, CHCHOH P
- b M'—‘-UH i { ' r.1&E-H' bt &
Y HC=CH ! : 'Me.n o MeCl E ; HeElr P ': : Mel
HOCH=CH, COCkY 7t ‘yeof Nf-‘h SV 5 -' Meli ™
"'H. T ' 1 - s LS ! ' 5
&30 Tz =21 612 556 502 T z 103 58 0a 29 =132 =20C
738 T3z B 5 SR2 {TE 252231 65 25 =21
L 1 L L L L L L L L L L I
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g
ME.‘ + Me @ @
0 /”\nr.m .J'L. NH
—C= FH C=N-M :' HC{OEt),
':-H;_ I:I: C-H; H’H!.k\ : ._. £ E. CH C-H -Ill: I3
E ’j\'\_\ I H C D P=C r‘1'\'-El "-\. .!: -'I:I.. 'I.I-.I .-CEN_rJE II: |i- |=: D; C-HrJE. II:I-. Li
H’ A | o/ HocHscH; L e e @
2062 1995 1940 17740 1699 1649 160 S6T 1490 1285 1232 177 1138 glird
217 1708 1674 1-:-3.; 1272 1217
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13C NMR chemical shifts

Aldeh yde R.CH=0 R.C=CH.Fluonda C-F Chloride C-CI lodide C-|
Ketone R-C=0 RHC=CH Nitra C-MNO- Bromide C-Br
R,C=CH Alkzne C-H
Aromatic Armine -.’:—HF.,*:_
—Heteroaromatic | _Hydroxyl C-OH C-SR
Carboxylic acid R-COH Mitrile RC=EM C-0OR C-Ar
Esters R-CO:R Sulfoxide, Suffone C-80.R  C-C=R
Amide R-CONR Aliyne RC=CR; CC=0}-R
200 150 100 500 J ppm
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I3 C NMR - ] ~;; coupling constants

sp3 carbons
1H-1 3C
Type J (Hz) Type J (Hz)
CH3z-H 125 CH;3Li 98
Ph-CH,;-H 129 Cl,CH-H 178
RC=C-CHyH 132 | O;N-CHpH 147
RoNCH3-H 133 FCH3-H 149
RSCH3-H 138 CICH>-H 150
ROCH,-H 140 | ICH,-H 151
(NC);CH-H 145 BrCH,-H 152
| > H 161 (CH30),CH-H 162
0. 180
u 134 | [>—H
—H : —H
r“ | 137 |_ 137
S——H 150 |9 B 150

ey = 125 -180 Hz
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sp? carbons
1H.13¢
Type J (Hz) Type J (Hz)
—C-H 157 C=C=C-H 168
(o} OR
P'§ 172 - 195
R H
F NR,
=i, 200 —é—y 195
=iy -198  [>—=H 238
X=Halogen
| H 170 @—q-] 160
E\>—H 202 @—H 189
o) S
H
E\>—H 182 159
N
N_ _H
=~
\ 178
=
3 ~( -

7y~ 5-10 Hz
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Continuous Wave ver. Fourier Transformation

Radio frequency
transmitter

Radio frequency
amplifier

Sweep generator

Detector

Audio amplifier

Oscilloscope or
recorder

Schematic diagram of CW NMR spectrometer:

A: Sample (Tube is perpendicular to the z axis of the magnet),

e Dr hBb y&%mi’tmék%%,egéo%‘ﬁveep coils, D: Receiver coil, E: Magnet

19



Fourier Transformation Spectrometer

Output and
Computer storage

Magnet bore \ﬁ devices

Liquid nitrogen

Liquid helium — < \\ |

A/D Converter

Two or more rf

Magnet coils —J____| 4\ pulse generators,
Bandpass filter one for high
frequency, i.e.,
__| Shim control /1\ iH, others for X
module . nuclei, i.e., *° C
Amplifier

Shim coils —— /
\ / Field Quadrature
stabilizer detector

Probe ————>1 | \

Receiver/
transmitter

Schematic diagram of Fourier transformation spectrometer,
Tube with sample is parallel with the z axis of the magnet, which is cooled with liquid helium.
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Continuous Wave - Spectra Acquisition

oo / E |
R \”/ | v=100000050 Hz

NNAN
_% \/ YA v=100000100 Hz
F

AN
SV RUERRERCRYRNG J‘m— 1 v=100000300 Hz

MAARRARAR
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Fourier Transformation — Spectra Acquisition

: The signal can be seen to decay due to nuclear relaxation
FID Free Induction Decay 8 , Y o
® Dr hab Stawomir Makowiec 2021 processes following the RF excitation ©2?



Fourier Transformation — Spectra Acquisition

interpulse delay pulse /

interpulse delay pulse /

dead time

interpulse delay pulse /

dead time dead time

acquisition time AQ acquisition time AQ acquisition time AQ

Signal
2N _ VNumber of acquisitions

Noise
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13C NMR spectra of CH,CH,CH,CH,CH,OH

- after one scan

200 180 160 140 120 100 80 60 40 20 0 ppm
Chemical shift (6)

after 200 scans

1

200 180 160 140 120 100 80 60 40 20 0 ppm
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Propionic acid 13 C spectra (100MHz)

0

178.260 [3]
—25.084 [2]
2800 [1]

Singlet instead triplet?

Singlet instead quartet?

/

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

220 210 200 190 180 170 160 150
fl {pprm)
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3C spectrum of allyl chloride (75MHz)

A e | O | |
140 120 100 80 60 40 20 0
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Broad band decoupling
HQC/\/CI

—134,7(05 [2]
118,695 [1]
—44.207 [3]

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

220 210 200 190 180 170 180 150 140 130 120 110 100 =] 20
f1 (ppr)

® Dr hab Stawomir Makowiec 2021 27



Nuclear Overhauser Effect

IZI CHB
ZZE; ™ b
Cote \ ZZZCH | disturbed syst
atlp H undaisturbe SYS em
zzzzzé; S
RS
P w{
frleale 280

Irradiation of protons
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Nuclear Overhauser Effect

av .,
\ A
c%l V A AL Saturated protons
|Z| IZI IZI |Z| V o \Hl VA \g(_>

NOE =0 for quaternary carbon atoms,
-CN, -COOH, -COOR, -C(O)R, R,C
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BC-NMR spectrum of 3,3-dimethyl-2-butanol

0

OH

"\

A

I D D D I I R I I |
75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 ppm
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BC-NMR methyl methacrylate
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BC-NMR 4-nitroanisole
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BC-NMR camphor

L. W . ——

U 10
1 0 \
6 > ? T
- _I- - -~
D) 3
\
plpnl‘l o 2|00I | 1175' o 150 | 125 100 75 - 5][ll | 2|5I
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Off-resonance decoupling of 'H from *C nuclei

I
3C NMR

CH,
CHf—éF—CH;
S,
oM,
| | | | | | | | | |
200 180 160 140 120 100 30 60 40 20 0

6 (ppm)
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Off-resonance decoupling

13
C NMR (”)
CH3_ C - CHZ_ CH';
TMS
2-butanone

TMS

pvnr b bt bt bt bt bt bt bt bt bt bt byt ana by
240 220 200 180 160 140 120 100 80 60 40 20 0

d (ppm)
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DEPT - Distortionless Enhancement of Polarisation Transfer

90°,  180°, O,

H I
1/24 112J
I 1/2J I v 7 o = 45°

DEPT 45
90> DEPT 90
90°, 180°, 135¢ DEPT 135
ve J—LNVVHﬁh [T —
t
DEPT 90
© o 4 ol
)ko/\ DEPT 135
) \ L1
mixture of two compounds ]
45° gives all carbons with attached DEPT 45
protons (regardless of number) in phase N I ;
135° gives all CH and CHj; in phase,
opposite to CH,; CH CH, cH,CHs
C
90° angle gives only CH groups, | l l l

the others being suppressed;

® Dr hab Stawomir Makowiec 2021 ) l ey l 3
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DEPT 3
Broad-band decoupled -
2 4 |8
5
6 1
OH
M .
200 180 160 140 120 100 80 60 40 20 0 ppm
Chemical shift (8)
DEPT-90 | -
CH CH
200 180 160 140 120 100 80 60 40 20 0 ppm
Chemical shift (8)
, , CH,
DEPT-135 | — | ~ CH, |
| CH;
CH2 CH2 |
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BC-NMR spectrum of camphor + DEPT

b 9

7 \
P —

6 A/ I

5 it \

CH
\, i :

PPM 200 175 150 125 100 7S 50 25

0

45

g0  CH only

135 CH, negative phase |

oo

| 1
| 1
288 186
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