PHUONG PHAP PHO CONG HUONG TU NHAN
TINH CHAT TU CUA HAT NHAN
e Gia thuyét riing hat nhan cé dang hinh cAu mang dién tich duong va sy
phin b6 mat do dién tich it nhiéu dong diéu trén mit cau
e Hat nhan tich dién va ty xoay quanh minh nén c6 thé xem la dong dién tron
- -

H=7Pp

va s€ tao mit tu truong cé momen tiu:

%

P

\

%
P (spin hat nhin — momen djng lugng)
hiing s& ty 1& tir hdi chuyén
e Khi dit hat nhan vao tif trudng ciia mot nam cham sé€ sinh ra mot lyc lam
léch huéng tif clia hat nhan. Momen tif ¢6 khuynh huéng sip xé&p clng

huéng véi tu truong tuong ty nhu truong hgp kim nam chiam trong la ban:
— —>
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. . 0 = U
ta thay E nh6 nhat khi kim nam Khi 0 (B va cung huéng véi nhau)
e Ning lugng cia hat nhan dugc lugng ti hoa nén chi cé thé nhan mot s gia
tri cia E phu hgp véi trang thii ning lugng tuong Wng:

, , AE = h V
Hiéu cua 2 mic nang lugng cua hat nhan la
Miic ning lugng cua hat nhan phu thudc vao I va my

I — s6 lugng tif spin ctia hat nhan
m;-s0 lugng tif ti hat nhan m=1, 1-1, I-2, ...., -I ¢6 2I+1 gi4 tri

PZJl(l*l)Lﬂ

2
h
H=7 — I "1
LU
_ h
I:)z_ml
272'
B h hinh chiéu lén Z
Ho=m —7
z |27Z'

tir ddy ta th@y rang véi moi I thi P ¢é 2I+1 khd nédng dinh hudng khdc nhau cé

J7]
nghia la hat nhdn co 2I1+1 miic nang luong khi dat vao tw truong ( tuong tu vi

cung huong voi P)

CAUTAO HAT NHAN VA SO LUGNG TU SPIN I
Ilién quan chiit ché véi s6 proton va khoi lugng nguyén tif theo quy luit sau

day:
So khdi A 1é chin chin
S6 Z (s6 proton) Chin hay 1é chin 18
I 172 |3/2 |52 0 1 3 5
S6 mic ning |2 4 6 3 7 | 11
lugng
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my £1/2 | £3/2| £5/2 £1 |3
£1/2 | £3/2 2
£1/2 e |
0
Momen tuf H # 0 H =0 H# 0
Hién tugng Co khong co
cong huéng
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PIEU KIEN CONG HUGNG TU HAT NHAN

E :_Boﬂcose - B H

0 z

_ h
E~ "m, —7B,
2 T
doi véi hat nhan ¢6 1=1/2 ta ¢6 m=* 1/2 ; %2 tuong Wwng véi mic E thap, -1/2
tuong ng véi véi midc cao

+iJL;/B

(
|
[ 1) h
)T

- AE~E,"E,T—7B, " hY

2 1

:>V=1]/B

272'

Pay la diéu kién cong huéng. Tan sé nay tuong Wng véi tin s6 viung séng vo
tuy&n nhung do momen tir cia mdi hat nhan khac nhau nén tan sé bic xa kich

A >
thich ciing khdac nhau (viing tan sé v tuyén 100cm )

T4n s6 cong huéng ciia mot so hat nhan

Hat nhan tir B, Hiing s Tan so6 cong huéng
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G 7 (10%7'G™H MHz
'H 10000 2675 42,5759
B¢ 23487 672,6 25,145
Pg 23487 2516,7 94,094
p 23487 1082,9 40,481

HIEN TUQGNG TiCH THOAT SPIN-MANG LUGI VA PIEU KIEN NHAN
TIN HIEU CONG HUONG TU NMR
o Khi dit vao tu truong nang lugng hat nhan cé 1=1/2 bi tach lam 2 midc. Sy
phan bé cdc hat nhian ¢ hai mic tudn theo dinh luat Boltzman :

N » — ~ E, E, IRT

e —0,99999043
N

1

ta thiy riing s6 hat nhan nim & mic thap N; bao gid ciing nhiéu hon sé hat
nhan nim & mic cao N,
e Khi cap ning lugng cho proton biing tif trudng bién thién cé tan so bing
diing tan s cong huéng cic proton hap thu niing lugng va chuyén 1én mic
ning lugng cao. Mot qué trinh nguge lai (phat xa) ciing xay ra dong thdi do
cac proton chuyé&n tif miéc cao vé mifc thap.
e Trong mét don vi thoi gian thi s6 proton nhdy t&¥ mdc dudi 1én mic trén
nhiéu hon qua trinh nguge lai (N;>N,) ta quan siat dugc hién tugng cong
huéng tir. Trang thai can biang dugc thiét 1ap sau mét thdi gian va theo quy
luit ta sé khong con quan sat dugc hién tugng cong hu'éng nira
e Trén thyc t& hién tugng cong hudng tir duge quan sat mot cach lién tuc do
Xay ra cdc qud trinh trao doi ndng luong khong phdt xa. Pé 1a qua trinh trao
ddi nang lugng giita hat nhdn kich thich va hat nhédn khdc logi va cdc dién tit
xung quanh, goi la hién tugng tich thoat spin-mang luoi, hat nhédn kich thich

con c6 thé truyén ndang luong cho hat nhdn ciung loai & mitc dudi-goi 1a hién
tugng tich thodt spin-spin.
e Tich thoat spin-mang luéi dic trung bing thdi gian tich thoat T,, tich thoat
spin-spin diic trung bing T,. T; va T, Anh huéng manh dén do rong cia vach
pho theo biéu thic:

Av = 1

T
27T,

trong chit ran T, 16n T, nhé nén dinh phd rong
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chi't 16ng c6 T,16n nén dinh phd nhon

Pinh phé cia chit rin Pinh phé cia cha't 16ng

PO DICH CHUYEN HOA HQC
HANG SO CHAN VA TU TRUONG HIEU DUNG
e Né&u diit hat nhan vao tif trudng thi 16p vo dién tif s€ sinh ra mot ludng cuc
t¥ ma cudng do cua né nguge huéng véi tir trudng ngoai. Hién tugng nay
ciing tuong ty nhu viéc sinh ra dong dién cam ng trong cudn day, dong
dién cam Wng nay c6 chiéu sao cho tir trudng ma né sinh ra nguge huéng
v6i tir trudng tac dung 1én né dé€ chdng lai su thay ddi nay:

-
<

B 1

dién tif chuyén dong trén quy dao cé6 thé xem nhu mot dong dién kin, dong
dién cAm @ng sinh ra sé€ ting cudng hay suy gidm dong dién tong (dong dién
cia dién ti va dong dién cdm ¢ng) con tuy thudc vao chiéu cia dong dién quy
dao cua dién td nhung dong dién cam @ng lic nao ciing sinh ra mjt tw trudng
ngugc chiéu véi tir trudng ngoai. T diay suy ra trén tit ca cdc quy dao cua
dién tif diéu xua't hién mot tir trudng va i trudng téng dit tai vi tri hat nhan
ngudc chiéu véi tif trudng ngoai.

e Vi vay tai vi tri hat nhan ti trudng B, da bi y&u di chi con la:
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B.=B,(179)

B. — tu truong hiéu dung tiac dung lIén hat nhan
0 N » 2,
- hang so chan

47"
o :—Ir.p r .dr

2
3mc
m — khdi lugng e
¢ — toc do 4nh sing

- mit d¢ dién tif bao quanh hat nhan

r — khoang cach tif tim hat nhian
o .
J cang 16n khi e cang nhiéu va B, cang nho

e D4i v6i hat nhian trong phan ti sy che chiin dién ti phic tap hon nhiéu do
anh huéng cua cac diam may dién ti¥ 1an cin
Xét mot vi du: xét proton H cua tetrametylsilan va axeton

CH;
CH; SIi CH; CH; — CO —CH;
e
TMS axeton

Nhém C=0 hiit dién t@ manh lam dam may dién td ¢ proton H cua axeton nho

hon & proton H ciia TMS nén hing sé chin cua proton cua TMS Ién hon
cua axeton c6 nghia la truong hi€éu dung B, tac dung 1én H cua TMS nho hon
Nhu vay ta thdy cung mot proton H nhung ¢ hai chiat khac nhau sé& cho tan sé
cong huéng khac nhau do truong hiéu dung khac nhau vi bay gio:
1
v = __7 B
€ 2 T
e C6 hai phuong phap thu tin hiéu cong hudng: quét truong feld-sweep va
quét tan frequenz-sweep

Quét truong: giit nguyén tin so cda tif trudng bién thién va thay ddi gia tri B,
dé thu dugc tin hiéu cong hudng

e
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Quét tdn: gilt nguyén gia tri B, nhung thay ddi tan sé cong huéng d€ thu dugc
cong huéng

\7‘(\ )

Tin hi€éu theo phuong phap quét truong Feld-sweep

axeton

T™S
\/-\ V

Tin hiéu theo phuong phap quét tan Frequenz-sweep
Trong thuc t& thudng st dung quét trudng c6 nghia la tan sé6 hoat dong cia
may khong ddi

Av =v -V = rg 1- 0 - rg 1-0
axeton T™S T 0 axeton T 0 T™S
2 2
1
Av = rg © -0 =V O -0
T 0 ™S eto 0 ™S axeton
2
Av
= o -0 =0
VvV T™MS axeton

goi 12 d0 dich chuyén ho4 hoc ctia axeton déi véi TMS
e Né&u chon TMS lam chit chuin va so sanh mot proton bat ki ciia chat nao
v6i TMS déu c6 thé dugc va gia tri:
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dudc goi 1a do chuyén dich hod hoc ciia chdt do

e Nhu viy ta thdy mdi mét nhém nguyén ti (nhém chic, phin ti... ) do diic
trung ciu tric 16p vé dién ti¥ khac nhau nén cé hing s6 chin khdc nhau
din dén do chuyén dich hoia hoc khic nhau. Dua vao do chuyén dich hoa
hoc ta c6 thé xac dinh dugc sy c6 mit ciia nhitng nhém chifc khiac nhau va
x4c dinh dugc cAu tao phan ti

e Ciéc proton chiu tic dung chin ciia dién ti giong nhau trong lién ké&t goi la
nhiing proton tuong duong va cho tin hi¢u cong hudng giong nhau (tin hi¢u
tring nhau). Trong phan t&¢ mét chat c6 bao nhiéu loai proton khong tuong
duong sé cho bdy nhiéu tin hi¢u phé PMR.

THANG PO PO CHUYEN DICH HOA HQC VA Y NGHIA CUA NO TRONG
XAC PINH CAU TRUC PHAN TU
Ngudi ta chon TMS lam chi't chudn vi cic 1y do sau:
e TMS cho tin hiéu hep va duy nhit tai trudng ngoai 16n nhat so véi da so
chat hitu co

h Omax

e cho tin hi¢u manh (do ham lugng proton 16n) nén cé thé trén vao chat
nghién citu mot ham lugng nho ciing cho tin hi¢u PMR di manh

¢ tro hoa hoc khong phu thudc dung méi, vi tri tin hiéu cua TMS khong thay
doi

Tin hi¢u PMR ctia TMS dugc chon 1am géc va danh sé 0 va da sé tin hiéu PMR

cta cac chat hitu co nim bén trai cia TMS

e 0 chuyén dich hoa hoc khong thi nguyén (khong don vi) va dugc viét tit 1a
ppm (par per million) :
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Av A

Hz _

o = = 6:K.106
YV MHz a.10

0

va ngudi ta ghi don gian 10 1a ppm

NHUNG YEU TO ANH HUGNG PEN PO CHUYEN DICH HOA HOC
ANH HUONG CUA NHIET PO
Mot s proton cia cic nhém cé @9 chuyén dich hoa hoc chiu anh huéng cia
nhiét do (do mat di hoiic xuat hién céc lién két méi)

4 5 d N4
VI DU: cdc proton cua nhém OH, NH cé thay doi khi thay doi nhiét do, do
xuat hién lién ké&t hidro

HH H \
\O, \O \O

ANH HUGNG CUA DUNG MOI

Dung moi anh huéng d€n =~ dodé  cia mot chat chi duge so sanh trong
dung moi khiac nhau. Mgt s6 dung mdi thudng ding 1a CCl,, CS,, CDCl;,
CD;3;NO,, CH;0D v.v...
TUONG TAC SPIN - SPIN
e D0di v6i nhitng mdy c6 dd phan gidi thap phd cong huéng tit nhan clia mdi
nhém chifc chi ¢c6 mét dinh. Nhung doi véi nhitng may c6 dé phan giai cao,
nhitng dinh nay bao gém nhiéu dinh nhé, nguyén nhin cia hién tugng nay
12 do tuong tac spin-spin. ﬂ

T™MS

-CH;

-CH2-
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Phan gidi thap

-CH; T™S

\ 4

OH
Phan giai cao
Tin hiéu cong hudng tir cia rugu etylic

e TUONG TAC SPIN-SPIN la twong tic giita nhitng proton ctia cdc nhém

khac nhau giy ra
VI DU: xét phan tit CHCL-CH,CI

Cl Cl
Cl C C H"
TMS
CHCI, CH,CI

Cac proton H,, Hy, H, ban than l1a nhitng nam chiam nhé. Xét tuong tac cua H,
lén Hy', H,, va tuong tac cua Hy, H, len H,.

tuong tdc cua H,lén H,,, H,

H, ¢6 2 kha ning dinh huéng (I=+* 1/2)
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l — s HHa B0+HHa ph(’g cua
H, / tac dung l1én H,H,, ¢6
\ g 2 vach
T _ Hy, By-Hu,
l _, Hy Bo+Hy, | phd caa
H,

tac dung lén H. H, co

\ > 2vach
T _y'HHa

By-Hya
J
nhung do H;, va H, 1a nhitng proton tuong duong nén nén hai vach caa Hy, va 2
vach cua H, sé trung 1én nhau (vach duplet). K&t qua ta thAy nhém CH,CI cé
hai vach.

tuong tic cua H,va H, lén H,

Tac dung 1én H,

v
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B,+2H, B, B, B,-2H, phd cua H,
l Y l \ tach lam 3 vach
1vach 1vach 1 vach
(duplet)
J

nhv vy ta thady phd PMR ctia nhém CHCI, sé gom c6 3 vach
e S0 vach toi da cua sy tuong tac dugc tinh theo
So vach=2N.I +1
N — s0 hat nhan tuong duong
I — s0 lugng tif spin hat nhan
e D4i v6i nhitng hat nhan tuong tic cé s6 luwgng t& spin 1=1/2 thi s6 vach
tuong tac toi da:
Vach bji=N +1
N — s6 nhitng hat nhan tir twvong dudng bén canh
Vi DU: ' CH;->)CH,-’OH
Nhom CHj; cé 2+1=3 vach boi, nhéom CH, c6 3+1=4 vach bdi, nhém OH coé
2+1=3 vach bdi
e D4i véi cac hat nhan tir khiac nhau vin xay ra tuong tic spin-spin
Vi DU: monoflometan CH;F

H’

F C H”

I_J:”

H’, H”, H”’ 1a hat nhan tif tuong duong c6 dd chuyén dich hoa hoc bing nhau.
Kha ning té hgp ciia cic momen tif riéng cia ching:

By

SN A (O S A O B

S
e Pt rhl

2 p, 32 1/2 12 312
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nhu vy bao quanh hat nhian F sé cé 4 tif trudng phu tic dung vao lam xuit
hién 4 vach bdi cuong do tuong ing la 1:3:3:1

Con “F sé tac dong vao H’, H”, H’”’ hai tif trudng phu khic két qua la céac
nguyén tu H sé c¢6 hai vach boi

y 3
\ 4
y 3
A\ 4
y 3
A\ 4

e Khodng cach giita nhitng vach bdi dudc goi 13 hiing s¢ tueng tic va hing so
tuong tac J cia tit cd ciac vach déu bing nhau. Hing sé tuong tac J rat
quan trong trong viéc xdc dinh dang lién k&t trong cdc nhém trong phan ti.

CAU TAO VA NGUYEN LY HOAT PONG CUA PHO KE CONG HUGNG

TU NHAN
PHAT TAN SO VO BO TIEN PETECTO
TUYEN | KHUECH '
PAI
KHUE CH
DAI
CHAM H MAY

TINH
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DAO PONG KY

1- MAU
2- CUON TU CAM THU TiN HIEU CONG HUONG

NGUYEN LY HOAT PONG:

Bo phéan chinh 13 nam cham cé cudng dd tir trudng n dinh

Tan s6 may la 25, 60, 100MHz tuong dng véi cuong do tir truvng 1a 0,6; 1,4
va24T

Mot cudn diy ndi véi ong phat tan so vo tuyén tao tif trudng B, vudng géc
vOi tu’ truong B,

Mot cudn diy dién khiac bao quanh miu d€ thu tin hiéu cong huéng, din
dén detectd, b khuéch dai, may dao dong ky va mdy tinh dé doc két qua
ghi phé.

) ) L N . A
Y NGHIA CUA TRONG VIEC XAC DINH CAU TRUC PHAN TU:

Nhu vy tif cdc muc trén ta thiy ring do chuyén dich hod hoc phan 4nh
trang thdi cta proton khi tham gia cic lién k&t hoa hoc: cing mot loai
proton nhung tham gia vao cdc nhom chiic khdc nhau sé cho tin sé cong
huong khdc nhau.

Céc proton tuong duong (cung chiu tac dung cua dién t& nhu nhau) sé cho
tan sd cong huéng giong nhau va sé trung nhau trén mot vach. Cang nhiéu
proton tuong duong thi cuong do vach sé cang lén.

Nhu vay ta thiy ring do chuyén dich hoa hoc chia cic thong tin vé s
lugng va Ki€u cdc proton trong phan tir. N6i mét cach khac gid tri ciia do
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chuyén dich hod hoc dii dé dic trung cho cdc nhém chiic (cdc lién két hé hoc)
co trong phdn tir

Po chuyén dich hod hoc cia nhém chide con phu thudc vao cac lién két cia
noé véi cac nhém chite khac. Biing tai liéu tra ciu (cac atlats) ta sé xdc dinh
sy cé mdt ciia cdc nhém chiic va cdc lién két cia nhitng nhém chiic dé véi cdc
nhém chiic khdc trong phédn ti va di dén két ludn vé cdu triic khong gian ciia
phédn tiL.

n TMS

-CH;

OH -CH2-

\ 4

Tin hiéu cdng huéng tif cia rugu etylic
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