Céac PP Pho va thong tin

Phwong phap phd Théng tin thu dwge

Pho khoi lugng (MS)  Khéi luong phan tir va thanh phan cau tao

Loai proton & s6 lugng proton ctia moi

X 1 , c o, ,
Pho NMR ("H NMR) loai, cho biét su két noi cua cau tric

21 a . X4ac dinh nhdm chirc/lién két, cho biét cac
Pho hong ngoai (IR) A s
loai no1 hoa hoc

2 . Tuong tAc v&i hé co lién két  trong hop
it CAEVIE chat, cho biét su lién hop trong phan tir

XRD (nhiéu xa tia X) Cau tric phan tir/tinh thé

ongThanCong.com https://fb.com/tailieudientucntt
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Pho cong hwéng tir hat nhan
Nuclear Magnetic Resonance

* Phd 'H-NMR la mot ky thuat s& dung dé xac dinh ciu tric héa
hoc clia hop chat hitu co. Phé proton cho ta biét duoc s6 loai
proton cé trong phan tlr . Moi loai proton dé sé& cd tinh chat
khac nhau vi thé sé cé d6 dich chuyén khac nhau trén phé
proton. Nguoi ta sit dung TMS (tetramethyl silane) lam chéat
chuan trong phé proton va dé dich chuyén hda hoc cda

proton trong TMS duoc chon la 0 pmm
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GIOI THIEU PHO NMR

* Pho cdng huéng tir hat nhan - Nuclear Magnetic Resonance
(NMR) spectroscopy cho biét thdong tin vé cau truc ctia hop chat

hiru co

* NMR gém tuong tac gitta birc xa diéntr |,

va hat nhan cta nguyén ti .

S

= (>
ALY

nhan C (**C-NMR) va hat nhan H (*H NMR). Proton NMR can distinguish
between the different coloured

hydrogens. Carbon NMR can
distinguish between all the
carbons.

— Hat nhan nguyén t& cht yéu khao sat la hat

— Tinh chat cha phan tlr anh hudng dén twong

tac cla blrc xa vdi hat nhan trong phan tt.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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GIOI THIEU PHO NMR

Proton va no-tron trong hat nhan co tinh ty quay quanh (twong ty nhw

electron) = dugc dac trung bdi sé luvong tir quay (s6 lwong tir spin)
NE&u tong s6 no tron va proton 13 s& LE, nguyén tlr sé cé hat nhan cé
hoat déng tlr = cé thé co cong hudng tir.

Vi du: tH, 13C, >N, 1°F, 31p.

Su quay cua hat mang dién trong hat nhan sé tao nén

MmO men tw, co truc vuong goc

v@i truc quay cua hat.

I
Magnetic |
lines of
force 'l

1

PR R S |

Truc xoay va moé men tu buong sirc tu

https://fb.com/tailieudientucntt
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GIOIl THIEU PHO NMR
* Théng thudng mo men ti cha cac hat & nhiéu phuong
khac nhau, néu ap ti trwong ngoai vao, cdc md men tu
Sé xoay cung phuong voi phuong tu truong

h

RN

No magnetic field Applied magnetic field B,
(a) (b)

>

A,
7\ T
N

> —
™
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GIOI THIEU PHO NMR

* M& men tlr cung phuong cé thé cung hwéng (trang T T
B
thai o) hodc nguoc hwédng (trang thai B) véi hudng T - i T
B B
cua tir trwong tac dung. i l
* Trang thai B cd mirc nang lugng cao con trang thai T T T T T T
Applied magnetic field By

o (AE la bién thién nang luong gitra 2 trang thai).

l B Spin state

~N

* Khinguyén tlr & trang thai xoay a hap thu dd nang
lrong trong ving séng radio, nd cé thé chuyén EiEy .

sang (xoay) trang thai cdé nang lvgng cao hon

(trang thai B) — ta ndi nguyén t& ¢ trang thai cdng I

hu’6’ng. « Spin state
6
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GIOI THIEU PHO NMR

* Thiét bi NMR can tir trwong ngoai du manh va nang lvgng bire xa

nam trong vung séng radio.

TU trweong cang manh, AE cang [&én 2 Nang lugng birc xa radio can

thiét dé chuyén tir trang thai nang lvong o = B phu thudc vao dién

truvong bao quanh nguyén tir. Day la vung dac trung, phu thudc vao

cau truc ctia phan tu.

AE L
?t’i::;:_i}AE

IBOZO -""-_.___

By = 1.41 tesla Bt

CuuDuongThanCong.com

l B Spin state

> AE

@ Spin state -

BO = hll&gﬂcot’l%Jgen tttttt
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GIOI THIEU PHO NMR

Electron xoay quanh hat nhan tao nén tw

trwong cam ng, cé duong sirc tir nhu
hinh, m6 men tr nay thwong lam giam
hiéu (*ng cua tlir trvong ngoai lén hat
nhan (ddng vai trd nhw 1&p chan).

Hat nhan duoc bao quanh b&i ddm may

c6d mat do electron cao, thi hat nhan

cang bi che chan (shielded), ning luvong

dé chuyén tlr trang thai a = B nhd hon.
(proton bi anh hudng bédi tu truong

ngoai va cua electron).

CuuDuongThanCong.com

Induced
— magnetic
field

Clrculatlng o J \ ¥y
electron density

of o B t t t t t S

magnetic
field
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Cac dac trung cia pho !H NMR

e Cac thdéng sbé can quan tdm trén phd NMR
— SO lwong tin hiéu
— Vi tri tin hiéu — dd dich chuyén héa hoc (chemical shift), ppm
— Dién tich vung tin hiéu — gia tri tich phan
— Hinh dang tin hiéu — su tach vach tin hiéu (splitting pattern)

Proton NMR

Chemical Shift (ppm) 9
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So lwong tin hi€u (so lwong miii)
* Proton cé cac moi trwong dién ti khac nhau sé cho tin hiéu khac
nhau, trir khi ching cé cung tinh chat hda hoc

* Proton homotopic khithay H, hodc H; bang D, 2 cdng thirc déng
nhat, ta thu dwoc 1 hop chat. Hai proton dé duoc goi la twong

dang (proton homotopic), s& cd tin hiéu chéng nhau hoan toan =

cung do dich chuyén héa hoc : :"' F)j H H
H H H A

H D H
Replacement test
>:< > >:< and >:<
H H D
\_ J
Y

uongThanCong.com S a m e c thproaum(dntt
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S6 lwgng tin hiéu (so lwong miii)

* Proton enantiotopic (d6i dang) cling cd tin hiéu trung nhau hoan
toan

* Proton enantiotopic: khi thay H, hodc H; bang D, ta thu dugc 2
dong phan doéi quang

I}fl H H
H H
F, Cl F, Cl F, Cl
X Replacement test X $
' > : and
H H H D D

\_I

Enantiomers »
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S6 lwong tin hiéu (so lwong miii)

* Protons khong twong quang hay ddi quang s& KHONG cé clung dd
dich chuyén héa hoc

 Khithay thé 2 proton nay bang D, ta s& thu dwoc 2 diastereomers
(d6ng phan dia). Proton nay goi la proton dia (diastereotopic) =2

c6 d6 dich chuyén hda hoc khac nhau

12
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S6 lwong tin hiéu (so lwong miii)

e Cach nhan biét s6 lvgng tin hiéu trén 1H NMR

1.

2 proton clia nhdm CH, twong dwong néu phan tir KHONG

c6 tdm C bat ddi (chiral carbon or chiral center)

2 proton cia nhdm CH, s&8 KHONG tuong dwong néu cd tam

bat doi trong phan t.

H
,

These two protons
are
chemically equivalent

ongThanCong.com

H
. "II// H

E)HI

These two protons
are not
chemically equivalent
13
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S6 lwong tin hiéu (so lwong miii)

3. 3 proton cua nhédm methyl (CH,) ludn luén twong duwong.

Nhiéu proton trong phan t&r dugc coi la tvong dwong khi
chung cé thé thay thé Ian nhau tao thanh déng phan déi

guong.

Xac dinh cac proton tuvong duong trong 2 CT sau

O
P
These four protons

are 0
chemically equivalent

14
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S6 lwong tin hiéu (so lwong miii)

Cau hinh phan ti cyclohexane dang ghé c6 6 proton trong mat
phang ngang va 6 proton ngoai mat phang

H = axial

H = equatorial

2 loai proton nay cé moi trwong dién tir khac nhau = cho 2 tin
hiéu khac nhau trén 1H NMR.

Tuy nhién, & nhiét dd phong, cau hinh dang ghé thay déi lan nhau
- ¢ 1 tin hiéu.

Lam lanh mau -100 °C, thu duoc 2 tin hiéu trén phd 'H NMR
H

H .
CuuDuongThanCong.com
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P§ dich chuyén hoa hoc, § (Chemical Shifts)

* Tetramethylsilane (TMS) thuwong dugc dung lam C|;H3
v L \ HaC—Si—CHs
chat chuan cho proton NMR. Ngta cho vao dung |
. CH
moi NMR 1%TMS lam ndi chuan, 0 =0 ppm. TM83

* D6 dich chuyén cla tin hiéu proton duoc tinh dua trén dé dich
chuyén hda hoc ctia TMS

Vous: tan s6 cong huwdng clia TMS

5 = VTMS — Vx .lﬂf: k. E.l{]ﬁ (ppm) v,: tan s cong hudng clia proton
Vo Yo v,: tan s& cong hudng cua thiét bi
VD: o cua proton trén vong 5181 Hz

=7.27 X 10°

benzene phén tich & thiét bi NMR 0= 300 X 10°Hz
300 MHz 16
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P§ dich chuyén hoa hoc, § (Chemical Shifts)

benzene phéan tich & thiét bi NMR 60 MHz

s=—20Hz 2575 10°
60 X 10°Hz

* Tin hiéu tinh bang don vi Hz khac nhau khi dung thiét bj khac
nhau, tuy nhién do dich chuyén hda hoc (8) so vé&i TMS tinh
trén thiét bj sé khéng thay doi.

* §thuwong khong cé don vi, ngwoi ta dung phan triéu (parts
per million), ppm dé don gidn hda.

e Hau hét 6 clia proton NMR nam trong khoang 1-10

17
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P§ dich chuyén hda hoce, & (Chemical Shifts)

« NMR thuong phan tich mau & tir trudrng cd cuwdng do tir thap =
downfield dén vung trwong cao = upfield

* Proton bj chan sé& can t trwdng ngoai manh hon tac dong dé kich
thich I&n cung m&c ndng lwgng cda proton khéng bi chan (phan
chan).

* Proton bi chan ¢6 lwc tlr nhd hon = cd vung bién thién ndng
lwgng nho hon = hap thu séng radio nang lwgng thap hon.

Proton NMR

Higher Energy SoWETE=nErRY

Downfield Upfield
(deshielded protons) (shielded protons)
U )
1 |
EEEEEaAREE EEETA R [TRESRE N g s S RS e REZEEEESS EEEEEETAS NI R T
8 7 6 5 4 3 2 1 0 18

Che m ICaI S h Ift (pp m) https://fb.com/tailieudientucntt
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Po dich chuyén hdéa hoc, 5 19
(Chemical Shifts)

» Cac yéu té anh huéng
» D6 dm dién cda nhom thé
» Nhom thé rit dién tir (hiéu dng phan chan - deshield)

» Nhoém thé cho dién tir (hiéu dng chan - shield)
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P§ dich chuyén hda hoce, & (Chemical Shifts)

* Proton cua Alkane & ~ 1-2 ppm

e Proton c6 thé bj dich chuyén xudng trudng thap khi nam gan
nhom cé do am dién cao: d6 am dién cao = ddm may electron bij
hut manh = gidm hiéu &ng chan = hiéu &ng phan chan
(deshielding).

#
*.' v ﬁ' ﬁ' 1
H—C|3—H H—(|3—I H—clz—Br H—(ID—CI H—CI)—F 5
H H H H H §
1.0 ppm 2.2 ppm 2.7 ppm 3.1 ppm 4.3 ppm
1.6 ppm
H ci ci i Y ey
| | | { Cl
H—(ID—CI H—(|3—CI H—(|3—CI A B\«
H H cl L H H

3.1 ppm 5.3 ppm 7.3 ppm 0.9 ppm 3.3 ppm
20
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P§ dich chuyén hda hoce, & (Chemical Shifts)

* P9 dich chuyén héa hoc mét sé proton clia nhém
methyl, methylene, or methine

Methyl Methylene Methine

H
| Aol
C—H C C—H
| N
H

~ 0.9 ppm ~1.2 ppm ~ 1.7 ppm

—-RCH,CH,

g

ongThanCong.com https://fb.com/tailieudientucntt

1.3 ppm 0.9 ppm

21
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Dung bang 16.1 dé diéu chinh ppm clia hydrocarbon
lién két vdi cac nhédm alcolhol, ether, ester

TABLE 16.1 THE EFFECT OF NEIGHBORING FUNCTIONAL GROUPS ON CHEMICAL SHIFT

FUNCTIONAL GROUP EFFECT ON ALPHA | EXAMPLE
PROTONS
Cxygen e HO Methylene group (CH,) = 1.2 ppm
of an alcohol or ether
Next to oxygen = +2.5 ppm
H H 3.7 ppm
Actual chemical shift = 3.7 ppm
Ofxygen +3 OX Methylene group (CH,) = 1.2 ppm
gl / Next to oxygen = +3.0 ppm
o H H 4.2 ppm
Actual chemical shift = 4.1 ppm
Carbonyl group +1 O
(€=0) ‘
All carbonyl groups, ‘ Methylene group (CH,) = 1.2 ppm
including ketones, /Next to carbonyl group = +1.0 ppm
aldehydes, esters, ' H H 2.2 ppm
ete.

Actual chemical shift = 2.4 ppm

22
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® Chemical shifts of protons in CH, CH5, and CH3 groups with no nearby
electron-withdrawing groups
CH group CH- group CHs group

0.4 p.p.m. downfield 0.4 p.p.m. downfield

1.7 p.p.m. 1.3 p.p.m. 0.9 p.p.m.

&8(CH5) ~3.0 p.p.m.

H H
CO-H
. 0 Me Me
LXK
phenylalanine Ph 0 : COH
COOH Ph NH
10 5 0 p.p.m.

23
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o (Chemical Shifts)-Hiéu rng chan-phan chan
« Khi phan tl cd lién két pi, sé gay ra sw chan tlr xa, hay sw chan bat
dang hudng (diamagnetic anisotropy)

* Diamagnetic anisotropy nghia la cac vung khéng gian khac nhau
sé coO tuw trwong voi cuvong do khac nhau.

Tl trudng cdm Ung T VD phan tir benzene tao tir trwong

Ny 4 N

Y \ ~ * / n .
A P \ / i X ? ’ \ S
Hiéu (ng phan ¢ g et AN\ cam ng nhu hinh. Proton nam

/
chan (deshield) '

: trong vung co duong surc tu cung
I
I

Electron pi lién hop
tao dong dién vong

fF § chiéu tur trwong ngoai BO = lam

X A o e n s ? S
RN vi,’,' Wosem S tang Bo = hiéu &rng phan chan 2
N o \ \\ ’
< / \ - ~ A \ \ n
t t xt f t O chuyén vé vung trwong yéu
Applied :
._ magneticldownfield)

B, field

24

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

5 (Chemical Shifts)-Hiéu tng chian-phan chan

* Ethylbenzene c6 3 loai aromatic proton, nhuwng chung
chong [én nhau va nam & vung trudng yéu, so voi

proton clia mach béo (mach thang, aliphatic).

Proton NMR
H H
aromatic
protons H H
M | M
"""" rrfftrtgtrrre|grtrrrgrrrrrrrrrryrrrrryrrrr1rrrrr|rrrrrrrrre|rrrrrrrrrr T T
8 7 6 5 4 3 2 1

Chemical Shift (ppm)

25
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5 (Chemical Shifts)-Hiéu tng chian-phan chan

B'IJ
’;VQH__L‘; )
Ay

L

[14] Annulene

— Proton bén trong vong bi hiéu &ng chan = upfield 2
~1lppm

— Proton ngoai vong — phan chan = downfield 2 & ~
dppm

26
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TABLE 16.2 CHEMICAL SHIFTS FOR PROTONS IN DIFFERENT ELECTRONIC ENVIRONMENTS

TYPE OF PROTON

Methyl R—CHs

Methylene e

/CH2
Methine |
Allylic /\/H
Allgnyl B——=—NH

Aromatic
methyl CH,4

CuuDuongThanCong.com

CHEMICAL

ST (O

~0.9

~1.2

woi] 7

TYPE OF PROTON

https://fb.com/tailieudientucntt

CHEMICAL
SHIFT ()

2-4

A .2_5_

4.5-6.5

6.5-8

Alkyl halidle H
|
R—(I‘,—X
R
Alcohol  R—O—H
Vinylic H
ﬁ
Aldehyde EE O
R/U\H
Carboxylic (@) .
acid )k H
R™ ~0~
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Table 1, "H NMR Data

proton mult CDCl, (CDa)C0 (CDa):50 CaDs CDLCN CDLOD D0
solvent residual peak 7.26 2.05 2.50 7.16 1.94 3.31 4.79
H.0 5 1.56 2,849 3.33° 040 213 487
acetic acid CH: 5 2.10 1.96 1.91 1.55 1.96 1.99 2.08
acetone CH; 5 2.17 2.09 2.09 1.55 2.08 2.15 2.22
acetonitrile CHs 5 2.10 2.05 2.07 1.35 .96 2.03 2.06
benzene CH 5 7.36 1.36 1.37 T.15 1.37 7.33
rere-butyl aleohol CH; 5 1.28 .18 1.11 1.05 L.1G 1.40 1.24
OlF s 4.19 1.55 2.18
terr-butyl methyl ether CCHy s 1.19 1.13 .11 .07 1.14 L.15 1.21
OCH: s 322 3.13 3.08 i 2.13 2.20 3.22
BHT® ArH 5 648 G, 95 6.87 T.05 G.497 G492
Ol 5 501 6.65 4.79 2.20
ArClH: 5 2.27 2,22 2.18 2.24 2.22 2.21
ArC(CH3)3 5 1.43 1.41 1.36 1.38 1.39 1.40
chloroform CH S 7.26 8.02 8,32 6.15 7.58 7.90
cyclohexane CH; 5 1.43 1.43 1.40 1.40 1.44 1.45
1,2-dichloroethane CH: 5 373 3.87 3.90 2090 3.51 3.78
dichloromethane CH; 5 5.30 5.63 5.76 4.27 5.44 5.40
diethyl ether CHs L7 1.21 1.11 1.09 1.11 1.12 1.18 1.17
CH; q.7 348 3.41 .38 126 342 3.49 356
diglyme CH; m 365 3.56 a.51 3.46 3.53 3.61 367
CH: m 357 3.47 3.38 334 3.45 3.58 361
OCHz s 339 3.28 3.24 N B 3.29 3.35 337
1. 2-dimethoxyethane CH; 5 3.40 3.8 324 312 3728 335 3.37
CH; s 3.55 3.46 343 3.31 345 3.52 3.60
dimethylacetamide CH5CO s 208 1.97 1.96G 1.G0 1.97 2.07 2.08
’ NCH; s 102 3.00 2.94 257 2.96 )| 1.06
NCH;3 5 294 2.8 2.78 2.05 283 292 2.5

28
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Table 2. 1C NMR Data®

CDCl; (CD3):CO (CD;):50 CsD; CD,CN CD;0D D:0
solvent signals TL1IG6 006 2984001 3952006 128.06£ 002 1321002 49.00£0.01
206.26 £ 0.13 118.26 +0.02
acetic acid co 173.99 172.31 171.93 175.82 173.21 175.11 177.21
CHs 2081 20.51 20.95 20,37 20,73 20.56 21.03
acetone Cco 207.07 205 .87 2006.31 204.43 207 .43 200.67 215.94
CHj 30.82 J0.G0 30.56 J0.14 30.91 30.67 J0.859
acetonitrile CN 116.43 117.G0 117.91 116.02 118.26G 118.06 119.68
CH; 1.B9 112 1.03 0.20 1.79 0.83 1.47
benzene CH 128,37 129.15 128.30 128.62 129.32 129.34
tert-butyl alcohol C 69.15 6813 66,88 63.19 68.74 69.40 T0.56
CH; 31.25 30.72 30.38 2047 30.68 30.91 A0.29
tert-butyl methyl ether  OCHjy 49.45 19.35 48.70 49.19 49.52 49.66 49.37
C T12.87 712.81 72.04 T12.40 13.17 74.32 75.62
CCH; 26.99 27.24 26,79 27.09 271.28 27.22 26.60
EHT C(1) 151.55 152.51 151.47 152.05 152.42 152.83
C(2) 135.87 138.19 139.12 136.08 138.13 139.09
CHi3) 125.55 129.05 127.97 128.52 129.61 129.49
Cl4) 128.27 126.03 124.85 125.83 126.38 126.11
CHsAr 21.20 21.31 20.97 21.40 21.23 21.338
(H,C 30.33 31.61 31.25 31.34 31.50 31.15
C 3425 35.00 34.33 34.35 3505 35.36
chloroform CH 71.36 79.15 79.16 771.79 19.17 79.44
cvclohexane CH; 26.94 27.51 26.33 27.23 27163 27.96
1.2-dichleroethane CH. 43.50 45.25 45.02 43.59 45.54 45.11
dichloromethane CH; 53.52 54.95 54.84 53.46 55.32 54.78
diethvl ether CH; 15.20 15.78 15.12 15.46 15.63 15.46 14.77
CH; G3.91 G6.12 G2.05 (5.94 66.32 66,88 - G6.42
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Tich phan
* Tich phan hay dién tich miii cho phép dinh lvong dé xac dinh sé luvong
proton tuong ddi ctia mii. Thudng dung dé xac dinh ti 1& gitra cac loai
proton.
* Trén phd NMR, dudng tich phan dwoc biéu dién dang dudng cong dang

bac thang (step-curve). D6 cao dudng cong biéu dién tich phan

| { ~
| s
‘ o 1
a—a 8 H i ‘
1 x
H,OH, - J l — : H
| 1o--4L4 e I —
R cr VAN | |
I | |
7 6 5 ; 3 2 1 0 &ppm

g bac thang chi cudmg do tuong déi trén phé proton.

Integration Values,, ., ...wcodade O 40.2 28.4 42.2
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Tich phan

Quy doéng tich phan vé sé nguyén & dua vao ti |é dé xac dinh ti s
s6 lwgng cla cac loai proton.

RO ME 40.2/27.0 = 1.48
48 1.56

£

( A

ARUR BUN PLIUALELE) DURUEURN ILEUR R R L RN LR LI N BRI R D BLELR O R L BLALELS RLELURLRUN BUIR T ELAY BUNLZURE EUERELN [ OUELELR SURLELYLE) RLILIE BLE LIRS JLAURUILE BUSLILSUN [RELELELI BN LIRS R
3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 ppm
—_— L —_— e
Integration Values 27.0 40.2 28.4 42.2
Proton NMR 96 3.12

—

Z.OOJ 2.10

Integration Values 27.0 40.2 28.4 42.2 31
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MeO) l
- ey
s =t flnd
= £ =
=]
?u_ 0
il
] CHy
50 I
HaC—C—O0— C — CHj
407 I | 3
- 0 CHg
30 — CHy
20 TS
10]
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T 3 1 1 T T T T T 1
10 a 7 " 5 4 3 2 1 0
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Hinh dang mii-twong tac spin-spin

e Tin hiéu trén 'H NMR cé thé bi tach thanh nhiéu mdi

I I

Singlet Doublet Triplet

Quartet

Mii don, s M{i ché d6i,d Mdiichéba,t Miiché bén,q

|

L

Quintet Sextet Septet

33
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Miui da

Mii ché 1a hiéu *ng do anh hudng xoay cua

cac proton lén nhau. Xét 2 proton H, and H, %

Spin proton cd thé cung chiéu hodc nguoc chiéu vai tir trudng ngoai.
H, cd thé cung chiéu véi tir treding & mét s6 phan tlr trong mau. Cac
phan t con lai trong mau cé thé ¢ H, nguoc chiéu vai tir treong.

Mot s6 nguyén tlr H, c6 thé tao hiéu (rng chan nhe 1&n H, va phéan tl

con lai thi cho hiéu &ng phan chan.

34
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Miui da

« Két qua la miii cla H, bj ché doi

o, Y

H_, appears as a doublet

e Mii doi thwong duoc tao nén khi proton chiu anh huong cua 1
proton & C ké canh.

spectrum of molecule without coupling

B spectrum with coupling

gy = 5.8 p.p.m.

C e - ——— -
5.8
CuuDuongThanCong.com -'rb.x = 4 HZ https://fb.com/tailieudientucntt Jlfv!'. = 4 Hz
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Miui da

Khi cé 2 proton trén Carbon gan ké = c6 3 anh H, Hp
huwdng cua proton H, Ién proton H, C—C
% nguyén tlr H_ khong bi dich chuyén tin hiéu. Hy,

% nguyén tlr H_ bj chan va % bi phan chan

[
[ ¥ I

or or
Bo both H, protons one with, and both Hy, protons
against the field one against with the field

Three possible electronic environments produced by the H, protons

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Miui da

* H_xuat hién mii ché ba >

* 3 miicotilétich phan 1:2:1

lT —

i q 71 1 i

0 0
both Hy, protons r one with, and r both Hy, protons
against the field one against with the field

Bo

Three possible electronic environments produced by the Hy protons

37
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Miui da

* Trwdng hgp 3 nguyén tr H, twong duong tac

Ha Hb

dung Ién nguyén tu H,

* Giai thich anh huwdng

L I
[T T

ftroy foucd | om

or or
all three H, one with, two with,
against field two against one against

£30 or

Four possible electronic environments produced by the Hy protons

CuuDuongThanCong.com https://fb.com/tailieudientucntt

C—C

I

all three H,
with field

16-38
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* H,c6 dang miii ché bon

e Tilé tich phan 1:3:3:1.

l

1

Miui da

I
l
L

0 all three H,, one with,
against field two against

Four possible electronic environments produced by the Hy protons

E

N A

Y
Il

two with,
one against

I

all three H,
with field
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90 MHz

HA WA
oxetane
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Mui da
Tin hiéu bi ché thanh n+1 m{ii, khi cé n = s6 proton gan ké.

Pascal's triangle

| multiplicity of signal .

singlet (s)

doublet (d)

triplet (t)

quartet (q)

quintet

sextuplet

septuplet

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Miui da

Lwu y Cl
1. Cac proton twong duong khong gay che mii. Cl

VD: 1,2-dichloroethane H H
2. Hién twong ché miii chi bi anh hudng bdi proton lién ké, cach
2-3 lién két
H, H, H,
E— o —C—C
I ]
Geminal Vicinal

Splitting is observed Splitting is generally not observed

42
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Mui da
e Hang s tach (coupling constant): mirc do clia proton tao hiéu

(rng chan hodc phan chan |én proton gan ké.

* Hang s tach (J value) Ia khoang cach gitra cdc mii ché

h- A k‘/\ n IIIa ITIb
Khi proton gan ke gay X—C—G—H,
? ? ~ | |
anh huvong lan nhau H, H,

—>J bang nhau

* 'lab ='/ba

Jab 3 Jab Jap R

pa & > >l
N “1 I T 1

N

Jab ‘|

I<

'Jab R

Signal for H, Signal for H,

43
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Mii da

e Nhom ethyl cho hai mii. Mot

I—C?—I
/-I_clj__:x
-

mdi ché ba, va mot ché bon cd il
cung J 2H / \ 3H
e Can chu vy tilé tich phan J
Wl I

* J khac nhau: khong phai
proton gan ké - khong gay anh

huwdng lan nhau. J)
UuU__ i
t

Not an ethyl group
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a) Twong tac geminal
Po la twrong tac giua hai proton khéng tuong duong lién két voi cung | nguyén tu cac

bon. Hing so tuong tac la &m con d6 lon cua no chiu anh huong manh bai goc lién két a

gitra chung A
7| (Hz)
40 1
30 4
Iu +
0 + ' + b -
100 110 120 130 ()
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Vi du: Do nhom tBu co thé tich lon nén phan tu khéng thé tao cin bang giua cac ciu dang

ghé hodc thuyén, con truong hop thu 2 dang bicyclo phan tu cung nhic

H‘IO

Hax
Hendo

Dang tuong tac geminal cung thuong gip trong truong hop trong phan tu co nhom
-CH,- bén canh mot trung tam bat doi

Ha Hb
Rz R2
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b) Twong tac vicinal

Do la tuong tac giwra hai proton qua 3 lién két, hiing so trong tac duoc ky hiéu la 3J

2 Ref No. MHz ppim
qoue
18
- H=C—C=—H
16 . +
- H c
14
12
10
:]
ThiS
B
7 5,29
l-
E_- J‘u‘}intaqmtinn] ; }inl:egratinn:]
0 A
R e e e o o e S S B I LN B o m e B m e m B S mn m ma an S A S R
2.0 7.0 .0 5.0 4.0 3.0 20 1.0 0.0
d(ppm)

47
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Hef No.

MH:z

S R

— — — — —_—
e &= on 00 O ke & | 00

3,73

TS

i

's0 70 60

CuuDuongThanCong.com

20 10 00
&(ppm)
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29 Ref.MNo. MHz
] 3,70
RN
L d=C=C=C=(]
’ (N
L H H H
" g 6.2H
= D. Fid
12 -
10 2,20
g Y i ) '
” mttgrltmnl intagration 1 TS
&
4
* i
0
T | T L L | T LI B [ B | T I T T [ T T_T_rl'l
20 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
o(ppm)

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

49


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

¢) Twong tac o khoang cach xa
Tuong tac gitra hai proton o cach xa tur 4 lién két tro 1én. Dang nay thuong quan sat duoc

voi ciu truc hinh M hoiic W nhu hinh ve
H
HZ : 7 ~H C | ]
H
7 =11Hz 'V =3-4Hz
Trong mét s6 truong hop, co thé quan sat duoc *J o cac phan (u dang polien

50
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effect of electronegative substituents on 3J,, — alkenes and enol ethers

enol ethers

alkenes
Ph OPh
—— R — R
R Ph R OPh
bond H\ﬂj\g\ e
order
MeO e
“&Nf”
pyridine HA HA HA
meta coupling J 60 MHz ©!
| | ' ' ' | ; '
allylic coupling 7 & 4 p.p.m.
51
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Quan hé gitra cdu truc va hing so (uong tac

2J l
2% F e
H H ’/C== \.|
\C/ =c/ 32-1Hz
/' \y N\g H
(-12) A (-20) Hz 0a35Hz.
H
| H\ 208 >
H-C — C—H C== C=C
| | / N > 4§ NH
2a9H:z 63ldHz 112 18 Hz
; H H
o 1 b’
/ \H | \o
42 10Hz

347 Hz

CuuDuongThanCong.com

|
H——?-—CEEC-—H
2a3Hz

J(ortho) =7 2 10 Hz
J(méta) =22 3 Hz
J(para) =0.14 1 Hz

| 3cis < 3Jtrans

€3

52
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Miui da

3. Quitac n+1 chi dp dung cho n proton tuwong duong

M{i cia phan tir dudi sé cd dang phirc tap hon la ché ba.
H

X

OH
Dy dodan suw che mii cla cac proton trong phan tu sau

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Miui da

* Mii co tich phan ~ 9 goiy la nhdm CHj 9H
tert-butyl (khi d3 qui dong tich phan R~<—CH3

cua 1 proton la 1) CHj \

* Nhom isopropyl cho mot miii che
doi va mot miii che bay 1H i

 Kiém tra lai =ti | tich phan / H \
il
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Mui da
* MUiché phtrc tap sé hinh thanh b&i anh hudng cla proton gan ké
KHONG twong duong.

e
* H, bi chia bon do anh huwong cua 3 H, va H—C—C—C—X
chia ba do anh huéng cia 2 H, Illa Illb |
‘Iab >'IbC 'IbC >-Iab 'IbCN'IGb
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X K

] ||
s O i ¥ ol |
i R

40 38 36 34 32 30 28

2.6 24 2.2 20 ppm

Hinh 6.19. Su tich van phd & hé AKX cua stirren oxit.
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OMe
H‘

OMe
90 MHz J\M
HA
aa

T T I T T
A 4
coupling in an AX; system HA
ax <N
5 Hz coupling to H* | 5 Hz
5 Hz

the resulting AXz spectrum
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chrysanthemic acid
90 MHz
X 3 expansion

O -

-4
—
-

CuuDuongThanCong.com
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2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 p.p.m.

rum Or tnis compouna I0OKs I1Ke tnis.

90 MHz
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4HL - - -e 10 Hz

- 4 Hz

X
16 HZ = [ l 16 Hz z “’c\/o HA
al X3
\7' " o )

200 MHz
Wi
1 T 1 L} Ll L) L) L L 1 1
7 6 5 4 3 2 1pp.m
H* |
HA — 3 H2 oo -7H
n,c/\o 13 He s .' 2’:"’ )
THz ko |} 2oy - 2 Hz
il
MHz | . i
200 MHz in CDCl, ‘\“f"} 8 <3
il
1 W
7 6 5 4 3 2 1p.pm
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Mii da
M{ii ché cé thé khéng nhan duoc trong mot s phén tl,
nhu ethanol

Proton NMR H cua OH
khong ché
~ " 0H 3
1
2 J J
AMA '\ L
T B LN T B NS~ I B (N S ) NN T WA~ - R NN 7 S I |
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

Chemical Shift (ppm)
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Trao doi proton
Cac proton lién két truc tiép voi cac nguyén tu co do am dién lon nhu O, N (ruwou, amin,
axit) co thé nhanh chong trao déi voi cac proton (hofic deuteron) trong dung dich nén cac
proton nay co thé khong tao tuong tac voi cac proton bén canh

Trong phd cua etanol tuyét ddi khan hinh dang cua phé nhu sau

Hef No. MH2z ppm

- N
(@ O

H‘3 (Ag)

—

CH3;CH,OH

b Py —
N &

A Gl L L Lt

H-2 (M)

H-1 (X)) 2 ™S

L=

A L

L L | ¥ ¥ L ¥ | A L A v 1 T L L L |

‘80 70 B0 50 40 30 20 1.0 0.0
Ethanol (théorique) &(ppm)
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T'rong truong hop co l14n nuoc, qua trinh trao déi proton dién ra do do khéng con tuwong

tac spin gitra H trong nhom OH voi cac proton bén canh

2 Ref.Mo. MHz ppm

1 3
a H-3 (A3)
18]
16]
14] CHy CH,0H
12 2
10)

) H-2 (M)
g

] This
6]
4]

1

2] ﬂ H=1(X)
1]

L] L I Li Li i r | L Li Li Li I Li Li T Li I Li Li Li Li l L Li L I L Li L L r r r Li L] I | T T rl'

a0 70 6.0 5.0 4.0 3.0 20 1.0 00
Ethanol o ppm)
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Chu y: Néu thém luong rit nho CF,COOH vao trong mau do thi tuong tac spin cua
proton trong nhom chue cung mat di do axit TFA xuc tac cho qua trinh trao déi proton giua

cac phén tu ruou lam cho qua trinh xay ra nhanh hon
HC—CHy—OH,, + HC—CH—0Hy S==2 HC—CH,—0Hp + HC—CH,—OHg

Do su trao ddi proton nén vi tri tin hiéu cua proton trong nhom chuc OH rat linh
dong. Vi tri cua no co thé thay doi tuy theo nong do, nhiét do tham chi la khong xuit

hién trén phé. Qua trinh cung xay ra tuong tur trong amin, axit cacboxylic...

64
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(d)

-OH

(<)

-OH

®)

TMS

(a)

-— -
|}
(o]

- 4
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* Tat cd cic loai phd khéng thé phan tich theo phd bac 1 goi la phé
bac cao. Hau hét cac pho6 nay cd (v,-vg) = J,e. Khi dé nguoi ta ky
hiéu cac hat nhan bang cac chi¥ cai lién ti€p nhau nhu AB, A2B,
ABC... Viéc phéan tich phé nay rat phirc tap, trong nhiéu tredng hop
khéng thé phan tich truc tiép. Loai thwéng gap 1a hé pho AB. Hinh

dang miii cua hai hat nhan nay tao nén hinh chép nhon (hiéu &ng
J‘ i ) 'Jk
I

: |
ppm
O a On b

mai nha).

* Hién twong nay hay gap trong cac hop chat chira néi déi hodc trong
nhan thom.
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Ref No. 250 MHz

8

[

1= 15 18 18 18 18 18 18 18 18
Q
X
>

| I [ I 1 1 1 1 1

10 9 “ 7 6 5 4 3 2
(E)-1-chloro-2-cyanoéthéne
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Ref No. 250 MHz ppm

8 8 2

3 =77 Hz

I

S, 8,

i
3 tB. =,

1= I'E"l |H
—

b D A 3 2 1 0
(Z)-1-chloro-2-cyanoéthéne

e B

10 9 "
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Ref.No. MHz ppm

S E 838 N

ey
2 &= o 0 O kM &= 0 D

=I

TMS

Ll L] L) L] I LY L] LI L] I Ll L] L] L] I ! L] ! L] | L] L] L L] F L] L ¥ L] I L] L) L] L) I L) ! L] ! I ! L

7.0 6.0 2.0 4.0 30 2.0 1.0 00
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2 - 2,7 ppm: nhém tai vi tri nay lién két
vOoi nhom carbonyl

RHC™ OCHR

222ppmj k~3h'.?~*-tlppm
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3,7 - 4,1 ppm: nhom tai vi tri nay lién két
vOoi nhom oxygen

(f-L4wm

R—-0-CHR (IDH

C
k\ R™TH
3.3-4 ppm k
3.4-4 ppm
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9 -10 ppm: nhdm aldehyde

O
g
RHC™ ™H
2-2.7 ppm j k‘ 9-10 ppm
0 H SMe ITIe
0 N 0
H 0 Me”™
10.14 9.0 H 8.01 H

an aromatic aldehyde an alphatic aldehyde DMF
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© of
o—Z

~8.0 1
H

R A
~o0 0

a formate ester

H
0
| & N
N.\
) 0©® P
N
H 7.31 pyridine
electron-deficient
nitroalkene
? S
@
N
S
H 8.48

1.4-dinitrobenzene

CuuDuongThanCong.com

2.

.99
3‘/ Me H 9.95
ME/%/KO
H

3-methylbut-2-enal

conjugation in pyridine

0
myrtenal
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9.43

isoquinoline
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OH

H H
Me
o | -]
I | | [ | l
10 0 p.p.m.
)T\ 11.2 1.91 1.82 >l\
o-"'H >|\ofH >|\SJH N"’H
| 1.20
H
acetic acid t-BuOH in CDCl4 t-BuSH in CDCl5 t-BuNH, in CDCl4

CuuDuongThanCong.com
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6,5 - 8,5 ppm: Aromatic
2,2 - 3 ppm: H cia nhom gan vao Aromatic

alkene

silyl enol ether

0SiMe;

o

6585 ppm

H

O-

unsaturated ester

Me
1.95 (3H)

CO0,Me

H 6.10

CHR

& 2-3 ppm

chloroimine

Cl Cl

7.50 H
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electron-withdrawing groups

by conjugation by inductive effect

N N
'30 Ho. Lo q||| H

C
8 10 - 8 10 8.07

- 848
07® N0 o

electron-donating and -withdrawing groups

balance between withdrawal by inductive effect and donation of lone pairs by conjugation

C‘I‘ ¢ H 7.40 CBr? H 7.32 @/H ‘H

Br

CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

electron-donating groups

by inductive effect

H
H H

¢ 7.03

balance between withdrawal by inductive effect and donation
of lone pairs by conjugation; electron donation wins:

5 0 ™
T ) 7.03 T.j 7.03 T ) 6.35
H H H
0 0 N
CH,3 ~H H™ H
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H H
H H
7.27 5.68
0
¢ 6.0 4.65
H H
H 0 H
7.0 ") 6.35
P Me
le i L
~No o siMes ~Me
H 731 H 473 H 442
electron-deficient electron-rich electron-rich
nitroalkene silyl enol ether enamine
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10 - 13,2 ppm: acid

I
C.
RHC OH
f '
/
2-2.7 ppm — N

(just like othes
carbonyls)

10-13.2 ppm
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> — © o)
H2N CO,H ———= HsN /\co,
amino acid owitterion 3/
the simplest amino acid - glycine ‘
— «j 9 —t
® —
N“a f
HS |
the salt of an amino thiel ,' |
A ? X
I
I SR Py
./-—

eo,c/\N/ \N/\CO,G | |

|\ 2NHC !

HO,C CO.H ‘

diammoenium EDTA
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0,5 - 3 ppm: amin aliphatic
3 -5 ppm: amin Aromatic

(R' = alkyl or Hor aryl group)
|RC

N
RHC™ ™H

1.5-2 ppm J L 05-30ppmif R isalkylor H

3-3 ppm If R' is arormatic

chemical shifts of NH protons

Alkyl—NH,  Aryl—NH, RJ\N"'H RJ\N,AIkrl RJ\N»-’A“" Q
h h ! h

Ony ~ 3 oy ~B6 Onu ~5 Oy ~7 Ony ~10 ony ~10
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4 - 4,4ppm: H ciia nhén gin véi NO,

RHC—NO,

4-4.4 ppma j
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4 - 12ppm: H cua rugu

(H) efc.

@—OH >=( OH

\ 4-12 ppm k 15-17 ppra
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Alkyl Halides

I
H’C“CHR
\ H=Cl 34 ppm
F 445 ppm
Br 2.5-4 ppm

[ 24 ppra

84


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Pho 13C - NMR

* Néu nhu phd 1H-NMR cho céc tin hiéu clia cac
loai H thi 13C-NMR cho cac tin hiéu cua cac
loai C vi thé v&i cac chat hitu co két hop 2 ph6
nay cé thé xac dinh dc ciu tric clia hau hét
cac chat.
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Bang tom tiat do dich chuyén hoa hoc trong
pho 13C-NMR

Tvpe of Chemical Iypeof  Chemical
Carbon Shift (5) Carbon Shift ()
RCH; 10-40 —
RCH,R 15-55 \ /C—R 110-160
Ry CH 20-60

]
RCH, | - RCOR 160 - 180
RCH, Br 25.65 5
RCH, Cl 35-80 RCNR, 165 - 180
R, COH 40-80

]
Rs COR 40-80 RCCOH  165-185
RC=CR 65-85

R, C=CR, 100-150 R(I.L,H, R(I.L,R 180 - 215
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Tong quan so sanh giiva IH-NMR véi
~-COOH

611-812

J

O

I
—
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Huwéng dan Giai Pho IR-NMR

» Pho hong ngoai (FT-IR) va pho cong hudng tir
hat nhan (*H-NMR, 3¥C-NMR) duoc coi la 2
cOng cu co ban nhat dé thuc hién phép xac
dinh cau tric cac hop chat hitu co.

» C4c budc thuc hién viée giai 1 bai tap vé pho

véi cong thirc tong quat cho trudce:
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BUOC 1. Tinh d¢ khong bao hoa (degree of unsaturation - DU) tir trong cong
thire tong quat dé xem trong phan tir cd bao nhiéu vong, bao nhiéu lién két dai.

Gia su ta co 1 cong thue la C H, X,
- Néu X 1a Halogens thi coi X 1a H =>CH

n' 'm+i
-Néu X 1a O, S thi bd =>CH,,
- Néu X 1a N thi trir di H twong tmg =>C H,.
DU=n-m/2+1
VD: C:H,,0 => DU = 5-10/2+1=1
CgHy;N => DU =8-10/2+1 = 4

NEU: DU=1 cothécolLK d6ihoic vong
DU=2 c¢6thécod2 LK ddi, 2 vong, 1 LK ba hoic 1 LK d6i + 1 vong
DU=3 c¢6thécod3 LK ddi, 3 vong, 1 LK dbi + 2 vong, 2 LK d6i + 1vong,
]l LK ba+ 1 LK doi hoac 1 LK ba + 1 vong
DU =4 nghi ngay t&i vong benzen
DU =5 c¢6 thé la vong benzen + 1 LK d6i hoidc vong benzen + 1 vong
DU=6 cothéla vong benzen + 2 LK d61 hoac 2 vong hoac 1 LK ba hoac
1 LK d6i + 1 vong.
89
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BUOC 2. Nhin vao phé IR tai viing sé6 song 16n hon 1500cm-?

Két hop céc dir kién c6 tir cong thirc tong quat, DU va phd IR: néu

- ¢6 1 lién két do6i va nguyén té O c6 thé nghi téi nhom carbonyl

- khdng c6 lién két doi ma lai co O thi cd thé nghi téi ether hodc ruou

BUOC 3. Sir dung pho NMR dé x&c dinh cac lién két trong phan tir
Tt cac nhom chire X4c dinh & budc 2, viét cau trdc phan tir va dya vao phd

NMR dé danh gia xem cong thirc da hop 1y chua

BUOC 4. Kiém tra so O, C, H, Hal... xem di phu hep véi cong thirc tong
qguat chua
Kiém tra hoa tri c4c nguyén t6 da phl hop chua, néu chua dung, viét cau tric

phan tir khac va kiém tra lai. 00
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#2

C3H 5028!’

back to problems 386.L

243t

L 1786,%

#2

C:H:0:Br back to problems

Transmjittance

10+

=
(5

3 &

2

3

3500 3000 2500 2000 1500 1000

Wavenumber (cm-1)
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#3 CeHe back to problems #3 CeHqz back to problems
peskspitting below

IH 1284
=4 128.1
1255
SH 38.0 225 138
4 2H
142.6
| | | s_b 1 1 1 1
40 120 100 (0] a0 Z0 o
#3 CgH+» back to problems
1004
80~
604
/
404 =
L]
é At
201 sl & 12
B
g #
|l I 1 1 1 1
3500 3000 2500 2000 1500 1000
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#4 CzH4p back to problems #4 C:Hqp back to problems

afl singlsts!
A 22.6,t
ZH 25.1,t
aH
127.2,d
A
| | | |
5 1 a3
#4  CgHap back to problems

ao«mWN m

; 1692
- 60 1

40 1 Kocolk 3 1372

207 2064 2780

2985
3500 3000 2500 Z000 1500 1000

‘Wavenumber (cm- t:ﬁuDuongThanCongAcom https://fb.com/tailieudientucntt
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