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TRONG BAI TRUOC

e Quang ph6 bao gdbm tuong tac gitra vat chat va anh sang
(trwvong dién tu)

* Tinh chat 4nh sang gébm tinh chat sdng va tinh hat con goi la
photon

* Tinh chat anh sang gobm
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GIO| THIEU VE PHO NGHIEM

e Chicéd mot phan truong dién tir [a nhin thay duoc — vung kha kién (Vis)

_g tén s6

10" Hz 10" Hz 103 Hz
(Uv) (Uv) (NIR) :
Yy rays X rays Vacuum Near Visible Near Inf(rlgr)e g M"‘;;%‘?’:"e
ultraviolet ultraviolet infrared
0.1 nm 200 nm 400 nm 700 nm 2 pum 50 um
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GIO| THIEU VE PHO NGHIEM

» Tan s6 va budc s6ng co tinh nghich dao: budce séng (1) cang dai,
tan so (v) cang thap va nguoc lai (C = Av). Tan s0 cao = nang
luong cao.

LOWER FREQUENCY = LONGER WAVELENGTH Higher Frequency

.............. i v f 1
/ ‘ 1 second ‘ |

A Shorter Wavelength

Wavelangth is the distance Frequency is the number of cycles
between cycles in 1 second

Lower Frequency

HIGHER FREQUENCY = SHORTER WAVELENGTH

NANNMAANANANNANANNANANNAANANAANANANAT
TATATA'A'TA'TA'TA'A'A'TA'A'A'A'TA'A'A'A'A'A'A'A'A'AY

Longer Wavelength
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GIO| THIEU VE PHO NGHIEM

* budc song (1) cang dai, tan s6 (v) cang thap va nguoc lai (C = Av).
Tan s6 cao = nang luong cao.

Higher frequency and more energy

N\
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Energy Nuclear electron | electron Molecular Molecular Radio ransimittors
source reactions | transitions | transitions vibrations rotations
in atoms | in atoms
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GIO| THIEU VE PHO NGHIEM

» TUy vao budc song st dung, ngudi ta ¢ nhiéu loai phuong phap
phan tich pho khac nhau

Pho NMR VUng séng radio Proton hoge EEI7oen
chuyén trang thai spin
Phé IR Viing héng ngoai Xac dinh nhczm chuc/lién
ket
Vung tir ngoai & kha  Tuwong tac vdi hé co lién

Pho UV-ViS kién két m trong hop chat
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Ph6 héng ngoai va tir ngoai

 UV-Vis — kich thich mt-electrons hoac n-electrons
* |IR—1lién két dao dong — Dam may e- dao dong

gleciro-
magnetic
radiation
light

T —

UV =visibie light

IR radiation

transfer

b

l Term diagram of electron

L
: ﬂE=.'i=E~E1

alectron
gxcitation
enerqy
“Example: carbonyl group

rmolecular ¢
oscillations —’

valence

oscillation

B. Electron excitation and molecular vibration

e

defarmation
oscillation
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Ph6 héng ngoai

VUng birc xa hong ngoai (IR) 1a mdt ving pho birc xa dién tir rong
nam gitra ving trong thay va ving vi ba; viing ndy co thé chia thanh
3 vung nho:

- Near-IR 400-10 cm (1000- 25 pum)

_ Mid-IR 4000 - 400 cmt (25- 2,5um)

- Far-IR 14000- 4000 cm- (2,5 — 0,8um)
Phuong phap phan tich pho hong ngoai néi ¢ day la ving pho nam
trong ving c6 s6 song 4000 - 400 cm'2.,
\VUng nay cung cap cho ta nhitng thdng tin quan trong vé cac dao
dong cua cac phan tir do d6 1a cac thong tin vé cau trdc cuia cac phan

tu
CuuDuongThanCong.com https://fb.comy cntt
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Pé co thé hap thu birc xa hong ngoai, phan tir d6 phai dap Gng

C&C yéu cau sau:

- Po dai song chinh x&c cta buc xa: mot phan tir hap thu bic xa
hong ngoai chi khi ndo tan s6 dao dong tu nhién cta mot phan phan
tir (tie la cac nguyén tir hay cac nhdm nguyén tir tao thanh phan tir

do) ciing la tan so cua burc xa toi.

-Mot phan tir chi khi nao su

cua chung.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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DAO DONG TRONG PHAN TU HAP THU
NANG LUGNG VUNG HONG NGOAI

e Pinh ludt Hook: phu thudc vao khéi lvong nguyén tir

Gy S i
g < _’%i:
Y

" I.'=3'i.E

F e . 5— B

nosition gt rest

A. Harmonic vibration

A (m): budc song, d6 dai song
* Tan so (frequency, Hz) v=c/\

¢ SO séng (wavenumber, cm1) vo L ™)
A

10
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* Phan t&r dao dong theo 2 loai dao ddng chinh
 Dao dong kéo gian (dao dong hoa tri) — stretch (v) — dao dong

doc theo
truc cua

lién két

Copyright @ 1997 Char les F. Abraomes Sym m et r I C
Dao dong kéo gidn d6i xirng, v,

(symmetric stretching)

Copyright @ 1997 Char les F. Abranes asym m et r I C

Dao dong kéo gidn bat doi xirng, v,
(asymmetric stretching)

* Dao dong bién dang — bend (&) — dao ddng KHONG theo truc cla

lién két

scissor rock
in plane

- -
X& ‘&
Copyx ight © 1997 Chax les B. Abcars Copyxight © 1997 Chax les B. Abcars

CuuDuo-rI;nQ?[rLgm m ét p h 5 n g

twist wag
out of plane

o"

Copyxight © 1997 Chax les B. Abcars
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MJi loai dao dong trong phan tir hap thu & mot tan s6 xac dinh.
% truyén qua giam dan khi nang lwgng & tan so tuong ng bi
hap thu. S6 séng ti I1é thuéin vdi tdn sé -> tén s cao = ndng

lwong cao = sé6 séng cao

100
80
® ]
[&]
S 60
£
(]
C
& ]
= 40-
32 ]
4 (I8 1,
20 —> o —> v, U _
v,
uﬂ N V
O""N""f""i""l""i"“l' |
4000 3500 3000 2500 2000 1500 1000 400 12
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< Pho IR gilp xac dinh duoc cac loai dao dong dic trung

ctia c4c lién két hay cac nhoém chirc ¢ trong phan tir

% C4c lién ket hay cac nhdm chirc

3

J. 1 14

~2900 cm™’ ~3100 cm™? ~3300 cm™!

13
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e Truc hoanh biéu thi s6 séng, cm U= e
* Vv =tanso; c =van tdc anh sang; A = budc séng C A (em)
100
80
[0 J
[&]
S 601
£
(]
C
e
= 40
°\° J
20 ‘ﬁ
o——7——r1r——m—>r—TT""""7T"—"""""7" 1
4000 3500 3000 2500 2000 1500 1000 400

Wavenumber (cm™1)

Théng tin quan trong trén pho IR: sé séng, cwdng dd va hinh dang mii.

14

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


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

=
I

~ Vé A ~
SO song tren pho IR
e S0 song cua dao dong kéo gian phu thudc vao dd bén cia lién két (bond

strength) va khdi lwong clia nguyén tir tham gia lién két

force constant (bond strength)

reduced mass—(

mqmy

m1 +m2

)

* Lién két ngan hon, bén hon va nguyén t6 nho hon sé hap thu tan sé cao hon
(s6 séng l&'n hon)

TABLE 2.1 IR Absorplion R C H
Bond Force Constant 1
Type fin dyne/em ~3000 cm
C—0 5.00= 1P

C—C 4.5 = 1P

C—M 4.9 = ¥

C=C 9.7 = ¥

C=0 12,1 = ¥

C=(C 15.6 = 10°

C—D 5.0 % 10°

C—H 5.0 = ¥

O—H 7.0 = ¥

CuuDuongThanCong.com

C—>D
~2200 cm™!

C=N
~2200 cm™!

cC—oO
~1100 cm™!

C—N
~1600 cm™

https://fb.com/tailieudientucntt

CcC—Ci
~700 cm™!

C—N
~1100 cm™!

15
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S6 séng trén pho IR

binh luat Hook force constant (bond strength)

mqmy
reduced mass=| ——
m1 + m2

« Lién k&t NGAN hon, BEN hon va NGUYEN TO NHO hon s& hap thu ning
lwo'ng nhiéu hon = hap thu TAN SO CAO HON (SO SONG LON HON)

TABLE 2.1 [R Absorplion Re

Bond Force Constant C ——— H C — D C —_— 0 C — C|
Type Jin dyne/cm

c—0 50% 17 ~3000cm'  ~2200cm™?  ~1100cm™ ~700 cm™’
C—C 4.5 % 1P

C—=N 4.9 % 1F

Cc=C 0.7 % 10° L

=0 12.1 % 108 C—N C—N C—N

C=( 15.6 3 10°

C—D 5.0 % 10° ~2200cm!'  ~1600cm™'  ~1100 cm™

C—H 5.0 =109

0O—H 70 % 10° 1o

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

e T cOng thirc dinh ludt Hook va cac dac trwng lién két, ta co
dwoc bang xac dinh vung sb sdng cda cac lién két

LoD

TRAHSHITTANCEI S

i
=]
|

\ 1 i i | !
|
~ Triple  iDouble
Bonds to H Bonds : Bonds Single Bonds FINGERPRINT
REGION
c=C c—C
C=

X—H o C=N C—N

DIAGNOSTIC REGION =0 c—0
4000 2700 23002100 1850 1600 400

CuuDuongThanCong.com
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SO séng

* VUng cd s6 séng > 1500 cm? goi 1a VUNG NHOM CHU'C, vung dic
trrng cho dao dong cac nhom chtre.

Triple Double
Bonds to H Bonds Bonds Single Bonds

[ DIAGNOSTIC REGION FINGERPRINT
CcC=C C—C REGION
C=C
X—H C=N C—N
C=N
C=0 C—0
4000 2700 2300 2100 1850 1600 400

Wavenumber (cm™1)

e Vung cd s6 song < 1500 cm goi la vung van tay. Vung nay gom
nhiéu dao déng kéo gidn va dao ddong bién dang ctia hau hét lién
két don nén khé doc hon. Tuy nhién, véi hop chat nhat dinh sé co
vung van tay dac trwng cla céc tin hiéu cda hgp chat trung lap.

18
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SO séng

* Vidu:so sanh hai ph6

% Transmittance

% Transmittance

100

80

60

40

20 H

A

(0]
4000

T L] L} L] T T
3500 3000 2500 2000 1500 1000 400

Wavenumber (cm™ 1)

100

80 -

60

40

20

CuuDuongThanCong.com

T T T T ) T
4000 3500 3000 2500 2000 1500 1000 400

Wavenumber (cm 1)

https://fb.com/tailieudientucntt
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SO sdng vung X-H

* So sanh sb sdng cla cac lién két sau

sp® sp? sp
o J |
~—C—H C—H —C—H
/ V4
~2900 cm™! ~3100 cm™’ ~3300 cm™’

* Do su lai héa va che phu cua cac orbital lai hoa tao lién
két, lién két tré nén ngan hon va bén hon = lién két hap
thu nang lvgng & so séng cao hon.

20
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SO sdng vung X-H

e VUng s6 séng 3000 cm™ trén phd hdng ngoai co thé
cho thdng tin vé nhdm chirc trong hop chat
Alkane Alkene Alkyne

I T

-

P

| I I
—C—H —C—H —C—H
| I | I |

I I [ [
3200 3000 2800 3200 3000 2800 3200 3000 2800

Wavenumber (cm™1) Wavenumber (cm™1) Wavenumber (cm™1)

% Transmittance
% Transmittance
% Transmittance

21
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SO sdng vung X-H

e Carbon bac 4 khong cho tinh hiéu C-H trong vung churc
nang.

- Du dodn sb séng > 3000 cm™ (néu cd) thudc cac cau
truc sau

X

22
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Hinh dang mii IR — rong — hep

 Dang rong va dang nhon

Broad signal Narrow signal

|

% Transmittance
% Transmittance

|

Wavenumber (cm™1) Wavenumber (cm™)

 Dao dong kéo gian O-H thuong cho tin hiéu rong

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Hinh dang mii IR — rong — hep

 Lién két O-H thwong tao lién két H = lam yéu lién két O-
H

This bond is weakened
as a result of H bonding

* Mau chira nhiéu phan tir cd lién két O-H & céc cuvong do
khac nhau dan dén tin hiéu mai O-H trd nén dang bau
tron.

* M{ii cia dao déng kéo gidn O-H sé nhon va hep néu
dung dich khdng tao lién két Hydro

24
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Hinh dang miii — rong — hep
e Mau cd ndng do trung binh, ca miii nhon va tron bau
déu xuat hién do sy ton tai cta O-H lién két hydro va O-
H tv do.

% Transmittance

100
80
60 /
| Free
40_: O-H /
] O-H
2071 participating
1 in H-bonding
O | I I I [ I I 1 I | I | I I ] I I I | | I | I I ] 1 I I I | I I I I ]
4000 3500 3000 2500 2000 1500 1000 400

Wavenumber (cm™)

25
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Hinh dang mii IR — rong — hep

Carboxylic acid cling hinh thanh lién két

hydro = miii tron bau & vung 3000 cm-1° .

vé&i miii bau & 3400 cm™! dac trung clia dao RYO""H\O
dong kéo gian cua nhom O-H. o )\R

(] 7 \ \ e A n ) H___:O
Mat khac, do hinh thanh lién két hydro gitra -
2 phan tu acid = tin hiéu rong hon.

100
8 80
& i
£ g0
g 60: 5
S 40 "4 I ==
O\o 20‘5 from from

| carboxylic acid carboxylic acid
O L LA . CaR LN N N U N A B B I | ! ! ! ! | ! | ! ! ! ! |
4000 3500 SOIOO 2500 2000 1 5100 1000 400

Wavenumber (cm™)
26
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Hinh dang mi

IR — mi doi

(=

H

Piperidine
(a secondary amine)

. A N A /\/\/\ |
Amin bac 1 va bac 2 e
co mii dao déng co Hexylamine
\ A (a primary amine)
cwong do manh. 756 ] 100
\ e ~ | |
Ngoaira, N-H cung !
c6 khd ndng tao lién ] | :
n A ~ e 80 80
két hydro nén mii - !
IR rong. e I _—
N ~N \ n 8 — : 8 il
Lién két ndo phan 3 &) i g B0 Fey |
cwc hon, O-H hay N- & A 5| ™
5 S | S
H-: ~ 40 ! ~ 40
A ! S
l
d , _
20 - : 20/~
y : ]
I
4 I -
|
O " ow % B | ! % | % E 0 LI AN I
4000 3500 3000 2500 4000 3500

CuuDuongThanCong.com

Wavenumber (cm™7)
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Wavenumber (cm™)
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Hinh dang mii IR — mdi doi

 Amin bac 1 xuat hién 2 dinh kha
phirc tap.

e 2lién két N-H dao dong theo 2 kiéu o,

/\/\/\NH2

Hexylamine
(a primary amine)

khac nhau nén tao ra 2 tin hiéu khac i i
80
nhau. |
4% o0 | i
E 1 moA
8 o
= 40 ld |
R !
0 _ T T ; L
. . : . 4000 3500 3000 2500
Symmetric stretching Asymmetric stretching WENETRBEE [Er

28
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SO sOng vung X-H & hinh dang miii

C-H 2900 - 3000 cm’”’

N-H  3300-3400cm’
O-H 3500 - 3600 cm-

Reduced mass |ij very similar for all
So order a result of bond strength
OH > NH > CH

i
DD LEL Ly

I I : - .
;};N\m\ /}_Iﬂ'N% e 2 N-H bonds in aniline act as one 'unit’
anti-symmetric stretch symmetric stretch] Two possible vibrations so two peaks
3400cm™’ 3300cm™’

29
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SO sOng vung X-H & hinh dang miii

e

IRETALWY M}“ AN BRRFYILIRN
(RN TR e A
;i / @/ . V w{ RJ \U,r| Lw ‘ | rJ Me /@:m ﬁl W ‘

0 0
0 H™ I
" Ho .- Ho H
i ;
Ph Ph can't
approach

* H-bonds vary in strength and length
* They cause a weakening of X-H bonds
* The range of strengths leads to a range of absorptions

30
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SO sdng vung lién két doi

C=0
carbonyl group

C=C

alkene

1900 - 1500 cm!
strong

1640 cm™?

O-N=0 1500 & 1300 cm-!
nitro group 2 strong peaks
i e ;,v' N N Iﬂlﬁ, l,-,llr\ NA
i .k Hfﬁ' o
i | |Il | ‘
L il
L

EARER ]

Vung quan trong nhat, cho

nhiéu théng tin nhat

©0.®_0 0.®_0©
RNO, = ‘-v'“lil"—*' E"‘-""ril"'-*’
R R
0. 206 ©0.8.00
R R
anti-symmetric symmetric
1550 cm™ 1350 cm™’

« Two peaks as two forms of stretch (like primary amine)
« Symmetric stretch weaker absorption as less change In dipole

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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% Transmittance

Cuvong do mii

* Mii hap thu cé nhiéu cwong dd: manh, yéu, trung binh

100

80 -
60
40

20

h

Weak signal

Strong signal

"

CuuDuongThanCong.com

Wavenumber (cm™)

https://fb.com/tailieudientucntt
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Cuong do tin hiéu IR
 Khi lién két dao dong kéo gidn, m6é-men lwdng cuc
cling dao dong
* M6 men lwdng cwc u=exd; e: dién tich, d: khoang
cach gitra dién tich.
* Dao dong cua mo men ludng cuwc tao nén dién trwong
quanh lién két

i3
Strength of |
dipole moment |
(Debye)

Time
(as bond vibrates)

33
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Cuong do tin hiéu IR

* Lién két cang phan cuc, kha nang tuwong tac gitra sdng dién
trwong va bire xa héng ngoai cang cao.

100
0 j ||
)il 0o
| |
8 J
S 607 c=¢
M Iz g A
(2]
§ _
~ 40
e T e L -
Time Time |
(as bond vibrates) (as bond vibrates) 20
. U
| PION
O | | |
. . . i A . 1800 1700 1600
PO phan cuc cang cao = tin hiéu IR cang mar Wavenumber (cm™1)

(cwong do tang)
34
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Cuong do tin hiéu IR

* Miicéd cwong dd manh khi nhiéu lién két cia cung loai
dao dong

e Madc du lién két C-H khong phan cuwc nhiéu, ching
thwong cd tin hiéu rat manh do cé nhiéu lién két C-H.
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Vung noi doi - Alkene

structure wavenumber (cm™) comment

1640 (m, sh) ms= g"ﬁgggm

More substituents the
1655 (m, sh) stronger the bond &
higher absorption

* More substituents =
stron er bond
ut’less change in
1660 - 1675 (w) dIF}G|E moment So
reduced intensit
* Symmetrical alkenes
close to no absorption

* sp? centres form stronger bonds as more s character = better orbital
overlap

e C-H of alkene >3000 cm™!
* C-H of alkyl <3000 cm’

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Vung noi doi — Alkene - Vi du

T
d

'| “L[WHKHJM ﬁ

|

al

[

B EDRERER L]

ey LR

CuuDuongThanCong.com

T T T
(i) PEE
seLph T L

Limonene - peaks weak as little
change in dipole moment

internal alkene higher wavenumber
due to substitution

But less intense as less change in
dipole moment

Isolated C=0 & C=C in normal
positions (above)

Conjugated / resonance lowers
both as more single bond character
BUT more intense as polarised

37
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S6 sdng vung noi doi — nhém carbonyl

Anh huong cua hé A ketone A conjugated ketone
lién hop: lién két 0 0

pi trong hé lién /\/U\ /\)J\

hop lam lién két T T

C=0 yéu hon do

hidu ¢rng lién hop 1720 cm™’ 1680 cm’

9 lién ké’t An ester A conjugated, unsaturated ester
nghiéng vé lién két \)OJ\ \)'L

don hon = miii o W .

dao déng & s6 T T
song thdp hon. 1740 cm” 1710 cm™’

38
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Vung noi déi — nhdm carbony!

X X

R H R R1
aldehydes ketones
RCHO RCOR'
1720 - 1725 cm™ 1710-1715cm™

Aldehydes have stronger bonds than ketones - why?
Carbonyl functionality most useful in IR (in my opinion)
aracter

* | eaves more s character in C=0 so

1715em™  1745cm™ 1780 cm’’ shorter and stronger bond

0 0 00
* Why weaker than normal? = -
¢ Delocalisation results in single

bond character ®

1690 cm™?

* As C=0 gets more strained so bond
g\ets stronger! But more reactive
n%le less than 120" so needs more
C

39
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Carboxylic acid derivatives

Electronegative Cl drags electrons close making =
bond shorter and stronger

X=Cl 1815cm™ 0

HJL\CI

Stronger than ketone due to electronegative oxygen.
But delocalisation of lone pair weakens n bond.

X=O0H 1745cm"! (8 6o _ o%
HJQEH H/KE’H - H)n\.g'f.,

Amides have even weaker © bond due to increased
delocalisation. Nitrogen is less electronegative so
donates lone pair more readily.

0O 06~

@ = Ao
NH, H/I'\'NHE

40

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


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

Vung ndi d6i — nhém carbonyl-vi du

A A N AT
AT AT
l FrJLCI' h U \| | k]/f PrJ\oH | ‘If \‘M |

—
r_\_‘_\—\_
-
i ,.'"l
2
o
E_ T B
—_—
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Vung van tay

* 1500 cm-1 or less is fingerprint region - unique to a molecule

e But dull C-C, C-N & C-0 roughly same reduced mass and bond
strength - so nothing distinctive

* Deformations (or bending) occurs at low energy as well

* \ery few are useful dxb oﬁixo
\..q.- - h _/‘

‘ Summary of absorptions in IR spectra \

Position of #

band

reduced mass

bond strength

light atoms - high
frequency

strong bond - high
frequency

Strength of
band

>

change in dipole
moment

large dipole - strong band

CuuDuongThanCong.com

Width of band * hydrogen bonding

H bond - weak

stron
J band

42
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Phan tich pho IR

e Dua vao bang
* Cac cau truc thuwong gap khi phan tich IR
1. Tap trung vao vung nhém chire (> 1500 cm?)
a) 1600-1850 cm™ —vung lién két doi
b) 2100-2300 cm —vung lién két ba
c) 2700-4000 cm™—lién ké X-H
d) Phéan tich s6 séng, cwong dd va hinh dang cta cac miii
2. Co nhom C=0 khong
a) 1820-1660cm
b) Cuong do lon
c) DO réng trung binh

43
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Phan tich pho IR

100
ol | N
| =C—H
80
| H
2. Tap trung vao vung 2700- 8 H o c—H
e
4000 cm™ (X-H) =—— £ |,
(2]
g '
= 40
“ cl; =
* Duarakét luan: 20- |
:

| | |
3600 3400 3200 3000 2800
Wavenumber (cm™1)

44

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


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

Phan tich pho IR

1. Tap trung vao vung nhém chirc (> 1500 cm™)
2. Co nhém C=0 khoéng

a) 1820-1660cm

b) Cuong do lon

c) DO réong trung binh
3. C6C=0

COOH NH COOR (RCO)20 CHO co

Mdirobng  Miitrung MiicaoC- MiicaoC=0 Miitrung Con lai
cua OH binh N-H O 1300- 1810-1760 binh C-H
3400-2400 3400-3300 1000 Hai mii cach 2850-2750
NH hay nhau 60cm™
NH,

45
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Phan tich pho IR

1. Tap trung vao vung nhém chirc (> 1500 cm™)
2. CO6 nhom C=0 khéng
3. Khdéng co C=0

ROH C=C ArOH
M{i rong cia OH M{i thdp C=C 1650 M{ii TB-cao C=C 1650-
3600-3300 Cac mii C-H bén trai 1450
Mdi C-O 1300-1000 3000 Cac mii C-H bén trai
3000

4. CO noi ba khong

C=N C=C

M{i nhon TB ctia CN M{i nhon thap C=C 2150
2250 Cac mii =C-H ~ 3300

<0

ongThanCong.com https://fb.com/tailieudientucntt
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Phan tich pho IR

1. Tap trung vao vung nhém chirc (> 1500 cm)

2.

3.
4.
5

Co nhom C=0 khong

Khdng co C=0

Co nodi ba khéng

Co nhdm NO, khong

Hai mii cao NO, 1600-1500 va 1390-1300

. Khéng c6 nhom chirc nao => alkane

Pho don gidn vai mii C-H bén phai 3000 va miii khoang 1450,
1375
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1.

Alkanes — lién két C-C va C-H H
- Dao déng kéo gién va bién dang C-C H=C
1360-1470 cm-t -
« LK CH,-CH, 1450-1470 cm-!

. LK CH,-CH, 1360-1390 cm'?

« Dao dong kéo gian sp3 C-H 2800-3000 cm?

20 28 27 28 28 3 35 4 45 5 55 & 7 8 a 10 11 12 13 :
| N ‘AI Ly At I .
o0 “-{\ S),\fr N (n1)f\ AR Vol IV V0 W /]

an ’
70

T

R

TZ |
|

4000 3200 3800 3400 3200 2000 2500 2600 2400 2200 2000 1800 1800 1400 1200 1000 200
WAVENUMBERS
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Table 4.1 Characteristic infrared bands of aliphatic hydrocarbons

Wavenumber (cm™ Y

Assignment

2960
2930
2870
2850
1470
1465
1380
1305
1300

720

Alkanes

Methyl symmetric C-H stretching
Methylene asymmetric C—H stretching
Methyl asymmetric C-H stretching
Methylene symmetric C-H stretching
Methyl asymmetrical C—H bending
Methylene scissoring

Methyl symmetrical C-H bending
Methylene wagging

Methylene twisting

Methylene rocking

50
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H 1-Octene

2. Alkenes — LK C=C va C-H = PN
-
H

Gian C=C 1620-1680 cm va yéu dan khi tdng s6 nhom thé

«  Gian vinyl C-H 3000-3100 cm-!

Sw khéac biét gitra alkane, alkene va alkyn dwoc nhan biét qua dao
ddng C-H. Néu c6 mii > 3000 = vinyl sp2 C-H (=C-H) hoac
alkynyl sp C-H (=C-H). < 3000 cm-: alkyl sp3® C-H

A mm\\ A f\/”’*MfEWWj B A M AN/
i IHIIRY AR AN RAY
I i BRI
i | ] i B
i H B
i ) |
(w~[m) \
I (w/—m) [
lk ”

a 1200
EEEEEEEEEEE
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Alkenes

3100-3000 =(C—H stretching
1680- 1600 C=C stretching
1400 =C—H in-plane bending
1000 -600 =(C-H out-of-plane bending
Group Stretching Freguency Intensity
(em™')
RCH=CH, 645 Medium
R.C=CH, 1653
cis-RCH=CHR la6
rans-RLCH=CHER 675
T and tetra 1670 Weak

substituted

52
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3.

1-Octyne

Alkynes — LK C=C va vinyl C-H o~
Gian C=C: 2100-2260 cmt; cwdng dé mii tuy vao H=C=C

do phan cwc cua LK
Gi&n C=C dau mach-bat dbi xirng: 2100-2140cm Y- manh
Gidn C=C gilra mach: 2210-2260 cm, yéu
Dao déng R-C=EC-R khéng xuét hién trén phd

» Dao dong C,,-H alkyne cu6i mach: 3200-3300 cm-*

2.8 28 27 28 z8 3 3.8 4 4.0 L] 4.5 ;"“"“"" 7 8 a 10 11 12 13 14 15 18

100 . T . . . . L . L L . . . L . . . .
et~ A LT e T T e T A

" AN N A

EEEEEEEEEEE
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4. Hydrocarbon thom (Aromatic)

» Gidn bt déi xiimg va déi xieng C-H ¢ 3000-3100 em™ (Ddi khong
Mo ).

» Dao dpng udn ngoai mdt phang C-H ¢ 900-675 em™ véi cuing di
manh (Vung ddc trung cua Hydrocarbon thom).

# Gidn C=C ¢ 1430-1600 em”, thueng la peak doi.

Wavenumber (cm~") Assignment
3100-3000 C—H stretching
2000-1700 Overtone and combination bands
1600- 1430 C=C stretching
1275-1000 In-plane C-H bending
900 -690 QOut-of-plane C-H bending

54
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Ethyl benzene
H

4. Aromatics ©/\
- e lién hop trén vong, bac LK C-C ~ 1.5, tan sb dao déng |

kéo gian cla LK nay thap hon LK C=C
« Xuét hién mii déi, nhon: 1500 & 1600 cm'?
* LK C-H cua vong twong tw vinyl C-H: 3000-3100 cm?

g3 3.5 4 4.5 5 5.5 g T ] ] 10 11 12 13 14 15 18
m I "\“NNWWWWWF AN | | CaINA VA% il

R E—
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4. Aromatics
* Néu khdng c6 nhém C=0, trong ving 1667-2000 cmt (w) xuat hién nhom mii v&i
cuwdong dbé yeu cua vong thom

« Vung nay dwoc goi la dai hoa am hay dai béi am (overtone) c6 sb séng bang
boi sO clia dai co ban

2000 1667 cm—1

r\ f Mono-

| p-

1 nhém thé

nhom thé & vij tri ortho or o-

nhém thé & vi tri meta or m-

nhom thé & vij tri para or p-

O@OOQO QG) @O

]
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6. Ethers Diisopropyl ether
— dao ddng LK C-O-C bat dbi xirng va LK vinyl C-H /L J\
« Gian C-O-C bat dbi xirng: 1050-1150 cm-t, manh o
 Aliphatic C-O-C: 1150-1085 cm?
 Aryl C-O-C bat doi xieng  1275-1200 cm-?
* Aryl C-O-C ddi xtrng: 1075-1020 cm't

« Hoac la bi che phu béi dao déng cua cac hydrocarbon khac

(P T e PO IS Y

3;5 4 4]: 5 SIE I? T a? EI 10 1I1 1|2 l|3
™ A ] ™ .

L1
|

s S —

(s)
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7. Alcohols
- Gi&in O-H: 3200-3400 cm%; mdi rong, manh 1-butanol

H ~ /\/\
- Nhu ether: gidn C-O 1050-1260 cm-L O

alcohols bac 1: 1075-1000;
alcohols bac 2: 1075-1150;
alcohols bac 3: 1100-1200;
phenol: 1180-1260
« Hinh dang mii tuy thuéc vao LK hydro

MMMMMMM

\ o M BN TN AN
kmn;rsm BRI TR Y A
I I iy I .
I L | | ]
M | | VL ]
VRN a
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7. Alcohols
“* Gidn O-H (O-H stretching):
= Khi khong co lién két Hvdrogen (Nhom —OH tw do), gidn O-H cua
Alcohol va Phenol hap thy manh o 3700-3500 cm,
» Khi c6 lién kér Hydrogen ngoai phén tr, gign O-H ctia Alcohol va
Phenol hap thu manh o 3330-3200 em-1,

I TR
—lk

irtar rrvcr s I-u_rhr —
ey cir oGy o el sl —_
l'_ ]
L
2.5 3 )
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‘ 8. Amine

“*Pic trung nhat ciia Amine 1a gian N-H cia Amine béc 1
va bac 2.

#Amine biac 1 (Primary Amines): 3300-3500 cm™' (Peak doi).

#Amine bic 2 (Secondary Amines): 3310-3500 cm™ (Peak
don).

¥ Gidn N-H tw do doi xirng va bat doi xieng : 3400-3500 cm’’.
Néu co lién két Hydrogene thi dao dong giin o buwoce song dai

hon (<3400 cm™'). ,
e
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2-aminopentane
8. Amines —bac1 H\N/H
+ gian—N-H clia NH, miii déi: 3200-3500 cmt A
(symmetric and anti-symmetric modes)
- Bién dang -NH, 1590-1650 cm'?
D&y dao dong bién dang  780-820 cm-!

TN T TS
i 2

li] 1800
EEEEEEEEEEE
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pyrrolidine
9. Amines —Bac 2

« Day N-H cua R,N-H  3200-3500 cmt mdi E:N—H

don, nhon, yéu hon O-H

« Amine bac 4 (R;N) khong co LK N-H khong c6

mdi trong vung nay

et ] Ty |
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10.

Cyclohexyl carboxaldehyde
O

Aldehydes O/C\H
« Gian C=0 (carbonyl) 1720-1740 cm

 Aldehyde lién hop & benzaldehyde v._5 1710-1685 cm-?
» Gian sp? C-H dac trwng, mdi déi 2720 & 2820 cm™ goi la

“Fermi doublet” M

25 2§ 27 28 28 32 3.5 4 4.5 5 5.5 g 7 2 g 10 11 12 12 14 15 18
i A e ul ; . ; ; . . . . . A R
0 l‘ - D e Ly

N ik ( \\ fw hnﬁhﬁmhn LD M \f\ /h
| LRI v

A |
40— ‘v‘v i
20
20
ys)

10 U
0
4000 3800 3800 2400 3200 2000 2900 2800 2400 2200 2000 1800 1800 1400 1200 1000 200 s

WAVENUMBERS
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3-methyl-2-pentanone
O

11. Ketones )H/\
« Twong ty dao déng nhdm carbonyl

e Gian C=0 1705-1725cm1

T R
|
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Ethyl pivalate
12. Esters o)

«Gidn C=0  1735-1750 cm'! %J\o/\

« Aliphatic ester 1750-1735
 Ester o, B knong no 1730-1715

« Miii C-O manh & tan sb cao hon ethers hay alcohol150-1250 cm-t

/]
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4-phenylbutyric acid

13. Carboxylic A:cids: o
« Dé doc pho sai qua cac nhom khac -
\O/

« Dao dong C=0 1700-1725 cm™
« Dao déng O-H 2400-3500 cm- rdng

N B
\ //f \P f\ A ~AM
WA 14 Y A
! \ VR RERTTY  L
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Propionic anhydride
O @)

14. Acid anhydrides \)k )k/
O

« Mai déi dac trweng C=0 cach nhau
70 cm1 tai 1740-1770 cm1 va 1810-1840 cm-?

« Nhiéu loai dao déng C-O 1000-1100 cm'L

et 5 e 5 o H i - : ! H : A - -
w e
50 I S ™ / _-h\ ;'I”f A
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Han ché

Mic di phuong phap phd dao dong 1a mot trong nhitng phuong
phap hitu hiéu nhat dé xac dinh cac chat vé dinh tinh cling nhu dinh
lrong, duoc ing dung rong rai trong nghién ctru khoa hoc cting nhu
trong kiém tra cong nghiép, phuong phap nay ciing c6 nhirng han
ché nhét dinh:

Bang phuong phap pho hong ngoai KHONG cho biét phan tir
lurong (trir tredong hop dac biét).

NGi chung pho hong ngoai KHONG cung cap théng tin vé cac vi tri
twong doi cua cdc nhdém chirc khac nhau trén mot phan ti.

Chi riéng pho hong ngoai thi d6i khi chua thé biét d6 1a chat nguyén
chat hay chat hon hop Vi ¢6 truong hop 2 chat c6 pho hong ngoai
gidng nhau.

*68
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U'ng dung :

1. Nhan biét cac chat
—  Trudc khi ghi pho hong ngoai, n6i chung ta da c6 thé c6 nhiéu
théng tin vé hop chat hodc hon hop can nghién ctru, nhu: trang thai
vat Iy, dang bén ngoai, do tan, diém néng chay, diém chay. Néu c6
thé thi can biét chac mau la chat nguyén chat hay hon hop.

— Sau khi ghi pho hong ngai, néu chat nghién ctru 1a hop chat hitu co
thi trude tién nghién ctu ving dao dong co gidn ciia H dé Xxac
dinh xem mau thudc loai hop chat vong thom hay mach thing

hoac ca hal.

*69
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U'ng dung :

— Sau d6 nghién ctru cac vung tan so nhom dé xac dinh c6 hay khéng

cd cac nhoém chre.

—  Trong nhiéu trudng hop viée doc pho (giai phd) va tim cac tan so dic
trung khong du dé nhan biét mot cach toan dién vé chat nghién ciru,

nhung c0 1& 12 ¢6 thé suy doan duoc kiéu hodc loai hop chat.

2. X4ac dinh d6 tinh khiét.

3. Phan tich dinh luong.
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St dung pho IR dé phan biét hgp chat

* Pho IR cé thé duwoc dung dé nhan biét cadc phan &rng
chuyén nhém chire. VD

OH O
—_

e Xac dinh nhédm chirc va mé ta cach st dung IR dé xac
dinh thanh phan san pham phan &ng

1) H-Br
2) Et-OK (CH3)ZS \~I/
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»Lién két C,H: Gian C-H (Stretching C-H) va uén C-H (Bending

C-H) cua nhom Methyl (-CH4) va nhom Methylene (-CH,-)

of \ (T RN
] JI B 2
7 . A
L o
1 CHyCHy)yCHy
g 50
§
:r: ] Im-plane bending In-plane bending
B 4 or seissonng (4, CHab of focking (0 CHyl
T & - 1465 con” ~720cm'!
L L I | T T I T |'-: 1 LI | L r T T | T T T L | T 1 I I | T T T T ]
400K LLLY 2000 1000

Wavenumbers icm™'y

FIGURE 2.8. Duodecane. C—H steeteh: 7953 em " 0, CHy 2870 em ' 9 CH,, 2922 em ' 9, CH, 2853 em ! w,CH,.

(C—H bend: 1464 cm ™' §CH,. 1450 ¢m™' 6, CH., 1379 em™' & CH;. CH; rock: 724 em ™' p CH,.

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

72


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

S Transmmtrance

Alkane mach nhanh

G | CH,  CH, |

1
I
CH}—EH{HE-I{_‘—EHﬁ

L L]
':'l
i Ld

; CH;
Al _ 3
0 3
! T T L | I 1 T I [ 1 I T LI | I | T T [ 1 ! T T | L T | I I F= ]
A000 3000 2000 1000
Wavenumbers (cm )
73
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e Transmitiance

iz 1
B
LER

TN o
Cla

=

I N T T TR R T |
!

|

_‘-H"I

&

L 1 5 1 o1 1

H EC:{:H_{L H 3 }g{:‘ H 3

GEHT

L] 1 L 1 I 1 L 1 1 :l I 1 L] 1 | L] I L 1 L] 1 L I 1 I 1 L ] L | I 1

T
4000 RILLL : 20HM) HEEL
Wavenumbers (cm™)
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FIGURE 2.12. |-Heptyne. =C—H stretch, 3514 em . Alkyl C—H stretch 1450 1360 cm™ (see Figure 28).
20— 2860 e O stretch, 21260 e L C—H bend: 1463 ¢m ' &CH,, 1430 em ! 5,CH,. =C—H bend overtone,
1247 em . =C—H bend fundamental, 637 cm~',

A: =C-H giiin: 3314 cm!

B: C=C giin: 2126 cm"!
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. Hydrocarbon thom

0
CEHECH;; An aromatic hydrocarhon :

ArH above 3000 cm-1
sp3 CH at 2900 cm-1
C=C 1600 and 1475 cm-1

50

ArH CH C=C
L e e S S S S
4000 3000 2500 2000 1500 1000 500

Wavenumbhers § l:m'l

Hydrocarbon thom cé dao dong kéo dan C-H cua vong thom > 3000 cm™; sp3 C-H ~ 2900 cm;
C=C vong thom ~ 1600 va 1475 cm™!
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A typical ketone shows a major absorption at
C=0 at 1715 cm-1
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Ah=sorbance / %0
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The most important absorption here

is the broad -OH at about 3350 cm-1
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Ah=orbhance / %0

CH,CH,CH
I " A carbozylic acid shows :
/ C=0 stretch at about 1710 cm-1 1
| ™ OH {very broad) at ahout 3400 cm-
OH CH C=0
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Ah=orhance 7 %0
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CH ['H,
An ester, with characteristic absorptions at :
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FIGURE 2.18. Bengvl alcohol. O—H streich: intermolecular hydrogen bonded, 3329 cm ™", C—H stretch: aromatic
A= 3000 cm ', C—H stretch: methylene, 2940-2860 cm . Overtone or combination bands, 2000- 1667 cm ™", C==C
ring stretch, 1500, 1455 cm ', overlapped by CH, scissoring. about 1471 em ™. O—H bend. possibly augmented by
C—H in-plane bend, 1208 em ™", C—0 stretch, primary alcohol (see Table 2.5) 1023 em™ . Crut-of-plane aromatic
C—H bend, 745 em™", Ring C=C bend, T07 ¢m ™",

A: Giian O-H (Lién két Hydrogen ngoai phén tir), 3329 cm!

84

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


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

10 § \
45 3
v 3
& 3
i - pa
E q.ué E ~ i
g 7 e X3 Z
a - & =
T - A
= 85 3 . EE, & o
'=' !E' o= E i
ET T T T T | T T T T | 1 F 1 . T T 1 T --. T | T ™
4000 3NN LUV [

Wavenumbers (cm'™)

FIGURE 2.17.  Phenol (Melt ). Broad mtermolecutar hydrogen bonded, O—H stregch, 3244 cm ™. Aromatic C—H
stretch, 3052 cm ™', Overtone or combination bands, 2000=1667 cm ", Ce2=C ring stretch, 1601, 1501, 1478 ¢cm ' In-
plane O—H bend, 1378 cm™!. C=0 streteh, 1231 cm ™', Qut=of-plane C—H bend, 815, 753 cm . Out-of-plane ring
C== hend, 6% em ™. {Broad) hydrogen-bonded, out-of-plane O—H bend, about 650 ¢m ',

A:Gidn C-0, 1231 em!
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FIGURE 2.19. Anisole. Aromatic C—H stretch, 3067, 3030, 3005 cm~ ' Methyl C—H stretch, 2950, 2841 cm ',
Owertone-combination region, 2000- 1650 cm ', C==C ring strech, 1601, 1501 em ™~ Asymmetric C—0—C streich,
1254 cm ™', Symmietric C—0—C stretch, 1046 em- ' Out-of-plane C—H bend. T84, 761 cm ' Out-of-plane ring C===C
bend, 69 em .

A: Gidn bét dbi xirng C-0-C: 1254 cm™.

B: Gidn doi xtrg C-0-C: 1046 cm’™,

C: Gidn C=C cnavong: 1601va 1501 cm™.
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FIGURE 2.20. Acetone, v, Methyl, 2995 cm ", v, Methylene, 2964 cm ™", v, Methyl, 2918 cm ™", Normal C=0
stretch, 1715 em ™", &, CH, 1422 em ™" &, CH, 1360 cm ', C—CO—C stretch and bend, 1213 em ™",

A: Dao dong gian C=0: 1715 cm’!

B: Dao déng gidn va uon C-CO-C: 1213 cm’!
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FIGURE 2.21. Acetophencne, Overtone of C=0 streich 3352 em ' frequency about twice that of C=0
stretch, C=0 stretch, 1686 cm ™' lower frequency than observed in Figure 2.200 because of the conjugation with

the phenyl group.
B: Dao dong giin va uon cua C-CO-C, 1270 em’!
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FIGURE 2.22. Octanal. Aliphatic, 2980- 2860 cm ' (see Figures 2.8). Aldehydic, C—H stretch, 2715 ¢m ™. Normal
aldehydic C=0 stretch, | 728 em ™', Aldehydic C—H bend, 1381 em .

A: Dao dong gian C=0, 1728 cm’!

B: Dao dong gian C-H ctianhéom -CHO, 2715 cm!
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FIGURE 2.23. Hexanoic acid. Broad O—H stretch, 3300-2500 cm . C—H sireich (see Figure 2.8), 2067, 2874,
2855 em ™', Superimposed upon O—H stretch. Normal, dimeric carboxylic C=0 stretch, 1717 ¢m ™. C—0—H
in-plane bend, 1424 em~ ', C—0 stretch, dimer, 1301 em ™~ F, O—H oot-of-plane bend, 946 cm ",

A: Dao dong gian O-H, trén 3000 cm"!

B: Dao diong gian C=0, 1717 em™ (Dang dimer)

C: Dao ddng uon C-O-H, 1424 cm”!
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FIGURE 2.25. Phenyl acetate. Aromatic C—H stretch, 3075, 3052 cm™, Ce=0 stretch, 1771 cm ' this is higher
frequency than that from a normal ester C=0 stretch (1740 cm~ " wee Table 2.6) because of phenyl conjugation
with alcohol oxygen; conjugation of an aryl group or other unsaturation with the carbonyl group causes this C=0
stretch 1o be at lower than normal frequency (e.g.. benzoates absorb at about 1724 ¢m ). Ring C==C streich,

1601 em ™, §,CH,. 1493 em™ ', 8, CH,. 1378 em 'L Acetate C{=0)—0 sireich, 1223 em !, O—C==C psymmetrical

siretch, 1200 ¢m ™",

A: Gian C=0: 1771 em™?

B: Gidn bt doi xikng 0-C-C em-1: 1200 em™!
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AGURE 2.29. 2-Mcthyl-1.5 pentanediamine. N=H stretch, hydrogen-bonded, primary amine coupled doublet:
asymmetric, 3368 cm . Symmetric, 3291 em . (Shoulder at about 3200 cm ', Fermi resonance band with overtone of
band at 1601 em™". Aliphatic C—H stretch, 2928, 2859 cm ', N=H bend (scissoring) 1601 em ', 8,CH, (scissoring),
1470 em ', C==N stretch, 1069 em ™', N—H wag (neat sample), ~900-700 em ",

A: Gian N-H (Cé lién két Hydrogene), miii déi: gidn bat doi
xirng (3368 cm-1) va gian doi xieng (3291 cm-1).
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FIGURE 2.31. a-Methylbenzyl cyanide. Aromatic C—1 stretch, 2067, 3030 cm ™, Aliphatic C—H stretch, 29%0),
2944 em ', C=N stretch, 2249 cm™'. Out-of-plane C—11 bend (aromatic ring), 761 cm ',

LI

A: Gidn C=N, 2249 em”,
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