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The Electromagnetic Spectrum
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Functional Group Molecular motion Wave number (cm )
alkanes C-H streich 2950-2800
CH- bend ~ 1465
CH; bend ~1375
CH2 bend (4 or more ) ~720
alkenes =CH stretch 3100-3010
C=_ stretch (isolated) 1690-1630
C=C stretch (conjugated) 1640-1610
C-H in —plane bend 1430-1290
C-H bend ~990& ~910
(monosubstituted)
C-H bend disubstituted -E 970
alkynes Acetylenic C-H stretch ~3300
C .C triple bond stretch ~2150
Acetylenic C-H bend 650-600

Functional Group Molecular Motion Wave number (cm™)
aromatics C —H stretch 3020 — 3000
C=C stretch ~1600 &~1475
C — H bend (mono) T70-730 &715-685
C — H bend (ortho) T70-735
C —H bend(meta) ~880&~780&~690
C —H bend (para) ~3650 or 3400-3300
alcohols O-H stretch ~3650 or 3400 - 3300
C — O stretch 1260-1000
Aldehvdes C-H aldehvde stretch ~2850&~2750
C=0 stretch ~1725
ketones C=0 stretch ~1715
C-C stretch 1300-1100
Carboxylic acids O-H stretch 3400-2400
C=0 stretch 1730-1700
C-0O stretch 1320-1210
O-H bend 1440-1400
esters C=0 stretch 1750-1735
C-C (O) —C stretch 1260-1230
(acetates)
C-C (O) —C stretch (all | 1210-1160
others)
Acid chlorides C=0 stretch 1810-1775
C-C1 stretch 730-550

anhydrides C=0 stretch 1830-1800 &1775-
1740
C-0O stretch 1300-900
amines N-H stretch (1 per N-H | 1300-900
bond)
N-H bend 3500-3300
C-N stretch (alkvyl) 1640-1500
C-N stretch (arvyl) 1360-1250
N-H (oop) ~800
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Functional Group

Molecular Motion

Wave number (cm™)

amides N-H streich 3500-3180
C=0 stretch 1680-1630
N-H bend 1640-1550
N-H (bend (1) 1570-1515
Alkyl halides C-F streich 1400-1000
C-Cl stretch 785-540
C-Br 650-510
C-1 600-485
nitriles C.N triple bond stretch | ~2250
I[socyanates -N=C=0 stretch ~2270
Isothiocyanates -N=C=S stitch ~2125
Imines R2C=N-R streich 1690-1640
Nitro groups -NO2 (aliphatic) 1600-1530&1390-
1300

-NO2 (aromatic)

1550-1490&1355-
1315

Mercaptans S-H stretch ~2550
Sulfoxides S=0 stretch ~1050
Sulfones S=0 stretch ~1300& ~1150
sulfonates S=0 stretch ~1350&~11750
S-0 stretch 1000-750
Phosphines P-H stretch 2320-2270
PH bend 1090-810
Phosphine oxide P=0 1210-1140
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C=0
R—C—0—R C=0 stretch appears in the range 1750-1735 cm™ for normal
| aliphatic esters.
0 p

_‘,:C::C—C—()— R Conjugation of C=0 with . C=C; 1740-1715 cm™ for C=0 and
] 1640-1625 ¢m™ for C=C (two bands for some C=C, cis and trans,

) .
p. 54).
Ar—C—0—R Conjugation of C=0 with phenyl; 1740-1715 cm™ for C=0 and
I 16001450 cm™ for ring.
9
R—C—0—C=C Conjugation of a single-bonded oxygen atom with C=C or phenyl;
(”) 1765-1762 cm™ for C=0.,
( - C=0 Cyclic esters (lactones); C=0 frequency increases with decreasing ring
N’ size.
=0 Stretch in two or more bands, one stronger and broader than the

other, occurs in the range 1300-1000 ¢m™,
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PHOSPHINES RPH, R,PH

P-H Stretch, one strong, sharp band, at 23202270 em ™,

PH, Bend, medium bands, at 1090-1075 cm™ and 840-810 ¢m ™,
P-H Bend, medium band, at 990-885 cm ™.

P-CH,  Bend, medium bands, at 1450-1395 cmi~" and 1346-1255 em™.
P-CH,~  Bend, medium band, at 1440-1400 cm™,

PHOSPHINE OXIDES R;P=0 Ar;P=0
P=0 Stretch, one very strong band, at 1210-1140 em™,

PHOSPHATE ESTERS (RO);P=0

P=() Stretch, one very strong band, at 1300-1240 ¢m ™.
R-0 Stretch, one or (wo strong bands, at 1088-920 cm™.
P-0 Stretch, medium band, at 843-725 cm™,
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FLUORIDES R-F

C=F

Stretch (strong) at 1400-1000 em ™", Monofluoroalkanes absorb at the lower-fre-

quency end of this range, while polyfluoroalkanes give multiple strong bands in
the range 1350-1100 cm™. Aryl fluorides absorb between 1250 and 1100 em™,

CHLORIDES R-CI

C-Cl Steetch (strong) in aliphatic chlorides oceurs in the range 785-540 em™. Primary
chlorides absorb at the upper end of this range, while tertiary chlorides absorh
near the lower end. Two or mote bands may be observed, due to the different con-
formations which are possible.

Multiple substitution on a single-carbon atom results in an intense absorption at
the upper-frequency end of this range: CH,Cl, (739 cm™"), HCCl; (759 em™),
and CCl, (785 em™), Aryl chlorides absorb between 1100 and 1035 cm™".

CH;=Cl  Bend (wagging) at 1300-1230 cm™,

BROMIDES R-Br

C-Br Streich (strong) in aliphatic bromides occurs at 650-510 em™, out of the range of
routing spectroscopy using NaCl plates or cells. The trends indicated for aliphatic
chlorides hold for bromides. Aryl bromides absorh between 1075 and 1030 e,

CH;~Br  Bend (wagging) at 1250-1190 cm™,

IODIDES R-I

C-1 Stretch (strong) in aliphatic iodides occurs ar 600-485 cm™, out of the range of
routine spectroscopy using NaCl plates or cells. The trends indicated for ali phatic
chlorides hold for iodides.

CH,-1 Bend (wagging) at 12001150 em ™",
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4~ Hypochromic effect - a decrease m intesity.
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Class Transition A, (nm) loge Class  Transition Ap,. (nm) loge
R~OH n—*o* 180 25  R-NO, n~*n* M <10
R-0-R n-+o* 180 35 R-CHO n—*n* 190 20
R~NH; n—c* 190 is n= ¥ 200 1.0
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Base value for heteroannular diene = 214nm)
Base value for homoannular diene o =253nmA
[ncrements for
Doubl bond extending conjugation +30
Alkyl substituent or ring residue +5
Exocyclic double bond +5
Polar groupings : OCOCH; +(

OCH; +6

SCH, +30

Cl, Br +5

N(R), +60

Solvent correction +)

A e = Total
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exocyclic DB

Parent hetroannular = 214nm
Ring residues (1,2,3)=5x3=15
Exocyclic double bond (DB)=5
Calculated X pax = 234nm
Observed A, = 235nm
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parent open chain diene ( s-trans) =217 nm

214 ( standard value for a linear conjugated diene) + 30 ( extended olefin) +10
( alkyl groups at 1 and 4)+ 5 ( Cl at 1) + 60 ( dialkylamino Group at 6) = 319 nm

Cal. & 2 53(base)

+15(3 ring residues, 1,2,3)
+5 (1 exocyclic C=C)
Ay Cale= 273 nm
Obs. &, =275 nm
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e B
B=C=C—C=0 F—C=(—C=C—C=0

Base values:
Six- membered ring or acyelic parent enone | 215 nm

Five- membered ring parent enone 202
Acyclic dienone 245
Increments for
Double —bond —extending conjugation 30
Alkyl group or ring residue a- 10
f-12
y - and higher 18
Polar groupings
-0OH a- 35
[-30
y - 50
- OCOCH; a,p,y.6
- OCH, o- 35
[-30
y - 17
& 31
-l a- 15
f-12
-Br a- 25
[-30
- NR; [i-95
Exocyclic double bond 5
Homocyelic diene component 39
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B” A
Parent (unsubstituted ) 208 nm

Witha or [ alkyl groups 220 nm
With o , [ or 3, [ alkyl oroups 230 nm
With o, ), ) alkyl groups 242 nm
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Ei= -2 u By V2 where: m= + 2 s E=-uBs

E:= V2 uBof 2 where: m= -1 » E=+pB
AE = E3—F; = + pBo—(-pBy)
= +uBo+ pBs

= 2uBe
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Number of | Number of | Spin number Examples
protons | neutrons

Even Even 0 Lc 160, 3G
Odd Even " IH, 3P, BN, 1°F
Even Odd 7 B3C
Odd Odd 1 H, &N
Odd Even 3/2 1B, "By
Even Odd 5/2 127]
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Spinning charge on proton generate nuclear magnetic dipole
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cla i) Cdy e Be 138 ) de el iy TH L IIN (e dee Jaladll conall e il 135 S0
CSpall Ggig sl iy ciala (el 2ued ¢ Byglaall Slaill ae mlsaWly SLLEY) hagha (e e bl
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™
!

Spin states = 2/+1

leasimsi (Say lls apll Galls @lla o) JaadSi 1/2 U (goluall apll o 236 e oSlel dlblaal) 3aakig

L LS
spin = -1/2 . 3
l‘
spin = 1/2 , o
Ne
dlrcctlorl- of B,
magnetic field
CaeSh Ceam tn_l,.lﬂ Cla il ga Oy galal I=1/2 2he Lexie 4.8l b gieall e lagng el A pemde

o Basmsall G S o poalsll SUall (ggieeall 3 Basmsall iligigoll 2ae o) s b3 (N, > Ng)
- P Ml B (sgiaall

:_z — e DME/RT 4
Alalealls Cpasgiaall e AU (358 e jem
AE = hv .. ....... 2
AAEN Adskealls 2380 e sams LS
v, = 1:2—31_:' . 3
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olpoles danl
duidar)! aglall duS

16 8 p0lxs dudidai] s lhuouSI! ound
E = e_klzr%f RT 4

Alaleall Prr- 35.:1_,5.“_,_)515]1 3=|.u'__1.3=||..'\i.nj'| Pt i} Y os L‘s._l]:l.-a]ll ._,‘__n.a_._l.:l'."lll_'l'&al' JI._'_Lnjll 5_93 Bu . n_‘ll.lv..l agls h [LITEN

o meage LSy B alladl 8 Baalgiall calighg pull 2oe e ujy (Gadaell | ollizadl Jlaadl 868 52l o A 4

Magnetic strength
Na N (]ausf- NEHE
1 000000+6 1000000 23500 100
1000000+48 1000000 70500 300
1000000+64 1000000 94000 400
1000000+81 1000000 117500 500

S Jgaad)

ol 20 g bl o ) iy g S il e il (S

_Imi
V=9

b sl Al Vs ) Clalasy

sane dae 23 Leils s jl cunbline Jlae (8 551 pd ) elliad ) il il aa g Laie

5 +1/2 &l 2(1/2)+1=2

214+1 = osall ) (Al YA ) clalasy)

Ol sl cpilla Led 131 1=1/2 Led s 5 el 8) 53 Dliad

-1/2



