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dnadial) (398 dad¥) Cid (B o) adga o B Sl Jal gl
the effect of conjugation il -]
e A ginall bl Jgla 3ol ) o) colasl Ui il g el yead) Aal W1 s 3 Jal sall sl
YL A Y A8Ual A8 ) g g Leany (e A8l Ul gl )& I (g3 5 Adlatidd) pal gY)
sl A gl a3 JSEN 5 abiaall e A Sall ol laall I adbieal) A Jall il laall (e A 5 STV
.N=548 sSScgls..... 4,5,6,3 338 n cus Dimethyl polyenes CH3(CH=CH),CH;

55

5.0

4.5

4.0]

log e

3.5

¥
3.0 -

200

Wavelength, nm

FIGURE 7.10 CHs;—(CH=CH),—CH; Ultraviolet spectra of dimethylpolyenes. (a) n=3; (b) n=4;
(c) n=>5. (From Nayler, P, and M. C. Whiting, /. Chem. Soc. 1955: 3042.)

Amax (nm) €
Alkenes
Ethylene 175 15000
1,3- Butadiene 217 21000
1,3,5- Hexatriene 258 35000
B-Carotene (11double bonds) 465 125000
Ketones
Acetone
T—» m* 189 900
n—> * 280 12
3-Buten-2-one
T —»* 213 7100
n > ¥ 320 27

LSy e bl i

dapia i Say 138 5 Gabiaiadl o 33U o sall skl o) 5 JUiy) Ads 418 ddlaial) Alulull 5k o) 3 LS
s 00 A e Ol )lae I P g i e JAT e e 23 P e lae IS A jadl il jlaall 4y jls 46y hay
Pox) Leaa s Ay all o &l jlae (e s Laadladl e Lk (D, Dq) et s M Pl e (e 755 2 g9 0aliSY)
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SN e J8) 28U 43 Y5 Dy s malDU) aall ey Sy g il el laall e Py DY) (P,
ey gy ) AN g e A8 4T (Wo*) Jlae (s P gL laal) Al e Ua ) Jis g

. Antibonding orbital

wt (05" =y 2 0z)
;A Pl \
i 3
~ ! i V. Atomic orita
N . ~ % 1 \ - lomic orbital
Atomic arbital \ ! e [ c 8
[} ' 4 :
" \ ! :
oo\ v Il £ %
\ J
v ’
’ \ /
;
\
\‘ ’.‘,
Vol " Bonding
Uy ) ' ‘c C’ orbital
/- '\tw.:mwz)

Gy JEEY) ()5 77 4L 5 V) e Jsasall s 5 Py S adl JaW) laall Jady <l g SV & 55 ol <l

, A Gl el LAl e Uiy P &l s day )l 42 1,3 butadiene AL Lexizd P W, * o) qr -r* (4
Lel Sl SV (e 5 Ao s impeia SOV 5y, g o) W1, Wy Amalidiihn G lae Legha ()
GAS 5 laall o3 peaa gy U SN 5 P, W5 Aalle A8 i3 3 puali W A Ja ) jlaa Lagh L) 2 g3
, DU S ez s ) e s sim Al 5 Cp,Cy e S5 Cp,Cp  (haxd Clladl ez s34 W, (SUll
S e el Al AP, al ) ddle d8la & ()Y g SV e A 528 (5 pualiDU P,7 CEN laall L)
Dl N, G g el laall (e g IV JERY) Jaadt | il SV e A a5 Ay ) ?\JM\
CWWL Gl Q) Al (e J81 (oS5 JWERY) 13 38U Jaa D g grp-mgtis) (s malDU) T )

c

ethylena 1,3-butadiene :
CHz=CHgp CHe=CH-CH=CHz

el ladl e Ladla ¢ oS JEnY) g ddlatial) daadall e pal oW1l 5 Pl jlae 22e ) ) LalS 1280

JEES A U 43Ul 338 5 Py WoEsdle) Jall & LS Ua o) (g pmaliDU i el ladl) ) eV (5 pualill
Aulaiall ALuld) J gl 59 5 cpas A8al enia gy (5 I3 peim gy A ) il of 5 WIS Ji5 il jlaall o3 (o
sl Opadl bl e o gall Jghall (A AS) 3Y5 As gl Jsda 83l ) ) (S5 ASIY) JlEY) Al lall as
>se Jsb dshl () a2 salgha juail
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<@Imzm

Ethylene  Butadiene Hexatriene Octatetraene

= N W WY

G hadli | Adleial yual oY1 ade 33y ae TT-TF (e (s IV JERY) A8l A (5 8 (lai sMe | (S Jiag
Jshall o5 o) Alle JEmy) dla b i1 el ) Jash oo Ut sl 3 JEYI A8l 5S35l

) ¥ snidal ) M a5 OH, Cl (auxochrome) Jic ¢slls ) shae paalas 3 ga g X | juad o gl
o g SV 755 agas ek aoalaall oda Aiand (63 (il ey AL W) Ay J gkl o g0 Jsha )
AUaill e s Ja ASHLEAl p <l g FSIV) s G | i) AUl ALl Al e S5 il
oo le LRl B3ydy ol Ul JSA G4 LS Adlal Ax 50 je 3 el Al ) ga5i 5 ilaiall

z32) O b shaall de ganall g Gl AV (8 7 Uil (o 0l 50N i gy JSANT 5 AS LI e il SIY)
(b Iy

Al (pe J8 0S8 P 6 pall¥ s e VWP, s el el pladdl e g ST Jlesy) dda o)
Jsb A da) ) s ICH, de sane g diany GXS 3aa g QYT 3 W, jlae (VP lae o JUEY)
(Vs g SN (ol e 58 75 e (59n5 Y Ao sanall 02 o JB1 A8 1 () sen Y1 sl ) A sl
iladll (368w e R?)J)A‘EJ‘AY\BJ:‘M\:\‘:WQC'H 3 pa¥) b g iU JAlSS Ehasgy

T i 834 ) (o) ilaiall aUaill Al J gl A 534 31 Aassil) (Hyperconjugation)

n

Ethylene

Nonbonding
electrons on B

iy

Molecular orbitals
of resonance system

LS g sall shall 83305 ) (a5 Sl 0l SBY) dulac 325 of JaaSl A ) ISV o2 b
e sall Jshall (35305 ) Lol (258 S el e 3ala ol e sanal) saa) Jsia o) asa s
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0.9+
Amar = 230 nem £ =11,600
T o6l
[i]
[}
oy
m
25.000 — o
[ Amax = 222 nm | 1 E
20,0001
T i T o
] N
15,0001 H B3
E -
| 10,0004 &= 4-10"7 males/liter
- | =1 cm
5,000+ .
I Isoprene in hexane soln,
o ad
200 220 240 260 280 300 320 340 200
* ()
5.0 T T T
 —
<, 0+
12,000
iZH3y
: Ioe
Q,0001
o e =
I HzCO OH 5 .
1—3=1L
| FoN " 2.0
6,000k HzC E
1.04
2,000
u}
u} T 200 250 200 250 400
200 300 400
—— Rrnay (Nl — — lma:—: [hrm) ———
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Qi; hrax = 235 nm

20,000 F
£
‘ 5.0F
10,000 F
4.0}
log &
| 2.0F
2.0
1 ]
| 200 200 400 500
200 250 280 }L |:r‘|rr|]| .

_?\-maH [nmn)—a=

Cadall e Gl jall dile ) il -

Leran 1 Qe (585 il ill dmaca s Ol 5 trans ol il dasada 55 CiS D) dpmaca 5 ol sall Glisma 5 Sllia
dona g (e Jead) IS0 ) Hlae g JAlal e Sgan e delon 13 5 4 gice 23 3all (Y aal 5 (5 i
48U 418 gverlap <l laell o dalaill dplee ol H LSy dpe) 8 d8le) Loy 4 glue e 55 Al Cis )
e lel Galiaial 3k J81 Aila g Jygha o ge Jsh 3 U Jawd ) il dgmca g U I g7 —qp 0 &Y
L a5 sise &l laall 0S8 il il A g pea¥) gadAal ) (o) Sasdl Amaag

W4* -

175 nm (forbidden) 175 nm (allowed)
L% yy*
230 nm (allowed) / N 271 nm (allowed)
AN v, 1l / _ \ v, 1)
s-trans [4 5-CI8 B!

conformation ¥/ _ﬂ_ conformation ¥/ _H—
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(O

Homoannular diene (cisoid or s-cis)
Less intense, £ = 5,000-15,000
A longer (273 nm)

)

Heteroannular diene (transoid or s-tfrans)
More intense, £ = 12,000-28,000
A shorter (234 nm)

el il

Sl ol 8 LS

Acetonitrile 190nm n-Hexane 201nm

Chloroform 240 Methanol 205

Cyclohexane 195 Isooctane 195

1,4Dioxane 215 Water 190

95%Ethanol 205 Trimethyl 210
phosphate

Al ) 058 Al (bl Cudall uSe el ae A 5 o2 ddayl ) O Y Fa okl e cnddll Jiady SIS
BBy e sl gl e b ) seh () sams Il pe a5 2
O s (A N-1* e JEY) £ 5 o el 50U i g U Jsaadl
Solvent shifts on the n — =* Transition of Acetone
Solvent H,O CH50OH C,HsOH CHC|3 CeHia
Amax 2645 270 272 277 279
o OS5I 8,0 (o g SV = 5 ) e Aaim g s adadl 5 050 sgd (ol e sa el () sl e Jaa3U
s JEB A U1 A8 (e g o gl Jshall (e I Laa dnggiall Alladl ) il g (0 OsianY!
Ol g 58 AN () e daian sy Al ) 59 Y okl e cude 5 JlSell lain 246,5 4 sall sk
,Jusd 8 dila (o) 279 (asall Jshall oS S

A 5o Al (35S (A kel cnde YD o) s ) e 0 e el il U JSAN (e L3l
ol (8 i ge LS maial g ik 0 688 A 53 B el (5 Y il e LS5l 5 Y e ) e

1.50

1
1
1
1.20F ll
1
1
o0.90f i
\

Absorbance

0.60—

Isooctane

L 1 L
220 240 260 280 300

Wavelength (nm)

! Ultraviolet spectra of phenol in ethanol and in isooctane. (From Cogg
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(liylall 8o ) 9399 33e18) quS) Al paat A Aadinl) (3 98 dadY) Cilida) Jlaxiad

THE WOODWARD-FIESER RULES FOR DIENES
Glual 3acl8 § b g3 )l 399 allall puia g 28l | Adlatial) AadaiW) amal | A Gl 235 Aale 2o ) 8 auia g o 28
2 ol o) C=C-C=C  dlaial) culiglall plas & cpulall saie Gty (6315 J geaall S pall o gl Jshall
3l JS o)) parent system b aaill &) e Jeatssss ok =217 nM A A (ol sl |y g2l
53 Oost S0 e pana OS 05 30NM loies (g sl sl (n 4 i cilaiall LAY I Gl 230
CmlalSa SIS 3 1J) Adla Gaaza cplall alas IS 13 WIBM Jlaay o A A (e ilaiall aUaill o 63 )<
3da ) e‘}éﬂ G\‘)AAJ‘ A\A‘JY\ TR YOAPS| AQUSM al@l UAALA éﬁ Lady 36nm Dl maxx Ewa A2 yia
Jie dadalaial)l Adlaial) dadai™ daulia yue ac) gl

@CHZ

e sili 5l Hlage jeall gl dadlial :AA\J'\ —uw EXOCYCLI 2\,3;)& da 93 W B _pal GA Ol
oAl Gabiaial de) giadli (Sayy ouilal 4l s HlA A 90 3all 3 a1 il 131 yia 636 10 As) Y S

Sl Jsanll &l

Base value for heteroannular diene max = 214ﬁmk
Base value for homoannular diene max =253NmMA
Increments for
Doubl bond extending conjugation +30
Alkyl substituent or ring residue +5
Exocyclic double bond +5
Polar groupings : OCOCHj, +0

OCH; +6

SCH; +30

Cl, Br +5

N(R), +60

Solvent correction +0

A calc = Total

EJM@ASDNQ‘JJM“EXAJM\ L\}ﬂ‘u\qw\@hﬂ&yaihj ’]‘[—’]‘[&})—\SY}“JLS—UY\&-\M.\}
S ) el 5] Aadd) 1) AotV (e i Vg J8) 5l Ay Y1 A 50 Sl paaal 51 3 Al Alla b s

Al ALY 8 dmgadall ol pill 40 5l il Hall 8 ae ) Gl 338 dad i
Cholesta-3,5-diene

\,\ Heteroannular Diene

N X
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Cal. A max 214 (base)
+15(3 ring residues, 1,2,3)
+5 (1 exocyclic C=C)
Amax Calc.= 234 nm
Obs. Apax =235 nm

Homoannular Diene

Cal. A max 2 53(base)

+15(3 ring residues, 1,2,3)
+5 (1 exocyclic C=C)
Amax Calc.= 273 nm
Obs. Anax =275 nm
Fieser- (sS— s 2ol 8 Jerind Nidic da 53 e ual 5l daa )l e JSI epolyene (V) saxie s sial 131 Ll
aalil) ddalaad) QA [P WS IVEN A ¢us Kuhn
Amax=114 + 5M + n(48 — 1.7n) — 16.5 Rengo — 10Rexo
A0 yallda g3 3all pal Nlaae = Cus
S Gl JSIY) a2 = M
Alall (uds 445 yiEe da 50 30 sl ) L Al Qs axe = Ry,
endocyclic s oUail
exocyclic Adall J da A da g3 3 pal 5l Lt il clalall sae = R

;s WS lycopene om SO e 33le ) Y alaall Badad (S

CH CH
CH3 CH3 CH3 3 3

7 ZNNNNANNS NN N AN 7 CH,

CHs CHs CHs CHs
=N Q8 A 58 A SO 8 Aa 93 je b jeal plic AU ¢ gane (e Al Aa 50 308 pual yde saal ol L
Lo sl s 8 = M, A5 3all ual s aaaia allas Lo i gma gonalane Gl cllia o Loy s ) Couan 11
I 4 dalad) o M exocyclic s )i ) endocyclic 48ladl Jala jual o) aa 63 M8 | dsla dadail a5 Y 4
Ol s (el allail)
ade 50 = Rexo = Rendo

danax CAlC.= 114 + 5(8) + 11[48- 1.7(11)]- 0 -0

=476 nm
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CH,
CH
CH,4
CHj;
H,C COOH CH;CO0
Cisoid: 253 nm Cisoid: 253 nm
Alkyl substituent: 5 Ring residues: 5 X 5= 25
Ring residues: 3 X 5= 15 Double-bond-extending conjugation: 2 X 30= 60
Exocyclic double bond: 5 Exocyclic double bond: 3 X 5 = 15
278 nm CH;COO0—: 0
Observed: 275 nm 353 nm
Observed: 355 nm

Carbonyl Chromophore L s )\ ¢ 511 Jals

dandiall ilalgaal¥) b g1kl

Js¥l s o s W S e
Laa 5 UV dddaia A Ja g0 I LSl pallins) ellia

7 — 7* transition and the forbidden n — 7* transition.

n#
Forbidden
280 nm
n
Allowed
190 nm
T

oy Ju e IS AlS o dal - p* Ylan) &w‘ﬁse&‘djﬁﬂ\@

(=)



A max € nax solvent
CH;CHO 293 nm 12 Hexane
CH5;COCHj4 279 15 Hexane
CH;COCI 235 53 Hexane
CH;CONH, 214 - Water
CH;COOCH,CH; | 204 60 Water
CH;COOH 204 41 Ethanol

Woodward's Rules for Enones i 35399 2] 68
Jsaall lpandli (S (il Al dndia jae SO o IS — Uy | W) Y1) A ¢ g paliaial ae ) 8 )

L";l:ﬂ\
Enone Dienone
i P
B—C=C—C=0 §—C=C—C=C—C=0
Base values:
Six- membered ring or acyclic 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
B-12

y - and higher 18

Polar groupings

-OH a- 35
B-30
y - 50
- OCOCH; o,p,y,6
-  OCH; a- 35
B-30
vy - 17
o 31
- CI a- 15
B-12
-Br a- 25
B-30
- NR; B-95
Exocyclic double bond 5
Homocyclic diene component 39
[ 2]



Fasiall ye U Ul sl GLLY Al QU J gl dalial) e Ui ) W) ciladgal¥) Gkl ¢

Parent (unsubstituted ) 208 nm

With a or B alkyl groups 220 nm
With o , B or B, B alkyl groups 230 nm
With a, B, B alkyl groups 242 nm

dagiall e &l i) g Aduns gy Y (aal gl
oLl J saal) 8 pra ge LS Ll i) g dnpdiall e Al g SN lnal gl aliaial add

ﬁ\ L ﬁ\ o
_C=C c .
’ﬁ/ - \COOR ' : ﬁ/ - ool
Witha or B alkyl groups 208 nm

With a , B or B, B alkyl groups 217

With a, B, B alkyl groups 225

Exocyclic o , B double bond +5

Endocyclic a , B double bondin5 or7 +5

membered ring

Benzene Chromophore sl Jalas ¢ 3l

Cp il Adls e S aalae (i a3 Jany 5 (184, 204, 256 M) 45 pabaial o g SO G ) el
C- s_pa¥ LS i gyl il Aslasad g0 S ) 58I a3 () jeaW) gad Aad W1 (g a5 pea¥) sai sl )
Al ae i) S dSITH

OH, NHy, ) ooyl dala e (0slle)) shae aaalas) 5 ualia je g ySl) (5 gind daniia pualaa (g2 ()
OV A Jsdl) Jeali o) - OB s A Jall BaG 80l ) ae Llle J sdal A e I sdal g2 = 32 (ete.
L..SL’ u})ﬂ‘l“ ?Ua.i o Jalaill aalia Ol GA Bjm\ld\ e &L\L\}).\SSY\ EETWEIPASVEN 4.3\)\ GJ\ S % Jaladl)
oY) i Ay 8 Aal g () Alag( sl dlala) dasdie e de genal i) Ll ¥) )

Ol e e 5 ) shaall diia grall paalaall g (3l LS el At Hl1 A jadl Gl Jiay U J gaal)

Primary Secondary

Amax (NM) | Aax (NM)

203.5 254
EIeCtFoE—reléésing substituents -CHs 206.5 261
Electron-releasing substituents Cl 209.5 263.5

[ =)



Sl u) dilae a0

HO

HO

Lgya:d\ Uil

Electron-releasing substituents -Br 210 261
Electron-releasing substituents -OH 210.5 270
Electron-releasing substituents -OCHj3 217 269
Electron-releasing substituents NH, 230 280
Electron-withdrawing substituents -CN 224 271
Electron-withdrawing substituents -COOH 230 273
Electron-withdrawing substituents -COCHj3 2455

Electron-withdrawing substituents -CHO 2495

Electron-withdrawing substituents -NO- 268.5

Gl J gandl cava 3aclall Clis <8 g 3l caleidia (e LS yal) Wl
) : 8 = I % e

R =alkyl or ring residue 246 nm

R=H 250

R = OH or OAlkyl 230

Increment for each substituent

- Alkyl or ring residue Om 3

P10

-OH , -OCH3 , OAlkyl O,m 7
P 25

- CI Om 0

P10

-Br Om 2
P15

-NH, O,m 13
P 58

-NHCOCHj, O,m 20
P 45

-NHCH; P73

-N(CH3)2 O,m 20
P 85

C|) Br
OH
|
OH O

26
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Parent chromophore 230nm Parent chromophore 246 nm
m- OH 2*7 = 14 o- Ring residue: 3
P- OH 25 m- Br:2
269 nm 251nm
Observed : 270 nm Observed : 253 nm
H3C\
/N
H5C
C
|
T
~
H5;C CHj

Malachite green (a triphenylmethane dye) Anax = 617 nm.

Cl
CO,Et

OH O Calc.: hmax = 246 + 3(0-ring residue) + 7(0-OH)
=256 nm
Obs.: Amax = 257 nm

Jall At

¢ s Jlanins 217nmM - (B Gnllign — 3.1 J Apax e Lain 185nm - 2 g0y pedas cpld 0 oV / 1o
bl ease dsh (A Ol sl (abiaial i iy 43l
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Ll ey Al ) Ayl il s

AN LS jall e JSI ey sl /30

? o]
/9 CH, ’ CHj
H,C=CH-C~CHj O
HC CHg
Q o)
o
HoN

OCHg

HaCO

. pealaall &S A il g allal) U (e A slhe agial) QUSH 35 e Alial llia ; Adaadle

Infrared Spectrum sl eal) ciat dady)

A e 5l sl all Fluadl 5 ¢ al Jie W s (pe o LadW) IS (e Canili g 4y ) e Al 8
Alall ey Geadll e Llad Sl 2aEY) 4 Lalua) (e Gl Cangiiy ann ) (s (e
Ol Jla¥l (amy A el peadl Cind Al aadiud gl | (uadd) dxd) ) gl vie echally
Lals adde o6yl aladal
Lo sl (S W g Aaalis 223 Y A 53l ¢ yaad) Cand 431 () & 5 dala ddats e aSlll Cany
Aal i oLl e 2l axs (e 3 eV aSaill J g S Cge )l 5 el 8 axaig Al 4 g
A sband) ol a5 Cuadill g duca )13 SIS g Ll 5 ol gaadl g iV anes Jia o] peall can
2Dl 3 A5l e Gl Sl dali 3 e alasinly g 5 yaal) Gy L) Sl AaiY) o2
AxiY) o2 alasiuly (el
o1 yaad) ciad Aady) iy
Gt 38 ) Y Caaal g Falall (al oY) dallaad o) peadling Zad¥) elLdaY) addiug s e )
Alall (3 545 (yay yall an e o) jeall Ciat 22V Jaglid Aallaall 238 A 5y Slianll
Ayseall 5y g2l gl Aipma A 53y 2l 3855 e Jant
Alal) Jie e Glall SUall Lalal) o) 8Y) (mny b o) jeall Cond 4adY) Caerdin) A_eli a
J kel 5 ilSall b dandiinal) dalall 3 all Goamy elalell ) gha SIS L5815 (315 Y1 5 (el
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emusd@&ba‘)\)&h‘)désjauﬂ\u&\%)&\)@\u&wy‘@m
i) h 5 L adaiy Al Cag lall 8y gl o) el cint AU dlin 21 (g ) gacaall iy
&\)&\MMY\@Le\MbeM\ujﬁyaﬂ\ s 4yl
JJ‘)JL)AJE\L%JJ‘)JL;\”‘9¢\‘)AAMA_\AJ‘\MY‘MLM‘;M\‘§M\JAJ 3 Infra 4alS Jad
“;\)A;J\c_\MWY\eM(;\S\anA.Y\ @ﬂ\ﬁkm})@‘wﬂ\‘_g;\fﬂ\m‘!\
el (e alhiall (5 ) jall glad¥) e adiad L3 Guelall 23Ul 84,5 )
muy\‘;bu,q”);ww\qﬁqéﬂ\@u\wg\)@\mww@k@s
dﬁwkmj)@\wﬂ\wm\} &\)Aéj‘
déiﬁ‘)\sz\.c}n;.oswm\dhﬂ\@a\;d\J};JA&MJJJA_U@\«_\QSJA\WQQ|Ro)€+\eda_mu

Odctila s 51 4l CulS 1) La g su ASH )y adass yal) i g3 g )

O dtlial el Alaiu) g0 @.u Y A ganll ALS jall pad i Asad IR JN ke alde ) )
uhmdud}asusfd\ H A AY) alaml) ) assll sda bl ddy S yall 5 AN Cablay)
Ol e sUV,MMR,CHN,HPLC,MASS,

micro ) 4sdall ubjd\ukudﬁjuﬂ\w‘!\m@hwhuj)éw\@;\)ul\ 5 aaiy

O(wave

agil sl A5all AS a3 5 o oSe 4Ba Wy el jeal) Cind iS5 pemal) (Sl abiaial ¢
Olee 42 ) Y

Cllaalaia¥) o3 Ji pia el o i sall deany 31 asall Jshly Galiaial) 303 GanBIRJ) Slea
O's (100- 4000cm™)  asall 2220l 51(0.78 -100p m) (o sal Jshall (o Lal Ll 5 38 yra Sy S
(666- 4000cm™) O 7 51 5 o> 50 230 53 Ay sl eliarS Jlae 8 o L) 138 (1 g g3l ¢ 3l

+ omuhalisne s oSl £ il Cada (e eyl Cind Lo gLl o g raia s W) JSY

high ¢ Frequency (») low
high « Energy low
MICRO-
X-RAY ULTRAVIOLET INFRARED WAVE RADIC FREQUENCY
- - Nuclear
Ultraviolet Visible Vibrational magnetic
infrared resonance
| | | 25 um ¢ 15 um 1 mé——35m
200 nm €——> 400 nm &——3 800 nm
BLUE RED
short Wavelength (A) > long
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Wavelength (\) Energy  Molecular effects
higher frequency cm kcal/mol
shorter wavelength 1079 gamma rays 10°
1077 X rays 104 ionization
vacuum UV 102
—~5 uv A S
10 Hoat electronic transitions
16~* visible 10
infrared N —
-3 I molecular vibrations
107+ (IR)
1O~
10~! microwave |o—4 rotational motion
. 102 . 6 At e i S emn i nfi
lower frequency 10% radio 10 nuclear spin transitions

IOI]HCI' \\"Ll\"ClCHEIh
Sl il e oy 3hlic 23 ) ol jeall i Aa SY) and
e sl spasilly g 4 all 2231 ) 8 a5 Near infrared 4wl o) jeall s 225V
oy g5 ySalall Al ) 81 o 6S8 Al e s Far infrared 2l o) jead) caald da Y
L) il s o 1 a5 Med infrared wla sl sl peall cind ady

Mmj)@\wﬁ\&uwm& Ual\g_a‘)[\_‘m\c‘ayuju\djdﬂ\

Region of Spectrum Energy Transitions

X- ray Bond breaking

Ultraviolet /visible Electronic

Infrared Vibrational

Microwave Rotational

Radiofrequencies Nuclear spin (nuclear magnetic resonance)
Electronic spin ( electronic spin resonance)

gl paal) cad dadly) Ldds

il dalaiall <* 5" mid-infrared "Aadais g1l ) pasll «.\;.143)4.1.4‘_,,_% o) paall Cnf Aa B aliatal 305 il o
- (2.5- 50 um ,4000-200 cm Y O et Ansall Uk al
eul@uhjd\amdjm}mﬂ\@wmah}@j‘(cm ) GAlRuLJa\uAMM\aJ;}S\
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IS OEN Figys ., ol Jadi ol ey LSy s all (B adal 5 IS ) Dl s ecg dal) (B Aibas ol 5 L
o ST 3 g Ayl ) Sl 38 Db yaise
(bending 4ty s o stretching ) as,dakUaial @ ady jall 45 ) 35a Y1 las A8l e gle g3 @i

Sl Wl & o) ala 8 Al A A bl o Cusy b el jean Joba e de i) A8 a s Jadll ¢l ) ald
Ailly AN (e de e AS a ) AS Jida B )2 (i el (B W Ayl 5 (A S e O 5SE O) (S il
J&lls rocking g Ul s twisting ¢s st (s AU duailly as) sl de gaaall & I ANNAS ja (50 (5 jadl 4
Usliie ) U5 ) gaall (e Ao ganal Apnilly 3 pua¥) Ll 5 (B i (e ia sCHSSOriNg 4siadll 5 Wagging
< 31 a1 Gl 5 AliaiV) <l ) iedl e e a3 i dhaad (daall) Aain) <l 3l sl sle Sy e dall asa
Alilaiall dadaall &l ) FaW) (e 20 5 ed &aad gsymmetric stretching vibrations ailaiall e dudaal)
1JEd) Jaaw e Lgia s <l ) 53830 saxie ) 5l dlia symmetric stretching vibrations
" stretching "AUaiuy)

Stretching vibrations

KA

=ymmetric Agymmethic

‘e &\)ﬂ da )l Gla " Bending sy
" Scissoring "=iadll 3" Twisting " ¢ si¥ 5 " Wagging "¢ 5 " Rocking " &)l
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LNJ-PM 2 ) dlne 2P

\\\C/H
v Ny
~N

Symmetric stretch
(~2853 cm™)

b

AN
N
AN

Asymmetric stretch
(~—2926 cm™")

STRETCHING VIBRATIONS

/

)
C

\Hj‘

Scissoring
(~1450 cm™)

H

)
<]

v
C
~

Rocking
(~720 cm~7)

IN-PLANE

ng.;a:d \(,A.M' v

Wagaging
(~1250 cm™)

Twisting
{(~1250 cm~Y)

OUT-OF-PLANE

BENDING VIBRATIONS

s Ol (e ddidall Aabeall (e Lnlis Lo J saandl (S 4 581l 6 3all 28 50

<}
I

1 K

2me N u

viem™ ) = 4.12\/g
U

y= MM,
M, +M,

H

where M1 and M, are atomic weights

K =force constant in dynes/cm [1 dyne = 1.020 x 1073 g]
The Infra- red Spectrum & _eall i le A2l (il

——
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G samual) 13 I8 2 adla g s s Adgal) e al g 2 (T GBaes 5 4 sl ol 1) claglla Gl j31 jumnl
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agib) i) (5 58 Claxall a3 die Wiy g ¢ gucal) et 4l 5 jial) adlall s ) Lsal) adldall a6 caVESY L)
Adpall

e o) panll a4V (5 gind 48 il (5 58 iz 5 Apuls) Cilpaliaial o lagl gia) ) ailall

IR e -1

4 yiie @ ja-2

) Gy p -3

£l paad) cuad dedl) Aaja 23 5 e o figal) Jal gall

o pabaia¥) g ) Yl 5 aass Al Jal g2l aal o

o)a\ld\ C".\\J.AU 4.1)3]\ JY) 2

K o 58l Culhy aliciall o pal¥) 40 8 22

Lea a5 43 all Ja1s (e (5 A &l Ji3a Bany palaciia¥) 0 55 iy

agi g IV ol sl -

Al e Sl Ll 5 Lealaal 5 0 slaall il Al dadaD

e souel) yalill -3

sy &l juaig

(909- w3 sanall llis (4000-13000m™ (3 seanall & [R sk 6 (gl Gaialindl) )

IR ks G (o250 Jsbo sl A o) iy (5301 6 5l (3 o5 Alladl) spalanall plans claliailel 650cm™)
. W e 5 OH, NH ,C=0, COOH ,SH , alasS (4000-1300cm™ ) seanall o

53 5 aall seall 05 (Finger-print ) glbay! gab dilaia (1300-909cm™) (i Al sl dkiall o35
ol Ledany ae 4y 31 W) calad i) 50 (e Aliala Baiae dakaiall

group frequencies of organic compounds 4 sl s sall 3 asalaall cilaa i

e (Say Y (5 suand) oS all 85 s gall apalaall culan il ddliae Claliaial @) g o i Al Jslaad) o
8 5a o a8 claa il B3 (8 Ay jall Al il Gld 5 a8 Llee JaaBl il Llai dadae ) 4880

A gl iy jadl Cilia) Caliaial 4 gial) Gl YY) by claliaial)

ALl Adda ol cile ganall (g Wadis gl Al daa gall J) gl g Cilaa 5 J gaad) 138 g

Functional Group | Molecular motion Wave number (cm™)
alkanes C-H stretch 2950-2800
CH, bend ~ 1465
CHj; bend ~1375
CH2 bend (4 or more ) ~720
alkenes =CH stretch 3100-3010
C=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
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Sl u) dilae a0

(1.5 . S\ ¥ - :~-!\

Functional Group

Molecular Motion

Wave number (cm™)

aromatics C —H stretch 3020 — 3000
C=C stretch ~1600 &~1475
C —H bend (mono) 770-730 &715-685
C — H bend (ortho) 770-735
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
Aldehydes C-H aldehyde 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-O 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-Cl stretch 730-550
anhydrides C=0 stretch 1830-1800 &1775-
1740
C-O stretch 1300-900
amines N-H stretch (1 per N-H | 1300-900
bond)
N-H bend 3500-3300
C-N stretch (alkyl) 1640-1500
C-N stretch (aryl) 1360-1250
N-H (oop) ~800

39

Pt
A\




Sl u) dilae a0

(1.5 . S\ ¥ - :~-n

Functional Group

Molecular Motion

Wave number (cm™)

amides N-H stretch 3500-3180
C=0 stretch 1680-1630
N-H bend 1640-1550
N-H (bend (1) 1570-1515
Alkyl halides C-F stretch 1400-1000
C-Cl stretch 785-540
C-Br 650-510
C-1 600-485
nitriles C,N triple bond stretch | ~2250
Isocyanates -N=C=0 stretch ~2270
Isothiocyanates -N=C=S stitch ~2125
Imines R2C=N-R stretch 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-0O stretch 1000-750
Phosphines P-H stretch 2320-2270
PH bend 1090-810
Phosphine oxide P=0 1210-1140

-l ) i Ualal Jaa S aslod) J glaadl A (e s

L JET @l Jaad Al @l e el il i vie a8t Caa¥) el A1 Jaal Al sl sY) <l ) salEx
il ol ) i) dabiag laa " el aa it sl ddd ) glia3 Lllaiay) < 3) yia e

A a3 gy e Apda) el W1 23 55 (pe aSTAGUEN el Y1 20 53 X
eptww@dﬂ\fy\ﬁu\Wﬁuéwy\eﬁmgbms\m_,;wg\usfqbusj**
MLA‘:JLWMJJS.N.\ @La‘}[\c.da j\‘\M.\S\‘\ALuA @M@i\w\@yuﬁﬁOO
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Saall a) dlae aa

(1.5 . n ~.~ :~.~S\
Triple bond
|
I
single bonc Double Fingerprint region
stretch bond 2= 2
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
4000 3000 2000 1500 1000 kOO

Wanenumber (o)

LJS)JLQAA;\U\A:\L@A}\JEoﬁ&@\#é\@b&\&MWﬂJJﬁY\ \Jg_u"_t:t.qiu}
g Y sl clld cand g S pal () sSi 2STILS dakaiall sda & ity Legdl aa g g oA geme Aisad HAYI 5 Cog yaa

G338l 099 IR s Lagad (3illay (LS 1

C-H Stretching Region ~ C-H e <) jal ghlia
(UL ma e 98 WSy 3300-2750 cm-1

O C-Hb_aD dpdaall &l ) y5a ) # o) 5
3300 cm™ 3100 cm™ 3000 cm™ 2850 cm *& 2750 cm™
(3.03p) ( 3.22p) (3.33w) (3.51p) (3.64p)
Acetylenic Vinyl =C-H Aliphatic C-H Aldehyde
—C—H Aromatic =C-H (See table below)
Cyclopropyl —C-H o
Sp Sp’ sp’
< Strain moves absorption to left
+ Increasing character moves absorption to left
Group Stretching vibration (cm ™)
Asymmetric  Symmetric
Methyl CH;- 2962 2872
Methylene —CH,- 2926 2853
2890 very weak

C-H oabaiol dad o 55 Sp Sp? & Sp° cuaedl L

ol o)
Bond ==C—H =C-H _C-H
type Sp Sp* Sp’
(o)



length 1.08A 1.10A 1.12A
Strength 506 kJ 444KJ 422KJ
IR frequency 3300 cm™ ~3100cm™ ~2900 cm™

C=C Stretching vibration 4s 53 3l 8 a3l aall <l ) yia) (3lalic
(1670 and 1640 cm™ ox Alall e S da 50 34l 3 pa¥l sale jedad GSIVL (i srall Japall JSIV)
3gal Joad Jin GaliaieV) dad J5 Jalall 3 5a 5 2ie 5 (Uncojugated) sma¥) 8 Jals oS o113 1
. &iles,¥1 C=C JI (1600 cm-1)
o st igiall e el €l alas 8 AAIAI) A g 3all 8 el paliaial o) Alal) ciliad V) b Ll
C-C hae xoC=C 1o ) i) z 533 Aalall e A shaiall (8 ya gl Sl aliatial (puds (b)) Cas
90 & S Aad Jad s J8 JAN sy joal C-C=C 4l ) Cnpal WlS 5 | 5 glatiall el 53U
Al a5l 3 e 3 20 1 5015 (1566 €M) (Al (sl
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2000 1867 cm—1

Mono-
() (b)
Di-
o-
| m-
Monosubst. @ a
— s ’s “ P-
ortho @ Tri-
s 1,2,3-
meta @ Cm  [Js  EEs 1,3,5-
para © s 1,2,4-
1 Tetra-
e —im s 1,2,3.4-
1,2,3 (l;[ — e o 1,2,4,5-
1,2,3,5-
1,3,5 N — m
A
900 800 700 cm— Penta-
Hexa-

Y gl g Y gasl)
<)Y sda jili s C-Odaes O-H e (o ¥ sidll g i gl Gilhal s 4 galall Aalall o jal) Lass
@uyjuﬂ\)uyj;ﬁ\uhk\ ‘)@_Lu DJ}LA.AM bm\a.d\ u\J\J&\@LgA\)JJy JJJ @.\A}Jé—\é‘ J..ALJL!

S5l pa Bl (3584 23650 oY) dikiall 3 528 Y il y Y saSll 5 a1 5 pealial e
S el 2, Al e cilpdall b las ddssall Jidlaall g s laal) ) sall 8 Jas salall 5l

Sl (3200-3550 cm) Un sl o si 3 sedally dlial o 3 1asi s Jbaall 5 55 32 30 i) Aion 5 sl
CBoal aS 5 el 4o la

Y sl g Y alll C-0& O-H JV o) &l 31 Fial g sy Ml Jgasll

Compound : C—0O Stretch (cm™ ") O—H Stretch (cm™1)
Phencls" 1220 3610
3° Alcohols (saturated) % 1150 2 | 3620
: S
2° Alcohols (saturated) 211100 g 3630
19 Alcohols (saturated) : 1050 3640

| Unsaturation on adjacent carbons or a cyclic structure lowers the frequency of C—-O dbsorpuon
2° examples:

OH : v : ;
O/ ; @—c':}{cm CH2=CH(|3HCH3

: OH OH
1100 — 1070 cm-! 1100 — 1070 ¢m! 1100 —+ 1060 cm-!

) @—CHZOH CH=CCH,OH

1050 — 1017 cm! 1050 —1030 cm !

1¢ examples:
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Normal a,3- Unsaturated Enolic
B8-Diketones
Conjugation
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Ketene Normal
RING STRAIN
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CH,—C—C—CHj C—C
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C C - C. C
CH,” CH,” CH, CH;” CH” CH,

Keto tautomer Enol tautomer
C=0 doublet C=0 (hydrogen-bonded), 1622 cm™!
1723 cm~! (symmetric stretch) O—H (hydrogen-bonded), 3200-2400 cm™!
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NITRO COMPOUNDS '

) Aliphatic nitro compounds: asymmetric stretch (strong), 1600-1530 cm™':
_+N{’/' - symmetric stretch (medium), 1390-1300 cm™.
\O Aromatic nitro compounds (conjugated): asymmetric stretch (strong),

1550-1490 cm™!; symmetric stretch (strong), 1355-1315 cm™.
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NITRILES R-C=N
—C=N Stretch is a medium-intensity, sharp absorption near 2250 cm™. Conjugation

with double bonds or aromatic rings moves the absorption to a lower frequency.
Examples: butyronitrile (Fig. 2.62) and benzonitrile (Fig. 2.63).

ISOCYANATES R—N=C=0

—N=C=0 Stretch in an isocyanate gives a broad, intense absorption near 2270 em™".
Example: benzyl isocyanate (Fig. 2.64).

ISOTHIOCYANATES R—N=C=§

—N=C=S§ Stretch in an isothiocyanate gives one or two broad, intense absorptions center-
ing near 2125 cm™L.

IMINES R,C=N—R

—C=N~ Stretch in an imine, oxime, and so on gives a variable-intensity absorption
| in the range 1690-1640 cm !,
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CARBOXYLATE SALTS R—C—0- Na*

0 Asymmetric stretch (strong) occurs near 1600 cm™!; symmetric stretch (strong)
-—C/ - occurs near 1400 cm™.
\\O Frequency of C=0 absorption is lowered from the value found for the parent

carboxylic acid because of resonance (more single-bond character).

AMINE SALTS NH;" RNHs;™ Ry;NH,® R3NH™

N—H Stretch (broad) occurs at 3300-2600 cm™'. The ammonium ion absorbs to the
left in this range, while the tertiary amine salt absorbs to the right. Primary and
secondary amine salts absorb in the middle of the range, 31002700 em L A

broad band often appears near 2100 cm™.

N—H Bend (strong) occurs at 1610—-1500 cm™!. Primary (two bands) is asymmetric at
1610 cm™, symmetric at 1500 cm™. Secondary absorbs in the range

1610-1550 cm™ !, Tertiary absorbs only weakly.

AMINO ACIDS
0O

I |
R—(IIH—C—OH —— R—CH—C—0"
NH, *NH,
These compounds exist as zwitterions (internal salts) and exhibit spectra that are combinations

of carboxylate and primary amine salts. Amino acids show NH;" stretch (very broad), N—H
bend (asymmetric/symmetric), and COO™ stretch (asymmetric/symmetric).
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MERCAPTANS RS H
S—H Stretch, one weak band, occurs near 2550 cm™! and virtually confirms the presence of

this group, since few other absorptions appear here.
Example: benzenethiol (Fig. 2.68).

SULFIDES R-S-R

Little useful information is obtained from the infrared spectrum.

SULFOXIDES R—S—R
I
0

S=0 Stretch. one strong band. occurs near 1050 cm L.
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SULFONES (I)

R—S—R
I
S=0 Asymmetric stretch (strong) occurs at 1300 cm™, symmetric stretch (strong) at
1150 em™..
SULFONYL CHLORIDES (")
R—S—dl
|
S=0 Asymmetric stretch (strong) occurs at 1375 cm™!, symmetric stretch (strong) at
1185 cm™t.

Example: benzenesulfonyl chloride (Fig. 2.69).

SULFONATES (0]

|
R—ﬁ—O—R
0
$=0 Asymmetric stretch (strong) occurs at 1350 cm™, symmetric stretch (strong) at
1175 cm™',
S—0 Stretch, several strong bands, occurs in the range 1000-750 cm™.
SULFONAMIDES (0] O
(Solid State) I |
R_ﬁ“NHZ R——|S—NH—R
o o
S=0 Asymmetric stretch (strong) occurs at 1325 cm™!, symmetric stretch (strong) at
1140 cm™.

N—H Primary stretch occurs at 3350 and 3250 cm™'; secondary stretch occurs at
3250 cm™!; bend occurs at 1550 cm™.

Example: benzenesulfonamide (Fig. 2.71).

SULFONIC ACIDS 0
(Anhydrous)

R—S—O—H
I
S=0 Asymmetric stretch (strong) occurs at 1350 cm™, symmetric stretch (strong) a
1150 cm™2,
S5—0 Stretch (strong) occurs at 650 cm™!.
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PHOSPHINES RPH, R,PH

P—H Stretch, one strong, sharp band, at 2320-2270 cm L.

PH, Bend, medium bands, at 1090-1075 cm™! and 840-810 cm™ 1.
P—H Bend, medium band, at 990-885 cm™L.

P—CH; Bend, medium bands, at 1450-1395 cm™! and 1346-1255 ¢cm™2.
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 cm™L.
PHOSPHATE ESTERS (RO);P=0

P=0 Stretch, one very strong band, at 1300-1240 cm L
R—-0 Stretch, one or two strong bands, at 1088-920 em™ L.
P-0O Stretch, medium band, at 845-725 cm™.
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FLUORIDES R-F

C-F

Stretch (strong) at 1400-1000 cm™. 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 cm™.

CHLORIDES R—CI

C-Cl

CH,—Cl

BROMIDES
C—Br

CHz_BI'

Stretch (strong) in aliphatic chlorides occurs in the range 785-540 cm™!, Primary
chlorides absorb at the upper end of this range, while tertiary chlorides absorb
near the lower end. Two or more 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 em™h), HCCl; (759 cm™ ),
and CCl, (785 cm™). Aryl chlorides absorb between 1100 and 1035 cm~!.

Bend (wagging) at 13001230 cm™.

R—Br

Stretch (strong) in aliphatic bromides occurs at 650~510 cm™., out of the range of
routine spectroscopy using NaCl plates or cells. The trends indicated for aliphatic
chlorides hold for bromides. Aryl bromides absorb between 1075 and 1030 cm ™.

Bend (wagging) at 1250-1190 cm™ L.

IODIDES R-I

C~-1

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

Bend (wagging) at 12001150 cm™.
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