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CHUONG 1. CO SO LY THUYET CUA CAC PHUONG PHAP PHO

1.1. Burc xa dién twr

Song dién tir duoc sinh ra tir mot tir truong va mot dién truong bién doi co cing tan sé
nhung c6 huéng vudng goc voi nhau va vudng goc voi phuong truyén song.

Tir trudng va dién truong déu 1a cac song dao dong hinh sin doc theo phwong truyén séng

Huéng lan truy‘én

Dién treeong (E)

Buc’rcséng\

\/

Hinh 1.1: Sy lan truyén séng dién tir hinh sin

Burc xa dién tir bao gdm: anh sang thiy duoc, céc tia tir ngoai, tia hdng ngoai, tia X, séng
radio,... Cé4c loai buc xa dién tir chi khac nhau vé do dai song (budc song). Vi du birc xa co do
dai séng ¢ 102 — 10 cm duogc goi la birc xa hdng ngoai, birc xa c6 do dai cd km — cm goi la
song radio, con anh sang thay duoc (anh sang kha kién) chinh 1a birc xa c6 d6 dai song 396 —
760 nm.
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Hinh 1.2: Phé buc xa dién tix
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Thuyét song va thuyét hat cho thay birc xa dién tir ¢6 ban chat hai mat vira cé tinh chat hat
vira c6 tinh cht séng.

Ban chat song thé hién & hién twong nhidu xa va giao thoa. Cac séng nay lan
truyén trong khéng gian véi cac dic trung sau:
- Budc s6ng (A): 1a khoang cach gitra hai dau mat caa mot song. Buc xa dién tir khac nhau s&
c6 d6 dai bude song khac nhau va dic trung cho moi song. Cac don vi do d6 dai séng thuong
dang: m, cm, nm, A,..(1 nm =10°m; 1 A =101 m).
- Van téc truyén song hay van téc anh séang (c = 3.0 x 108 m/s).
- Tan s6 (v): S6 dao ddng ma buc xa dién tir thuc hién trong mot don vi thoi gian (gidy). Pon
vi do tan sb 1a Hertz (Hz) va cac bo s6 1a KHz (1 KHz = 10% Hz), MHz (1 MHz = 10° Hz).
- S6 56ng (V): Sb dao dong trong mot don vi d6 dai (cm). Pon vi cia s6 song thuong 1a cm™.

- 1

vV=-

A
Sau mot don vi thoi gian ¢6 v dao dong, mdi dao dong truyén dugc mot quing duong 1a A, do
d6 quing dudong ma soéng di duoc trong mot don vi thoi gian (van tde truyén song) ¢ = Axv.
Ban chat hat thé hién viéc bt xa dién tir cling mang nang lugng. Cac dang btc xa khac nhau

s€ ¢o cac nang lugng khéc nhau, c6 cong thirc tinh nhu sau:

E=hy=he
=hy = 7

Trong d6 h 1a hang sb Plank, h = 6.63 x 10" Js

Ning lugng E duge do bang don vi eV, kcal/mol, cal/mol

1.2. Sw twong tac gitra birc xa dién tir va phan tir

1.2.1. Sy thay doi trang thai ning lweng ciia phan tir khi hap thu biic xa

O trang thai binh thuong, trang thai nang lugng cta phan tir Ia tong cac dang nang luong:
nang luong dién tir ( chuyén dong cua cac dién tir quanh hat nhan), nang lugng dao dong (ning
lwong do nhitng dao dong gay bai tuong tac gitra CAC nguyén tir trong phan tir), nang luong
quay (do sy quay cua cac phan tir chung quanh truc nao dé cua no).

Khi cac birc xa dién tir trong tac v6i cac phan tir vat chat, c6 thé xay ra theo hai kha ning:
trang thai nang luong cua phan ti thay d6i hodc khong thay doi. Khi ¢d su thay d6i niang lwong
thi phan tir c6 thé hp thyu hoic birc xa nang lwong. Néu goi trang thai ning luong ban dau cua
phan tir 1a E1, sau khi twong tac 1 E; thi ¢6 thé viét: AE =E; - E
AE = 0: nang luong phan tir khong thay ddi khi twong tac vai buc xa dién tir,

AE > 0: phan tir hdp thu nang luong.

AE < 0: phén tir brc Xa nang lugng.

L



Theo thuyét luong tir thi cac phan tir va birc xa dién tir trao doi nang luong véi nhau khong
phai bat ky va lién tuc ma c6 tinh chét gian doan. Phan tir chi hap thy hoic bic xa 0, 1, 2, 3...n
lan lwong ti h.v. Khi phan tir hip thy hoic birc xa s& 1am thay d6i cudng do cua buc xa dién tir
nhung khong lam thay d6i nang luong cua birc xa dién tir, boi vi cuong do buc xa dién tir xac
dinh bang mat do cé4c hat photon c6 trong chim tia con ning luong cua buc xa dién tir lai phu
thudc vao tan sé v caa buc xa. Vi vay, khi chiéu mot chim buc xa dién tir véi mot tan sb duy
nhét di qua moi truong vat chat thi sau khi di qua nang luong caa bic xa khdng hé thay doi ma
chi ¢6 cudng do caa buc xa thay doi.

Khi cac phan tir hip thu ning lwong tir bén ngoai cd thé din dén cac qué trinh thay déi trong
phén ti (quay, dao dong, kich thich electron phén ta...) hoac trong nguyén tir (cong hudng spin
electron, cong hudng tir hat nhan).

M3i mot qua trinh nhu vay déu doi hoi mot ning lugng AE > 0 nhat dinh dic trung cho no,
nghia 1a doi hoi birc xa dién tir c6 mot tan s6 riéng. Vi thé khi chiéu mot chim buc xa dién tir
Vi cac tan s6 khéac nhau vao thi cac phan tir chi hap thu dugc cac btc xa dién tir ¢6 tan sé dung
bang cac tan s trén dé xay ra cac qua trinh bién ddi trong phan tir nhu trén. Do su hap thu chon
loc ndy ma khi chiéu chum birc xa dién tir véi mot dai tan sé khac nhau di qua méi trudng vat
chat thi sau khi di qua, chim btc xa ndy s& bi mat di mot s6 birc xa c6 tan s6 xac dinh nghia 1a
C4c tia nay d3 bi phan tir hap thu.

1.2.2. Pinh luat Lambert-Beer
Khi buc xa truyén qua mot méi trudng vat chit, nd bi hap thu mot phan, bién d6 séng giam di,

cuong d6 cua nd ban dau lo & bi giam di chi con 1a I.

I 1

Ty

—~—
!

Cuong do buc xa khong lién quan gi dén ning luong cia nd. Ning luong cua bic xa chi phu
thugc vao tan sé (E = hxv) va duoc xem nhu ning lwong cia cac hat photon riéng biét hop
thanh btic xa d6. Theo thuyét hat, cuong d6 birc xa dugc xac dinh bai sé hat photon. Chum tia
birc xa manh (cuong do 16n) thi tng véi dong photon day dic. Khi bic xa di qua chat hip thu
thi mot s nao d6 trong nhitng hat photon bi git lai, mat &6 dong photon s& giam di, tia di qua
s& c6 cudng do nho di. Trong cac phuong phap phd nghiém, dé do cuong do hap thu, ngudi ta
thudng so sénh cuong do cua tia buc xa trude va sau khi di qua chat hap thu (I, va 1). Dé biéu

dién cuong do hap thu ngudi ta ding cac dai luong sau:



I, — 1

% HAap thu = x100

(0]

I
b6 truyén quang T = T

(o]
|
% PO truyén quang = I—XlOO
(o]

Dbi voi mot bic xa nhat dinh, chat dwoc goi 1a hip thu manh (cudng do hap thu 16n) khi %
hap thu c6 gié tri 16n, con do truyén qua thi co gié tri nho. Theo dinh luat hap thu bic xa (Pinh
luat Lambert — Beer), khi hap thu tia don sic, d6i vi mot dung dich di cho, mat do quang (do
hap thu) phu thudc vao ndng do chét hap thu. Bé dic trung cho cuong d6 hip thu nguoi ta hay
dung dai luong lg(lo/1) goi 1a mat do quang (optical density, ky hiéu 14 D) hodc d6 hap thu
(absorbance, ky hiéu 1a A). Theo dinh luat hap thu bic xa thi cudng do hap thu duoc tinh theo
biéu thirc:

A=lg(I,/]) = &lC
Trong do:
I: chiéu day caa Iop chat hap thu (cm)
C: nong do chat hap thy (mol/l)
¢: hé sb hap thu mol (hé sé tit mol)
1.2.3. Biéu dién phé hap thu phan tir
Khi twong tac v6i birc xa dién tir, cac phan tir c6 cau truc khac nhau s& hap thy va phat xa muc
nang lugng khac nhau. Sy hap thu va phét xa nang lwong nay duoc ghi nhan bang thiét bi may
phd va duoc thé hién dudi dang d6 thi goi pho.

Céc dai luong D(A), T, % hip thy déu nham so sanh cudng d6 cuia birc Xa trudc va sau khi
bi hap thy, vi thé chung déu dic trung cho cudng do hip thu. Biéu dién phd hap thu la biéu dién
su phu thudc cua cudng do hap thu vao budc song (tan s6 hoac sb séng) cua birc xa bi hap thu.
Puong cong thu duoc goi 1a duwong cong hip thu hodc phd hap thu. Cac dinh hap
phu cuc dai goi 1a dai (band) hay dinh hap thu (peak), chiéu cao cua dinh peak goi la cuong do
hap thy.

Phé hdng ngoai thuong duge ghi dudi dang duong cong sy phu thudc ciia % do truyén quang

(truc tung) vao sé song (hoic budc séng) cua buc xa (truc hoanh).
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Hinh 1.3: Phé hdng ngoai cua 2,4,4-trimetylpentan
Phé tir ngoai — kha kién thuong biéu dién dudi dang duong cong sy phu thudc cia mat do quang
D(A) (truc tung) vao budc séng (hoic sé song) (truc hoanh).
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Hinh 1.4: Pho tir ngoai-kha kién cua buta-1,3-dien
Riéng vai phd cong huong tir hat nhan va phé khéi lugng thi dai lwong trén truc hoanh dugc
mé& rong hon thanh do chuyén dich héa hoc (ppm) hay sé khdi m/z con truc tung 1a cuong do

ctia mot hap thy.
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Hinh 1.5: Phé cong huong tir hat nhan proton va carbon-13 cua ethyl acetate
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CHUONG 2. PHO TU NGOAI-KHA KIEN

(ULTRAVIOLET-VISIBLE SPECTROSCOPY)

Vuing tir ngoai trai dai tir 10-400 nm bao gdom vuing tir ngoai xa hay chan khéng (10-200 nm),
tr ngoai gan (200-400 nm). VVung kha kién mé rong tir 400-800 nm.

Phé tir ngoai va kha kién cua cac hop chat hitu co gin lién véi bude chuyén electron gitra
cac muc nang luong electron trong phan tir khi cac dién tir chuyén tir cac obitan lién két (o)
hodc khong lién két 1én (n) cac obitan phan lién két (o*, ©*) c6 mic nang luong cao hon, doi
hoi phai hip thu ning lugng tir bén ngoai. Do vay, phd tir ngoai va kha kién lién quan chat ché
dén cau tao, nbi d6i lién hop va vong thom.

2.1. Mot sb thuat ngir

Mau sic cua hop chat hiru co 13 do mot sé6 nhém nguyén tir goi 1a nhdm mang mau
(chromophore) gay nén. Mé rong ra, nhém mang mau dugc dung dé chi nhém nguyén tir chia
electron hap thu birc xa & viing khao sat nhu C=C, C=0, N=N, C=N, C=C,...

Bang 2.1: Cac nhom mang mau thuong gap va sy chuyén muac ning luong cua ching

Nhom mang mau | Amax (nm) Emax Chuyén mic | Dung moi
>C=C< 171 15530 T— ¥ Hoi

150 ~10000 n—> n* Hexan
-C=C-

173 6000 n— ¥ Hoi

160 20000 n— o* Hoi
-CH=0 180 10000 T—> ¥ Hoi

290 17 n— w* Hexan

166 16000 n— o* Hoi
>C=0 188 900 T—> T Hexan

279 15 n— m* Hexan
-COOH 204 60 n— m* Nude

178 9500 T—> T* Hexan
-CONH:>

220 63 n— w* Nudce
-COOR 211 57 n— w* Etanol

201 5000 n— n¥ Metanol
-NO2

274 17 n— m* Metanol

Céc phan tir chira cing mot nhém mang mau thudng cho phd electron gidng nhau. Néu phan

ttr 6 chra nhirng nhém mang mau biét 1ap (khong lién hop) thi phd electron cua hop chat sé& 1a
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tong hop nhirng nét dac trung ctia cac nhom mang mau d6. Nhung néu cac nhdm mang mau

lién hop vai nhau thi s& tao thanh mat nhém mang mau maéi véi nhimg dic trung hap thy mai.

Khi thay d6i dung méi hay dwa cac nhoém thé khéc vao phan tir chit hitu co, cuc dai hip thu
c6 thé bi dich chuyén vé phia séng dai hodc song ngan. Su dich chuyén cuc dai hap thu vé phia
budc song dai hon (Iam ting Amax) goi la chuyén dich do (red shift) hay hiéu tng thAm mau
(bathochromic effect). Nhitng nhém thé khi gan véi nhém mang mau lam dich chuyén cuc dai
hap thu vé phia budc song dai hon goi 1a nhdm trg mau (auxochrome). Nguyén nhan gay ra su
chuyén dich nay la do anh huéng caa hiéu tng lién hop giita nhém trg mau téi nhom mang
mau. Su dich chuyén cuc dai hap thu vé phia buéc song ngan hon (Iam giam Amax) goi 1 chuyén
dich xanh (blue shift) hay hiéu thg nhot mau (hypsochromic effect).

Khi thay d6i ciu tao chat, con co thé dan téi sy thay d6i cuong do hap thu. Anh huong lam
tang cudng d6 hap thy (ting €) goi 1a hiéu tmg dam mau (hyperchromic effect). Thuong khi
kéo dai mach lién hop, s& vira gy ra hiéu tng thAm mau va hiéu tng dam mau. Trong trudng
hop thay ddi cau trac cudng do hap thu giam (giam &), ngudi ta goi hién tuong nay 1 hién tng
nhat mau (hypochromic effect). Su ¢&dm mau hay nhat mau cé thé gy ra do thay doi cau tao
chat, song ciing c6 thé gy ra do su thay doi nong do dung dich mau. Trong khi do, su thay doi
nong do khdng l1am anh hudng dén budc soéng hap thu cuc dai, c6 nghia 1a khong gay ra hiéu
rng thAam mau hay nhot mau.

2.2. Cac mire ning lwong ciia electron va sw chuyén mire ning luong

Trong diéu kién binh thudng, cac phan tir ton tai ¢ trang thai ning luong thip nhat goi 1a
trang thai co ban. Khi phan tr nhan ning lwong nhu hap thy bic xa dién tir thi phan tir ¢ thé
chuyén sang muc niang lwong cao hon goi la trang thai kich thich. Hién tuong hap thu buc xa
dién tir cua phan tir gy nén cac budc chuyén nang luong dién tir, ning luong dao dong va nang
lwong quay caa phan tir 1a ngudn goc cua cac loai phd hap thu phan ta.

Trong trudng hop phé UV-VIS, cac budc chuyén ning luong gay ra do phan tir hap thu birc
Xa dién tir trong ving UV-VIS (190-800 nm) tao ra su thay d6i cic muc ning luong dién tur
trong phan tir. B6i v6i hau hét cac phan tir, nang lugng thip nhat cua dién tir nam trong cac
orbitan o (twong wng lién két o). Cac orbitan 7 (twong tng lién két 1) nam & mic ning lugng
cao hon, tiép dén 1a cac dién tir tu do khong lién két (n). Nhiing orbitan phan lién két (n* va o*)

la nhitng orbitan c6 ning lwong cao nhat.
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Hinh 2.1: Cac mirc nang lwong va mic chuyén khi hip thu birc xa dién tir
Thir tw nang luong can thiét cho su chuyén muc ning luong thuong la:
c —> 6*>n— o* > 1> 1* >n-> n*

> Chuyén mitc o — o*
Pay la sy chuyén murc nang lwong cua dién tir tir orbital lién két o dén orbital phan lién két o*.
Budc chuyén nay doi hoi nang lwong 16n va cho hap thu & ving tir ngoai xa tir 120-200 nm.
Nhitng hydrocarbon no nhu metan, propan, cyclohexan, ... déu cho hap thu ¢ dudi 140 nm va
khong cho hép thu trong cling tir ngoai gan hoic ving kha kién. Do dé, hp thu & ving nay
thuong kho do va it ¢ gia tri trong viéc phan tich cau truc.

> Chuyén mic n— o*
Pay 1a sy chuyén mirc ning lwong cia dién ti tir orbital khong lién két n dén orbital phan lién
két o*. Budc chuyén nay s& xuat hién & hop chit cé chira cac nguyén tir ¢d cap dién tir chua
lien két nhu N, O, S hay halogen.

> Chuyén mirc 7— 7*
Pay 1a sy chuyén muc ning luong cua dién ti tir orbital lién két 7 dén orbital phan lién két n*,
Sy chuyén muc nay xay ra véi nhitng hop chat chua lién két doi, lién két ba, cong thom, hop
chét carbonyl, nhém azo.

> Chuyén mic n— z*
Pay 1a su chuyén mic ning luong cua dién tir tir orbital khdng lién két n dén orbital phan lién
két . Cac electron khdng lién két c6 nang lugng gan véi orbital phan lién két hon cac electron
o nén hap thu xay ra ¢ budc song dai hon. Su chuyén mic nay gap & cac hop chit chira lién két
d6i kém theo di nguyén té ¢ cip dién tir chua lién két (C=0, C=S, N=0,...). Ph cua cac
aldehyd, keton no c6 2 dai, dai co cudng do hap thu () manh hon & 180-190 nm &ng véi chuyén
muc n— n* va dai co cuong do hap thu nho hon ¢ 270-300 nm &ng véi muac chuyén n— m*.
Ngoai ra, trong cac hop chét carbonyl ciing cho mirc chuyén ning luong n— o* & khoang 160

nm.



Trong phé dién tir co cac budc nhay dién tir tir quy dao c6 mirc ning luong thap sang quy

dao c6 mic ning luong cao hon. Vi tri cua cac dinh hip thu hap thu Amax va cudng do hap thu

emax trong g Véi cac bude nhay ndy ¢6 mot sé tinh chit dic trung riéng do d6 ngudi ta phan

chding thanh ting loai goi 1a cac dai hap thu.

Dai R (Radical): twong tng v&i bude nhay dién tir n — x*. N6 xuét hién ¢ cac hop chét
c6 chura cac di té véi cap electron ty do nhu O, N, S,... va lién két © trong phan tir. Dic
trung cua dai R 12 do hap thu phan tir thip, emax thuong nhé hon 100.

Dai K (Conjugated): 1a nhitng dai séng &ng vai cac chuyén mac n— m* trong phan tir
chtra hé electron = lién hop nhu butadien, mesityl oxid,... N6 ciing xuat hién trong céc
phan tir ciia hop chat vong thom c6 1ién hop véi cac nhdm thé chira lién két w nhu styren,
benzaldehyd hay acetophenon. Dai song nay dic trung boi hé sé hap thu 16n (emax >
10000).

Dai B (Benzenoid): 1a dai song ng véi cac chuyén muiic m— m* trong phan tir chira vong
thom hoac di vong thom.

Dai E (Ethylenic): twong tu nhu dai B 1a ddc trung cia cau trac vong thom. Ngudn gbc
ctia n6 1a do budc chuyén electron & hé benzenoid cuaa ba lién két ethylen trong hé thdng
lien hop vong kin. Dai E xuét hién & budc séng ngan va co cudng do hap thu cao hon
goi 1a dai E1, nguoc lai dai E» xuat hién & budce song dai va cé cuong do hap thu thap

hon.

Trong phd UV-VIS ctua mot hop chat c6 thé xuat hién nhiéu dai song khac nhau do trong

phan tir c6 chira Mot nhém mang méau nhung c6 nhiéu mirc chuyén ning lwong khac nhau hozc

¢6 chtra nhiéu nhém mang mau.

10,000 L E;-band
(7T — ¥ transition)
86001 — £,
B000 -

& 6000f Aniline (in water)
2
=
=
4000 -
B-band
(r— m*
2000+ transition)
1430 Emax '_""ﬁl' ------
A 220 BM 280 nm
200 250 300

Wavelength, o m ——»

Hinh 2.2: Phd UV cua anilin



2.3. C4c yéu té anh hwéng dén cue dai hap thu Amax va cuong dd hap thu smax

Trong phé UV, dai luong dic trung 13 Amax VA emax duwoc xem xét cin ctr trén su lién hop cua
phan tur.
> Hiéu irng nhom thé
Khi thay thé nguyén tir H ctia hop chat anken hay vong thom bang céc nhom thé khéac nhau, tay
theo nhdm thé d6 c6 lién hop hay khdng lién hop ddi véi hé ndi d6i ciia phan tir ma anh huong
nhiéu hay it dén pho tir ngoai caa phan tir. Déi véi cac nhom thé khong lién hop (nhu CH,
CH20H, CH2COOH) thi anh huéng it con cac nhém thé lién hop (nhu C=CR2, COOH, OH,
NOs... ) ¢6 anh huéng manh lam chuyén dich cuc dai hép thu vé phia song dai va tang cuong
do hap thu.
> Hiéu ing ldp thé
Khi tinh d6ng phing caa phan tir bi mét di thi su lién hop caa phan tir bi pha v, 1am Amax giam
di mot it nhung emax giam nhiéu, vi vay c6 thé xem emax 1a cin ctr dé so sanh tinh déng phang
cua mot dang phan tur cho trudc.
» Dung méi
Tay theo ban chat phan cuc cia dung méi va chat tan ma pho tr ngoai cia chét tan thay doi
theo cic cach khac nhau. Khi ting d6 phan cuc cia dung méi thi dai K chuyén dich vé phia
s6ng dai con dai R (n — =*) lai chuyén dich vé phia séng ngan.
2.4. Ung dung phé tir ngoai-kha kién
Phuong phép phd tir ngoai va kha kién c6 y nghia quan trong trong linh vuc phan tich dinh tinh,
phan tich cAu tric phan tir va phén tich dinh lugng. Nguyén tac ciia phuong phap phan tich dinh
lugng 1 dwa vao méi quan hé gitra mat do quang va nong do dung dich theo dinh luat Lambert
— Beer. Uu diém caa phuong phap quang pho tir ngoai va kha kién trong phan tich dinh luong
1a ¢6 d6 nhay cao, c6 thé phét hién dugc mot lugng nhé chat hitu co hoac ion vo co trong dung
dich, sai s6 tuong ddi nho (chi 1 dén 3%).
» Xdc dinh cdu tric
Dua Va0 Amax, cO thé biét duogc loai lién két
- Amax < 150nm: chi c6 loai lién két o cua hop chat no.
- hmax > 150 nm: ¢ lién két boi.
- hmax >280 nm: hé lién hop
- Amax quanh viing 220-250 nm (& = 1000): chi c6 2 lién két doi trong hé lién hop.
- Amax quanh viing 260-300 nm (g = 100-200) cd thé ¢ benzen va benzen thé.
- Amax quanh viing 270-300 nm (e < 1000): hop chéit carbonyl.



» Phuwong phdp do mét buéc séng
Dé phan tich mot mau cé thé thuc hién theo cach don gian 1a do mot mau chuan va mot mau
phan tich rdi tinh toan theo coéng thuc dudi ddy. Goi ndng d6 cua chit chuan la Cx,
ctia mau phan tich 1a Cx, dua theo dinh luat Lambert — Beer c6 thé viét:
Dk = Ak =¢&.l.Cx 1)
Dy = Ay = £.1.Cx @)
Trong d6: Ax, Ax: 1a d6 hap thu caa dung dich mau chuan va mau phan tich.
D, Dyx: 12 mat do quang caa dung dich mau chuan va mau phan tich.
I: 14 chiéu day dung dich mau chuan va mau phan tich.
& 1a hé sb hap thy mol.
Ck, Cx la nong @6 cua dung dich mau chuan va mau phan tich.

_ AxCg

Tir (1), (2): Ce =22

Cxk 12 nong d6 mau chuan duoc pha chinh xéac, Ax va Ax la gié tri do duoc trén may do do tinh
dugc nong d6 mau phan tich.
> Phuwong phdp ldp dwong chuan
- Chon Amax.
- Pha day chat chuan c6 nong do tang (giam) dan.
- Po mat d6 quang hozc do hap thu ciia cac mau & budc song trén.
- V& db thi phu thudc mat do quang D hodc do hap thu A vao nong d6 C, duong
biéu di&n cua o thi nay dwoc goi 1a duong chuan.
- Pha mau phan tich sao cho nong d6 dung dich mau do nam trong gisi han tuyén
tinh cia duong chuan. Sau khi do mau phan tich nhan gia tri Ax (Dx) roi ddi

chiéu trén db thi doc dugc gié tri C.



CHUONG 3. PHO HONG NGOAI (INFRARED SPECTROSCOPY)

3.1. Giéi thiéu vé phd hong ngoai

Buc xa hong ngoai 1a viing bic xa nam gitra viing anh sang thiy duoc va vi song. Buc xa
hong ngoai ¢6 tan sb trong khoang 430 THz - 300 GHz thudng dwoc hap thu bai phan tir cac
hop chét hitu co va chuyén thanh ning luong dao dong phan ti. Sy hap thu nay duoc luong tur
hoa tao thanh mét dy phé dao dong phan ti. Trong nghién ctu cau tric cac hop chat hiru co
thuong chi sir dung ving phd c6 sé song tir 4000 dén 400 cm™. Tan s6 hay budc song hap thu
phu thudc vao khdi lwong cua céc nguyén tir, cac lién két va ciu tric cua phan ti.

Vi tri chc miii hép thy trong phé hdng ngoai thuong dugc biéu didn dudi dang sb séng (V)
véi don vi duoc sir dung hién nay la cm™.

Cudng d6 cua cac mili hap thy co thé dugc biéu dién bang hé sb truyén quang (trasmittance,
T) hoic hap thu (absorbance, A). Su lién hé giita hai don vi nay thé hién qua biéu thuc: A =
logio (1/T). Cuong do cac miii hap thu thudng duoc miéu ta 13 manh (m), trung binh (t), yéu
(y). Do vay, pho hong ngoai ciia hop chat hitu co 6 truc tung thé hién cuong d6 hap thu cua

cac miii phd, truc hoanh 1 vi tri cac miii hap thu duoc biéu dién dudi dang s6 séng (cm™).

% Transmittance

6TEE:

T T T T T T T T T T T T

a0 R0 woenmbers em? 2° 1000

Hinh 3.1: Pho hong ngoai caa benzyl ancol
3.2. Thiét bi nghién citu phd hong ngoai
Thiét bi do ph6 hong ngoai (phd ké hdng ngoai) gdbm cac loai: phd ké hdng ngoai mot cham tia
dung kinh loc, phd ké hdng ngoai hai chum tia tan sic va phd ké hdng ngoai bién ddi Fourier
(FT-IR). Trong d6 phd ké hong ngoai bién doi Fourier 1a loai pho ké hién dai va dang dugc
dung phé bién.
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Hinh 3.2: M6 hinh hoat dong ciia pho ké hong ngoai bién d6i Fourier

Ngudn sang di qua giao thoa ké Michelson gém guong phang di dong M1, mét guong cb
dinh M2 va mot tm kinh phan tach anh sang S. Anh sang tir nguon chiéu vao tim kinh S tach
lam hai phan bang nhau, mét phan chiéu vao gwong M1 va mét phan khéc chiéu vao guong
M2, sau d6 phan xa tro lai qua kinh S, mot nira tré vé ngudn, con mot nira chiéu qua mau di
dén detecto. Do guong M1 di dong lam cho doan duong cua tia sang di dén gwong M1 rdi quay
tro lai co do dai Ién hon doan dudng tia sang di dén guwong M2 rdi quay tré lai va duoc goi l1a
su tré. Do su tré nay da 1am anh sang sau khi qua giao thoa ké bién doi tir tn s6 cao xuéng tan
s6 thap. Sau d6 anh sang qua mau bi hap thu mot phan réi di dén detecto, nho ky thuat bién doi
Fourier nhan dugc mot phd hdng ngoai.
3.3. Dao dong cua phan tir

Khi céc bic xa dién tir trong tac voi cac phan tir vat chat, néu co sy thay doi nang luong thi
phan tir ¢6 thé hap thu hodc buc xa nang lugng. Khi cac phan tir hap thu niang luong tir bén
ngoai ¢ thé dan dén céc qua trinh thay doi trong phan tu (quay, dao dong, kich thich electron
phén tu...) hoac trong nguyén tir (cong hudng spin electron, cong huong tu hat nhan). Khi
tuong tac V4i birc xa dién tir, cac phan tir c6 ciu trdc khac nhau s& hap thy va phat xa mic
nang lwong khac nhau. D4i véi cac budce chuyén niang luong dao dong trong phan tir thuong
kha nho, twong duong véi nang lwong buc xa hong ngoai trong thang cac buc xa dién tir. Do
d6, phd hdng ngoai con duoc goi 1a phd dao dong. Tuy nhién, khdng phai bat ky phan tir nao
ciing c6 kha ning hap thu buc xa hdng ngoai dé cho hiéu wng phd dao dong. Chi c6 cac phan
ttr khi dao dong gy su thay d6i momen ludng cuc mai c6 kha nang hap thu bac xa hong ngoai
dé cho hiéu ung phé dao dong. Do vay, diéu kién can dé phan tir c¢6 thé hap thu bic xa hdng
ngoai chuyén thanh trang thai kich thich dao dong 1a phai c6 su thay d6i momen ludng cuc dién
khi dao dong.
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Déi véi phan tir hai nguyén tir (A-B) thi chuyén dong dao dong duy nhét la chuyén dong co
gian doc theo truc lién két A-B. Loai dao dong nay duoc goi 1a dao dong hoa tri (dao dong lam
thay ddi chiéu dai lién két cua cac nguyén tir trong phan tr nhung khong 1am thay ddi goc lién
két).

Ddi véi cac phan tr nhiéu nguyén tir, ngoai cac dao dong hda tri, con c6 mot loai dao dong
1am thay ddi goc lién két gitra cac nguyén tir dugc goi 1a dao dong bién dang. Luc can dé lam
thay ddi goc lién két thuong nho hon so vai lyc 1am thay doi do dai lién két, do d6 nang luong
ctia dao dong bién dang s& nho hon ning luong cua dao dong hda tri. Tir d6, tan sé cua dao
dong bién dang ciing nho hon so vai tan sé cua dao dong héa tri di véi cuing mot lién két.

Cac nguyén tir trong phan tir dao dong theo ba huéng goi 1a dao dong chuan cua phan tu.
Déi vai phan tir 6 cau tao nam trén duong thang, s6 dao dong chuan caa phan tir cd N nguyén
tir tdi da bang 3N — 5 va 3N — 6 dbi voi phan tir khdng thang.

Thi du:
Xét phan tir nwéc H20. Pay 1a phan tir 3 nguyén tir khong thang hang, do d6 s& c6 3x3-6 = 3

\/‘ A QYP

Dao dong hoa tri d6i xiing Dao ddng hoa tri bat ddi xang Dao dong bién dang
(3652 cm™) (3756 cm™) (1596 cm™)
Véi phan tir 3 nguyén ti thang hang CO;, s6 dao dong tu do s& 1a 3x3-5 = 4

«—
—0O 9 O— <« . O—»

Dao dong hoa tri bat déi xung Dao ddng hoa tri d6i xtng
- + - O T
O—@—©C I 7

Dao d6ng bién dang ngoai mit phang Dao dong bién dang trong mit phing

Dao dong hoa tri ddi xtmg trong trudng hop nay khong lam thay d6i momen ludng cuc cua
phan tir nén dao dong nay s& khdng xuat hién trén phd hong ngoai. Hai kiéu dao dong bién dang
trong va ngoai mat phang chi khac nhau vé sy dinh huéng, con ning luong dao dong thi twong

tu nhau, chiing duoc goi 1a dao dong suy bién. Trong phd hdng ngoai, cac dao déng nay chi cho



mot van hap thu. Vi thé, trén pho hong ngoai caa CO2 ¢6 2 van hap thu duoc thay 1a 2349 cm™ o

lva667 cm™.

Dbi véi cac phan tir nhidu nguyén tir, s6 kiéu dao dong ting 1én rat nhidu. Cac dao dong
trong phan tir lai c6 anh huong va 1am bién doi 1an nhau. Ngoai ra, con c6 thé c6 nhiéu dao
dong gan giéng nhau va cuing thé hién & mot viing tan s6 hep tir 6 ma tao thanh mot van phd
chung. Trong trudng hop nay, ngudi ta quan tim dén dao dong ciia mot nhdm cac nguyén tir
trong phan tir. Khi d6, c6 thé hy vong ring cac nhdm nguyén tir gidng nhau trong cac phan tir
khac nhau s& thé hién dao dong té hop cia ching ¢ nhitng khoang tan sb gidng nhau (goi 1a tan
s6 didc trung nhom). Biét duoc tan sé dao dong ciia mot nhém nguyén tir ¢6 thé nhan ra su co
mat ctia nhém nguyén tar d6 trong phan tir. Thuc té cho thay ving pho tir 1500-4000 cm™ chira
cac van hap thy caa hau hét cac nhom chae nhue OH, NH, C=0, C=C.... nén duoc goi la ving
nhém chic. Ving phd dudi 1500 cm™ phtc tap hon do thé hién dong thoi cac dao dong bién
dang C-H, C-C,..., cac dao dong hoa tri cua cac lién két don C-C, C-N, C-O,... ciing nhu su
tuong tac va anh huang I1an nhau cia cac dao dong nay. Ving pho nay duoc xem nhu dic trung
cho dao dong cua toan bo “bd khung” phan tir chir khéng phai ctaa riéng nhém nguyén tir hay
lién két ndo. Khi cu tao phan tir thay doi, cac van phd o viing nay sé thay ddi theo. Vi thé viing
phd dudi 1500 cm™* dwoc goi 1a ving “van ngén tay” dic trung cho mot phan tir xac dinh.

Bang 3.1: Pho hong ngoai caa mot s6 hop chét tiéu biéu

] ) Tanso hdp | Cuong B
Hop chat Nhom chic Kiéu dao dong
thu (cm™) do
< - ~ A
—cH, >CH2 —/CH 2840-3000 t—m Dao dong hoa tri C-H
_\C_ - 800-1200 y Dao dong hoa tri C-C
/7 N
1430-1470 |t .
—CHj Dao dong bién dang C-H
Alkan 1370-1380 m
“CH, 1445-1485 t Dao dong bién dang C-H
—>CH ~1340 y Dao dong bién dang C-H
—c-c& < 500 y Dao dong bién dang C-C
>C=CH2 1640-1660 t Dao doéng hoa tri C=C,
Sc=c” 1655-1660 m trong dien, trien,... 1650
H cis H (m) va 1600 (m), trong




Hooor 1670-1675 |y hop chit lién hop véi
<~ YH
trans vong thom ~1625 (t),
trong a,f-carbonyl bt
bédo hoa 1590-1640 (m)
>c=c 3000-3100 |t
H ) Dao dong hoa tri C-H
(3 nhom the)
Alken
>C=CH2 885-895 m
985-995 m
RCH=CH:
900-940 m
~Sc=c” 675-730 t
H H
cis Dao dong bién dang C-H
Ho _ ~ 960-970 m
~c=cl,
trans
~c=cl, 790-840 t
(3 nhém thé)
—C=C— 2190-2260 * Dao dong hoa tri C=C
Alkin c=on 3300-3310 m Dao dong hoa tri C-H
B 615-645 m Dao dong bién dang C-H
Ca—H 3000-3100 t Dao dong hoa tri C-H
c=C 1450-1600 * Dao dong hoa tri C=C
Benzen c6 1 nhdomthé | 730-770 m
690-710 m
Benzen c6 2 nhém thé vi | 735-770 m
Aren
tri o- )
_ Dao dong bien dang C-H
Benzen ¢6 2 nhém theé vi | 750-810 m
tri m- 680-725 t—m
Benzen c6 2 nhém thé vi | 800-860 m
tri p-
Alcol, O-H 3590-3650 * Dao dong hoa tri O-H tu

phenol

do

17]



3200-3600 * Dao dong hda tri O-H co
lien két hydrogen lién
phan tu

2500-3200 m Dao dong hoa tri O-H co
lien két hydrogen noi
phan tu

c-0 1000-1260 t—m Dao dong hoa tri C-O
~1050 m Dao dong héa tri C-O cua
alcol bac 1

~1100 m Dao dong héa tri C-O cua
alcol bac 2

~1150 m Dao dong héa tri C-O cua
alcol bac 3

~1200 m Dao dong héa tri C-O cua
phenol

1330-1420 | m _,
O-H 550769 — Dao dong bien dang O-H
—C=0 1720-1740 m Dao dong hoa tri C=0,
" no, mach thang
1695-1715 m Dao dong hoa tri C=0,
Aldehyd vong thom

2700-2900 y Dao dong hoatri caa C-H,
thuong gom 2 van, 1 van
gan 2720 cm™*

>C=O 1705-1725 m Dao dong hoa tri C=0,
Keton no, vong no

1680-1700 m Dao dong hoa tri C=0,

aryl
—COOH 1700-1725 m Dao dong hoa tri C=0,
no, mach thang

1680-1700 m Dao dong hoa tri C=0,

aryl




Carboxylic 1655-1665 | m Dao dong héatri C=0,c6 |
acid lien két hydrogen noi
phan tu
2500-3000 t Dao dong hoa tri O-H,
aryl
R-COOR' 1735-1750 m Dao dong hoa tri C=0,
no, vong no
Ester 1715-1800 m Dao dong héa tri C=0, R
hodc R’ 1a aryl
1000-1300 m Dao dong hoa tri C-O-C
_(.CJ.:_N 1630-16%0 m Dao dong héa tri C=0
Amid 3140-3500 t Dao dong hoa tri N-H
1510-1620 | m Dao ddng bién dang N-H
Amin —/ 3300-3500 |t Dao dong héa trj N-H
Nitril —C=N 2200-2260 t—m Dao dong hoa tri C=N
—NO, 1370-1570 m Dao dong hda tri N=0O,
Nitro mach thang
1300-1570 m Dao dong hoda tri N=0O,
vong thom

m: mgnh, t: trung binh, y: yéu, *: thay déi ty hop chat
3.4. Phwong phap nghién citu phd hong ngoai

Khi nghién ciru mot phd hong ngoai, ching ta can tap trung quan sat va danh gia vé vj tri,
hinh dang (van don hay d6i), d6 tap trung (nhon hay t0, rong), cuong do van hap thy, tir d6 tim
ra méi lién quan véi mot nhém chire nao d6. Bé 1am duogc diéu nay, hay chia phd hong ngoai
thanh mot sb viing khac nhau, tim kiém trén mdi viing nhimg nét dic trung ctia mot loai nhém
chirc nao do.
Buérc 1

Xice dinh do bat bio hoa k = ZE@Dn
Trong d6:  k: tong so lién két 7t va vong ctia phan tu.
ai: hoa tri cuia nguyeén té thi i.

bi: s6 nguyén tir ciia nguyén to thi i.



Buwoc 2

o
N

Khong cé hap thu

v

[ Kiém tra vang > 2500 cm™ ]

C6 hép thu
v cs C6 thé c6 nhém -COOH, tim thém
[ Van trai rong 2500-3500 cm? } >\ nhém C=0 ¢ 1600-1725 cm™
Khdng ¢6

v

[ Van nhon gan 2720 cm™

Co j C6 thé c6 nhém -CHO, tim thém
| nhom C=0 & 1690-1740 cm

Khoéng co

v
[ Dam van ¢ 2700-3000 cm*

(CH, CHz, CHy)

Dao dong hoa tri C-H ]

Khdng c6
\ 4 ; .
[ A 1 Co j Dao dong hoa tri C-H cua alken
Pam van ¢ 3000-3100 cm ] 'L hoac aren
Khdng c6

v

\ 4 ;
[ C4c van ¢ 3200-3600 cm™ | co / -OH, -NH hay -C=C-H \

-OH cua alcol hay phenol
A ] thuong la 1 ddm van c6 cuong
Khoéng co do6 manh.

v -NH thuong 1a van don, cuong

d6 trung binh.
Buéc 3 -NH2 thuong 1a van doéi, cuong

b do trung binh.
-C=C-H cho van sic nhon,
kiém thém nhom -C=C- & gan

QIOO cmL. /




Buwoc 3
- Khong c6 hap thu .
[ Kiém tra viing 1500-2500 cm* } > Bugc 4
C6 hap thu
\ 4 C6 7
[ Céc van ¢ 2100-2300 cm™ } o { Co thé c6 nhom C=C, hoic C=N ]

Khoéng co
[ Van c6 cuong do manh & Co f Dao dong hoa tri C=0 ]

1660-1770 cm! g

Khoéng co
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Cau 1: Hay xéc dinh cac miii hap thy dac trung trong phé hong ngoai twong tng véi cac nhom =]

chuc caa hop chét c6 cau trac nhu trong céc hinh sau day
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Cau 2: Cho hop chét c6 cong thic phan tir C3HeO2, xac dinh cau tao cia cac dong phan acid

va ester ¢6 phé IR sau:
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Cau 3: Lya chon phd IR cho céc chét sau day: (a) Acid benzoic (b) Benzen (c) Etyl benzoat (d)

Vanilin (4-Hydroxy-3-metoxybenzaldehyd)
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Cau 4: Xac dinh cong thirc cAu tao dua vao phd IR cua cac chat cd CTPT sau:
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CHUONG 4. PHO CONG HUONG TU HAT NHAN

(NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY)
Phé cong huong tir hat nhan viét tit cua tiéng Anh 12 NMR (Nuclear Magnetic Resonance) 1a
mot phuong phap vat Iy hién dai nghién cau cau tao cua cac hop chit hitu co, nd c6 ¥ nghia
quan trong dé xac dinh ciu tao cac phan tir phirc tap nhu cac hop chat thién nhién.
4.1. Piéu kién coéng hwéng
Khi mot hat mang dién tu quay quanh truc cua no
s& lam xuat hién mo dong dién vong. Dong dién nay L Magnetic dipole

sinh ra mét tur truong ¢6 momen tr u. Mac du hat

Axis of rotation

nhan nguyén tu tich dién duong va cling quay xung
(nuclear axis)

quanh truc cua nd nhung khong phai tat ca cac hat
nhan déu c6 momen tir. Nguyén nhan 12 do momen
Spinning nucleus

tir cta hat nhan la tap hop ciua cAc momen tir ciia cac

proton va notron. Néu cac cac nuclei (proton va

notron) nay da ghép do6i, momen tur s€ bi triét tiéu.
Vi thé cac hat nhan c6 sb proton va notron déu 1a s6 chin s& c6 momen tir bang 0 (*2C, 0).
Chi nhitng hat nhan c6 momen tir mai ¢6 thé dugc tim ra bang phwong phap cong huong tir hat
nhan. Do d0, ta c¢6 thé gap cac phd NMR cua *H, 3C, N, °F, 3'P,... Trong phan tir hitu co
thudng gap nhat 1 cac nguyén tir H va C nén cac phd *H-NMR va *C-NMR c¢6 ¥ nghia quan
trong nhat trong héa hitu co.

Néu khong cé su tac dong cua tir truong bén ngoai thi céc spin hat nhan cua nhitng hat nhan
¢6 tir tinh s& dinh huéng theo vo s6 phuong. Khi mau chat khao sét c6 chira nhitng hat nhan
nay duoc dat vao gitra hai cuc cua mot nam cham manh (tir treong Bo), cac spin hat nhan nay
s& quay huéng nguoc chiéu nhau va chiém hai murc nang lwong khéc nhau. Binh huéng song
song cling chiéu vai tir tredng ngoai ¢ mire niang lugng thap hon dinh hudng song song nguoc
chiéu. Mirc d6 chénh léch ning lugng giita 2 trang thai AE ti 18 thuan vai do 16n cua tir truong

ngoai.
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Hinh 4.1: Binh hudng caa hat nhan trudc va sau khi dat vao tir truong Bo

Néu hat nhan nay (d4 c6 dinh huéng) duoc chiéu bai mot buc xa dién tir c6 tan sé tuong tng
chinh xac véi muc niang luong AE, sy hap thu ning luong s& Xay ra va luc d6 spin trang thai
nang luong thap s& nhay chuyén lén spin trang thai ning luong cao hon. Khi c¢6 hién
tuong nhay chuyén spin nhu thé, ngudi ta néi 1a hat nhan da cong huong vai bic xa chiéu vao,
goi la cong huong tir hat nhan. Khi ngung chiéu xa, cac spin hat nhan sé& giai phong niang lugng
dé tro vé trang théi can bang. Xac dinh nang lwong ma céc hat nhan ciing maot loai nguyén t6
trong phan tir hap thu (hay giai phong) sé thu dugc phd cong husng tir hat nhan cia phan tir
chat do.
4.2. P dich chuyén hoa hec

Trén phd dd, tai vi tri ma mot hat nhan hap thu ning lwong dé ¢ hién tugng cong huong
duoc goi 1a @6 dich chuyén hoa hoc (chemical shift). Do dich chuyén héa hoc tinh theo dai
lugng & biéu dién gia tri chuyén dich cong huong cua proton so voi proton cua TMS
(tetramethylsilan (CH3)4Si). Theo quy wdc, do dich chuyén héa hoc ciia TMS dugc chinh tai
muc 0 trén phd d6 va nhitng hap thu khac s& xuat hién tai vang tir truong thap hon.
Ph6 d¢6 NMR dugc chia do theo thang delta (8). Mot don vi delta bang 1 phan mat triéu (ppm:
part per million) cia tin sé hoat dong caa may NMR.

__ (D0 dich chuyén héa hoc tinh tir TMS, Hz)x10°
B Tan so6 hoat dong ctia may, Hz

Nhu vay, d6 dich chuyén hda hoc caa mot hip thu NMR s& 1a hing s6, khong phu thugc vao
lyc tir tredng va tan s6 hoat dong cua may. Loi ich cua viéc do phd biang may c6 tan sé 16n 1a
cac hap thu duoc trai ra trong mot khoang tir trueong 16n, vi thé néu c6 cac tin hiéu & gan nhau
s& dé dang phan biét duoc ching, trong khi néu do bang may c6 tan sb thap thi cac tin hiéu gan
nhau c6 thé tring lap 18n nhau, khé khao sét.
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Hinh 4.2: Ph6 d6 *H-NMR
4.3. Cwong d6 tich phan cia miii cong hwéng trong pho *H-NMR

Ph6 @6 *H-NMR cho biét c6 bao nhiéu loai proton trong phan tir va ciing cho biét mdi loai
proton d6 c6 bao nhiéu nguyén tr H. Trong phd *H-NMR, phan dién tich vé& ra boi miii cong
huong ti 1& thuan véi s lwong proton gay ra tin hiéu cong huong cia mili d6 va duoc goi la
cuong do tich phan ctia miii cong huong.

Trudc day cac may phd co 1ap bo phan xac dinh cudng do tich phan réi vé 1én phd d6 nhiing
duong bac thang goi 1a dudng cong tich phan. Do cao cua moi bac thang ti I& véi cuong d6 cua
mdi tin hiéu. Bang céch so sanh chiéu cao cua céac bac thang c6 thé tim duoc ti 18 vé sb lugng
giira cac nhom proton gay ra tin hiéu cong huong. O cac may hién dai, ngudi ta ghi & cuong

d6 twong ddi cua mdi tin hiu & phia dudi mdi tin hiéu do.
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Hinh 4.3: Pho *H-NMR cua 1,4-dimethylbenzene
4.4. Pd dich chuyén hda hec ciia proton mét sé hop chit hiru co

Trong hop chét hitu co, cac proton thuong khong ton tai riéng ré ma dugc bao quanh bai

nhitng ddm mAy dién tir khéc nhau. Do vay, mdi loai hat nhan bi che chan khéac nhau, tir d6 tir



truong hiéu dung ap dat 18n hat nhan do ciing khac nhau. May NMR du nhay dé nhan biét duoc
ting su khac biét nho nay, ghi thanh nhiing tin hiéu pho NMR.

Céc loai hat nhan khac nhau trong mét phan tir c6 do dich chuyén hda hoc khéc nhau la do
mdi loai hat nhan dugc che chin khac nhau bai cac dam may dién tir chung quanh. Hat nhan
nao dugc cac dién tir che chin cang nhiéu thi cang can tir trudng manh hon dé c6 thé cd su cong
hudng, hé qua 1a cac hat nhan nay hap thu ¢ viing tir trudng cao (ving bén phai caa phéd do).
Hat nhan nao dugc cac dién tir che chén it thi chi can tc dung bai mot tir truong yéu 1a cd thé
c6 sy cong huong, hé qua 1a cac hat nhan nay hap thu & viing tir trudng thap (ving bén tréi cua
phd d6). Khi proton gin vao cacbon ndi véi nguyén tr c6 d6 am dién manh (O; N;
halogen), cac nguyén tir nay sé rat doi dién tir ndi hoa tri vé phia no, 1am giam sy chan cua tir
truong bén ngoai ap dat 1&n proton khao sat vi thé do dich chuyén hda hoc & viing tir trudng
thap.

Do dé dich chuyén hoéa hoc cia mdi hat nhan phu thudc vao cau tao hda hoc va vao vi tri
khong gian caa no trong phan tir nén mdi hat nhan ¢6 hiéu tng chan khac nhau. Mudn biét mot
hop chat c6 thé cho bao nhiéu tin hiéu trong phd *H-NMR, can phai biét trong phan tir d6 c6
bao nhiéu loai proton gidng nhau vé ciu tao hoa hoc va vé vi tri khdng gian. Céc proton gidng
nhau nay duoc goi la proton twong duong vé d6 dich chuyén hda hoc, chiing chi cho mét tin
hiéu trén phoé *H-NMR. Con cac hat nhan c6 d6 dich chuyén khac nhau, dugc goi & proton
khong tuong dwong vé do dich chuyén hda hoc, ching cho céc tin hiéu khac nhau trén pho *H-

NMR. Sé luong cac hap thu khac nhau s& cho biét c6 bao nhiéu loai proton trong phan ti.



TH NMR

ppm
hos O
i 2 H-C-X -CH,-
C C=C—H
R SOH R”SH H C=CH = |
©’ HC-0  H.cc=0 —CH
H-C-C=C
X = F, Cl, Br

(i.e. electronegative atom) Hé—@

Hinh 4.4: D6 dich chuyén hda hoc cua proton cac nhém hop chat hiru co
4.5. Twong tac spin-spin trong phd ‘H-NMR

Mbi mot loai proton trong phan tir cho mot mili cong huéng (mili don) hoac bi ché tach thanh
nhiéu mili cong hudng (mili da). Sy ché mii nay dwoc goi la sy tach spin-spin hoic su ghép
cap, 1 hién twong c6 nhiéu mii hap thu khéac nhau, do céc proton & ké bén da twong tac 1én
proton dang khao sat.

Bat ctr mot proton nao dang khao sat déu chiu mét tir truong Ion cua may NMR ap dat 1én
nd, nd con bi anh hudng bai tir trudng tai chd gay ra do su che chin cia cac dién tir bao chung
quanh, ngoai ra néu cé nhiing proton khac & ké bén, tir truong nho caa cac proton ké bén nay
cling gdy mot anh huong nho 1én proton khao sat, hé qua la proton khao sat sé cho miii cong
hudng nhung khong phai 1a miii don ma 1a nhiéu miii khac nhau tiy vao sé luong céc proton

hién dién & ké bén no, s6 lwong mili bi ché tach tuan theo theo quy luat n+1.
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Hinh 4.5: Pho *H-NMR cua etylbenzen
Néu mot proton khao sét ¢ n sé proton tuong duong ké bén né thi proton khao séat nay sé cong
hudng va cho tin hiéu 1a n+1 mdi trén phd *H-NMR. Cac miii ndy c6 dién tich twong di theo

ti 1€ cuia tam giac Pascal.
Bang 4.1: Cudng do tuong ddi ctia cac mili do sy tach miii boi proton ké bén

S6 proton twong tac | Dang miii (ki hiéu) | Cuwong dd twong doi Hinh dang
0 Singlet (s) miii don 1
1 Doublet (d) miii d6i 1:1
J
2 Triplet (t) miii ba 1:2:1 _)U UL
3 Quartet (q) miii bon 1:3:3:1
uintet (quin) mtii
4 Q (quin) 1:4:6:4:1
nam

s




5 Sextet (sex) milisau | 1:5:10:10:5:1 JJ\/UL\

1:6:15:20:15:6:
1

6 Septet (sep) miii bay

M6t s6 luu y:

- Céc proton tuong duong vé mat hda hoc & trén cling mét carbon hoac trén hai carbon
khac nhau khéng tach spin-spin véi nhau. CH,=CH>; CH3-CH>-CH3

- Proton gan trén cing maot carbon, c¢é thé tach spin-spin néu hai proton dé khong tuong
duong nhau. CH>=CH-CN

- Thudng tuong tac spin-spin chi dang ké khi n6 truyén qua khong qua 3 lién két . Tuy
nhién, khi trong mach c6 ca lién két « thi twong tac spin-spin c6 thé phét huy tac dung
qua 4 hozc 5 lién két.

- Khi 1 proton twong tac vGi Na, N, Ne,... proton khong twong duong khac thi tin hi¢u cua

chung sé tach thanh (na+1)(np+1)(nc+1). .. mii.

-CH,- -CH,
quartet triplet —CHy— —CHy—
area =2 area=3 triplet tripiet
- CH,-CHy area=2 area =2
an ethyl group
X-CHz-CH;—Y
U A
1343+ Y225 O
1:2:1 125
\CH C
- s -(CHa),
quartet doublet
area =1 area=3 ,CHs —CH— doublet
—CH Sepint area =6
\ N\,
#AH-CHs i area =1
an isopropy! group
Ut A _J
1::3:3:31 L ooh |

Hinh 4.6: Sy tach spin-spin caa mot s6 nhom thé phd bién

I b A

Doublet of doublets Triplet of doublets Cuartet of triplets

Hinh 4.7: Mot s6 dang miii khi 1 proton twong tac véi cac proton khong duong duwong khac

2



4.6. Hing sé ghép

Gia sir ¢6 hai proton Ha va Hp & ké bén thi hai proton nay ghép tir véi nhau va trén pho *H-
NMR thiy hai proton nay cho tin hiéu la mii déi. Do hai proton nay ghép tir véi nhau (con goi
la tch spin-spin) nén khoang céch gitra cac miii doi trong c&c tin hiéu cua hai loai proton nay
s& bang nhau. Khoang cach nay dwoc goi la hang sé ghép, ky hiéu 1a J, don vi do tinh bang
Hertz (Hz). Cach viét dé biéu dién 2 proton Ha va Hp ghép tir véi nhau 1a Jab. Céc hing s6 ghép
thuong c6 gié tri trong khoang tir 0-18 Hz. Ngoai su phu thudc vao ban chét caa tuong tac spin-
spin (khoang cach va vj tri ciia cac hat nhan tuong tac), do I6n caa J con phu thudc vao tan sb

v ciia may do. Gia trj ctia J duoc tinh theo cong thuc Jap = | 8a-8b|.v

Hﬂ Hb TS P

Hinh 4.8: Hang s ghép giira 2 proton lién ké

"_rap
I;]a I;Ih
8 8
Jab
o H, H,
1 1
o —6=g—
I H
5.] ah b
e
(A I;Ia I?b
A _C_(lj Hh
T T | HIJ
8;\ 8l:b

Hinh 4.9: Cach tinh hang sé ghép caa mot s6 miii phd bién
Thi du: Xac dinh vi tri va tinh hiang sé ghép J cac proton trong cac hop chét sau, biét tan sé may
do la 500 MHz.
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Bang 4.2: Mot vai gia tri cua hang sé ghép J (Hz)

Dang cau truc J (H2) Dang cau truc J (Hz)
~.-H | |
~Cy 10-16 H—?—(lzzclz—(lz—H 0-2
|| —C=C-C=C—
H—(|3—C|:—H 6-8 L g ] 10-13
>c=c’ 0-3 H—(|3—C:C—H 2-3
H_ e | _ |
= 12-18 H-C-C=C-C-H 2-3
—c=cl, I I




H ortho: 6-10
Hoooo 12 ©/ 1
>c=c_ 6 meta: 1-3
H para: 0-1
| 2 a-a’: 8-10
H—?—Cl::?—H 0-3 » ° a-e’: 2-3
ar e-e’: 2-3
|
—C-C=C— 4-10
H H
M6t s6 lueu y:

Tat ca cac mii don, bau, rong, trén pho do6 cé thé Ia do cac proton —OH hoiac —NH hoic
—COOH.
M6t miii cong huong & & = 2,5 ppm cho biét d6 1a proton alkin dau mach: -C=C-H.
Mot mili cong huong &8 = 2,1 — 2,5 ppm cho biét d6 1a proton gin vao carbon & ké bén
nhom cacbonyl.
H—(|3—C:o H—(|:—C—C—
K BN

Mot miii cong huong ¢ & = 3 — 4 ppm cho biét d6 1a proton gin két trén carbon ma
carbon nay c6 gan mot nguyén tir c6 d6 am dién 16n nhu oxygen, halogen.

H—(|3—O— H—(|3—CI H—(|3—Br
Mot miii cong huéng & & ~ 5 - 6 ppm cho biét d6 1a proton vinyl. Hang sé ghép J caa
cac tin hiéu nay cho biét dang trans hoic cis.
Mot miii cong hudng & & ~ 6 - 8 ppm cho biét sy hién dién ciia nhan thom. Dya vao
hang s6 ghép c6 thé xac dinh duoc vi tri nhdm thé trén vong benzen.
Néu miii cong huong 6 & ~ 9 - 10 ppm thi ¢6 proton aldehyd —CH=0.

Néu c6 miii & viing & > 10 ppm thi c6 thé d6 13 proton ciia -COOH.

4.7. Pho cong hwong tir BC-NMR

Phé 3C-NMR cho théng tin quan trong vé khung sudn carbon cia hgp chat hitu co. Vi ham

luong dong vi C-13 rat thap nén do nhay trong phd NMR cua hat nhan *3C so véi ciia proton

'H vao khoang 1/5700. Trong phd **C-NMR céc tin hiéu thuong xuat hién trong khoang chia

d6 rat rong tir 0 — 240 ppm, khoang nay rong gap 20 lan so vai tin hiéu cua proton (~ 12 ppm).
Khéc véi phd proton *H-NMR, phd *C-NMR c6 cac dic diém sau:



- Thudng phd *C-NMR di khir b hoan toan twong tac spin-spin véi 1H nén mdi carbon

riéng biét chi cho mét tin hi¢u miii don duy nhat, khong c6 su ché mili nhu trong phd e

'H-NMR.

- Nhiing tin hiéu c6 cuong dd nho twong &ng véi cac nguyén tie C khdng lién két voi H

(>C<), con nhing tin hiéu c6 cuong do Ion thi ing vaéi cac nguyén tie C cd mot hay
nhiéu nguyén tir H (-CHs, -CH,-, >CH-).

CH,
€) CH
© © CHa €
H,C [(gCH (d)
(b)f ! L@ ?
(C))
™S
c
o o cDel,
mw I ]
220 200 180 160 140 120 100 80 60 40 20 0
8 (ppm)

Hinh 4.10: Ph6 **C-NMR cua metyl metacrylat

Do dich chuyén hoa hoc cua carbon thudng 16n hon 15-20 1an so véi d6 dich chuyén héa

hoc cua proton va dugc xac dinh boi mirc do lai hda cua no va d6 am dién cua cac nhom thé

xung quanh.

13C NMR Approximate Chemical Shift Ranges

—:c—cuar
I -
-C-N_
1
1 1 1
-C-OR -C-OH | -C-
Q 1
e -CEN ~CH
[e] ~C ~
-C-oR > AL
(IZIJ 9 N7 _
-C-RH -C-0H L4 ~e=c- ~CH,
1 T T T T T T T 1 | | L B
220 200 180 160 140 120 100 80 60 40 20 0
8¢ (ppm)

Hinh 4.11: D6 dich chuyén hda hoc caa cac loai carbon

L



Bang 4.3: Do dich chuyén hoa hoc cua *C

Dang céu tric & (ppm) Dang céu tric & (ppm)
| |
-CH3 8-30 e 100-150
-CH,- 15-55 —¢=¢— (Aren) 110-160
>CH- 20-60 —c=c— 65-90
|
—¢-c 35-80 _¢-=0 150-220
|

—C—Br 25-65 —c=N 110-130

|
| |
—¢ 0-40 —C-N— 160-170
(@)

—cl:—o— 40-80 G 160-170
| i O (X=Cl, Br) )
|| —c-o-

—CN— 30-65 g O-R 165-175

_g‘H 190-200 _g'O"H 170-185
_g‘R 195-220

Trén pho 3C-NMR di khir bo twong tac spin-spin véi 1H, diéu d6 lam mat di kha ning phan
biét cac nhém metyl (-CHzs), metylen (-CH), metin (>CH-) va carbon bac 4. Tuy nhién, hién
nay ngudi ta da ap dung céc ki thuat méi dé phan biét dugc C, CH, CHz, CHa. Mot trong nhitng
ky thuat do 1a ky thuat DEPT (Distortionless Enhancement by Polarization Transfer). Theo k¥
thuat do nay, nguoi ta thuc hién 3 1an ghi phé khac nhau, lan dau (DEPT-45) sé& thu dugc phd
v6i day du tin hiéu cua cac nguyén ta carbon (trir C bac 4). Trong lan do thi 2 (DEPT-135),
nhitng carbon metin (>CH-) va metyl (-CHs) cho tin hiéu xuét hién & phia trén (cuong do
duong), con tin hiéu caa carbon metylen (-CHa-) cho tin hiéu & phia du6i (cuong do &m). O lan
do thir 3 (DEPT-90), chi nhitng carbon metin (>CH-) mai cho tin hiéu trén phé. So sanh phd
DEPT-135 véi pho *C-NMR day du s& dé dang suy ra duoc tin hiéu cua carbon bac 4.
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Hinh 4.12: Ph6 *C-NMR, DEPT-45, DEPT-135, DEPT-90 cuia Carvon
4.8. Pho NMR hai chiéu (2D-NMR)

Déi vai cac hop chit hitu co ¢6 cau trac don gian, chi can pho *H-NMR, *CNMR va DEPT-
NMR chiing ta hoan toan c6 thé xac dinh duoc. Tuy nhién, ddi véi cac hop chat c6 cau tric
phtc tap thi néu chi str dung phd *H-NMR va *C-NMR mét chiéu sé rat kho dé giai doan cac
tin hiéu cong hudng va xac dinh chinh xéc cau tric hda hoc. Khi d6 viéc sir dung phé NMR hai
chiéu dé giai doan pho s& dé dang hon.

Khéc voi phd NMR mét chiéu chi duoc trinh bay hai chiéu: truc hoanh 1a tan s6 va tryc tung
1a cuong do cua tin hiéu phd, phd NMR hai chiéu (2D-NMR) thi ca hai truc hoanh va truc tung
déu 12 truc tan sd, con cudng do tin hiéu 1a chiéu th ba.

4.8.1. Pho twong quan proton-proton (phé COSY)

Phé twong quan proton-proton (Correlation SpectroscopY) hay phd COSY dung thay thé ki
thuat khir ghép proton trong phd mét chiéu. Pho COSY cho biét cac proton nao trong phan tir
da tuong tac spin-spin vai nhau.

Trén phd COSY thuong thiy twong tac giita 2 proton gem (hai proton cling gan trén mot
nguyén tu carbon), giira 2 proton vic (hai proton gan trén hai carbon k& bén). Trong mot sé
truong hop ciing c6 thé thay su twong tac gitra hai proton cach nhau nhiéu hon 3 lién két (néu
giira ching c6 lién két boi) hoic cua cac proton tuy cach nhau nhiéu lién két nhung lai gan nhau
vé khoang cach trong khdng gian.

Trén phé COSY, d6 dich chuyén hoa hoc cua cac proton (gidng nhu phd *H-NMR) duoc

trinh bay trén ca truc hoanh va truc tung. Trén phd nay c6 2 loai tin hiéu co ban:



- Nhiing tin hiéu nam trén dudng chéo, dugc goi la tin hiéu duong chéo (diagonal signals)
biéu dién céc tin hi¢u phd giong nhu phd *H-NMR mot chiéu. DPuong thing song song e
Véi truc hoanh hoic truc tung di qua mdi tin hiéu nam trén dudng chéo s& gap tin hiéu
cong huong tuong tng cua no trén truc hoanh hoac truc tung. Nhirng tin hiéu duong
chéo duoc ding 1am chuan dé xac dinh céc tin hiéu nam ngoai duong chéo.

- Céc tin hiéu ndam ngoai duong chéo (off-diagonal peaks) hay con goi la tin hiéu giao
(cross signals) co y nghia xac nhan su tuong tac spin-spin cua hai proton gay ra tin hiéu
nay. Tai diém gap nhau cua cac duong thang song song vai mdi truc toa do, xuat phat
tir tin hiéu cua proton X va proton Y trén dudng chéo ma xuat hién tin hiéu giao thi hai

proton X va Y cé tuong tac vai nhau.
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Hinh 4.13: Ph6 *H-NMR cua etyl crotonat
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Hinh 4.14: Phé COSY cua etyl crotonat




4.8.2. Phé HSQC va HMQC ?_
Phé HSQC (Heteronuclear Single Quantum Correlation) va phé HMQC (Heteroniclear <3

Multiple Quantum Correlation) la cac phé hai chiéu cho thiy su tuong tac giita tin hiéu cua
carbon véi tin hiéu caa proton lién két truc tiép voi nd. Trén cac phd nay, tin hiéu caa proton
dugc dat trén truc ngang ¢ phia trén (truc hoanh), con tin hiéu cua carbon duogc dit theo chiéu
thang ding bén tay trai (truc tung).

So véi ky thuat HSQC, ky thuat HMQC c¢6 do nhay cao hon nén giam dugc cac tin hiéu

nhidu, déng thoi ciing giam dugc thoi gian do may nén duge wa chudng hon.
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Hinh 4.15: Ph HMQC cua etyl crotonat
4.8.3. Phé HMBC
Phé HMBC (Heteronuclear Multiple Bond Coherence) cho thay su tuong tic cta cac tin
hiéu carbon véi proton ¢ cach nhau 2 hoic 3 lién két. Tuy nhién, trén phd HMBC khdng phan
biét dwoc tin hiéu giao nhau qua 2 lién két véi tin hiéu giao qua 3 lién két; cac tin hiéu giao qua

2 lién két va 3 lién két khong nhat thiét s& xuat hién day da cing luc trén pho dd.
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Hinh 4.16: Ph HMBC cua etyl crotonat
BAI TAP
Cau 1: Dy doan cong thirc cau tao cua cac hop chat dua vao nhiing dit kién sau:
a) Hop chat A c6 CTPT C4HsO2, trong phd IR xuat hién 1 van hap thu nhon ¢ 1730 cm™ va
¢6 ph6 *H-NMR nhu hinh dudi

J

2H

b) Hop chat B c6 CTPT C2HsCls ¢6 phd *H-NMR nhu sau



6 5 4 3 2 1 0

1H 2H PPM

¢) Hop chat C ¢c6 CTPT 1a CoH1002 ¢6 phd *H-NMR nhu sau

il

TR J\_# 17 137

1 ‘ i ' $ : ) 3 b
PPM

1H 2H 2H 2H 3H

d) Hop chat D ¢c6 CTPT la CsH1002, ¢6 phd *H-NMR va *C-NMR nhu sau
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e) E ¢c6 CTPT C7H140, c6 dit liéu phd IR va *H-NMR nhu sau
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f) Chéat F c6 CTPT la CeH1202, biét dit liéu phd IR, *H-NMR, **C-NMR nhu sau
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g) Chéat G c6 CTPT la CgHao, co dit liéu phd *H-NMR, *C-NMR, DEPT nhu sau
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Cau 2: X va Y 1a 2 ¢éng phan c6 chung CTPT la C2H4Cly, xac dinh CTCT cia X va Y, biét

phd *H-NMR twong ng cta X va Y nhu sau
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Cau 3: Xac dinh vi tri cac proton cua cac hop chit ¢ phd *H-NMR sau:
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CHUONG 5. PHO KHOI LUQNG (MASS SPECTROSCOPY)

Phé khéi lugng (Mass Spectroscopy) hay con goi 1a khéi phd 1a mot phuong phap phan tich ma
trong d6 hop chit nghién ciru trude tién duge hoa hoi trong diéu kién chin khong cao, sau do
duoc ion hda va phé thanh cac manh v& nho nhitng va dap dién tir. CAu tao cua cac hop chat
nghién ctru duoc xac dinh théng qua viéc nghién cau khéi lwong va dién tich cac manh cuing
VGi Xac SUAt xuat hién cac manh do.
5.1. Nguyén tic chung va khéi phé dé
Céc phan tir ¢ trang thai khi khi va cham véi dong electron ¢ nang lugng cao c6 kha nang tach
ra 1 hay 2 electron va tro thanh céac ion c6 dién tich +1
ABC + e — ABC** + 2e
Phéan tir khao sat lon phan tur

lon phan tir 1a ion dwong va ciing 1a goc tu do Vi n6 ¢6 chira s6 1é dién tir, nén ion phan to
con dugc goi 1a cation gc. Qua trinh bién cac phan tir trung hoa thanh cac ion dugc goi 1a qué
trinh ion hda. Céc ion phan tir va cham véi dong electron va tiép tuc bi phé v& thanh cac manh
ion, cac gdc hoic cac phan tir trung hoa. Qua trinh nay duoc goi 1a qué trinh phan manh

(fragmentation).

. A+ BC

ABC _

| o AR+ C

| o AT+ B

MJi ion tao thanh cd khéi lugng m va diéc tich z xac dich. Boi vi dién tich trén mdi ion
thuong bang +1 nén gia tri m/z cuia mdi ion chinh 1a khéi lwong (s6 khdi) cua no.

Khéi pho 1a mot biéu @6 phan anh sé luong cac ion véi cac khdi luong khac nhau da duoc
ghi nhan sau khi di qua bo phan tach ion. Khéi phd d6 gom truc x miéu ta khdi lugng cua ion
(m/z) thé hién trén phd dudi dang mét tin hiéu goi 1a vach phd hay mét pic (peak). Vi tri caa
vach phé cho biét s6 khi caa ion tuong tmg. Cudng do cua pic thé hién trén truc y miéu ta ham
luong cta ion do6. Pic c6 cuong do cao nhat goi 1a pic co so (base peak), ngudi ta quy udc xem

cuong do cua pic co so 1a 1 hay 100%, céc pic con lai dinh tinh ra phan trim cua pic co s6.

L
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Hinh 5.1: Khéi phé cua benzamid (EI-MS)

5.2. Cac phwong phap ion hoa

5.2.1. Phwong phap ion héa biang va cham dién tir (electron impact-El)

Pay 1a phuong phap ion héa phd bién nhat. Mau phan tich ¢ trang thai hoi s& bi cac dién tir
¢6 ning lugng cao (thuong 70 eV) phét ra tir catot trong budng ion hda ban pha 1am mat dién
ttr tao nén gdc ion phan tir. Cac lién két tiép tuc bj phan cit tao ra nhiéu manh ion c¢d khdi luong
nho hon ion phan tir. Dua vao cic manh ion ndy ngudi ta ciing c6 thé du doan dugc ciu tric
cta phan tir hop chét hitu co. Tuy nhién phuong phap nay 1a mot phuong phap ion héa manh,
nhiéu IGc phan tir bi ban pha khéng con xac dinh duoc ion phan tir (M+).

5.2.2. Phwong phap ion héa héa hoc (chemical ionization-Cl)

Phuong phap ion hoa hoa hoc ¢6 ky thuat gan gidng phuwong phap ion hoa bang va cham
electron. Nguyén tic ctia phwong phap nay 1a dua vao mot chat khi khac ngoai chat can nghién
ctru. Chét khi nay s& bi ion hda va cac ion nay sé& tac dong 1&n phan tir mau nghién ctu tao thanh
c4c ion phan tir. Cac ion ndy duoc tao ra tir c4c phan tir dang khi nhu Hz, NH3, i-C4Hio va phd

bién nhit 1a CH4 bj ban pha boi dong electron mang ning luong cao.
+e
CH, + e —> CH,; + 2e
lon nay c6 thé va cham véi cac ion khac dé tao ra ion

+

+e .
CH, + CHy ——> CH; + CHs
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Luc bay gio, mot lugng nho mau duoc cho vao buong ion hoa ¢ dang khi va xay ra va cham

vé6i ion CHs* dé tao thanh ion (MH)* c6 gié tri m/z 16n hon 1 don vi so véi m/z cia ion phan t,

dugc goi la ion tua phéan tir.

+

EHS + M _—» CHy + MH
lon tya phan tir (MH)* ¢6 ndi nang nho hon so véi Ndi nang cua ion phan tr M* tao ra bang
céch ban phé ion nén bén viing hon. Vi thé, phuong phap nay c6 thé duoc sir dung khi phuong
phap El khdng cho thiy miii ion phan tir. Mic di vy, giéng nhu EL, mau khao sat cling can
dugc hoa hoi nén khong ap dung duogc véi cac chat kém bén nhiét hoac chat kho bay hoi.
5.2.3. Phwong phap ban pha nguyén tir nhanh (fast atom bombardment-FAB)

Truéc tién cac nguyén tir khi hiém (argon hoic xenon) dugc ion héa va dugc ting toc boi
mét dién truong. Cac ion di chuyén nhanh qua mot budng ciing c6 chira cac nguyén tir khi hiém.
Sy va cham giira ion va nguyén tir khi hiém xay ra nhu sau:

Xe* (nhanh) + Xe (cham) — Xe (nhanh) + Xe** (cham)

Céac nguyén tir Xe (nhanh) dugc thanh lap trong qué trinh va cham trén s€ gir nguyén dong
nang, tiép tuc di chuyén theo hudng cii dap 1én mot tim kim loai ¢6 phu sin mau phan tich. Hau
hét dong nang cua nguyén tir ndy s& truyén qua mau, 1am ion hda mau, thudng tao ion twa phan
tar (MH)*. Céc ion nay duoc may dinh hudng dé di vao bd phan phan tich khdi pho.

Phuong phép FAB tao ra ion tya ion phan tir véi cuong d6 manh, ngoai ra ciing tao mot sé
manh ion, tir d6 cung cap thém théng tin vé cau tric hda hoc cia phan tir trong mau. Phuong
phép nay thich hop cho cac chat c6 khéi lugng phan tir I6n va cé tinh phan cyc. Tuy nhién, miu
phan tich phai phan cuc dé tan tot trong chat mang, hon nita chat mang ciing c6 thé tao ion va
tham gia ban pha mau nén co thé tao cac miii la.

5.2.4. Phwong phap ion héa bang cach phun ion (electrospray ionization-ESI)

Mau dugc hoa tan thanh dung dich va duoc phun qua mét 6ng vi quan co duong kinh 0.1-
0.5mm vao mot viing co dién truong manh (3-6kV) & &p suat khi quyén dé tao thanh nhiing giot
swong. Tty thudc vao viéc khao sat ion duong hay 4m ma c6 thé dat dién thé cua ddienj truong
la duong hay am tuong tng. Dién truong lam cac hat swong nho tich dién, dung moi bay hoi
dan s& v giot thanh cac hat nho hon va cudi ciing thanh céc ion. Tiép theo, cac ion nay duoc
hat vao bo phan phan tich khdi pho.

Trong ky thuat ESI, phan ti mau chat nhat thiét phai duoc bién thanh chat ddienj ly tan trong
dung dich dé phun suong. Cac dung méi thudng dung dé phun suong 1a metanol, etanol,
acetonitril, aceton, clorofom, ... va ¢ thé sit dung acid acetic hoac kiém dé diéu chinh pH nhim

lam cho sy ion hda mau duoc dé dang.



Phuong phap ESI thich hop cho viéc phan tich cac mau kém bén nhiét lai c6 thé tao ion
duong hay ion &m mot cdch thuan lgi. Tuy nhién, phuong phap nay cho it phdn manh hon nita
céc ion Na*, K* c6 thé tao ra nhiing san pham cong gay kho khin cho viée xac dinh cau trac.
5.3. Phén loai c4c ion
5.3.1. lon phéan ti

lon c6 sb khdi 16n nhat — bang khéi lugng phan tir cia mau duoc goi 1a ion phan tu, ki hiéu
la M*. Cudng d6 vach ion phan ti phu thude vao do bén caa no. Do bén cua cac hop chit giam
dan theo thtr ty hop chat thom > alken lién hop > hop chat vong > hop chat sulfur hitu co > cac
alkan mach ngén. D& nhan biét ion phan tir trén phd dd, ¢ thé p dung “quy tac nitrogen”: Mot
phén tir véi khéi lugng phan tir 1a mot con sb chan, thi phan tir d6 phai: hoac 1a khong chira
nguyeén tir nitrogen hodc c6 chira mot s6 chin cac nguyén tir nitrogen. Mot manh ion ¢6 m/z 1a
s6 1¢, thi manh dé phai chtra s6 1é nguy@n ti nitrogen.

Trong nhiéu truong hop, néu ion phan tir phan manh qua nhanh, xac suat thay ion phan tir la
cuc nho va c6 khi khdng quan sat thay trén pho db. Trong truong hop nay, ¢ thé xac dinh hop
chat khao sét va khdi luong phan tir nho vao cac manh ion khac. Ngoai ra, ngudi ta co thé khac
phuc bang cach do phd cua dan xuat twong (ng. Cac hop chat ¢ vach ion phan tir rd rang, dé
quan sat thuong la keton > amin > ester > ete > acid carboxylic ~ aldehyd ~ amid ~ halogenur.
Céc vach ion phan tir khé phat hién 1a cac alcol, nitrit, nitrat, hop chat nitro, nitril va cac hop
chat phan nhanh nhiéu.

5.3.2. Ton ddng vi

Trong tu nhién, cac nguyén té hoa hoc déu ton tai cac dong vi véi nhiing ti 1é khac nhau.

Kha ning xuét hién cac dong vi nay thudng duoc so sanh vai dong vi phd bién nhit.

Bang 5.1: Mot s6 loai dong vi phé bién trong ty nhién

Nguyén té Pong vi thwong gap (%) Cac dong vi khac (%)
Carbon 12¢C (98,93) 13C (1,1)
Hydro TH (99,99) 2H (0,011)
Nito TN (99,63) BN (0,37)
Oxy 10 (99,76) 70 (0,038) | O (0,205)
Clo BCI (75,78) ICI (24,22)
Brom Br (50,69) 81Br (49,31)

Céac d6ng vi nay 1am xuat hién trén pho dd mot sb vach khac canh vach ion phan tir. Véi cac
phan tir hitu co thuong chira cc nguyén té C, H, N, O, S (la cac nguyén té c6 ddng vi nang hon

1 don vi S0 vé&i ddng vi thuong gap), su hién cia cac ddng vi nang s& lam xuét hién mot vach



¢ cudng d6 nho tai vi tri (M + 1). Cac phan tir hitu co chtra cac nguyén té O, Cl, Br, S (la cac

L

nguyén té co dong vi nang hon 2 don vi so véi ddng vi thudng gip) c6 thé 1am xuat hién vach

(M + 2).

bPong vi ’Cva’C

Khoang 1.1% cua tat ca cac nguyén tir cacbon 1a dong vi C. Vi du trong khéi phd cua metan

cd M=16 thi c6 mot pic nho tai m/z 17 canh pic ¢ m/z 16. Khoang 98.9% cua phéan tir metan

chira @dng vi *2C va 1.1% phan con lai 1a dong vi *C.
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Hinh 5.2: Khdi ph6 ciia metan

18

Trong ty nhién ham lwong caa dong vi *Cl va *’Cl xap xi 1a 3:1. Do vay trong khdi phd cua

mau chét hitu co c¢6 chira mot nguyén tir clo s& xuat hién hai pic ion phan tir hon kém nhau 2

don vi va ¢6 cuong d6 twong ung vai ty 1€ M™ : (M+2) = 3:1.
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Hinh 5.3: Khéi phé cua clobenzen
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Khdi pho caa hop chat clobenzen c6 su xuat hién cua 2 pic ion phan ti tai m/z 112 (M*) va 114%

(M+2) tuong ang voi ty 18 3:1.
bPéng vi "°Br va &'Br
Trong ty nhién ham lwong caa ddng vi "°Br va 8!Br xap xi 1:1. Do vay trong khéi phd cia mau
chét hitu co c6 chira mot nguyén tir brom s& xuat hién hai pic ion phan tr hon kém nhau 2 don
Vi va c6 cudng do twong (tng véi ty 1€ M*: (M+2) = 1:1.
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Hinh 5.4: Khéi phd cua brombenzen
Khéi pho cua hop chat brombenzen cé sy xuét hién cua 2 pic ion phan tir tai m/z 156 (M*) va
158 (M+2) twong ung vai ty 1€ 1:1.
5.3.3. lon manh

lon manh sinh ra cung vai sy pha va phan tir. Tuy theo nang lugng va cham I6n hay nho ma
phan tir bi pha v& thanh nhiéu manh khac nhau. Cac manh ion cang bén s& co cuong do vach
phd cang cao. Sy xuat hién cua cac manh ion trén pho do6 gidp ta xay dung co ché phan manh
phl hop Véi cau tric phan tir ban dau.

Khi ion phén t& hodc ion manh bi pha va, lubn hinh thanh mot ion duong va mot phan tir
trung hoa. Ton duong co thé 1a ion gbc (chtra s6 1¢ electron) hozc ion vai sb chin electron. Tiéu
phan trung hoa cé thé la goc tu do (chira sé Ié electron) hozc 1a phan tir trung hoa (chaa sb chan
electron). Do sé electron duoc bao toan nén cac ion Ié electron bi pha v s& cho ion gdc va phan
ttr trung hoa hoic gbc tu do; cac ion chin electron bi phé v& sé tao thanh ion va phan tir trung

hoa.



+o + .
ABC —> AB + C

+e +
ABC —> A + BC

AB —> A"+ B
5.4. Nguyén tac phan manh
Trong may khéi phd, ion phan tir dang c6 niang luong 16n, vi thé n6 s& bi phan tach theo nhiéu
cach khac nhau dé tao thanh nhitng ion manh nhoé hon va cac ion manh nay lai c6 thé bi phan
tach tiép tuc thanh nhitng manh nhé hon nita. Nhitng su phan tach nay déu tuan theo nguyén
tac hinh thanh nhitng ion manh bén hon thong qua viéc pha hiy céac lién két. Chi cac cation mai
dugc ghi nhan bang may khéi pho.
5.4.1. Sw phan manh do phan cit mot lién két don
a) Khi mach phan nhanh lam ting kha nang dut gay cac ndi tai nhanh vi tao ra céc carbocation
bén (d6 bén cua carbocation twong tng bac 3 > bac 2 > bac 1).
b) Kiéu phan céch lién két carbon-carbon & vi tri B so vai lién két doi thuong thy trong su phan
manh cua c&c hop chat khéng no nhu alken (phan cit allylic), aren (phan cat benzylic) va & cac

hop chét c6 lién két C-C & gan di nguyén to.

N +
CH,=CH—CH,-R —= CHQ'fCH—aH@— H,C—CH=CH, + 'R
.
CH,=CH—CH,
m/'z 41

— ()

Ion tropylium

+.hf"\
S
—_—
- -R.

Q<

m/z7=91
3 _— : ,
CHy-CHy—Z—R —g~ CHy'CHy" Z—R —— R—ZI_C112 + -CH;
T +
R—2Z—CH,

VéiZ: N, Ohodc S; Rcothé 1aH
¢) Sy phan cét o céc ndi carbon-carbon xung quanh cac nhém carbonyl cua aldehyd va keton

tao cation acylium bén.



R R
C\A
C=0 — cXE L r—c=: + R
€ /
R’ R’
+
R— (=0
Ion acylium

d) Su phan cit o ciing xay ra d6i véi hop chét ¢ carbon lién két don voi di nguyén té nhu ete,

alcol, amin, halogenur,...

X = halogen, OR, NR,

5.4.2. Sw phan manh do phan cit hai lién két don

Trong nhiéu trudng hop c6 thé xay ra su phan cét hai lién két don dé tao thanh nhitng manh ion
méi. Trong kiéu phan cat nay, cation gdc ban dau s& tao thanh mot cation goc méi va mot phan
tir trung hoa.

a) Céc cycloalken thuong phan cach theo kiéu retro Diel-Alder.

SEN ¢ R

+ +

b) Hop chat carbonyl vai nguyén tir H tai vi tri cacbon y phan manh theo nguyén tic chuyén vi
McLafferty.

¢) Mat sb phan (ng phan manh cé kém theo sy tach nguyén tir H ciing véi nhém -OH, nhém
halogen hay nhom acetat dé tao thanh c&c phan tir trung hoa nhu H20, HX, CH3COOH, ... Ngoai
ra, con c6 thé gip cac truong hop tach loai di mot phan tir trung hoa cé khéi luong nho khac
nhu Ho, CH4, NH3, CO, NO, HCN, HzS,...



5.5. Khoi phé mét sé loai hep chat hiru co

5.5.1. Alkan

Cation gbc bi phan cit tao thanh mét cation va mét géc tu do. Do trong phan tir alkan chi gdm
cac lién két don C-C, C-H c6 nang luong lién két xap xi nhau nén khong thé biét duoc lién két
nao s& tham gia vao qué trinh chuyén héa. Vi thé, ngudi ta quy wdc viét caction gbc trong dau

ngoac vuong va dat mot electron don 1é cung vai mot dién tich duong & bén ngoai ngoac vudng.

¥

| | | |
—C—-C—-C— —> —C—-C+ + +C—
o | ] |
100
| 57
b 43
80
- ] 29
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= u
L
E -
T 40-
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Hinh 5.5: Khéi pho cua n-hexan
Pic ion phan tir ciia cac alkan mach thang ludn duoc thay, du cudng do nho (mach cang dai,
cudng do pic ndy cang nho). Kiéu phan manh dic trung ddi véi hop chat ndy mat di cac nhom
-CHa- va do @6 xuét hién céc pic 15, 29, 43, 57, 71,... Khi pho cua cac alkan phan nhanh ciing
tuong tu. Tuy nhién, do gdc bac cao bén hon gbc bac thip nén sy phan manh thuong vu tién

theo hudng tao carbocation bac cao.

R! _|J‘r R!

|

RP-C-R®  ——= R’ + R¥-C
H H

R3>R%>R!

Cycloalkan

Céc cycloalkan c6 pic ion phan tir manh hon so véi alkan mach thang. Dic trung phan manh
ctia vong thuong 1a su mat lién tiép 2 nhom etilen CH,=CH,. Ngoai ra, ciing con thay pic cia

vong (sé 1é) do su tach mach nhénh ra khoi vong.



. +
-CH,=CH +
mk -CH; >~ % CH,=CH-CH,
O m/z = 69
+ -CHZZCHZ +
m/z = 84 — — >
m/z =56
100
| 56

80
- ]
2 60-
o 1 41
E I
E 40‘_ 69

20—- 84

7 27
0.0 . . 4 Y Jl|;|I : 14 ‘I JIIIIIJ I ||[|l . T oAy : .
0.0 20 40 60 80 100
m/z
Hinh 5.6: Khéi phé caa metyl cyclopentan
5.5.2. Alken

Pic ion phan tir ciia alken thuong rat 13 (dwoc hinh thanh do mét di mét electron ). Gidng
nhu alkan, trén phé cia cac alken mach thang ciing xuat hién cac vach lién ké, cach nhau 14
don vi do sy tach cadc nhom -CHaz-. Pic ¢6 cuong dd manh (thuong 1a pic co ban) la pic tao bai
su phan cat allylic vai dién tich dwong & trén manh lién két doi. Khi trong phan tir chira nguyén
tr Hy thi xay ra sy chuyén vi McLafferty dé tao 2 phan tu alken.

+

+ .
CH3CH2CH2CH:CH2 —— CHQZCHCHZ + CH3CH2
m/z =70 m/z =41

T :
H .
CH, |

McLafferty
—_— K + ‘ ‘
X

m/z =70 m/z =42
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Hinh 5.7: Khéi pho cua pent-1-en
5.5.3. Alkin

Pic ion phan tir caa alkin rat rd. Cac alkin c6 ndi ba & ¢dau mach thuong cho thay ré miii (M-

1)*. Ngoai ra con thay su phan cat p so vai ndi ba tao ion propargyl (m/z = 39).

H
_ ! +
HC:C—Cli—R Y HCZC C H —— HC C=CH,
B H
R Ion propargyl m/z =39
100 ] v
80; 39
= 60
E | 27 53
© 40
20—-
15
o,o‘! ........ ,.::!]....,....!’. ||| ilj,‘ [
0.0 10 20 30 40 50 60
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Hinh 5.8: Khéi phé cua but-1-in
5.5.4. Aren

Céc hop chat thom c¢é miii ion phan tir manh do vong rat bén. Khi cac hop chat thom phan

manh thuong tao thanh cac ion (M-Cz2Ha); (M-C3H2) va d6i khi cling mét H*.



Céac nhan thom cé gin mot nhanh alkyl thuong xay ra su dat néi p dbi voi vong (phan cét

benzylic) lam mat di nhanh alkyl dé tao ion tropylium (m/z = 91).
+

: o
_I ATQ! _
T P — (OO

+

©/ Ion tropylium m/z =65
\ - R-CH, m/z =91
+
m/z="177

Céc hop chat thom c6 mach nhéanh alkyl véi 3 carbon tré 18n c6 kha niang xay ra sy chuyén dich

H dé cho vach m/z = 92 dong thoi tao thanh mot phan tir alken.

+
CH,CH,CH, >
9 O —
. - CH,CH,
m/z =120 Q? m/z =91 m/z =91
vC,
Y .

Q% l' CH,

LA
’iﬂ/m/z=77\g m/z = 65

.
m/z =39 C;H; N m/z=51

|—|—\

N

m/z =120 m/z =92

O
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Hinh 5.9: Khdi phé cua n-propylbenzen

5.5.5. Dan xuat halogen

Hop chat chaa 1 nguyén ti clo s& cho pic (M+2) véi cuong d6 khoang 1/3 cudng do pic ion
phan tir do su c6 mit ciia ddng vi 3'Cl. Hop chét chira 1 nguyén tir brom sé& cho pic (M+2) c6
cudng d6 gan twong dwong véi cuong do pic ion phan tir do su ¢ mat cua dong vi 8'Br. S6
luong cac nguyén tir clo hodc brom trong phan tir s& dugc xac dinh bai s6 lugng céc pic ¢ cach
xa pic ion phan tir M. Chang han, phan tir c6 3 nguyén tir clo s& thay thém cac pic (M+2),
(M+4), (M+6).
5.5.6. Alcol, phenol

Céc alcol bac mét, bac hai thuong cho pic ion phan tir rat nho (cd thé khong thay khi co trén
5 nguyén tir C trong mach), con pic ion phan tir cia alcol bac ba thi khdng thé phat hién.

Céc alcol bac mot, mach thing thuong xay ra sy phan cit ¢ vi tri p ddi voi nhém -OH dé tao
thanh carbocation (nhém thé Ién nhat ciing 1a nhom dé tach nhat), vi thé khdi phd s& gan gidng
nhu khéi phd caa hydrocarbon (c6 thém vach CH,=0*H m/z = 31).

o4 + .
R-CH,—OH — R-CH, + OH

o+ ®
R@OH — R 4+ CH,~OH

m/z=129,43,57,...

| o+ .
R—g;LOH ———> R-CH=OH + H
(M-1)
H
i o+ + .
RYCHy-OH —= CHyOH + R
m/z =731



Trén phé cua cac alcol bac mot ciing thiy xuat hién vach (M-18) c6 cuong d6 gan bing vach

co ban &ng vaoi su mAat mot phan ti H20, vach (M-H20-CHz) ciing kha manh.
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Hinh 5.10: Khéi phé caa but-1-ol

20

Cac alcol bac hai, bac ba ciing ¢6 cac kiéu phan cat lién két nhu trén dé tao hai hoic ba

carbocation R* khac nhau. Carbocation cang bén thi cudng do vach phé caa né cang manh.

Alcol bdc hai
M* cuong do yéu
R_$H_R' —> M-R’ cuong d6 manh
OH M-R cuong d¢ trung binh
R'>R . A A
M-H20 cuong do yeéu
Alcol bdgc ba
R" M* khong phat hién
|
R—$—R' —  M-R” cuong d6 manh
OH M-R’ cuong d6 kha manh
RT>R'>R M-H20 cuong do yéu
100
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Hinh 5.11: Khéi phé cuaa but-2-ol



L

Phenol
Trén phd caa phenol, vach phd &ng véi ion phan tir thuong c6 cuong do 16n nhat. Trén phd
ciling 6 thé théy vach tai (M-28) &ng véi sy mat nhém CO, (M-29) ¢ng véi sy mat nhém CHO.
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o 1° 0 H—| P
-H
—
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Hinh 5.12: Khéi phé caa o-cresol (2-methylphenol)
5.5.7. Aldehyd, keton
lon phan tir cua cac aldehyd mach thang, mac du c¢6 cuong d6 nho nhung thudng dugc thiy
trén pho d6. Bén canh do, c6 thé thay su phan cit lién két o xung quanh carbon carbonyl dé tao

vach (M-1) (thudng thay trén phd cac aldehyd thom) va vach m/z = 29.

- -H
H—CEdr <—R R_ﬁ_H - R—CEOJr
m/z=129 (-)i- (M-1)
Céc aldehyd mach thang ¢ Hy c6 thé xay ra sy chuyén vi McLafferty dé tao vach (M-44), m/z

=44,...

m/z =44, 58, 72,...




Aldehyd thom c6 pic ion phan tir véi cudng dd manh, trén phd do thuong xuét hién cac vach

(M-1), m/z = 77 (CeHs"), m/z = 51.

H C_O+
=0t * =
C_O' -H + ‘C2H2 RN
E—— R — [\ me=s1

m/z =105 m/z="T77
j -CO

Tt
@ m/z="178
100

80—' 22

+
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60 ] 27 41
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Hinh 5.12: Khéi pho cua butan-1-al
Ddi véi keton, vach ion phan tir thuong thay rat rd, dac biét 1a keton thom. Su phan manh
cua keton lién quan dén viéc cat dat lién két o dé loai bo goc alkyl khoi nhom carbonyl, nhom
alkyl cang Ién, kha nang phan cat cang cao. Néu goc alkyl cé nhiéu hon 3 nguyén tir carbon (c6

H,) s& ¢ chuyén bi McLafferty.

L4 .
|l

-R R
R'—CEOJr B — R—ﬁ—R’ e R—CEO+

O
o+

o2 OH OH
— - N U NG &

Mili co ban trén phd cua cac keton vong 1a 55 (ng véi manh *O=C-CH=CH,*. Sau khi xay ra

su phan cit o, manh nay duoc tao thanh do sy chuyén vi caa nguyén tir hydro.
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Hinh 5.13: Khéi phé cua cyclohexanon

5.5.8. Acid carboxylic

Acid carboxylic mach thang c6 vach ion phan tir yéu nhung van cd thé quan sat dugc. Trong
khi d6 vach ion phan tir cia acid thom lai ¢6 cuong d6 rat manh. Cac manh quan trong trén phd
dd cua acid 1a (M-77) va (M-45) twong tng véi sy mat OH va COOH dé tao thanh céc ion R-
C=0" va R*. Ciing c6 thé quan sat thdy cadc manh chia oxy m/z 45, 59,... (*COOH,
*CH2COOH,...). Acid c6 Hy s& ¢ chuyén vi McLafferty dé cho vach c6 cuong do manh tai m/z
60, 74,...

Acid thom mang nhom thé alkyl, hydroxy, amino tai vi tri ortho c6 thé c6 sy mat mot phan tir

nudc
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Hinh 5.14: Khéi phé cua acid salicylic
5.5.9. Ester

Céc ester thuong ¢ vach M* yéu (vach nay c6 thé rd néu ester c6 khdi luong phan tur trén

200). Su phan manh ester thudng xay ra & cac lién két xung quanh nguyén ti carbon carbonyl.

T _ 4 +
R—ﬁ%OR’ .~ R-CZ0 + TOR
O Mili manh, ddc Mili yéu
trung cho ester
+ +
R%C—OR' — R + ﬁjl—OR
g ) O+
M rd khi mach carbon ngan . .
Miii thuong
Miii yéu khi mach carbon dai
Céc gdc acid c6 Hy s& c6 chuyén vi McLafferty nhu trong phan tir acid
+
OH
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Hinh 5.15: Khéi pho cua metyl butanoat
5.5.10. Amin
Khdi phd cta cac amin déu tuan theo quy tic nito, vi thé cac amin don chirc déu cho miii ion
phan tir 12 s6 1é. Miii ion phan tir cia amin mach thang thuong rat yéu va kho thiy nhung lai rat

1d dbi voi amin thom. Sy phan manh thuong thay 1a sy phan cat lién két & vi tri B so vai nguyén

ta N.
R! 1
5 | +e R\ + .
R*—C—NH, — _C=NH, + R
R3 1{2
R3>R?>R!

T+ +
R-NH-CH,-R' —> R-NH=CH, + R

100
] 20
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60
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Hinh 5.16: Khéi phd cua isobutylamin



TRINH TU €cAC BUOC PHAN TiCH PHO
Khéi phd (MS)
e Tim manh ion phan tir, thuong 1a manh ¢6 m/z 16n nhat trén pho do, dé tir d6 biét dugc
khéi lwong phan ti M.
e Dy doan c6ng thirc phan tir cua hop chat CxHyONk...
e Xac dinh d6 bat bdo hoa cua phan ti.
e Dua vao mot sé manh dic trung cua phan tir trén phd do, du doan phan tir thudc loai
hop chat gi, chira nhém chuc nao.
Phé tir ngoai-kha kién (UV-VIS)
Cho biét cac loai lién két trong phan tir hop chat hitu co can khao sat dwa vao cuc dai hap thu
Amax ghi nhan trong phé UV-VIS.
Pho hong ngoai (IR)
Pé xac dinh cac nhom dinh chtic cua hop chat can khao sét.
Pho cong hwdng tir hat nhan (NMR)
Phé H-NMR
Néu biét dugc cong thirc phan tir sé tinh duoc d6 bat bao hoa cua hop chat. Nho vao do bat bdo
hoa, c6 thé du doan hop chat c6 thé c6 bao nhiéu vong, bao nhiéu nbi doi hay ndi ba. Tir do bat
bio hoa, muén phan biét duoc su bat béo hoa la do vong hay ndi déi hoic ni ba, can khao séat
d6 dich chuyén héa hoc 8. Dya vao dé dich chuyén hoa hoc va su tach spin-spin (su ché miii)
dé du doan loai proton.
Pho 3C-NMR két hop véi DEPT-NMR
e Dua vao pho **C-NMR cd thé biét dugc tong s carbon trong phan ti.
e So sanh sé carbon ghi nhan dugc trén pho do véi cong thac phan tir CxHyO N
o Néu bang nhau: phan tir khdng c6 yéu té ddi xang.
o Néu sé carbon trén phé it hon sé carbon c6 trong CTPT: phan tir c6 yéu té doi
Xung.
e Duya vao phdé DEPT-NMR xéac dinh duoc téng sb cac loai carbon.
e Dua vao do dich chuyén hoa hoc dac trung trong phé 13C.NMR dé giai doan cac loai
carbon trong phan tu.
e Dua vao céc dir kién ¢ trén, dé nghi cac manh ciu tric cé thé c6 caa hop chat dang khao
sét.
e Sip xép cac manh lai v6i nhau dé dwoc mot cdng thic hoan chinh sao cho thoa hét cac

loai phé da do duoc.
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Cau 7: Xac dinh ciu tao hop chit c6 CTPT CeH1:NO; dira vao cac dir kién trong céc phd IR,
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Cau 8: Xac dinh ciu tao hop chat c6 CTPT C4H7BrO2, phd IR cho dinh dic trung trai rong &

3000 cm™* va mot dinh manh ¢ 1707 cm™ cling véi dit liéu cac phé MS va NMR nhu sau
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Cau 9: X4c dinh cau tao cua hop chat ¢ phd hong ngoai cho dinh hap thu manh & viing 3300

cm™, hip thy trung binh & 700 va 770 cm™, phé khéi lwong cho ion phan tae M =122.
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Cau 10: Xac dinh ciu tao cua hop chat c6 di liéu cac phd IR, NMR, MS nhu sau, cho biét, phd

UV cho Amax = 255 nm, phd khdi lwong cho ion phan ti M* (m/z = 198) va M+2 (m/z = 200) ¢6

ti 1& chiéu cao gan bang nhau.
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