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GIOI THIEU PHUONG PHAP CONG HUWONG TU HAT NHAN

[Lé PP nghién ctu cau tric dwa trén tinh chat tir cia hat nhan }

3 diéu kién can thiét dé do phé NMR:
» Chi do cac hat nhan co tw tinh (I # 0)
> Phai dat hat nhan vao trong tr trworng B, dé xuat hién twong tac to
> Tac ddong thém mot tr trwdrng xoay chiéu B, dé co thé quan sat

duwoc twong tac tw



1. Nguyén tac co’ ban ciia pho NMR

Nguyén t

/\ Proton

pién o ()

Nhan co tir tinh va khao
sat tot hién twong NMR:

Nhan (+) <
Neutron

xoay quanh mot truc

Dong dién

|

Tw trrong




2. Twr tinh cua hat nhan

Nhan dwoc xem nhw 1 nam cham nhd, dac trwng bang dai lwong so spin hat nhan |.

Nhan (+) <
Neutron (I = 12)

m=+1/2 m=-1/2

Tuy thubc viéc cac spin nay co ghep déi hay khong ma hat nhan
nguyén t& co cac gia tri | khac nhau. Gia tri cua | tuy thuéc A va Z cua
nguyén tw (1: 0, 1/2, 1, 3/2, ...)

Nhirng hat nhan khong cdé spin (I = 0) thi knOng gay ra moment tu,

tire 1a khoéng co ti tinh dan dén khong co cong hwéng tir hat nhan.
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MOGi nhan sé cé 21+1 dinh hwong khac nhau == m: -I, -I+1,...,-1,0, 1, ...., I+1, |

IH

m,: S6 lwgng t& moment goc cla spin hat nhan,

} =% =mp m Y2 +%5
twong dwong s mirc nang luvong

13C

Qui tac kinh nghiém dé tinh I:

A yA | Vi du hat nhan
’ c' 3 1H’ 13C; 19|:
L& Chan hay 1& | 1/2, 3/2, 5/2 15N: 31p
Ch8n | Chén 0 12C; 1°0; 28
Chdn |[L& 1,2,3 °H; N
5




A Z I Vi du hat nhan Pac tinh
\ o 3 1H; 13C; 19F Khao sat tét hién
Le Chan haylé |1/2, 3/2, 5/2 15N 31p twong NMR
s o Khoéng cho hién
120 160N 32 :
Chan |Chan 0 C; 100; 34S twong NMR
C6 thém tr cuc dién,
Chan |Lé 1,2,3 2H; 14N kho khao sat hién

twong NMR




Tir tinh cia mot so hat nhan

Isotope %" zZ N A I e v pe o S¢

n —_ 0 | 1 % -183.26 29.167  -1.91315 0 0.322

'H 99.985 ! 0 1 ! 267.512 425759  2.79268 0 1.00

2H 0.015 1 I 2 I 41,0648  6.53566 0.857387  2.73x 1073 9.65 x 1073
Li 92.58 3 4 7 3 103.96 16.546 3.2560 ~3x 102 0.293

108 19.58 5 5 10 3 28.748 4.5754  1.8007 7.4 x 1072 1.99 x 1072
B 80.42 5 6 11 : 85.828  13.660 2.6880 3.55 x 1072 0.165

Be 1.108 6 7 13 ! 67.2640 10.7054  0.702199 0 1.59 x 10-?
N 99.63 7 7 14 1 19.325 3.0756  0.40347 1.6 x 102 1.01 x 1072
15N 0.37 7 8 15 ! -27.107 43142 -0.28298 0 1.04 x 107}
"0 0.037 8 9 17 2 -36.27 5772 -1.8930 ~2.6x 1072 2.91 x 1072
1R 100 9 10 19 ! 251.667  40.0541  2.62727 0 0.833

2Na 100 1 12 23 . 70.761  11.262 2.2161 0.14 9.25 x 10-2
27A1 100 13 14 27 : 69.706  11.094 3.6385 0.149 0.206

28i 4.70 14 15 29 ! —53.142 8.4578 -0.55477 0 7.84 x 1073
3p 100 15 16 31 % 108.29 17.235 1.1305 0 6.63 x 1072
13 0.76 16 17 33 : 20.517 3.2654 064257 ~6.4x 107 2.26 x 1072
3Cl 75.53 17 18 35 : 26212 4.1717  0.82091 -7.89x 102 470 x 107
¢ 24.47 17 20 37 % 21.82 3.472 0.6833 —6.21 x 1072 2.71 x 1073




3. Hién twong céng hwéng tir hat nhan

e | '
H H ! ﬂ H
| “ ¢ T }
B
% ’ J/] | | a |I|
H
LB |
!
Khéng co tw trwo'ng ngoai Co tr trerd’ng ngoai

hv




Proton trong tw trwo'ng
Spin=-1, B Phan bo Boltzman:
T Ny AE =hyB_ 27
- * h: hang s6 Planck
« v: hang sb t hoi

AE
\l « B,: Cuwong do tir trrong

[="

Spin=+"%,a Néu st dung séng v tuyén
> M c6 nang lwong: hv=AE
(Bo) — Céng hwéng
(No > Np) = v =)B/2xn

> Khi chiéu birc xa dién ttr co tan so thich hop (hv) sé c6 sw hap thu NL va co
sw di chuyén cuta spin ttr mirc NL thap dén mirc NL cao. Khi c6 hién twong
nhay chuyén spin nhw thé, ngwi ta n6i hat nhan da cdng hwéng véi birc xa

chiéu vao. 9



Tong quat: _ l = 12

AE AE'

Khéng c6 sw khac nhau

gilra cAc mirc NL cha cac a
spin khi khdéng co6 twr
CoO sw tach mirc NL a m, = +1/2

trwdng ngoai
cua cac spin khi cé

Sw tach mdc NL
twr trwd’'ng ngoai clla cac spin cang
I&bn khi tir trwedong

Tan so blre xa chiéu vao phai lon hon tlr tredng ap dat  ngoai cang I16n

Néu B, tlr 10 — 100 kG thi AE twong (rng blrc xa co Vil 50 — 500 MHz
Y
Tan s6 séng radio 10




LR

]
&

R W ﬂml = -1/ 2 Mo

M T e P e ol R e

R R

PRETER

&

Vé mat co hoc, c6 thé xem nhw nhan c6 vecto moment t& x quét 2 hinh nén

twong rng voi mot mare NL thap o (m, = +1/2) va mot mire NL cao S (m, = -1/2)
m,: SO lwong tlr i’ng vé&i moi dinh hwéng

Khi c6 sw hap thu nang lwong thi tin hiéu dwoc biéu
dién dwéi dang 1 miii goi 1a mii céng huwéng 11




{a) (b) (c)

(a) Spin proton quay quanh truc z cua tr triro'ng ngoai B,
(b) Tir trwdng thir cap B,

(c) Spin proton bi tac dong cua B,
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Sw hoi phuc (Relaxation)

<.

T1: Th&i gian hoi phuc doc (spin-lattice hoac longitudinal relaxation)

T2: Th&i gian hoi phuc ngang (spin-spin hodc transverse relaxation)
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Ghi phé proton
" IJ\)[\WKW’AFASWA

6= 90°

Tin hiéu dwong

6= 180°

Khéng c6 tin hiéu

Tin hiéu am
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Fourier transform

FT

[ P I T e [T T I T T [ [rrrrTTTTe e [rrrereT e [rrrTrT [rrrreeT I

0.1 0.2 03 04 05 06 0.7 0.8 sec 7 6 S 4 3 2 ppm
FID Pho proton

(Free Induction Decay)
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4. So do hoat ddong ciia may NMR

CPU diéu khién  Thiét bi didL Spiner

J J~khién quang

pho

B |

r— “Nam Chém”

S
.L'uy [__—‘ Probe (noi chira

PP mau
BO diéu )
khién nam

cham

16



Cau tao bén trong ciia nam cham siéu dan

Spiner \/

B6 phan shim |

__ Helium long (—259°C)

______

A /Y

’ /3| - Nito 16ng (~196°C)

Probe ]

_Solenoid

1V 4| _ Chan khéng
7 "

|

Day dién cua bd phan shim Day dién cua bbé phan dun néng

Cudn day: hop chéat ctia nobium va titane 17



5. D6 dich chuyén héa hoc LN

. A s v Caclop e
5.1. Sw che chan hat nhan r i o i

s Hé théng electron trong moi nhan khao sat sé tao mot tr trwdrng doi
khang véi tr tred'ng ngoai B ===» nhan chju tac dung cua tw trwong B < B,

{Bi chén nhidu hon

CH & trwong cao hon \ ;
’ \<H<[Bi chan it hon J

CH & trwdng thap hon

< Nhan khao séat con bi che chan b&i hé thong electron clia cac nhan ké can
=P Hi€n trong ghép spin

18



5.2. D6 dich chuyén héa hoc

Nucleus
- -l— —m - Circulating electrons
f’ | ]
~ . - _( R -
TTT Magnetic lines
B, of force

300 MHz
3000 2700 2400 2100 1800 1500 1200 900 600 300 O v(Hz)

0w 9 8 7 6 5 4 3 2 1 0 d(ppm

g  ——
Tan so cao, Tan so thap,
bi chan it bi chan nhiéu
600 MHz
6000 5400 4800 4200 3600 3000 2400 1800 1200 600 0 +v(Hz
10 9 8 7 6 5 4 3 2 1 0 & (ppm)
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Vi~ Vins (H2) 5
Vméy (M HZ) CI:H3
ch_?i_CHg

CHs;
Tetramethylsilane (TMS)

TMS
| | | | | | | | | | |

00 9 8 7 6 5 4 3 2 1 0 O(pm

—_— ="~

Bi chan it , Bi chan nhiéu ,
CH & trwdng thap, 6 cao CH & trwdng cao, dthap

20



Tin hiéu céng hwéng *H NMR cia mét so chat khac nhau

ClaC
#5,

— [rcreasing Magnetic Field at Fixed FregUency

e [Cr2ASING Frequency at Fixed Magnetic Figld
m— rcreased Shielding by Extranuclear elactirons -

Hz
H c”CHCH
C|H fl:l Ha( 25 P2 CH3
'l.l .
— —q HaC. CHz HaC-Si-CH
;C I:x HaC-NO5 IS—CI 2 orofz HEm c
H H HaC H CHa
H
H H
cl.  H Lo Hsl, CHs
., |
H H e H2hT Gz C=0 | HaC-C-CHa
A\ cl” H Hat.,  CHz HaC CHs

14 MMR. Resonance Signals for some Different Compounds
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PHO NMR

less shielded
lower field (downfield)

more shielded
higher field (upfield)

increasing magnetic field strength (By) ————>
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CHCl,
7.26 ppm

TMS

N

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
Chemical shift (3, ppm)



Po dich chuyén héa hoc: thang &

'H-NMR: 0= 15 ppm

13C = NMR: 0-250 ppm

| |
gt 1688 5]



5.3. Cac yéu to anh hwéng dén doé dich chuyén héa hoc

v'Mat doé dién ttr chung quanh hat nhan:

Hiéu ytng cam, cong hwéng.
v'Hiéu trng bat dang hwéng cua lién két hoa hoc
v'Dung moi.

v Nhiét db.

25



5.3.1. Anh hwéng cta hiéu trng dién ti

Néu nguyén t¥/ nhém nguyén tir gan vao nhan gay:

- rat e Mét d(A) e Xung ’ S
> 10 > H A t 2 thA

‘R quanh nhan giam CH o trwong thap (o cao)

*l day e Mat do e xung

j e CH & trrd'ng cao (J tha
*R quanh nhan tang g cao (o thap)
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Vi du: o dich chuyén hoa hoc clia cac dan xuat chloromethane

v v ¢ ¢
H—cls—H H—Cli—CI H—cl:—CI H—Cli—CI

H H H Cl

o (ppm) 0.2 3.0 5.3 7.2

Vi du: Do dich chuyén hoa hoc clia cac dan xuat halopentane

CH,CH,CH,CH,CH,F CH,CH,CH,CH,CH,Cl CH,CH,CH,CH,CH,Br CH,CH,CH,CH,CH,|

4.5 ppm \ 3.5 ppm \ 3.4 ppm \ 3.2 ppm \

27




Mot so gia tri cong hwéng ciia mét so loai proton thong thwdng

Type of Proton Approximate & Type of Proton Approximate §
alkane (—CH.,) 0.9 s P
3 /C—C\CH 1.7
alkane (—CH,—) 1.3 ’
alkane (—CH—) 1.4 th—d o
| Ph—CH, 2.3
C”> R—CHO 9-10
—C—CH, ol R—COOH 10-12
—C=C—H 253 R—OH variable, about 2-5
E=CH=x S5 Ar—OH variable, about 4 -7
(X = halogen, O)
R—NH, variable, about 1.5-4
N
/C_C\H 5-6

Note: These values are approximate, as all chemical shifts are affected by neighboring substituents. The
numbers given here assume that alkyl groups are the only other substituents present. A more complete
table of chemical shifts appears in Appendix 1.
28



5.3.2. Anh hwéng cta hiéu trng bat dang hwéng (anisotropic effect)

circulation
C H of electrons C2 H 4
6' '6 @ Binduced

induced field
reinforces the
external field

induced field
reinforces the
external field
(deshielding)

(deshielding)
By \—/Binducev
B induced magnetic field 5 : 5 — 6 ppm
¢ Bi. 4uceq Shields
th ton
O0:7—8ppm CoH, L

B induc& R /Binduced

0:~2.5ppm 29

B,



Po dich chuyén héa hoc ctia H va 13C

—-COOH
011-612

10 9 8 i 6 5 4 3 2 1 0
aromatic C —+C=C+ |€C—Cl,C—Br
N B 7 |
— — —C—0—
/C 0 /C C\ | O alkanes




Po6 dich chuyén héa hoc cua 'H va 13C

¥ 1 ¥ 1 ] v

¥ i
200 /180 160 140 120 100 80 60 %0 20 o C

77773 Aldehydes
[ V777777777 7% A.romatic

Conjugated Alkene W/ 77777777 O 277777777 7] Terminal Methylene

B 7C Shift Range
NN 77777777 Alkene [ 'H Shift Range
Z7Y Overlap Region

[ V777777 >(CH-0

773 -CH,-0

’H and ”c ehe,m‘ca[ O NN -0O-CH,
Sﬁffs 2CH-NC-CH-NS CH N
~-C:C-H N )

0
seH-c2-omcP en e

'CH,-C=CY [0 w—

HH

pY *‘CH,-CE ]
"o 10.0 20 10 o M

L 1 1 i ]

, ! !
(CH,) élzo ! \ ; |
372 ; - . | T™S
i@ DMSO b M
CHy~C_ I GHge

(CHy); C20
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Hay chon c4u truc va phd twong (rng? I [
/C\ /C\ /CH3
Acid acetic Methyl formiate
A __________________________________________________________________________________________________
|
B
il

T LELELELELELE BRI B LA B B L B L B L L D e
12 1 10 9 g 7 5] = 4 3 2



5.3.3. Anh hwéng ciia dung moi

» St dung dung méi chira deuterium nhuw:

CDCl,, CD,0D, CD,CN, CD,COCD,, C,D,, C:D:N, CD,SOCD,

> D6 dich chuyén hoéa hoc thay dbi theo dung méi st dung tlr + 0.1 - + 1 ppm

> Méc du dung mdi da dwoc deuterium hod nhwng van con sét moét vai phan
t&r chra H, do dé can biét cac vi tri cdng hwdng ctia cac H nay dé loai bo

Truéc khi do NMR, phai lam khé mau dé loai vét nwéc va dung moi

33



MOT SO MUI CONG HWPO'NG CUA DUNG MOI

cbcl, | (Cb,),co | (cb,),s0| c.b, | CD,CN | CD,OD | D,0
Peak dm | 7.26 2.05 2.5 7.16 1.94 3.31 4.79
H,0 1.56 2.84 3.33 0.4 2.13 4.87
CHCI, 8.02 8.32 6.15 7.58 7.9
(CH,),CO | 2.17 2.09 1.55 2.08 2.15 2.22
(CH,),SO | 2.62 2.52 1.68 2.5 2.65 2.71
C.H, 7.36 7.36 7.37 7.37 7.33
CH.CN |21 2.05 2.07 1.55 2.03 2.06
CH,OD | 3.49 3.31 3.16 3.07 3.28 3.34

34




Pho 'H-NMR cta Emodin trong aceton_d,

$£ [ RS U e BN B U IS IS e e L e i = AW e LY R i e
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" . o el el el WOM0 L= R A e B N e Y i N e e N i e |
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6. Hién twong ghép spin cua proton
) 1,1,2-Tribromoethane

1800 1500 1200
| | |

\
Br—C—C—HP

/‘1 \b
/H‘ H

|

| | | | 1 | | 1 | | | I | | 1 | | | | | | I | | | | |
6.0 55 5.0 4.5 4.0 35

6 (ppm)
Copyright © 2005 Pearson Prentice Hall, Inc.

Co6 sw ché mdi o , .
mmmmep  HIEN tO'Ng ghép spin
Cwong d6 cac mui khac nhau
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Sw ghép spin la do twong tac cua nhan nay
trén nhan kia théng qua 1, 2, 3 ... ndi.

; 4 noi
2 néi 3 nol Ha Ha 5néi
Ha Ha I_Ib
: | |
T T
g ) Hy
Y o
Twong tac gan U 0y

Twong tac xa

Sw ghép spin chi thdng qua cac lién két héa hoc ch khéng
phai thébng qua khoang khéng gian gitra 2 nhan.



CHBr,CH,Br

chemical shift of HP

Br Br Br

]i%r
Br C '
uppme a‘

|/ HL L

-
-

6

4 reinforces

field

chemical
shift of H*

HP protons ﬂ HP protons
reinforce field oppose field
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H3C CHs

CH3;CH,OH

e NIt

mmmmmmmmnwmmmm
900 880 860 400 380 360

Hz Hz /\/ N02

b e

1320 1300 300
Hz Hz Hz
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b a b

| BrCH,CH,CH,Br |

||||||||||||

S (ppm)
-— frequency

40



Qui tac (n + 1)

Néu c6 n H twong dwong ké can H khao sat thi nd bj ché thanh (n + 1) mai

n n+1 So peak Ti Ié cwdng dd peak
0 1 1 (singlet) (s) 1

1 2 2 (doublet) (d) 11

2 3 3 (triplet) (1) 121

3 4 4 (quartet) (q) 1 331

4 5 5 (quintet) (quin) 14641

5 6 6 (sextet) (sext) 15101051

6 7 7 (septet) (sept) 161520156 1

» Hién twong ghép spin chi xay ra khi cac proton khéng twong dwong nhau.
> C4ac proton trén cung mot carbon ciing sé ghép spin néu nhw chung
khong twong dwong nhau. 1



Céac hé thong spin

Av 8 Swghépspinbacmét mmp Ghépyeu
J
AV , . a : z
R < 8 Swghépspinbachai mmp Ghép manh
A A
J J

Av



» Cac proton khong twong dwong dwoc ky hiéu theo thir tw A, B, C,....

> Cac proton c6 dé chuyén d&i hoa hoc khac xa dwoc ky hiéu X, Y, Z
» Hai proton c6 Av/J £ 8 dwoc goi hé AB: ghép manh

» Hai proton twong dwong héa hoc nhwng khong twong dwong tir hoc,
hé nay dwoc ky hiéu: AA’

> Ba proton c6 dd dich chuyén khac han nhau, thwéng sir dung thém
ky tw M va hé dwoe biéu dién dang A,M_X. .
Hé nay cho sw ghép spin bac mét

> Ba proton ghép spin trong do: 2 proton c¢é dé chuyén d&i héa hoc
gan nhau trong khi proton con lai cé dé chuyén d&i héa hoc khac
v&i 2 proton kia, hé nay dwoc biéu dién dang ABX va cho sw ghép

spin bac mét. .



Sw gheép spin bac mot
N A

HC CHy

44



HCHCH

e

A

M

—
900 880 860 400 380 360
Hz Hz
k A -
.......................... — i R i T S —
7 4 3
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He AM_

CH3CH20H
in CDCl3
o
T T I T e T[T Iy Iy T ryyr v T T e T oIry IOy [T T T Iy Ty rrrr e
1100 1080 360 340
Hz
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
(ppm)
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Hée A.M_X

U

I YTy IO TIT TTTTIT YTTTT IO AT TIVTY (Vormey T

/\/N02

N

1320 1300 620 600 320 300
Hz Hz Hz
4.0 3.5 3.0 2.5 2.0 1.5
ppm
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He AM_X,

U

y

CH3CH20H
in DMSO - dg
LA LAARE LLARS LLALS LARA) MRS LLbAS Liaks iiad RiAn SR RLAad LALA) RALAS RLARE MMM RLAAN RAAAS RIALS RLAAY LAMAN P T T T T T T T T
1305 1290 1275 1050 1035 1020 330 315 300
Hz l‘
j [ l’ n ad. andn,
T T L T T T T T T T T T T T T Ll T T T T | L L] T T T T T T Al T T T L] T L T T T L] T T T T T T
4 3 2 1

ppm

1035
Hz

1020
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Hé AX

49



Av=,1-4)x(2-3)
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gH Hi
hH X Hf
bHsC ¢ o 0
| .C—CH,d
60 MHz aHC=C e
OH
165 6.22 Columbianetin l
729 6.79
95> |+ <9 SHz
Hz | >| [«8>
bl'lCh—‘ HZ f
g I l
| N T T T T YT Tt T b oaaa S N
8.0 7.0 6.0 5.0 40 3.0 2.0 1.0 0 p.p.m.
b
| CHg | CHs
O C @) C
IEIO CHj ggC OH
H b H ¢ 51
e e



Nm

45

Hé ABX

| U

9 1011

e<--—f,\x "‘;L‘fgx

12
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J 4516 Hz

J o510 Hz

Jop 4 HZ
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Hé AA'BB'’

H, H,
Ph
Ph NN
H, H,
H, H,
Br OE.
a b
H, H,
a b
—>] <—8 Hz
+> nhirng vach nho
UJL_M.,MM
L1 1 1 i | s vaonsbereprg ey begpyrpeserlessy

~J

6 8.0 7.0 6.0 5.0



a b C

CHB'CHz'CH'OH Hb
| |
ph

"

N
4 ~
.
4 \\
’ N
4 ~
.
// Al
I I . N
. N
P N
. N
e N “
P ’
A
PN N
. N . N
. . N
4 \\ ’ N
’ N s N
. RS N
. R N
H .
s 3 .
AN PIAON .7
. N e IRSY .0
. N Ll RN 22
. N e RN .2
. N L0 W .2
- NP RSS2
- “I‘/ ‘I(//

1 z

.
AN
’ N

~ P ~

ENEN ’ ~

NN ~

\‘\, \\
~
N

/!
. ~
DN
NS e
N .
N - S
NN -, N
S\ o N
“\

1

Khio sat H.: tai thoi diém may quét tin hiéu cho H., H,; & ké bén tao 1 tir
truong nhé tach H, thanh 2 muc niang lugng. H,, ciing tao tir trudng tach
H., l0c nay da tach thanh 2 mtc NL, moi mure thanh 2 mic NL nho hon,
trong d6 c6 2 mirc cung murc NL.
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Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Table 14.4 Common Splitting Patterns Observed in '"H NMR

Example Pattern  Analysis (H, and H, are not equivalent.)
|| u ‘
[1] —tlj-ii':— B + H,: one adjacent H, proton ----= two peaks -=-- adoublet
H, Hy H, H, Hy: one adjacent H, proton ----—+ two peaks ---—-+ adoublet
l . .
[2] —C-CH,— = H,: two adjacent H, protons -—--+=  three peaks ---- atriplet
! |1_'| w4 * HeoneadjacentH,proton ---=  twopeaks ---= adoublet
a b a b
[3] —CH.CH,— ||I ih * H,: two adjacent H, protons -—--- three peaks ---- atriplet
J' III W n * H,: two adjacent H, protons -——-  three peaks --—-- a triplet
o b o b
[4] —CH,CHy i“i * H, three adjacent H,, protons -——— four peaks ---— aquartet*
|I| ETI ¥ H * H,: two adjacent H, protons -—---  three peaks ---- a triplet
i ] b a b
|
[5] —C—CH; * H,: three adjacent H, protons ———— four peaks --——+ aquartet”
|l| l'_fl W . ° HyoneadjacentH,proton ———>  twopeaks ---— adoublet
a b a b
56 56

*The relative area under the peaks of a guartet is 1:3:3:1.




Mot s6 H gan trén cung C nhwng khéng twong dwong

57



Vidu: Hay cho biét sw ghép spin clia cac H trong cac hop chat sau:

(8) BrCH,CH,CH,Cl (b)) CH3CHCHCL, (9 CH3CHCHCI,
I I
CHa OCHs

(d) (e) C|2CH(|:HCH2CH3
CH,CH
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7. Hang so6 ghép (J) ctia pho proton

- La khoang cach gitra cac peak clia mét mii da, dwoc tinh bang Hz.

« J khéng phu thubéc vao cwdng dé cua tir tredng ngoai.
* T J sé tim dwoc 2 loai proton ghép v&i nhau

| | Approx. J
(|: $ (free rotation) 7 Hz?
H H
™ ra
/C =C . (cis) 10 Hz
H H 7-11 Hz
H e
C=C (trans) 15 Hz
>y 12-18 Hz
_ H
C=C (geminal) 2 Hz
vl N

Approx. J
H
o
H 7-8 Hz
(ortho)
H
Q,
H 1-3 Hz
(meta)
i
/C Y
C=C H 6 Hz
S

(allylic)
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Po6 I&n ctia hang s6 ghép
3), H-C—C—H

12

;}I_

JHH' (HZ)

0 20 20 60 80 100 120 140 160 _ 180
¢

Pwdng cong Karplus cho hai proton nam

trén hai carbon ké can (vicinal proton) 60



He
He
Ha
H
N4
C=C\
A

J, (trans) ~ 12-18 Hz

Ha

C He
Ha

Ha /Hb

\
c=C
/N

J (Cis)~ 7-11 Hz

Jn~ 9-13 Hz

JoeVad, ~2-5Hz

J,, (ortho)~ 7-8 Hz
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O

3.79

'0) 10 Hz—»’ﬁe le— 10 Hz

| S

“l‘A‘.l‘.‘Al‘_“_A__‘_LAAA.llAAAlLlAAlAAll‘AI N U T YW DUN

)

-

8.0

~3.0 6.0 5.0 4.0 730 2.0

1.0

0ppm
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1

1

1

1
-
1

1

1

1

- 4
1

1

1

1

_l

1

1

1

1

3

40 " \Tr==-=="T="=""T="""-"17

23, H-C-H
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J=-25Hz
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2-Metyl-4-oxacyclopentanon

O 407 3.84
A n o AL
d H 3@ 165Hz —
b
. H H . 4.49 L—3.73
" f‘\l ;g
8.5 Hz —| i
"i
i
| |
| :
V ! ih v
e saad L eeaad Lo e e domoidean N i i e Laa L ows s R |
8.0 7.0 6.0 5.0 4.0 3.0 2.0 .0 Oppm



471 517-
J, °J:
Ho,,
"C=
H
HC/ ?
H
43, =-3.5Hz
4J.,.=-3.0 Hz

ghép xa (long-range coupling)
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Sw ghép spin phirc tap H& HC

\C:C/
\Hb
Styren
0 5.65
566 shift of HP
chemical shift of H? A~
[ 1.,=17THz ~
[Jp=17Hz | s g
I 1 _
PN g | Jpc=14Hz | |
J.=1Hz[=——| |«——|J =11Hz ”” M
Ju_JuUi_J\
- JUL UL




Pho 'H-NMR cua styren

(I)HZ SIOHz,

1 H
OHz S0Hz

| o

JUL

6.7 6.6

e

576 5.68

526 5.18

I
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- —
- - ——
Ce—
-—

3







Mo Coupled \C:,: -
Hydrogens s -~ A SINglet
i i
N —
One Coupled = A L 2 Doublet
Hydrogen / ! |
Ha C e
He H ; 11 o
Two Coupled \C: ¢ I.J_E.I Je I o Dewblet
Hydrogens 5, oy . . . : O
H,.;,'(l{ - BN T of Doublets
Rl Rt
IJ 1 IJ 1 IJ 1 IJ 1
Three Coupled \C:Cf |<—c>|_|<—c>| |<—c>|_|<—c>| A Doublet
Hydrogens Hf N, i e of Doubl et
H, C—He of Doublets

71



< Pho H-NMR cua OH (alcol)

Hz Hz
300 200 100 0 300 200 100 0
| ' | | ) | | /7
|HD—CH2—EH3 ",
HO — CH,— CH,
/ Mai don, banh rong
v
Ah. u.m JHH JM/( W :
”l HKE NI ||| ”l Lilird] || ”l AR EAE ||| 'll ”l'” l” 'll”l ||||I |I| Lid e ||I || | ||| ||| II|I|| ||| ||| ||| (AN NN
6.0 5.0 4.0 3.0 2.0 1.0 0 6.0 5.0 4.0 3.0 2.0 1.0 0
OH cua etanol tinh khiét sé bi ché miii OH cua etanol khi c6 mat acid/ baz

) . sé khong bi ché mii
Co ché trao doi proton:

. |) I /—\.- I I
RO—MH +* HOH —— RO—H + HOH —— RO: + HOH
& — Py = e— T %



>

< Pho 'H-NMR cua N-H

& (ppm)

ong

~

hwéng cua H-N banh r

Ui cédng
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Céac hop chat co OH, NH tao lién két hidrogen: 6 cia OH, NH tang

> Lién két hidrogen lién phan t&: 8 cia OH, NH gidm khi pha loang dd
> Lién két hidrogen ndi phan tlr: 6 cia OH, NH it thay dbi khi pha loang dd

H R
R \Q/ ©:O\H
| .
H H—O\ CéO
|
R OR

Lién két hidrogen lién phan to Lién két hidrogen ndi phan t
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< Cach nhan biét miii H-O/H-N

v O phu thudc vao néng dd va dung moi

v Thém mét it D,O vao, néu la mii ctia HO/ HN sé& bién mat hoac

giam cuwdong 4o

FQ'C)'F* + [)2()
P
H—CZ=C —'IE—'I:Z'—D
o
1.22
TME
2.-|43

R-O-D + D-O-H

C...
i
HyZ—C L 1.26
;EEJ xCHj
HyC Ha
2,18
2 G54 THMS
L LI L | | |
10 = a3 7 = 3 2 1 o




CAC THONG TIN PE GIAI CAU TRUC TU PHO PROTON
> SO mii cong hwéng
> Vi tri cac mii cdng hwéng (d6 dich chuyén hoa hoc)
» Cuwong do mdi
> Sw ghép spin (dac diém mii cdng hwdng, hang s6 ghép)
SO miii cong hwdong:
S6 mii cong huwdng = sb loai proton ¢ trong chat khao sat
Céac H nam trong vung trwedng khac nhau sé cho tin hiéu khac nhau

Cac H twong dwong nhau sé c6 cung tin hiéu céng hwéng

b b b
6H twong dwong 2 loai H 3 loai H

1 mdi cong hwdng 2 miii cdng hwéng 3 mii cong huwdng 0



Can phan biét twong dwong vé mat hoa hoc va tir hoc:

c:|\C=C Ha
CICH=CH, — H/ \Hb

Khi xac dinh H twong dwong
khéng nén viét cau tric phang

, Cl H
Vi du: N\ _ /
—_— C—C

/ N\
Cl H
1,1-Dichloroethylene
1 loai H

1 mii céng hwdng

[>—c:|

Khi xac dinh H twong dwong

Vi du:

khéng nén viét cau tric phang

Vé mat hoa hoc: H, & H, twong dwong
Vé mat tir hoc : H, & H, khéng twong duwong

Cl H Cl H
N\ — / \N.—/
C—C C—C
VR /7N
Br H H H
1-Bromo-1-chloroethylene Chloroethylene
2 loai H 3 loaiH
2 mii cong hudng 3 mii cébng hudng
H H H Cl
H H
H H H H
H ~H
6H twong dwong 3 loai H

1 mii cdng hwéng 3 mii cong huong 77



Vi tri mii1 cong hwong:

«—— downfield upfield —
—C=C—H
0
C
" KOHO Hb C’XH &t | a2 -t | =6
— —C— spc—» C—C— —C—
I o AN I G Dl (i B4
H/CKH sp? sp Z Sp
Z=N, O, X Z=C,O,N
[ [ | [ [ [ [ [
12 9 8 6.5 4.5 2.5 1.5 1 0

Increasing deshielding

Shielded protons absorb at lower chemical shift (to the right).

chemical shift (ppm)

Increasing shielding

Deshielded protons absorb at higher chemical shift (to the left).
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Cwong do mii cong hwong: Tilé v&i sb proton

r"ir
NMR integration |
CH30OC(CH,)5 60
T Jl 4
f 1
f l
CH3O- (CH3)3C-
| ] | | | | ] | ] ]
10 9 8 7 6 5 4 3 2 1

chemical shift (ppm)

79




Methyl a,a-dimethylpropionate

3 ?II;O
5 | - | | |
g H,C (|3 C—O0—CHj __j | s
CHj |
| | = i
10 9 8 7 6 5 4 0 ppm

©2001 Brooks/Cole - Thomson Learning

Chemical shift (5)
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Sw ghép spin (d3c diém mii, hang s6 ghép):

Ethyl bromide

q t
! ﬂ
g L L
5 TMS
Ci1,CH,Br
10 9 8 7 6 5 4 3 1 0 ppm
©2001 Brooks/Cole - Thomson Learning Chemical shift (8)
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Tuy vao do phan giai cua may ma sw ghép spin rd hay khéng rd

a b
CH3CH2X

Jab = 5-0 HZ

JJL JNL Av = 100 Hz AV/J =20
JU\&_ Av =25 Hz Av/)=5
Jdtw“lp Av =15 Hz Av/) =3
/W\ Av = 10 Hz Avl) =2

JJL_ Av =5 Hz Av/) =1




8. Pho 13C-NMR

v/ Tan s6 cdng hwdng cla 13C chi bang % cualH

v Cwdng do peak khéng dac trwng cho s6 C

v Cwdng dd mii cta C gan véi H manh hon C khéng cé H
v Sw ghép spin gitra C—C khéng dang ké

v C6 sw ghép spin gitta C-H nhwng rat phirc tap (N+1)

v Théng thwérng phd 13C dung ky thuat x6a ghép spin
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13
C NMR ﬁ
CHQ_C_CHz_CHg

2-butanone

CoO ghép spin

TMS

T™MS

111111111|111111111[1111J1111[11111111111111111111111111111111111111111111111111111111111l111111111111111111111111111111111

240 220 200 180 160 140 120 100

80 60 40 20 0

2(pm) XGHa ghép spin
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Loai carbon

RCH,
R,CH,
R,CH

Po dich chuyén
(6), ppm

0-35
15-40
25-50

30-40

Loai carbon

RC=CR

R,C=CR,

Po dich chuyén
(), ppm

65-90

100-150

110-175
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Loai carbon

RCH,Br
RCH,CI
RCH,NH,
RCH,OH

RCH,OR

Do dich chuyén
(6), ppm

20-40
25-50
35-50
50-65

50-65

Loai carbon

O

RCOR

RCR

Po dich chuyén
(), ppm

160-185

190-220
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Hldﬂh}.:n:les, H.'::H=C::l R,C=CH, e | : -1
Ket:cunes, R;C=l:l: RHC=CHR L=, _ C-Br

RC=CH C-H Saturated Alkanes
2= 2! ! b i

L roratics . . C-HE4
Heteroaromatics . . C0H - "SR
B -Cio.H —
Cathoorylic Aeids ———= JRCEN o COR 0 Cohr
BE—Co0, R _
Esters |—2| Su]fn:-:ides,Su]fn:unes:j S[::IHR:: L=t
B.— OB, — [ﬁl

Srmdes ———

200 150 100 50 0.0 ppra ()
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CICH,CH,CH,CH,CH,

80 70 60 50 40 30 20 1.0

|.CDCls

| | | | | | | | |
200 180 160 140 120 100 80 60 40




9. DEPT (Distortionless Enhancement by Polarization Transfer)

Cho phép phan biét CH, CH,,, CH,, C bac 4

4
. 2
CH
DEPT-90 2 : ' —
211
4
/ 1
CH, CH, | ‘ i
DEPT-135 g ,
CH, l |

BC-NMR rIfﬁ

160 140 120 100 80 60 40 20 89
ppm




10. COSY (Corelation Spectroscopy)
Cho phép phan biét cac H gan trén nhirng carbon ké can nhau

L
lun

< @ | A

(mbi twong quan H-H)

" . @ i B

wB @A 0y,



Ethanaol I o CH,CH,OH

]
o IIIII
| —
0 IJ ————————— —
|
| B
|
| — 3
|
I -
|
= T -t
U2
| | | | | | | | |
0D 5 4 3 2 i 0
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CH.CH,.CH(OH) CH
2 -butanol “ |h - o ° (OH) CH,
Al iy i

=
_ e e T i
1 m==-==-=-=-=-===-= [ | i
= === = = = = = = — |
|
|
[ —
|
| |
|
|
[ — £
|
= :::I::: = —
— =
| | | | | | L2




11. HMQC (Heteronuclear Multible Quantum Coherence Spectroscopy)
Cho phép xac dinh H ndo gan truc tiép trén C nao
Phé HMQC cua Menthol trong CDCI,

7
CHs;

I
- [ [ 1 I :
9 — I 1 1 1
i E el e e .——-r———“-—:-——--ﬁ-ﬁ-
10 20— 1 1 1 11
S —?_,[——————ﬂ ———————————— |——+———|——L———&
3—'}==2§—:===='============':=:'== = I = = i
6 4 8 e = 1 1 1
. | 1 1 :
5 307 I 1 1
e .
Y — T 13 N [ 1_&_______ 28bs
. 1
HO ] 1
6 - as e T ua @ __ ot
8 2 _so 4 A S5 @
9 10 ]
55—
HsC CHj [ o
L 60
1 h
1 ]
1] 65
1 :r '?EI-—:
E _1—_ | [ [T [ T I
3.5 3.0 2.5 2.0 1.5 1.0 0.5

FZ (ppm)



12. HMBC (Heteronuclear Multible Bond Correlation Spectroscopy)
Cho phép xac dinh moi twong quan gitra H
va C théng qua 2 hoac 3 n6i ké nhau

Phé HMBC ctia Menthol trong CDCI,

CH3 6 N

3.5 3.0 2.5 2.0 1.5 1.0 ppm



BAI TAP
1. Giai thich tai sao cac H trong phenanthren céng hwdng & 6 8.93, trong
khi dan xuat ethylnyl ciia né lai cdng hwdng & & 10.64

H H H\\
R

2. Hay phan biét 4 dong phan ciia hop chat cé céng thirc phan tlr C;H,Cl,
bang phd H-NMR.

3. C6 bao nhiéu mii cdng huwdng trong phd tH-NMR ctia méi hop chat sau?
g BI\‘ Br BI’\‘ Br

A B C Br 95



4. Dwa vao phd H-NMR, hay dé nghi cau tric cta 2 chat

A (CcH,Cl) va B (C,H4Br.).

9H

6 H

2H

JL |

3y 30 25 20 15 10 05 00
90-MHz 'H NMR spectrum ppm (8)

[ I I I [ | [ I I
40 35 30 25 20 15 10 05 0.0

90-MHz '"H NMR spectrum ppm (5)
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5. Hay lwa chon cau trac va di kién phd tH-NMR cho phu hop.

Cl CI

a. CH3CH,CHCH, 1.6=1.6 (d, 6H) va 4.1 (g, 2H) ppm

C|:| C|3I 2. 0=1.6 (d, 3H); 2.1 (g, 2H);
CH;CHCHCHj; 3.6 (t, 2H) va 4.2 (sex, 1H) ppm
Cl Cl

| | 3. 0=1.0 (t, 3H); 1.9 (quin, 2H);
Cc. CH3CHCH,CH, 3.6 (d, 2H) va 3.9 (quin, 1H) ppm
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6. C, D, E, F la cac dan xuét alcol cé céng thire phan tr 1a C.H,,0. Dwa vao

phé H-NMR cua chung, hay xac dinh ciu truc cta C, D, E, F.

I H

6 H

2H

|

6 H
17 T 1T 1
18 1.716 1514 oW
2H IH 1 H
i | | I I I [ [
4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
300-MHz 'H NMR spectrum ppm (3)
D

| I

3.0 2.3

2.0

[

-/
I
1.5

I I
1.0 0.5

I
0.0

90-MHz 'H NMR spectrum ppm (5)

4H
2H
[ [ I I I [ [ I
4.0 3.5 3.0 2.9 2.0 1.5 1.0 0.5
300-MHz 'H NMR spectrum ppm ()
E
3H
3H
|—T T l T l T
40 38 3.6
4 H
_A
1 I I I I I [
4.0 3:5 3.0 2:5 2.0 1.5 1.0 0.5

300-MHz '"H NMR spectrum ppm () 08

F



7. Dwa vao pho 'H-NMR, hay dé nghi cau trdc cta hop chat c6 CTPT C.H,,0

3

A M

3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 i.0 0.8 0.6 PPM

8. Dwa vao phd 'H-NMR, hay dé nghi cau tric cta hop chat co CTPT C,H,,0

2
3
2
I JL\‘_ML
.8 1.6 1.4 1.2 1.0 0.8

3.0 2.B 2.6 2.4 2.2 2.0 1

0.6 PPN 9



9. Dwa vao phd 'H-NMR, hay dé nghi cau trac cta hop chat co CTPT C,H,,0

I 6

N |

S ——
T4 2.5 2.0 1.5 1.0 PEM 0.5

10. Dwa vao pho *H-NMR, hay dé nghi cau truc clia hop chat co CTPT C,HgO,

IIIII

100



11. Dwa vao phd 'H-NMR, hay dé nghi cau tric cla hop chat cé CTPT C,H,Br

" g

T T ¥ T I T T T T I T T T T I T T T

T I T T T T T T T T T T T T T T I T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 PPH 0.5

12. Dwa vao phé H-NMR, hay dé nghi cau tric ctia hgp chat co CTPT C,,H,,0

I m




13. Dwa vao phd 3C-NMR, hay dé nghi cau tric ctia hop chat co CTPT C¢H,,0

=

Lo L L

200 130 160 140 120

1] an a0 40 20

ppm, &1°

14. Dwa vao phd 13C-NMR, hay dé nghi cau trdc ctia hop chat cé CTPT CgH,O

B I | S

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIII!II 102
200 1&0 160 140 12D|:-|:ll'n. 100 an G i 20




15. Dwa vao phd !H, 33C-NMR, hay dé nghi cau tric cia hop chat c6 CTPT CH,,

=
1 2
e A M )
IIIIIIIIIJll'IIIIlllllélllllIllléllllllllIAIFIlF:nI.'.IEIIIIéIIIIIIIIlilllllllll'llllllllllld‘

BC-NMR (ppm): 30.6 (q), 45.2 (s), 108.5 (t), 149.3 (d)
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16. Dwa vao phd !H, 3C-NMR, hay dé nghi cau truc cta hop chat c6 CTPT CH,,0

BC-NMR (ppm): 16.7 (q), 22.0 (q), 45.2 (d), 210.2 (s)
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17. Dwa vao phd H, 33C-NMR, hay dé nghi cau truc cla hop chat cé CTPT CgH,,0,

13C-NMR (ppm): 56.0 (q), 71.0 (t), 114.3 (d), 128.3 (d), 133.2 (s), 160.9 (s)

105



