Phan tich pho IR

* Duwa vao bang
* Cac cau truc thuwong gap khi phan tich IR
1. Tap trung vao vung nhdom chirc (> 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) Phan tich s6 song, cuong d6 va hinh dang cta cac miii
2. COo nhom C=0 khong
a) 1820-1660cm
b) Cuong dod Ion
c) DO rong trung binh
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Phan tich pho IR

100
T
80 /
2. Tap trung vao vung 2700- 8 W o-H
4000 cm™ (X-H) =— = | 525
|
* Puwarakét luan: Bl | O
R

| |
3600 3400 3200 3000 2800
Wavenumber (cm™)
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Phan tich pho IR

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

a) 1820-1660cm?

b) Cuwong do lon

c) DO rong trung binh
3. C6C=0

COOH NH COOR (RCO)20 CHO co

Mdiiréng  Miitrung MiicaoC- MiicaoC=0 Miiitrung 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™t
NH,
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Phan tich pho IR

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

ROH C=C ArOH
M{ii rong ciia OH M{ii thap C=C 1650 M{ii TB-cao C=C 1650-
3600-3300 Cac mui C-H bén trai 1450
Mui C-O 1300-1000 3000 Cac mii C-H bén trai
3000

4. CO6 nbi ba khong

C=N C=C

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

ae)

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

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

2.

3.
4.
5

C6 nhom C=0 khong

Khdng co C=0

Co nodi ba khéng

Co nhédm NO, khdng

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

. Khéng c6 nhom chirc nao => alkane

Pho don gian véi mii C-H bén phai 3000 va mii khoang 1450,
1375


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

NYFZANYIANYIANYIANY IS AN

ﬂ“ﬂ“ﬂ“ﬂ“ﬂ“l
N\ Y2\ TN\

TZaN\YZANYZANYZANYZA\YZ
VW7 N7 N7 NN\

TJANVIANVIANVIANVIANYYS.

CAC VI DU



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

1.

Alkanes — lién két C-C va C-H

- Dao déng kéo gian va bién dang C-C

2.5
100

o0

20

« LK CH,-CH; 1360-1390 cm-

g 27 28
|

2% 3

1360-1470 cm”
+ LK CH,-CH, 1450-1470 cm"’

4.5

.5

Dao déng kéo gian sp3 C-H 2800-3000 cm-?

2

Octane
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Table 4.1 Characteristic infrared bands of aliphatic hydrocarbons

Wavenumber (cm™') Assignment
Alkanes

2960 Methyl symmetric C-H stretching
2930 Methylene asymmetric C—H stretching
2870 Methyl asymmetric C-H stretching
2850 Methylene symmetric C-H stretching
1470 Methyl asymmetrical C—H bending
1465 Methylene scissoring

1380 Methyl symmetrical C-H bending
1305 Methylene wagging

1300 Methylene twisting

720 Methylene rocking

50
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H 1-Octene

2 Alkenes - LK €=C va C-H H,éQC/\M
I

H
«  Gian C=C 1620-1680 cm-"! va yéu dan khi tdng s6 nhém thé

«  Gian vinyl C-H 3000-3100 cnr

«  Su khéc biét gitra alkane, alkene va alkyn dwoc nhan biét qua dao
ddong C-H. Néu cé mii > 3000 = vinyl sp2 C-H (=C-H) hoac
alkynyl sp C-H (=C-H). < 3000 cm-': alkyl sp3 C-H
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Alkenes

3100-3000 =(C-H stretching
1680- 1600 C=C stretching
1400 =(C—H in-plane bending
1 000 - 600 =(C—-H out-of-plane bending
Group Stretching Frequency Intensity
(em')
RCH=CH, 1645 Medium
B C=CH, 1655
cis-RCH=CHR lGG0
rans-RCH=CHR 1675
Tn and tetra 1670 Weak
substituted

https://fb.com/tailieudientucntt
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1-Octyne

3. Alkynes LK C=C va vinyl C-H I
Gian C=C: 2100-2260 cmr?; cwdng d6 mdii tuy vao H=C=C

dé phan cwe cua LK
Gian C=C dau mach-bat dbi xieng: 2100-2140cm-" manh
Gian C=C gilra mach: 2210-2260 cm™, yéu
Dao déng R-C=C-R khong xuat hién trén phd

» Dao dong C,-H alkyne cudi mach: 3200-3300 cm"’
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4. Hydrocarbon tham (Aromatic)

> Gidn bat doi ximg va dbi xirng C-H & 3000-3100 cm (Dai khing

Ho ).

# Dao djng uon ngoai mdt phiang C-I & 900-675 cm™ véi cuvng dp
manh (Vung dac trung cua Hydrocarbon thom).

# Gidn C=C o 1430-1600 em”, thueing la peak doi.

Wavenumber (em~!)

Assignment

3100 -3000
2000-1700
1600<1430
1275-1000
900 -690

anCong.

C-H stretching

Overtone and combination bands
C=C stretching

In-plane C—H bending
Out-of-plane C-H bending

ittps://fb.comy/tailieudientucntt
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Ethyl benzene
H

Aromatics @/\
. ¢ lién hop trén vong, bac LK C-C ~ 1.5, tan s6 dao ddng |

kéo gidn cta LK nay thap hon LK C=C
 Xuat hién mdi déi, nhon: 1500 & 1600 cm-"
» LK C-H cua vong twong tw vinyl C-H: 3000-3100 cm-’

]EJZE 2;3 27 2]E 2;3 ? 5;5 4 -1-.If 5 5;5 E. :_ r} IQ 10 |I1 ‘:IE 1I3 I-‘- 1|5 ':IS
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4. Arompﬁos ’
* Néu khdéng (;é nhom C=0, trong vung 1667-2000 cm™ (w) xuat hién nhém mdai voi
cwong dbé yéu cua vong thom

« VUng nay dwoc goi la dai hoa @m hay dai bdi am (overtone) c6 sb sdng bang
bbi s6 cla dai co ban

2000 1667 cm1

\ Mono-

Di-

1 nhém thé

®

nhom thé & vi tri ortho or o-

nhém thé & vi tri meta or m-

nhém thé & vi tri para or p-

0@90@0 Qo § )

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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6. Ethers Diisopropyl ether

— dao déng LK €-0-C bat dobi xirng va LK vinyl C-H )\ J\
O

+ Gian C-O-C bat dbi xtrng: 1050-1150 cm-!, manh

. Aliphatic C-O-C: 1150-1085 cm-"
« Aryl C-O-C bat déi xirng  1275-1200 cm-"
* Aryl C-O-C d6i xtrng: 1075-1020 cm""

« Hoac la bi che phu béi dao dong ctia cac hydrocarbon khac
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7. Alcohols
» Gian O-H: 3200-3400 cn; mii rong, manh 1-butanol

H ~ /\/\
- Nhu ether: gidan C-O 1050-1260 cm' O

alcohols bac 1: 1075-1000;
alcohols bac 2: 1075-1150;
alcohols bac 3: 1100-1200;
phenol: 1180-1260
* Hinh dang mui tuy thuéc vao LK hydro
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7. Alcohols
“Gidn O-H (O-H streiching):

» Khi khéng cé lién két Hydrogen (Nhém —OH tw do), gian O-H ciia
Alcohol va Phenol hdap thu manh o 3700-3500 cm-?,

» Khi co lién két Hydrogen ngoai phdn tw, gidn O-H cua Alcohol va
Phenol hap thu manh o 3350-3200 cm-1.
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8. Amine

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

FAmine bic 1 (Primary Amines): 3300-3300 cm™ (Peak doi).

FAmine bic 2 (Secondary Amines): 3310-3500 cm™" (Peak
don).

» Gidan N-H tw do doi xirng va bat doi xing ¢: 3400-3500 cm.
Neéu co lien két Hydrogene thi dao dong gidan o buwoc song dai

hon (<3400 cm™). .
D

uongThanCong.com https://fb.com/tailieudientucntt
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2-aminopentane
8. Amines — bac 1 25
 gian—N-H cda NH, mai déi: 3200-3500 cm-? )\/\
(symmetric and anti-symmetric modes)
« Bién dang -NH, 1590-1650 cm’
 Day dao dong bién dang  780-820 cm’

e anN N | A nj'v\ s /]
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9. Amines —Bac 2
« Day N-H cua R,N-H

« Amine bac 4 (R;N) khong ¢6 LK N-H khong ¢é

mdi trong vung nay

3200-3500 cm! mdii

don, nhon, yéu hon O-H

pyrrolidine
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Cyclohexyl carboxaldehyde
O

10. Aldehydes O/CRH
« Gian C=0 (carbonyl) 1720-1740 cm-’

« Aldehyde lién hgp & benzaldehyde vs_5 1710-1685 cm-’
« Gian sp? C-H dac trweng, mai déi 2720 & 2820 cm™ goi l1a

“Fermi doublet’ M
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3-methyl-2-pentanone
O

11. Ketones AT/\
« Twong tw dao déng nhém carbonyl

« Gian C=0 1705-1725 cm-’

e
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Ethyl pivalate
12. Esters O

« Gian C=0  1735-1750 cm"" %o/\

* Aliphatic ester 1750-1735
 Ester o, B khong no 1730-1715

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

. 2 . : 5 18
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13. Carboxylic Acids:
* Dé doc pho sai qua cac nhém khac

« Dao dong C=0 1700-1725 cm-’

« Dao déng O-H 2400-3500 cm réng

4-phenylbutyric acid

Uy
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Propionic anhydride
o O

14. Acid anhydrides \)J\ J\/
(o)

« Mai déi dac treng C=0 cach nhau
70 cm-' tai 1740-1770 cm' va 1810-1840 cm-’

» Nhiéu loai dao déng C-O 1000-1100 cm-"

25 28 27 28 29 3 35 E 45 5 5.5 4] 7 a8 i Z 3
IEj 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Han ché

Mic du phuong phap pho dao dong 1a mot trong nhitng phuong
phap hitu hiéu nhat dé xac dinh cac chat vé dinh tinh ciing nhu dinh
lwong, dugce rng dung rong rai trong nghién ctru khoa hoc cling nhu
trong kiém tra cong nghiép, phuong phap nay ciing c6 nhirng han
ché nhat dinh:

Biang phuong phap pho hong ngoai KHONG cho biét phan ti
luong (tru trudng hop dac biét).
Noi chung pho hong ngoai KHONG cung cap thong tin vé cac vi tri
tuong d6i ciia cac nhom chitc khac nhau trén mot phan ti.
Chi riéng pho hong ngoai thi doi khi chua thé biét d6 1a chat nguyén
chat hay chat hon hop vi co trudng hop 2 chat c6 phd hong ngoai
giong nhau.

*68
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Ung dung :

1. Nhan bict cac chat
—  Trudce khi ghi phd hong ngoai, néi chung ta di c6 thé c6 nhiéu
thong tin vé hop chat hodc hdn hop can nghién ciru, nhu: trang thai
vat 1y, dang bén ngoai, do tan, diém nong chay, diém chay. Néu co

thé thi can biét chac mau 1a chat nguyén chat hay hon hop.

—  Sau khi ghi pho hong ngai, néu chat nghién ctru 1a hop chat hiru co
thi trudc tién nghién ctru ving dao dong co giin ciia H dé xac
dinh xem mau thudc loai hop chit vong thom hay mach thang

hoac ca hai.

*69
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U'ng dung :

— Sau do6 nghién ctru cac vung tan s6 nhom dé xac dinh ¢6 hay khong

cO cac nhom chiurce.

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

nhung co I€ 1a co thé suy doan dugc kiéu hodc loai hop chat.
2. Xac dinh d9 tinh khiét.
3. Phan tich dinh luong.
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St dung phod IR dé phan biét hop chat

e Pho IR c6 thé dwoc dung dé nhan biét cac phan ng
chuyén nhém chire. VD

OH O
—

e Xac dinh nhém chirc va mo ta cach st&r dung IR dé xac
dinh thanh phan san pham phan &ng

A e
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#Lién két CopH: Gian C-H (Stretching C-H) va uéon C-H (Bending
C-H) cua nhom Methyl (-CH.) va nhom Methylene (-CH.-)

—_—

X

1
ol
L]
=
L
rT
"

H
a
£ ] CHCHylypCH; —
£ 50 z .
I 4 L .‘ k%,
B 4 2
[ - ha ! . ]
” ] iy Izi-pliane Beniding le-plan hending
- - or seissoang (4, CHab af tocking (pCHs)
. ~ 1405 ¢ 12 em”
L L] I I T T 1 I 1 FEF L L T T T T T T L} I 1 1 L 1 | Lo | T ] T ]
4000 2000 1000

Wavenumbers (cm'')

FIGURE 2.8. Dodecane, C—H stretch: 2953 em ' 1, CHy, 28 em ! wCH;, 2922 em ' 9 ,CH,, 2853 em ! w,CH,,
C—H bend: 1464 em ™' §CH, 1450 em™ 8,CH.L 1379 em™' & CH;. CH; rock: 724 em~' p CH,,
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P Transmitrance

Alkane mach nhanh

100 e ‘_ﬁ\ W
F' | CH'{_ 1H"E Hj_#_c Hﬂ_'.l

CH;

: ; -
= «_;.‘J.,J ™ B
I::I 15 b '._:; -"i'l

e
40600 I."!ill.'lll.':ﬂ1 Q) I I | | ||:|::l::|I
Wavenumbers (em')
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¢ Transmitiance
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S Transmittance

LM} 4 o N'| (_/—g
- E%
] x E llirTHE ﬁ ; o
50 J 28 H,;C—C—CH=CH; - 5
-I [ E.
ﬂ |
£
GO SO00 2000 [{HMN)

Wavenumbers {cm™ )
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Alkyne

=
o
iiBidinsls J..J.::E:,

W

HC=C—(CHy)CH: &

v | ransmittanee
1

1 ™
| v

R B e i | 1 T

1 L 1 1 L] ! | I B | I I l L
4000 3000 L | W
Wavenumbers (cni' b
FIGURE 2.12. |-Hepiyne =C—H stretch, 3514 cm ™' Alkyl C—H stretch 1430- 1360 cm™ (sec Figure 2.8).
260 - 2860 em L U= stretch, 2126 em ™ L C—H bend: 1463 ¢m ! 8CH,, 1450 em ! 5CH,. =0 —H bend overtone,

1247 em ' =C—H bend lundamental, 637 cm— ',

A: =C-H giin: 3314 cm!

B: C=C giiin: 2126 cm!

I . I 2 = : 76
(: =C-H non (Cobhan): 637 cm?!
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. Hydrocarbon thom

0
CﬁHEEHE An aromatic hydrocarhon :
ArH above 3000 cm-1
sp3 CH at 2900 cm-1
C=C 1600 and 1475 cm-1
£ -
ArH CH C=C
lnn""l""l""l""l'"'I""I""I
G 300 2500 2000 1500 1000 £00
erenum]mrsfnm'l

Hydrocarbon thom cé dao dong kéo dan C-H cta vong thom > 3000 cm?; sp3 C-H ~ 2900 cm%;
C=C vong thom ~ 1600 va 1475 cm™

77
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CeTransmittance

1K)
: E Chvenone of combination bands E N _
: A‘“‘xr A 22
so04 | - '\
- r 5
5 I‘é “ﬁ b 45_ .
1 e £ =
| -
1 ] 1 L L] r L} [ I I | I L] L} L] I L ! ] I | L L] I L] I 1 L] L]
A00H) 3000 2000 1000
Wavenumbers (cm '}
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Ahsorhance / %o

0
s CHCLCH,
A typical ketone shows a major absorption at
C=0 at 1715 cm-1
# I
/ u
C=0
1““| L L 0 Tttt ]
4000 000 2500 2000 1500 1000 c00

CuuDuongThanCong.com

Wavenumhers f cm'l
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Ahzorhance [ %0

0
CH,CHCH,

S0+

The most important absorption here

is the broad -OH at about 3350 cm-1

OH co !

L o s e B s B S A
4000 3000 2500 2000 1500 1000 £00

Wavenushers a‘nm'l
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S Transmittance
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4000
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Ahzorhance [ %0

£l
CH,CH,CH
I ® / A carboxylic acid shows :
N / C=0 stretch at about 1710 cm-1 .
! OH (very broad) at ahout 3400 cm-
o0 OH CH =0
4000 3000 2500 2000 1500 1000 E00
Wavenumhers a‘nm'l

CuuDuongThanCong.com

82

https://fb.com/tailieudientucntt



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

Ahsorhance / %o

0
£0
CH ‘H,
An ester, with characteristic absorptions at :
C=0 1735 cm-1
C-0 1250 cm-1 and 1050 cm-1 ' |
/ [}/ TI
£l &l O
C=0 el
l““""l""l""l""l'"'I""I' L T |
4000 3000 2500 2000 1500 1000 E00

Wavenumbhbers / l:m'l
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FIGURE 2.18. Bengyl alcohol. O—H stretch: imermalecular hydrogen bonded, 3329 cm ", C—H stretch: aromalk:
Mp=3000 cm ™", C—H stretch: methylene, 29402860 cm . Overlone or combination bands, 2000- 1667 cm~ ' C==C
ring stretch, 1500, 1455 em . overlapped by CH. scissoring, about 1471 em ™. O—H bend, possibly augmented by
C—H in-plane bend, 1208 ¢m ™", C—0 stretch, primary alcohol (see Table 2.5) 1023 em™. Chut-of-plane aromatic
C—H bend, T45 em™", Ring C==C bend, 707 ¢m ",

A: Giin O-H (Lién két Hydrogen ngoai phén tir), 3329 cm’!
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FIGURE 2.17. Phenol (Melt), Broad mitermolecutar hydrogen bonded, O—H streceh, 3244 cm ™. Aromatic C—H
streteh, 3052 em ™', Overtone or combanation bands, 2000= 1667 co ", C=22C ring stretch, 1601, 1501, 1478 em . In-
plane O—H bend, 1378 cm ™', C=0 streich, 1231 em ™', Ou-of-plane C—H bend, 815, 753 cm . OQut-of-plane ring
C==C hend, 699 em . (Broad) hydrogen-bonded, out-of-plane O—H bend, about 650 cm~.

A:Gidan 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, 2843 cm '
Owertone-combination region, 2000- 1650 cm ", C==C ring stretch, 1601, 1501 em ™' Asymmetric C—0—C streteh,
1254 em™ . Symmetric C—O0—C streteh, 1046 cm', Out-of-plane C—H bend. 784, 761 cm ', Out-of-plane ring C===C
hend, 6% cm |

A: Gidn bit doi xtrng C-0-C: 1254 em-.,

B: Gidn déi xtrng C-0-C: 1046 cm™.

C: Giin C=C cia vong: 1601va 1501 cm™.
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FIGURE 2.20. Acetone, v, Methyl 2995 em ' v, Methylene, 2964 cm ™", v, Methyl, 2218 em™", Normal C=0
stretch, 1T15em ', &, CH, 1422 em ™" 4. CH, 1360 cm ', C—CO—C stretch and bend, 1213 em ',

A: Dao dong giin C=0: 1715 cm!

B: Dao dong gidn va uon C-CO-C: 1213 em’!
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FIGURE 2.21. Acetophenone, Overtone of C=0 streich 3352 cm '; frequency ahout twice that of C=0)
streich, 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 ubn cia C-CO-C, 1270 em™!
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FIGURE 2.22. Octanal Alphatic, 2980-2860 cm ' (see Figures 2.8). Aldehydic, C—H stretch, 2715 em ™" Normal
aldehydic C=0 stretch, 1728 em ™", Aldehydic C—H bend, 1381 ¢m ",

A: Dao dong gian C=0, 1728 cm™

B: Dao dong gidn C-H cia nhom -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,

2853 em ™", Superimposed upon O—H siretch, Normal, dimeric carboxylic C==0 stretch, 1717 em™'. C—0—H
in-plane bend, 1424 cm ' C—0O streteh. dimer, 1311 ecm ' F O—H out-of-plane bend, %46 cm 7,

A: Dao dong gidin O-H, trén 3000 cm™
B: Dao dong gian C=0, 1717 cm™ (Dang dimer)

C: Dao dong uén C-0-H, 1424 cm!
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FIGURE 2.26. FPheoyl acetate. Aromatic C—H stretch, 3075, 3052 cm ™, Ce=0) stretch, 1771 em " this is higher

frequency than that from a pormal cster C=0 stratch (1740 om ™" we¢ Table 2.6) because of phenvl conjugation
with aleobol oxygen; conjugation of an aryl group or other unsaturation with the carbonyl group cauwses this C=0)
stretch 10 be at lower than normal frequency (e.g.. benzoates absorb at about 1724 cm 7). Ring C==C streich,

1601 ¢m " 6, CH,. 1493 em™', S,CH,. 1378 em ', Acetate C(=0)—=0 stretch, 1223 cm ™!, O—C==C psymmetrical

siretch, 1200 ¢m ™",

A: Gidgn C=0: 1771 em?!

B: Gian bit doi xirng O-C-C em-1: 1200 cm!
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AGURE 2.29. I-Mcthyl-15-pentanediamine, M=H stretch, hydrogen-bonded, primary amine coupled doublet:
asymmetnic, 3368 cm L Svmmetric, 3291 em ' (Shoulder at about 3200 em ', Fermi resonance band with overtone of
band at 1601 em™". Aliphatic C—H strewch, 2028, 2889 ¢m ', N=H bend (scissoring) 1601 em ', SCH. (scissoring),

14T em |, C=N stretch, 1069 em™ ', N—H wag { neat sample ), ~900-700 em ",

A: Gign N-H (Cé lién két Hydrogene), miii di: gign bdt dbi

xung (3368 cm-1) va gian doi xteng (3291 cm-1),
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FIGURE 2.31. a-Methylbenzyl cyanide. Aromatic C—11 streich, 2067, 330 cm . Aliphatic C—H stretch, 299,
Wddem!, C=Nstretch, 249 cm ™!, Out-of-plane C—11 bend {aromatic ring), 761 ¢m ',

A: Gidan C=N, 2249 e’
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