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'H NMR CHEMICAL SHIFT CHART*

Type of Proton Formula Chemical Shift
Reference peak SI(CHS) 4 0]
RCH;
Saturated primary 0.7-1.3
Saturated secondary RCHEH 1.2-14
Saturated tertiary RCHRE 1.4-1.7
Allylic primary ' ' ///\CHa 1.6-1.9
Methyl ketones HCOCHS 2.1-2.4 ~
Aromatic methyl Ph-CHg 2.52.7 T
R-CH,CI |
Alkyl chloride CH; 3.04.0
Alky! bromide R-CHBr 2.5-4.0
Alky! iodide R-CHyl 2.54.0
_ RNH>
alkyl amine i Extremely variable (1-5)
| ot
Alcohol, ether H-CHQQ:'B 3.3-4.0
R —
Alkynyl 2.5-2.7
Vinylic ~>_< : 5.0-6.5
Aromatic Ph-H 5.6-8.0
Aldehyde , RCOH 9.7-10.0
R
Carboxylic acid COOH 11.0-12.0
ROH
Alcohol Extremely variable (2.5-5.0)

*data from MeMurry, . Organic Chemistry, Third edition, Brooks-Cole, California, 1992
please note: Ph = phenyl or an sromate ring, the CO in the ketone and aldehyds is a carbonyl, ie, C=0
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CHARACTERISTIC INFRARED FREQUENCIES* ;

| cm-1 Funétional group Comments
J600-3400 O- 3600-3500 cm! (sharp, often weak) from “free” or

!)

vnassociated O-H: 3400-3200 cm-! (broad) from H-
bonded (associated) O-F. Carboxylic acids and p-
dicarbony] compounds have very strongly associated O-H
with a very broad absorption (500 cm*!) centered at 3000-
2900 cm-1,

3300 cm! (sharp) from unassociated N-H; 3200 cm-l
(broad) from associated N-H. An NHp group, usually
appears as a doublet (ca. 50 cra-! apart); N-H of a 2°
amine often wealc

Usually very sharp and strong in RCs=CH, look for
confirmatory C=( stretching at 2260-2100 cm-L.
Cornplets absence of absorption at 3300-3000 el

indicates absence of H bonded C=C or C=C; may be
weak in large molecules.

Often weak In alkenes of ligh molecular weight.
Symrnetrical stretohing of =CHz (2975 cmrl) overlaps
with alkane absarption.

Usually strong and multi-banded due to symmetrical and
asymmetrical stretching as well as methyl, methylene, and
methine differences, Absence of absorption indicates lack
of sp? H-bearing carbon,

2820-7720 -H Often shows two bands from combination or overtone.
- strct]t;—h:mg Carrelate with aldehyde C=O stretching at 1725 cm?.
- [2250-7225 C=N 2250 cm! uncorjugated nitrile; 2225 cm*! conjugated
stretching nitrile (special calibration vsually needed to distinguish).
2260-2100 c=C 3 oderate for terminal alkynes: very weak or absent if
: stretching alkyne is nearly symmetrical,
(22602100 Cax~Y C=C=0 stretching of ketencs (2150 cm1) and N=C=0
stretching stretching of isocyanates (2250 cm-l) are very strong and
characteristic,
1950 C=C=C Intensity depends on polarity of substituents. Other
stretching bands in the 2500-1900 cm-! region ¢an adse from S-H
Allenc stretching (2600-2550 cm-!, weak) and P-H stretching
&44]?-2350 GI]I:;,‘I. medinm) besides various overtone and
- combination absorptions, '
- [1820°and 1760 ‘Both bands are present and are altered by conjugation and
: ring size if cyclic. The bands are also present, but closer
together, in diacyl perioxides,
;11800 Hanmd to 1780-1760 cm? by conjugation.
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em~l Functional group Comments
1770 =0 Lowered to ca. 1750 cro-] by conjugation.
stretching

1745 Lowered to ca 1715 crn*! by conjugation.

1735 Lowered to ca. 1710 cm-? by conjugation. Raised to ca.
1760 cm! by vinyl attached to oxygen.

725 - Towered to ca. 1690 cmr | by conjugation,

1715 Lowered to ca. 1680 cm-! by conjugation. Raised by ca.
35 cm! per atom decrease in ring size below 6-membered
ring.

1710 Band appears near 1760 cm-! in monomer (rarely
observed). Shifts to 1610-1550 em! in carboxylate anion
(salts),

1690-1650 Associated forms have C=O stretching ca. 30-40 !
lower. NH3 bending also makes a strong contribution to
the 1650-1600 crmrl. -

1650-1600 Frequency is increased for exocyelic C=C with decreasing,
ring size; the opposite oecurs for endoycelic C=C except
for cyclopropene; absorption occurs at lower frequency in
conjugated alkenes. Polar groups increase band mtensity.

1540 This band is usually weak (compared to C=0),

1600 and 1500 Yanable itensity; stronger when conjugated or electron

ilso 15380-and 1450

donor groups are attached. Other systams also absorb in
this region (e.g., NH) bending).

Usetul to identify 1% amines and arnides,

Useful to identify 2° armnes and N-mono-substituted
arides; may be weak, '

1520 and 1350

'This pair of bands 15 usually quite intense,

1465 .

[450 and 1380 The Jower frequency band is especially usefil o detect
methy] groups. Geminal methyl groups give riseto a
doublet (1385 and 1365 cm-!).

1410 For a methylene group attached to a carbonyl group.

(325 Usually weak and offen unrelable.

(200 These strong bands are cornmonly assigned 10 G-O
stretching. The position is shifted with ungataration and
branching, and over-lapping bending vibrations often
make interpretation uncertain.

150

L100 -

1050 -CHz-0-

D350 OR’ (sulfoxide) Strong

330 and 1140 SOzR’ (sulfonc) Strong doublet (coupléd oscillator)

1380 and 1170 R503R’ Strong doublet (coupled oscillator)

A=
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em-1 Functional group l Comments
570 Usetul to distngush E {trans) 1,2-disubstituted alkencs
from Z (¢is) isomers.

890 This strofg band Identifies a terminal mathylene group, it
is raised by 20-80 cm-! if bonded to an electronegative
atom or gToup.

§15 Moderately strong band to charactenze a msubsttuted

: double bond

730-67 Usually broad and sometimes absured by solvent
absorption (C-Cl).

750 and 650 monosubstituted phenyl These arc usizally the strongest bands below 900 cm-L,

C-H bending Electron withdrawing groups suc as -NOs incraase the
3 adjacent H's frequency by ca. 30 cml, Chlorinated solvents obseure
L some of thase hands,
750 ortho-disubst, phenyl
C-H bending
‘ 4 gdjacent H's
780 and 700 meta-disubst, phenyl
C-H bending
3 adjacent H's
825 = para-disubst phenyl
C-H bending '
2 adjarent H's
Infrared Reeions_Qbscured by Splvents
Solvent " Regmon(s) Obscured
‘%I(-:Ih [ 840-700 et
Cl3 3000 erm?
1200 et
e 840-700 cm-1
=22 1600 - 1400 em-1

* Values mainly from dilute solutions in relatively nonpolar solvents. They often r.:f:angc with solvent and in

Jiquid film, or solid-state spectra.




