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CHUONG 13
PHO CONG HUGNG TU

4 N

Cong huong tu hat nhan
Nuclear Magnetic Resonance-NMR
Resonance Magnétique Nucléaire RMN)
- AN :

Cong huong tu dién tu
Electron Magnetic Resqnance—EMR
Résonance Magnétique Electron—-RME

\ J
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CHUONG 13

PHO CONG HUGNG TU
Phé cong huéng tir hat nhan

— Tinh chat tif cua hat nhan

— Piéu kién CHT cua hat nhan

— Piéu kién nhin tin hiéu CHT hat nhan
— Su’ dich chuyén héa hoc

— Tin hiéu Cong huong tir hat nhan

— Ky thuat thyc nghiém

— ffng dung

— Qui uéc khi giai phé CHT hat nhan


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

TINH CHAT TU CUA HAT NHAN

[Hat nhin clia nguyén tu ¢6 so lugng tuf spin hat nhan I J

~
=0 f [#0 A
Céc spin cua hat Céc spin cua hat nhan
\nhﬁn déu ghép dﬁij A khong ghép doi P
4 N
I1=1/2 ) I>1
Mot spin khong | [Nhi€u spin Khong
L gheép doi JAN gheép doi )
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a4 N

Hat nhan
cua
nguyén tu

-

quanh truc
N

~

Luon ludon quay

/

Tich dién va
chuyén dong

_ quay tron

J

—

—>

-

n = 0: hat nhan

khong hoat dong

\tl\l' (khong CHT) y

TINH CHAT TU CUA HAT NHAN

-
Moment dong

lugng p
N

~

J

¢ Dudgc coi la m(f)t\
dong di€n tron
vJi tu truong co

moment tup

##0;
uo=yP

v— hiing s ty 1& tir hoi chuyén

om/tailieudientucntt
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TINH CHAT TU CUA HAT NHAN

I phu thudc vao sé proton va neutron trong nhan:

SO SO I Vidu
proton neutron
chan chian 0 160, 12C, 326...
le le s6 nguyén |1“N, 1B, 2H...
(1,2,3...)
chiin lé nﬁ’a Sﬁl lH, 19F’ 13C, 311),
Ié chin nguyén | UB..
172, 3/2,
5/2...)

I = 1/2: quan sat pho CHT hat nhan thuin lgi nhat

om/tailieudientucntt


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

TINH CHAT TU CUA HAT NHAN

hYs Hat nhan chiu tdc dong cia luc dinh huéng cho
Dat truc hat nhan, tudng tu tac dung dinh huéng
hat cua t truong trai dat doi véi kim dia ban
nhin || (song song véi phudng cua tif trudng trai dat) )
co
tur [Né’u kéo léch kim mét géc 0 roi budong ra: J
tinh
R (Kim seXes ve vi tri cil sau vailan dao dong, N
t\u’ tie vi tri song song v@i phueng cua ti truong
tru’m\l.g c6 trang thai NL bé nhat, va NL nay cang cao
ngoal || pngy géc léch 0 cang 16n:
H, \_ E=-H,p =-H,p. cosO (1) -
J

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

Nang
lugng
cua
hat
nhan
co
tu tinh
dugc
luong
tw hod:

TINH CHAT TU CUA HAT NHAN

[Sﬁ' phuong c6 thé cé cia p hay P phu thudc vao I}

h — h

T po=yA/1 (1 +1) —
27 2

;z\/l(l +1)

S6 lugng t moment géc cua spin hat nhan m;
c6 thé nhan Ia mot trong s 2I+1 gi4 tri
(L, I-1... -1 +1, -1 ):

-~

~

I=1/2: I
m; =+%va-1

& J
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TINH CHAT TU CUA HAT NHAN

Do duong sic cua phuong ti trudng ngoai huéng theo )
chiéu Am cua truc Z , sy’ dinh huéng cia P va p dugc
xac dinh bing cac hinh chi€u P, , p, (ciing dugc lugng

\_tu hoa): )
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TINH CHAT TU CUA HAT NHAN

., N N
KVi hinh chi€u cua p trén truc z c6 gia tri p, = p. cos0
nén PT (1) E=—-H,p.cos0
\tro’ thanh: y
h
E=-H,yu,=-m —yH, (2)
2

Dung PT (2) s€ tinh dugc gia tri cua cac mic NL
sau khi tach
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-

N

Cac
muc
nang
lugng
sau
khi
tach
tinh
tu
PT(2)

~

E=-H,u,

TINH CHAT TU CUA HAT NHAN

h
_ml_yHo
2

I1=1/2:
m, =+ % va -

</

E,=—-—7H,
4r
h
E,=—yH,
4

Ngﬂ‘r_nl =-%2(B)

N, m,=+%(a)

Khong Cotu
tu truong
truéng I=1/2
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Cac
mu'c
nang
lugng
sau
khi
tach
tinh
tur
PT(2)

~

/

TINH CHAT TU CUA HAT NHAN

|

h
E=-Hyu,=-m —yH,
27
I=1:
m =1,0va-1
A E
h —
E 1 - Y H 0 ml =— 1
27 m, = 0
mI =1
E =0
Khéng Cotu
h tu trudng
E,=—/H, trusng, _
2T -
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PIEU KIEN CHT HAT NHAN

nhian co I =1/2 (1H, 13C, 19F...)

[Viéc nghién civu CHT thuong dugc tap trung vao hat

|

-~

Khi
hat
nhan
co
I1=1/2
dugc
dat
trong
tu

~

[Hiéu s0 AE giira hai mi'c NL sau Kkhi téch}

yhH

0

AE =
2

Cac hat nhan ung v6i m; = + 1/ 2 dugc ky hiéu
12 o (s0 lugng N,) va @ng véi m; = -1/2 duge Ky
hiéu 1a B (s0 lvgng N,)
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|DIEU KIEN CHT HAT NHAN

Chiéu
bic xa

tan so v
vao mau
khao sat
co 1=1/2:

"

~

Cac hat nhan ¢ miic NL thap E, sé hap thu h

NL cua bic xa d€ chuyén lén mu’c NL cao E,
_g0i la cong huong tit hat nhén P
2

[ V4
Néu H, = 10-100 kilogauss (kG): bitc xa sé

J

_c6 tan s6 50-500 MHz (s6ng radio/ v tuyén) |

£ A H
[V\l AE =hv nen} Y 0 (3)

VvV =
2 T

Qua trinh CHT xay ra khi cung cdp NL cho
hat nhdan bang tit truong cé tan sé bang véi
tan s6 cong hudng v ciia hat nhan

Qua trinh gidi phéng NL khi hat nhan tix E, vé E,: qud

trinh hoi phuc

ongThanCong.com https://fb.com/tailieudientucntt
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PIEU KIEN CHT HAT NHAN

Su phan bd cic hat nhan ¢ E, va E, tuin theo
DL Boltzmann:

N, , N, — s0 hat nhan ¢ mic niing lugng thap va miic
ning lugng cao; T- nhiét do tuyét doi ; R—hing s
Boltzmann =1,3805.10-23J / 49
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PIEU KIEN CHT HAT NHAN

Hat | Hamlugng | SpinI | H,(kG) | Tansd cong hudng
nhan tu nhién v,MHz
ctia dong vi
, %0
1H 99,98 1/2 10,00 42,58
1H 23,49 100,00
’H 1,5.10-2 1 14,10 9,21
’H 23,49 15,35
12C 98,9 0
13C 1,1 1/2 14,10 15,100
160 99,8 0
170 3,7.10-3 5/2 14,10 8,100
R 100,0 1/2 23,49 94,08
p 100,0 1/2 23,49 40,48

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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PIEU KIEN NHAN TiN HIEU CHT

HAT NHAN
4 N(  Phéichita cdc hat nhén cé tic tinh (1 #0) A
(sw dung 13C: PP 13C NMR
L st dung proton : PMN hay 1H NMR) P
A [ Phai c6 QT qud trinh hoi phuc spin }
DIE > . =
KIEII\JI Qua trinh CHT xay ra khi cung cap NL cho proton
CUA | [ trudng cd tan s bdng vdi tan so cong hudng v,
cua hat nhadn: H
H(j}f) . Vo = —
CHAT 2
Song song véi QT CHT la qua trinh ki phuc
Vi N> N, nén lic dau hién tugng CHT xay ra uu
tien hon hién tugng hoi phuc, nhung sé nhanh
chéng ti€n dén TT bao hoa

https://fb.com/tailieudientucntt
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~

PIEU
KIEN
CUA
HOP
CHAT

PIEU KIEN NHAN TiN HIEU CHT
HAT NHAN

[ Phai c6 QT qud trinh hoi phuc spin }

(TT bao hoa: qua trinh CHT va héi phuc xay ra véi
mifc d0 nhu nhau; muén quan sat ti€p CHT, phai
tat nguon va chd cho can bing Boltzmann thiét 1ap
lai — mat hang triéu nim)

Hién tuwgng bao hoa thuc t& khong xdy ra nhd cac
qué trinh truyén NL (khong phat xa) cia hat nhan
¢ mi'c NL cao E, sang cac dién tu xung quanh va
cac hat nhan khac trong “mang lu6i” goi la qud
trinh hoi phuc spin gitip quan sat hién tugng CHT
lién tuc, bao gom :

ngThanCong.com https://fb.com/tailieudientucntt
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PIEU KIEN NHAN TiN HIEU CHT
HAT NHAN

N .
[ Phai c6 QT qud trinh hoi phuc spin J

*Hoi phuc spin-mang luéi (héi phuc doc) do
chuy&n dong clia nguyén ti trong mang luéi tinh
PIEU | thé rin hay cta phan t& trong chat 16ng va chat
KIEN | khi, dic trung bang thdi gian tich thoit spin-
CUA mang ludi T,

HOP | #Hgi phuc spin-spin (hdi phuc ngang):do sy trao
CHAT | @i NL cia cdc hat nhan nim ¢ mic thap va mifc
cao, diic trung bing thoi gian tich thoat spin—spin
T,

Trong chat ran T, > T, ; chiatléng T,= T,
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PIEU KIEN NHAN TiN HIEU CHT

HAT NHAN
~
[ Phai c6 QT qud trinh hoi phuc spin J
Pho cong hudng tir hat nhdan: tap hgp cdc tin hiéu
bi€u dién su phu thudc cudng do tin hiéu theo tir
priky |truong H (hay tan sév) v6i cdc dic trung cd ban
KIEN | g0m chiéu cao tin hi¢u, d) rong tin hi¢u Av (do &
CUA | nta chiéu cao cida tin hiéu):
HOP
CHAT 1 1 1
Av = . ~
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PIEU KIEN NHAN TiN HIEU CHT

HAT NHAN
\[ Phai c6 QT qud trinh hoi phuc spin J
1 1 1
Av = + &
A 27T, 27T, 27T,
DIEU
KIEN | Chat ridn: T, 16n va T, nhd=>Av 16n, dinh phé rong
CUA | Chatléng :T,16n —» vach phé nhon.
CHAT u “ ﬂ
a) T, bé b) T, 16n
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4 )

LUONG
CHAT
NGHIEN

cUu

PIE U KIEN NHAN TiN HIEU CHT
HAT NHAN

-
MAu nghién cifu phai chita mét s lugng cac hat

nhin cé tu tinh du I6n
\_

~

J

(Lu¢ng miu phan tich bing CHT 16n hon kha
nhiéu so véi PP IR, UV..P0 16n cia lugng chat
nghién cdu phu thuéc:

- Loai hat nhan ghi phé va ham lugng tu nhién
cua no

- Lugng hat nhan nghién ciu trong phan tu.

- Tan s6 lam viéc va d§ nhay ciia may)

Vi du d€ ghi phé 1H NMR (mot 1an) 6 tan so
100MHz, can st dung 1-20mg chat nghién cifu

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

HANG
SO
CHAN
&
TU
TRUONG
HIEU
DUNG

SU DICH CHUYEN HOA HOC

~

(Lff thuyét: mot loai hat nhan CHT & cung mjt A

tan so (khong thé phan biét hat nhian nao thudc

 nhom chitc nao) y

~

Thuc t&: mét hat nhan trong phan ti dugc bao
boc bai cac dién tu va hat nhin cé ti tinh khécj

Trong ti truong H, lop vo e- quanh hat nhdn
ciing quay lam sinh ra mdt moment tu nguoc
huong va cé do lon til¢ véi H)lam cho ti truong
ngoai tac dong lén hat nhdn nguyén tu dang xét
tro thanh tir truong hiéu dung H, , phu thujc vao
miic dp chdn o : H,=H,(1-0)

o-hing so chin
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-~

HANG
SO
CHAN
&
TU

~

TRUONG

HIEU
DUNG

SU DICH CHUYEN HOA HOC

" Anh huéng cia o lam tan s CHT thuc cia hat A

nhin v, khi tham gia tao lién két # tAn s6 v, cia

_hat nhin ¢ TT ty do:

J

H (-
- yH  (1—-0) "
21w

(hiéu gitra v, va v, dic trung cho sy dich
chuyén héa hoc)
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-~

HANG
SO
CHAN
&
TU

~

TRUONG

HIEU
DUNG

SU DICH CHUYEN HOA HOC

( \ 24
Hang sé chan cua chat nghién citu 6. dugc xac

dinh mét cdch gian ti€p bing ciach si dung mot

A ~ s, v A’ <
chat chuan co hang sé chan o:

~

J

an = HO ( 1_6nc

an HC
=1-o0 =1-o0_
H, H
HC_an
A L] I\‘, P d = _ =
Do dich chuyén hoa hoc ; Op =0 =0
0
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FU DICH CHUYEN HH "=, , .,

-~

15]0)
DICH

CHUYEN

HOA
HOC

0

o dugc goi la do dich chuyen hoa hoc, con dugc
bi€u di€n theo tan sé cong huéng cua chat chuan
va chit nghién citu

yH

H . 0
Vnc=7/ o(l_o_nc) VC— (1—GC)
2 27Z'
V.-V Av
C nc ’
0=0_-0,= = (4°)
V V

», ° ~ , °A A A N ,
A, —khoang cach gitta tin hiéu chat chuan va tin
hiéu mau nghién ciu.

0 = Av/v, Khong phu thudc vao may do ma chi
phu thudc “ciu tao hoa hoc cua cic hat nhan”

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

PO
DICH
CHUYEN
HOA
HOQC

SU DICH CHUYEN HOA HOC

[THANG PO PO DICH CHUYEN HHJ

Trong 'H NMR, thuong dung tetrametylsilan
(CH,), Si (TMS) lam chat chuan:

1) TMS cho mgt tin hiéu hep tuong dng voi
cudong do cua tr trudng ngoai I6n nhat so vdi
tin hiéu cua da so hgp chat hitu co

2) TMS kha tro vé mit héa hoc

3) Ham lugng proton trong TMS 16n nén chi can
st dung mét lvgng nho TMS

4) Vi tri tin hiéu 'TH NMR cua TMS it phu thudc
dung moi
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SU DICH CHUYEN HOA HOC

~ ~ . _
[THANG PO PO DICH CHUYEN HH J
D(A) Ve =V Av
DICH Trong 5= dDx o = CV - 2
CHUYEN : :

HOA | A, dugctinh bing Hz , v, dugc tinh bing MHz
HoC | - Néu d 1a dai lugng khong thi nguyén: 8 = a.10-¢
' -Lay 10-¢ 1am don vi do: 6= a (ppm-motphan triéu)
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SU DICH CHUYEN HOA HOC

é A [THANG PO PO DICH CHUYEN HH}

Khi chon TMS lam chat chuan thi tin hiéu 'H
NMR cua TMS dugc 1y lam géc va danh s6 0
PO Céc tin hiéu 'H NMR cua da s6 hgp chat hitu
DICH | ¢0 & bén trii tin hiéu cia TMS (néu xét cd
CHUYEN ddu thi tin hiéu TH NMR ctia da s hgp chat
HOA hitu co c6 ddu Am):

HOC TMS
0
Truong yéu Truwong manh
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~
CAC
YEU
TO
ANH
HUONG
PEN
510
DICH
CHUYEN
HH
5

-

~

Anh huéng cua

y€u to ndi phan tw

N

=%

p

ngoai phan tw

-

Anh huong
cua yéu to

~

/

ongThanCong.com

SU DICH CHUYEN HOA HOC

f

Su chin tai chd

-
-

-

Su chan tir xa

AN

Lién két hydro

&
-

J
~N

N\

Sy trao doi proton

" Anh hudng cua

NS

dung moi

J
~

-

Anh huéng cta
Nhiét do
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SU DICH CHUYEN HOA HOC

C ) Y Anh huéng cua y€u td noi phan ti: A
CAC Su’ chin tai chd
YEU (Su chin cida céc electron bao quanh
TO \ hat nhéan) )
ANH
HUGNG
LN /Du’()’i tac dung cua tu truong H,, cac e- bao\
0 quanh proton chuyén dong thanh mét dong
DICH, dién vong quanh proton va lam phat sinh
LU mot tir trudng cam Wng, ngudce véi chiéu cla
HBH ti trudng ngoai (H, ,<H,), goi 1a sy chin

\ (man electron) tai ché -
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a2 I
CAC
YEU

TO
ANH

HUONG

PEN
510
DICH
CHUYEN
HH
5

SU DICH CHUYEN HOA HOC

Anh hudng cua yé&u td ndi phan tu:
Su chin tai chd

|

Do bi chin, muén nhan dugc tin hiéu CHT

phai ting cuong do cua tu trudng l1én va
tin hiéu cta né s€ bi dich chuyén vé phia
\truong manh

J

(Céc nhém hiit electron manh sé lam giam

st chan man electron va do do s€ lam tang

46 dich chuyén héa hoc:

~

J

oy =33 Oy =2,3 6, =0,9

ongThanCong.com https://fb.com/tailieudientucntt
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a2 I
CAC
YEU

TO
ANH

HUONG

PEN
510
DICH
CHUYEN
HH
5

SU DICH CHUYEN HOA HOC

Anh hudng cua yé&u to ndi phan tu:
Su chin tai chd

/Si c0 d0 Am dién < C nén proton trong TMS\
bi chin man nhiéu hon proton trong CH,-C
(trong phdé 1HNMR, céc tin hiéu 'HNMR cua
da so hgp chat hitu ¢ ¢ bén trai tin hiéu cua

\TMS (thuc trudng y€u hon so véi TMS) .

( N4 2 N ’
Do dich chuyén HH cua proton : tu 0 dén
12 ppm, cia 3C bién doi téi 240 ppm va

\cﬁa 9F ¢on trai rong hon nira

ongThanCong.com https://fb.com/tailieudientucntt
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~ ™
CAC
YEU
TO
ANH
HUONG
PEN
510
DICH
CHUYEN
HH
5

SU DICH CHUYEN HOA HOC

-~

"

Anh huéng cia yé€u to noi phan tu:
Su chin tir xa
(Su chin cida cdc electron thudc
cac nguyén tu bén canh)

~

J

ﬁ{hi dit cac nhom nguyén tu (khong no, \

nhém vong them hoiic cac nguyén tu co
chita cap electron khong lién két...) vao
trong mét tir trudng dong nhat manh cé
thé tao ra nhitng dong dién vong lam san
sinh mét tir trudng phu manh hon nhiéu
so véi tir trudng do su chin tai chd, goi 1a
su chin ti xa
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~ ™
CAC
YEU
TO
ANH
HUONG
PEN
510
DICH
CHUYEN
HH
5

"

ongThanCong.com

SU DICH CHUYEN HOA HOC

|

Anh hudng cua yéu to ndi phan tu:
Su chin tir xa

/Sl.l' chin tir xa con dugc goi 1a su’ chian bat A
dang huéng (BPH) béi vi trong tir trusng phu &
huéng nay thi bi chin con ¢ huéng kia thi

__bi phén chin: )
/" Phinbichin O ( Phin biphin chin
(ngugc huéng voi tu (cung hudng vai tu
truong ngoai) chiu truong ngoai) chiu
hiéu Wng nghich tu hi¢u &ng thuan tu

— diamagnetic: — anisotrop:

H,,<H, - \ H,,>H, %

om/tailieudientucntt
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a2 I
CAC
YEU

TO
ANH

HUONG

PEN
PO
DICH
CHUYEN
HH
5

SU DICH CHUYEN HOA HOC

Anh hudng cua yéu td ndi phan tu:
Su chin tir xa

A
/Sl,l' chan tu’ xa cé thé’\

lam thay doi trat tu o
cua cac chat: mac du do e
am dién bé hon, C H,

cho tin hiéu CHT & 7,2 T

N

v

ppm, thudc trudng yéu

hon proton ciia etylene | (PP NMR la mét PP
va acetylene, do 6 proton | |thuc nghi€ém thuan lgi

ctiia benzene déu nim & va hiéu qua dé XP

\khu vic phan chin y hgp chat 1a them /
\_ khong thom

gThanCong.com
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SU DICH CHUYEN HOA HOC

/ \ e 2 2 A A A A 9 b
) Anh huong cua yéu td ndi phan tu:
CAC Su' chin tir xa )
YEU
TO Cic lién két boi C=C, C=C, C=0, C=N..va
ANH ca lién k&t don c6 cac cap electron ty do ciing
HUGNG | |_c6 thé giy ra su chin xa BDH J
DE 2 9 y Ve
~ (A)N éu’ chin BPH cua nhém carbonyl C=0 cé \
i cuong do manh hon nhom C=C nén proton
DICH 9 y ° ? 4 \
2 cua nhom —CH=0 bi phan chan manh, va
CHUYEN , ” , .1
su’ hut electron cua nhom C=0 con lam cho
HH < ° R 4 * 9 ~’
5 st chan tai cho cua -CH=0 giam xudng

(tin hiéu ctda proton nhém aldehyd xuat hién

@ trudng rat yéu) /
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CAC
YEU

TO
ANH
HUONG
PEN
510
DICH
CHUYEN
HH
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SU DICH CHUYEN HOA HOC

-

Anh huéng ctia y€u té ngoai phan tu:
Lién két hydro

|

N\
4 Cang manh —6 cang Ion
Vidu 8,y cua proton OH trong C,H,OH:
+ DD loang 0,2 M (trong CDCl,) : 2,6ppm
_ + Dang nguyén chat : 5,4ppm

~

J

-

Anh huéng cua y€u td ngoai phan ti:
L Su’ trao ddi proton

|

Po pho ciia CH,COOH trong H,0, khong thu N

dugc tin hiéu riéng cua proton trong COOH va
trong H,O ma chi nhian dugc mot tin hiéu

chung do toc dd ion héa CH;COOH qua nhanh

\(su trao doi xay ra khi proton dang cong huéng)
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SU DICH CHUYEN HOA HOC

4 A Anh hu’o’ng cua yeu td ngoai phan tu:
CAC Anh huéng ctia dung méi
YEU ~
TO Cac dung méi chira proton dung trong PMR
ANH déu phai dugc deuteri héa (néu con sét lai
HU'GNG \céc proton s€ cho tin hiéu trén phﬁ’)

/

PEN
13]0) [ Anh hu’o’ng cua y€u td ngoai phan ti: }

DICH Anh hudng cua nhiét do
CHUYEN V- R I
HH o cua cac proton thuoc OH, NH, SH phu
5 thudc rat nhiéu vao nhiét d§ (nhiét do ting

lam dit cdc lién két hydro nén tin hiéu
\ ) \cong huéng sé chuyén vé trudng manh)
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TIN HIEU CHT HAT NHAN

C A [Céc hat nhin cé cau tao héa hoc va vi tri }
khong gian giong nhau
[C(’) cung vi tri tin hiéu trén phé NMR:
CAC
HAT TMs
NHAN e N
TUONG ~OH
DUONG -

-t

Pho 'H NMR cia CH,-CH,-OH c6 ba tin
hiéu CHT cua 3 loai proton (nhém OH chi ¢é
mot proton , nhom —CH,-co6 hai proton tuong
\ ) duong, nhom CH; ¢6 ba proton tuong ducong)
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TIN HIEU CHT HAT NHAN

4 N

[C(’) cung vi tri tin hiéu trén phé NMR:

4 nhom CH; ¢ TMS la tuong duong nén

CAC trén phd 'H NMR chi ¢6 mot tin hiéu duy

HAT nhiat @ng véi 12H va trén pho 13C NMR
NHAN ciing chi ¢6 mot tin hiéu duy nhat @ng véi 4
TUONG 13C

PUONG
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4 N

CUONG
510
VAN
PHO
CHT
HAT
NHAN

TIN HIEU CHT HAT NHAN

{Cu'(‘)’ng do ctia van phd dugc xac dinh qua dién}
tich ciia van pho va goi la cudng do tich phian

Trong pho 'H NMR, cudng dé van phd tilé
thuin véi s6 lugng proton

Pho 'H NMR cia CH, - CH, - OH cho cudng
do tin hiéu cua nhém OH, nhém - CH, — va
nhéom - CH; tilé véil:2:3

Cudng do van pho trong pho 13C NMR thi doc
1ap véi s6 lugng 13C
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TIN HIEU CHT HAT NHAN

C Yy : DR
Pho "H NMR cua CH,-CH,-OH ghi trén cac

mdy phin gidi cao cho thiy van pho @ng véi
proton cic nhém OH, —-CH, - va -CH, déu
\Xuﬁ't hién thém cdc van pho phu (ché miii) .

TUQNG
TAC

SPIN
T

Su che miii dugc giai thich la do tuong tac
spin — spin gitta cac hat nhan khong tuong
\_ ) | duong trong phéin tu giy ra cho nhau

ongThanCong.com https://fb.com/tailieudientucntt
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TIN HIEU CHT HAT NHAN

C h [Tu’o’ng tac spin — spin la tuong tac do cac hat }
nhin co6 tw tinh trong phan tu giy ra cho nhau
VD: DD HF dugc dat trong tu truong H,:
TUONG o
TAC
SPIN CD @ @ Q @ CD OO
SPIN a |3 o (@) ﬁ o |§ (b)

PF ¢6 I =1/2 nén trong tu truong H, cac hat
nhan ¥F cé thé 6 TT a hoic ¢ TT P
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4 N

TUONG
TAC
SPIN
SPIN

TIN HIEU CHT HAT NHAN

VD: DD HF dugc dat trong tu truong H,:

19F

@@@Q @CDGDQ

al}a(a) 6“[;(1))

(F va H lién k&t béi mot doi electron. Néu F )
¢ TT spin o thi e- ¢ gan n6 sé c6 spin P va
e- ghép doi ti€p theo sé c6 spin a — proton (a)
__S€ chiu tdc dung cua truong taobdie(o)

a )
Ciing trong tu truong H,, proton ( b) lai co

thé chiu thém dnh huéng cia ti trudng e(p )
N J
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TIN HIEU CHT HAT NHAN

VD: DD HF dugc dat trong tu truong H,:

19F

@@@Q @CDGDQ

al}a(a) 6“[;(1))

4 N

TUGNG / o A oA °A A 2 \
TAC Khi nhin di€éu kién cdng huong, proton (a)

SPIN va proton (b) s& cong hudng 6 hai tan soé
SPIN chénh léch nhau mot it—van cong huong

cua HF sé€ bi tach thanh hai dinh ¢6 cuong do
\.nhu nhau .

(Electron lien ké't da déng vai tro truyén thﬁng
tin vé spin ciia hat nhan nay cho cdc hat nhan
N y _bén canh no) P
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4 N

TUONG
TAC
SPIN
SPIN

TIN HIEU CHT HAT NHAN

/T(‘i’ng quat, két qua cia qua trinh phan téch\
do tuong tac spin—spin s€ tao thanh cac van
boi (multiplet, m):

+ van doi (doublet, d)

+ van ba (triplet, t)

\ + van bon ( quartet, q)... /

(Khi tinh cudng dd tich phin cua mét van
phd phan tach thanh nhiéu hgp phan, dién
tich dugc tinh 1a tong dién tich cia cac van
phé hgp phan)
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TIN HIEU CHT HAT NHAN

C A [ HANG SO TACH J

/ ~ A 2 AL , \ e N N
Dé nghién cuu cau truc, ngoai o con dua vao

khodng cach J(Hz) giita cac hgp phan (tinh &

TUONG \giﬁ’a cac dinh) tach ra do tuong tac spin — spin y
TAC
SPIN
SPIN

~

J

J - hang s6 tdch hay hiing
sO tuong tdc spin — spin
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4 N

TUONG
TAC
SPIN
SPIN

TIN HIEU CHT HAT NHAN

[ HANG SO TACH J
Gia tri cua J phu thudc vao ban chat cua hai
hat nhan, vao so lién két va ban chit cac lién
ké&t ngan giira hai hat nhan tudng tdc va ciu
\tl‘l’lc khong gian cua phin tu .

Ki hi¢u 2], : hiing s6 tach do tuong tic spin
- spin cua hai proton cach nhau hai lién két
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TIN HIEU CHT HAT NHAN

C A [ HANG SO TACH J

Cac hat nhan hoan toan tuong duong nhau
(cé o va J biang nhau tirng déi mot doi véi cac

nglé G hat nhin con lai trong phan tu) sé khong giy
SPIN  tdch van pho ctia nhau: )
SPIN

Tin hi¢u 'THNMR ctia H,O chi 12 mot van pho
don hay 12 proton trong TMS ciing chi cho
mot van pho don - singlet, s )
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TIN HIEU CHT HAT NHAN

C A [ HANG SO TACH J

/Hat nhin c6 cung 6 nhung khac J s€ phian
tach tin hiéu cua cac hat nhan khac theo

TUONG cdc hing so tach khiac nhau 1am xuit hién
e nhiéu dinh khic nhau
SPIN | - 7
SPIN

Su khac biét gia tri cac J nay thuong khong
I6n va do d6 cdc hgp phan thudng xen lan
hoic che phd lan nhau, dic biét 1a khi do
phin giai cua may khong du 16n
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TIN HIEU CHT HAT NHAN

. ™ TUGNG TAC SPIN-SPIN
CUA NHIEU HAT NHAN

/Khi bi tuong tac boi cac hat nhian B, tin hiéu\

cong hudéng cua cac hat nhan A s€ bi tach
TUONG _v6i sd vach:

TAC
SPIN
SPIN nA=1+ZZSB

J

ZSB—tfi’ng spin cua cac hat nhin tuong
duong B
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4 N

TUONG
TAC
SPIN
SPIN

TIN HIEU CHT HAT NHAN

TUONG TAC SPIN-SPIN

CUA NHIEU HAT NHAN
Phan td | Nhém bi | Nhom | >S; n,

tach gay

(A) tach

(B)
C,H.OH CH, CH, 1 1:2:1(t)
C,H.OH CH, CH, 32 | 1:3:3:1
(q)

(Gia su proton cua OH khdong gay tach tin

hiéu)
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a4 N

TUONG
TAC
SPIN
SPIN

TIN HIEU CHT HAT NHAN

[ KHU TUONG TA C SPIN-SPIN J

"Hai hat nhan A va X déu c6 spin = 1/2 néu
tuong tac spin - spin véi nhau thi van pho
_ctia chiing déu bi tach thanh hai vach

~

J

/N &u hat nhan A bi chi€u manh bdi bic xa Q
c6 tan s6 bang tan sé cong huéng thi tin hiéu
cia né hau nhu bi triét tiéu con tin hiéu cua
hat nhan X chi thé hién 12 mét van don & tan
s0 ®, : hat nhan X da cong hudng trong diéu

kién khu bo tuong tac spin - spin cua hat

QhﬁnA, ki hicu X — { A} /
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TIN HIEU CHT HAT NHAN

4 N

[ KHU TUONG TA C SPIN-SPIN ]

4 N

TUQN G Viéc khu tuong tac spin - spin ¢ may MNR
TAC bi€n doi Fourier dugc ti€n hanh bing ciach
SPIN do pho ban dau va phd da khi tuong tac
SPIN spin - spin (dung phan mém dé trir hai pho

thu dugc)

/
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