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KY THUAT THUC NGHIEM

(1) Nam chim hinh mong ngua (ti truong
0,6; 1,4 hoic 2,4 Tesla cung cap tan sé la 25;
60 hoac 100MHz)

- / I

(2) May phat song radio
(3) May thu song radio j

(4) Cudn cam T () ! ( o <, B ,>7
(5) Mﬁll 9) ‘ |
(6) Detector — . |

(7) Bo khuéch dai,
may dao dong ky, Cudn day ndi véi may phat
may tinh (doc KQ tan so vo tuyén tao ra ti
va ghi pho) truong H, vudéng géc véi tur
truong H, cua nam chim
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KY THUAT THUC NGHIEM

4 N

[ Phan tich NMR theo PP phét séng lién tuc: J

4 N

\ a SR
THIET 1) PP quét tan so: 2) PP quét trudng:
BI giif ¢ dinh H,, g COA,d!nl\ld tan s
CONG thay doi tan s vo v tuy€n, ting d.an
C tuyé€n quét A H, cho dén khi
HUONG uyén quét qua mau C \
TU ~ / \_ cong huong )
HAT | Nhugc diém ctia PP NMR séng lién tuc:
NHAN | - kém nhay —dbi héi ligng mau va d¢ tan cia

chit nghién citu phai kh4 16n
- tin hiéu NMR qu4 yéu (mudn cai thién, phai
ting so lan do n 1én rat 16n)
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KY THUAT THUC NGHIEM

. ™
[ Phé k& bién doi Fourier J

. G)ﬁng tu truong H, tac dong 1én hat nhian N
THIET ctia mau do tirng xung ngin 1-10 ps bing

Bl cdc xung tan sé radio cong suat 16n v§i thoi
CONG gian kéo dai t khoing 10-5s, méi xung
HUGONG | | cdch nhau 1-2s )
TU
HAT

NHAN /\/\/ 7/ /\/\/ 7/
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KY THUAT THUC NGHIEM

. ™
[ Phé k& bién doi Fourier

, Qua k¥ thuat bién doi Fourier, phd NMR thu
THIET | | dugc la phd biéu dién tin hiéu cong huéng
BI theo tan so

CONG Bién doi Fourier
HUONG | Ham f (t) - ham /)
TU M(x,y) |-
HAT . a) FID

NHAN /\
AW
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KY THUAT THUC NGHIEM

. ™
[ Phé k& bién doi Fourier J

| (Céc phd k& NMR bién ddi Fourier hién nay )
THIET | | c6 tan sd tir 200 d&n 800 MHz, dugc thiét k&

BI d€ do tin hiéu CHT cua 'H, 3C, YF , 3P va
CONG | \mt sd hat nhan khac y

HUONG | 77, 4iém: PP NMR bién d6i Fourier rit nhay

T:’ (c6 thé thu dugc pho NMR cuia cic dong vi
HAT kém nhay va c6 ham lugng rat thap trong
NHAN

\_tu nhién nhu 13C) Y,
" Nhugc diém: thoi gian phan tich kéo dai hang A
gi¢ do phai su dung hang ngan xung hoic 16n
NS _/ (_hon nira | )
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4 N

THIET
Bl
CONG
HUONG
TU
HAT
NHAN

KY THUAT THUC NGHIEM

[ Tiéu chuan ddnh gid phé k& CHT hat nhan J

Cudng do tif trudng, tinh on dinh, dong nhat
(cang cao thi cang thuin Igi)

[Khz‘i nang phan giai (KNPG) cao J

AV
KNPG —

14
0

Av-Bé rong vach phd ¢ nita chiéu cao (Hz)
v,—Tan s6 may ghi ( Hz )
Ciac may CHT hat nhan hién dai c6 kha ning
phan giai khoang 10-°

ongThanCong.com https://fb.com/tailieudientucntt
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KT THUC NGHIEM
'CACH CHUAN BI MAU

/

x 2 y . )
Mau khao sat (0,5-1,0 ml) dugc chira trong bong

thuy tinh kin ® .. S mm, L= 100 — 150 mm, ¢ dang
_chat 16ng tinh khi€t hoiic DD c6 nong do khoang 10%)

4 )
Dung moéi dung trong NMR khong dugc chira cac hat
_nhin che I4p tin hi¢u chinh

J

Chat chudn-thudng 13 TMS trong PP 'H NMR-duge )
nhé vai giot vao 6ng chita mau (PP chuin noi) hay
dugc cho vao mot ong thuiy tinh nhod réi cim dng thiy

__tinh nay vao trong 6ng chita miu (PP chuin ngoai)

‘Nhugc di€ém ciia PP NMR phan gidi cao 1a khong thé
_ghi pho khi miu ¢ dang rin

J

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

MOT
SO
KY

THUAT

LAM

TANG

HIEU

QUA
PP

CHT

KY THUAT THUC NGHIEM

| Thay doi dung méi )

" Cé tac dung lam thay d6i & trong khi J lai A
khong doi (benzene, acetone, acetonitrile...

_thudng dugc st dung dé lam ting 5) P

[ Thay th& ISOTOP (dong vi)

1

/Thay thé& proton bing deuterium gitp cho viéc
giai phd don gianhon vi 2H khong tuong tac
_vO1i proton bén canh

( )

St dung tdc nhan phan giai

- J

Pua thém vao miu khio sit cic tdc nhdn phdn\
gidi c6 kha ning lam ting § giita cac van pho,

_gitp tdch rdi cdc van phd gan nhau )

ongThanCong.com https://fb.com/tailieudientucntt
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4 )

MOT
SO
KY

THUAT

LAM

TANG

HIEU

QUA
PP

CHT

KY THUAT THUC NGHIEM

[ Phé a6 néi (phé phén gidi J - 5) |

-~

St dung cac chudi xung diic biét c6 thé biéu
dién pho theo ba chiéu (pho d6 ndi) : mét truc
bi€u dién §, truc vudng géc véi né bi€u dién J

\Vz‘l truc thi ba biéu dién cudng d§ cua tin hiéu y
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4 N

MOT
SO
KY

THUAT

LAM

TANG

HIEU

QUA
PP

CHT

KY THUAT THUC NGHIEM

[ Cong hudng tir hat nhan da chiéu J

(Céc m4ay c6 thé cung cap phd mét chiéu (1D), O
hai chiéu (2D) va ca ba chiéu (3D) hoiic 4 chiéu
(4D) (Khong ké dén chiéu thd ba la chiéu cuong
do ma & phd nao ciing c6; pho 2D NMR chinh

\Ja mgt trong cic kiéu pho do noi)

J
N

"Phé hai chidu *CNMR c@ia 1,3 butadiol
CH,-CHOH-CH, -CH,OH trén hé toa dj xy,
truc x bi€u dién J (Hz),truc y biéu dién & (ppm)

- /
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KY THUAT THUC NGHIEM

4 ) R
[ Cong huong ti hat nhan da chiéu

o B

KY Khi nhin theo truc —— =
THUAT | | docsé& doc duge d =
LAM cua cac C o vi tri 1 =
TANG dén 4 con theo truc = —
HIEU ngang sé thAyr6 dang .= —=— —
QUA da vach ctia méi C ==
PP trong pho TR
CHT ki

- /

CuuDuongThanCong.com
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KY THUAT THUC NGHIEM

h [ Ky hiéu trén ban pho J
A ﬁlf\; NMR cung cip cac thong tin: \
PHAN - loai hat nhan ('H, 3C-'P);
TICH - tan s6 may ghi SF (100, 200, 300 MHz..
PHO - nhiét do
NMR - dung moi
PHAN - chat chuan
GIAI - loai mau
CAO - bién @ H, hay bd lam tit r,
- Thoi gian quét; dd rong quét; diém bat dau
Quét va do khuéch dai cia may /
J

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Ky hiéu trén ban pho J
Bié&t tan s6 cia may va do rong quét — cac
thong so cia vach pho

4 L )
Vi du may co tan sé6 100 MHz, d0 rong quét
0 - 1000 cps (Hz) thi d dich chuyén héa hoc
16n nhat trén ban phd sé 1a :

- J

s _ 1000 Hz .
- - 10 = — 10 ppm
100 MHz .10
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~

PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

& J

KY THUAT THUC NGHIEM

[ Ky hiéu hat nhian va phan loai pho J

(Céc hat nhan dugc ky hiéu bing cac chit cdiz )
+ A,B,C...: ¢6 su khac biét 6 nho
+ X,Y,Z.... c6 & khac nhiéu so véi A,B,C...
+ K,L,M...: ¢6 0 trung gian

\+A,A’,B, B ... co cung 6 nhung khac J -

Vv —Vv Av

[- Hodc dugc ky hiéu dua vao K: } T

Av - hiéu s @0 dich chuyé&n héa hoc
+ K<1: ky hiéu bing cac chii cai lién ti€p: AB,
AB, ABC
+ K>1: biéu dién bing ciac chit cdi ¢ cach xa
nhau: AX, A, X, AMX..

om/tailieudientucntt
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

-

Ky hiéu hat nhian va phan loai pho

-

V.-V Av
- Hodc dugc ky hiéu dua vao K: J =1 2=

I JA,1 |AJAB.| EAB.| |AJABW iABl
Y Vi Ve Va Vo
(A\f;J : Hé AB Hé AB

A (Av>Jpp) (Av<Jpp)
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Ky hiéu hat nhan va phan loai pho

v =V

Phébael| Ll

(Si dung quy ludt M = N + 1 d€ tim ra so hat
nhan tuong duong va ty 1é chiéu cao ciia vach
_bdi tuiin theo quy tic Pascal

~

J

| Vo AX
Vidu : pho '"H- NMR [ l 1
cia NO,CH,CH, (hé M

ArX3) Hl l
1] \|\
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Ky hiéu hat nhan va phan loai pho J

[Phﬁ’ bac cao}

/T4t ca céc loai phd khong thé phén tich theo
phd bac 1 dugc goi la pho bac cao. Hau hét cac
loai pho nay ¢é (v —v, ) =J,, va viéc phan tich
thudng rat phic tap. Khi chuyén tir A X sang
A,B (phd bac cao) thi cudng do cia vach pho

\.c6 thé bi thay ddi : -

ongThanCong.com https://fb.com/tailieudientucntt
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KY THUAT THUC NGHIEM

4 ) ;
[ Pho 'H NMR J
o % , 2 , \
D0 dich chuyén hoa hoc cua proton do cac
PHAN electron bao boc né (k€ ca cac lién k&t 6 2-3
TiCEI \lién k&t gan d6) quyét dinh y
PHO
NMR COOH C.Hq — CH,—
PHAN _CHO_ =CH- __— CH,
GI AI L I I L L1 ]
10 9 8 7 6 5 4 3 2 1 Oppm
CAO 5
(Dé’ thuin tién 6 ducgc liét ké thanh cac nh(’)m\
khac nhau, VD proton dinh véi Csp? dugc xép
L P \theo nhém metyl, metylen hoic metin P

gThanCong.com https://fb.com/tailieudientucntt
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KY THUAT THUC NGHIEM

4 )
[ Pho 'H NMR J
Tuong tic spin - spin ciia nhiéu proton J
PHAN / Tong quat n proton tuong duong sé gay tach)
TICH van phd cua proton khac thanh n + 1 hgp
PHO phan c6 cudng do tuong doi ciia mdi hgp
NMR phan ti 1&é véi cac hé sé cua phép trién khai
PHAN | \nhi thiic bacn (bang Pascal) -
GIAI n=0 1 :van don
CAO n=1 11 : van déi
n=2 1 2 1 : van ba
n=3 1 3 3 1 : vin bon
n=4 1 4 6 4 1 : van nam
n=>5 1 5 10 10 5 1 : VAn sau
J Ci
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

|

Phé 'H NMR

[

Tuong tac spin - spin cia nhiéu proton

Vidu: CH,

1
(s)

- COO - CH2 - CH,
1:2:1
(t)
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

|

Phé 'H NMR J

[ Tuong tac spin - spin cia nhiéu proton J

/Khi mot proton tuong tac véin,, n, , n, \
proton khong tuong duong:
- Tin hiéu cua né bi tach thanh
(n,+1) (n,+1) (n+1) ... vach
- S0 vach quan sat dugc trong thuc t& cé thé
it hon so vé6ily thuyét néu mot so J c6 gia tri

Qué gan nhau /

~



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

KY THUAT THUC NGHIEM

4 ) ”
| pypS |

[ Tuong tac spin - spin cia nhiéu proton }

T [VD: pho 'H NMR ctia CH, - CH, - CH, - NOZJ
TiCH (a) (b) (¢)
PHO ﬁin hiéu cua CH, la mdt van ba (1,03 ppm);
NMR cua —CHZ—\ (¢) ciing 1a mot van ba (4,38 ppm)

PHAN vi chiing déu bi tach bgi 2 proton cua nhom
GIAT metylen(b)\. Tin hi€éu cua nhém metylen(b) ¢
CAO 2,07ppm,vé 1y thuyé&t bi tach thanh (3+1)(2+1)

=12vach, nhung thuc t& s6 vach quan siat dugc
chi bang 6 (1:5:10:10:5:1) (do J_ =J, . nén c6

thé xem nhu céc proton b chi tueng tic véi
&\proton tuong duong khac /

CuuDuongThanCong.com om/tailieudientucntt
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Phé 'H NMR J

[ Tuong tac spin - spin ciia nhiéu proton }
a o)
Ngoai tuong tac spin-spin 'H-'H , con c6 thé co
tuong tac spin - spin gitra cac ciap hat nhan khac

\nhu’ BC_1H, 3C-2H, 'H -3 P,'H - F )

[ Khu tuong tac spin - spin cua proton J
. N

Khu tuong tac dong nhan giita cac proton la

mot phuong phap hitu hiéu trong nghién ciru

cau tric

N\ J

ongThanCong.com https://fb.com/tailieudientucntt
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Pho 3C NMR J
C6 ¥ nghia rat quan trong trong viéc xac dinh
cau truc cua hgp chat hitu co, dic biét khi
nhom chuc khong chia 'H ma ¢é chira C, vi

\du nhom chic=C =0 )
a )
Do ham lugng 13C trong ty nhién rat bé(1%),
mudn ghi pho 13C NMR thudng phai tién hanh
trén may cong hudng tir bién doi Fourier
N /
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

|

Pho 13C NMR

-

P dich chuyén ho4d hoc cua 13C

( -
Cua cac hgp chat hitu co dao dong trong
_khoang tir 0 — 230 ppm ( so v6i TMS)

C =0 sp?

= C sp?

= Csp
I

- C sp?
|

250

200

150

100

50

0

o
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Phé 3C NMR J

[ Tuong tac spin-spin trong phd 13C J

Do pho THNMR khéong quan sat dugc tuong N
tac spin — spin 'H -13C nhung do pho 3CNMR

khong khu bo tuong tac spin - spin thi sy tiach

van pho cia 3C do tuong tac ctia proton lai

\ thé hién rat ro -

(Vi 13C va 'H déu ¢6 I = 1/2 nén quy tic da Vacﬁ
giong nhu tuong tac cua 'H - 'H trong pho
_'HNMR y

ongThanCong.com https://fb.com/tailieudientucntt
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Phé 3C NMR J

Tuong tac spin-spin trong phd 13C J

G’hﬁ 13C NMR KHONG khi¥ b6 tuong tic spin\
TH-13C c¢6 gia tri 1J . rat 16n (dé€n 250Hz) phu

thudc vao TT lai héa cua 13C va dugc tinh theo

\% electron s: )
Jeq =5x % s (Hz)

% electron s doi véi Csp?, Csp? va Csp lan lugt
la 25, 33 va 50. Do anh huong cua cac nhém
thé, 1J.4 ddi véi Csp® va Csp? thuong trong

khoang 120 — 150 Hz va 155 — 205 Hz
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PHAN
TICH
PHO
NMR

PHAN
GIAI
CAO

~

KY THUAT THUC NGHIEM

[ Pho 3C NMR J
[ Tuong tac spin-spin trong phd 13C J
/KHONG khit bé tuong tiac spin-spin 3C-1H,
néu khong ké dén tuong tac ciia proton ¢ qua
mot lién két thi tin hiéu cua 13C cia nhém
metyl, metylen, metin va carbon bac bon chiu
tuong tac spin-spin ctia proton gin truc tiép
Qé’i no sé co dang: j
- CH, - CH, - >CH- C
e
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KY THUAT THUC NGHIEM

a ) )
| radic ot |
[ Tudng tac spin-spin trong pho 13C }
PHAN |

TiCH KHU bé hoan toan tuong tdc spin—spin: tin hi¢
PHO ctia méi carbon trong pho 13C-NMR chi 1a mot
NMR _van don

PH@N "Céc ky hiéu s(singlet), d(doublet), t(triplet) va N
GIAI g(quartet) dit phia trén cdac vach phd cho biét

CAO mitc do th& 6 mdi C va dang ciia van phd khi
\.cO tuong tac spin - spin )

Pho 13C- NMR xéa tuong tac spin dugc Ky
) hiéula ¥C ('H)

om/tailieudientucntt
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KY THUAT THUC NGHIEM

) )
[ s C KR }
[ Tudng tac spin-spin trong pho 13C }
PHAN ~ N
TICH Phé 13C-NMR khong khit bé tuong tac spin—

PHO spin rat phiic tap va rat khé phan tich, nhung
NMR khu hoan toan tuong tac spin—spin thi lai lam
PHAN | | mat di mét sé thong tin quan trong dé XP céc

GIAI \nh(’)m metyl, metylen, metin va carbon bic bﬁ'y
CAO

Trong thuc t& chi giit lai tuwong tdc spin - spin cua
ciac proton dinh truc ti€p v6i carbon con cac
tuong tac xa hon thi khu bo

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

NGHIEN
cUu
CAC
HQP

CHAT

HUU CO

UNG DUNG PHO CHT HAT NHAN

Y - N

Nghién cifu cau tric 0 sanh pho clia miu
(Pong nhat va XD c&u/ | nghién cdu véi pho
tric véi pho 'H NMR o= chuin trong Atlas
phé 3C NMR két hgp | | (trong cung diéu kién

PT nguyén t6) AN ghi pho ) Y
/ \ ﬁDo cuong do tin hiéu\

ITHNMR sé tinh dugc
ham lugng chat NC
trong mau- Pinh lugng
bing PP dudng chuian/

Phan tich dinh lugng <=

\_ / \thém chudn vao miu /

ongThanCong.com https://fb.com/tailieudientucntt
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UNG DUNG PHO CHT HAT NHAN

[ R
i Nghién citu dong hoc
NGHIEN
CcUU
CAC . I /
HOP
CHAT . Can bing tautome )
HUU CO - C4u ndi hydro
- Céc chuyén héa giita
cac dang cau tao khac
\_ nhau cua phéan tu... )

ongThanCong.com https://fb.com/tailieudientucntt
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UNG DUNG PHO CHT HAT NHAN

c e N

Phé 'THNMR,3CNMR

19F, 311), llB’ 170, ISN,
NGHIEN| | s9¢y

cUuU
CAC - I J
HOP 0
CHAT /Phﬁ 1HA}\IMR dl}’()'c sji’ o
vOCO dung dé NC phuc cua

kim loai v@i cac ligand
c6 chia hydro hoac
\bz‘in than hydro la ligandJ
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UNG DUNG PHO CHT HAT NHAN

NGHIEN
cUu
CAC

PHAN

TU

SINH

HOQC

4 )

/Céc pho da chiéu, dic biét\
14 pho 3D - NMR cung cip
rat nhiéu thong tin cho
viéc nghién ciu ciu tric
phan tu sinh hoc (thuong
c6 do phic tap rat cao)

- /
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QUI
uGcC
KHI
GIAI
PHO

~

TH NMR

QUI UGC GIAI PHO CHT HAT NHAN

Phé 'H NMR dugc do trén cac may CHT cé
do phan giai cao trung binh:

Tin hiéu cua mot proton sé bi tach thanh N+1
miii (N: tong sé proton khong tuong duong
an véi cac C lién ké véi proton dang xét)
VD1: Pho '"H NMR ciia CH, -CH, -CH,-NO,
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QUI UGC GIAI PHO CHT HAT NHAN
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Pho 'H NMR dugc do trén cac may CHT cé
do phan giai cao trung binh:

QUI

vuocC VD2: pho 'H NMR ctia CH, - CH, - OH
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QUI UGC GIAI PHO CHT HAT NHAN
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uoC Tuy trudng hgp cu thé, sé néu
KHI ré pho 3C NMR c6 khit b6
GIAI tuong tac spin 'H-13C hay khong
PHO

13C NMR
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