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Observe 4 major types of transitions in organics
1- 6-0* Highest E
2- n -c* 2nd highest E
3-n-n* Lowest E

4- n-it* Also fairly low
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Energy requirements for important electronic transitions.
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Typical Absorptions of Simple Isolated Chromophores
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Absorption Characteristics of Some
Common Organic Chromophores

Chromophore Example Solvent Amax s NN €prax

Alkene CH «CH=CH; n-Heptane 177 13000
Conjugaute alkene CH,—CHCl1=CH, n-Heplane 217 21.000
Alkyne C.H,,C=C—CH, n-Heptanc 178 10,000
196 2.000
225 160

O
Carbonyl CH.CCH, n-Hexane 186 1,000
280 16

O

I
CH,CH n-Hexane 150 Large
293 12

0O

|
CH,CNH, Watcr 214 60
Carboxyl CH,COOH Ethanol 204 41
Azo CH,;N=NCH; Ethanol 339 5
Nitro CH;NO, Isooctane 280 22
Nitrate C,1H;0NO, Dioxane 270 12
Nitroso C,H,NO Ethyl cther 300 100
665 20
Aromatic Benzene n-Hexane 204 7.900
256 200
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NH, <X <OCH; <OH<CHs Jix (Auxochrome) ¢yl (s:eLw)

Auxochrome : Substitutent groups which are not themselves optically
active in this energy range, but which do interact with other
chromophores to shift both intensity and wavelength. Associated with red
is tribution of internal electronic configurations and charge densities.

—z ol e £ 9 Ary ) ar A gra asalana dUia g

Jsbl(d) Jsb a3 palaia¥l 4al )l ) Bathochromic shift sea¥! ssi dal ) -)
el il ) (gl dag

el ase Jsh s palaial) da) 3l Hypschromic Shift GoJY) a3 4al ) -Y
RURTCN s P R NP PN

Hyperchromic effect pabaio¥ sad A 32l ) aie iy i -Y

Hypochromic effect sabaial) 828 & (lali dic ity il - ¢
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1. Bathochromic shift (red shift)

— lower energy, longer wavelength
— CONJUGATION.

2. Hypsochromic shift (blue shift)
— higher energy, shorter wavelength.

3. Hyperchromic effect
— increase in intensity

4. Hypochromic effect

— decrease in intensity

(UV) densti) (§ 58 An B arda (B o ) 8] g0 o 3 55l Jal 2l
The effect of conjugation el

Jshb 32l o) (el alias Al ga( Adle )) ol jandl dal 3V1 Candt 31 Jal sall 2a)
@35 Ay (g ime e s Aflatia Lo ) Allaiall da 93 Jall uaal V1 o 4y giaall Al
A g IV oYU A DU A8l A8 ) 50 108 5 Lgudany (ge 48U Ol gine o)\ ]I
S s & e (Ae Jall) Bslea ad) A sal) ol yladl ()5 sladll Ay jadl Gl ladl) (g
Ol sl (8 ALl Jsha 83l ) yils eam gr N S 5, aiaal) g lail A gl Jsha 3305
3,45 3ali n &us HyC(CH=CH), CH; Dimethyl Polegenes

R{(CH=CH)_.R N
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Homoannular Hetroannular open chain diene
s-Cis s-trans s-trans

[1] Parent dienes

Parent heteroannular ( s-trans) =214 nm
open chaine diene (s-trans) = 214nm

Parent homoannular diene (s-cis) = 253 nm
Increments:

Additional conjugated double bond = 30 nm
Each exocyclic double bond =5 nm

[2] Substituent effects

Substituents on the conjugated chain can shift bathochromically.
For example:

Each alkyl substituent or ring residue =5 nm

-OAcyl =0 nm

-OR =6 nm

-NR2 =60 nm

-SR =30 nm

-Clor Br=5nm
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ol AL

: kmax

CH; s-trans & o) £ 5
.’ Parent hetroannular = 214nm

; Ring residues (1,2,3)=5x3=15
Exocyclic double bond (DB)=5
/ a cu ated ® 234nm

exocyclic DB Obse ved fax =235nm

CH;

e, 4\N\

CH
2 6 3

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

CH;

CH;CH,0
exocyclic D.B

Parent hetroannular = 214nm
ring residues (1,2,3) =5x3 =15
exocyclic double bond (D.B) =5
CH5CH,O group =6

a cu atgd % 240nm
Obse ved fax =241nm
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alkyl group
H,C COOH exocyclic D.B

Parent homoannular = 253nm
ring residues (1,2,3) =5x3 =15
exocyclic double bond (D.B) =5
alkyl group =5

a cu atgd & 278nm
Obse ved fax =275nm

CH,
H;COCO 2 D.B extending conjagation

3 exocyclic D.B

Parent homoannular = 253nm
ring residues (1,2,3,4,5) =5x5 =25
2 D.B extending conjugation = 2x30 = 60
3 exocyclic double bond (D.B) = 3x5 = 15
-OAcyl group =0

a cu atgd % 353nm
Obse ved oy =355nm

" e =exocyclic D.B
‘0 . r = ring residues
r

€
Parent homoannular = 253nm
4 ring residues (1,2,3,4,) = 4x5=20
2 exocyclic double bond (D.B) = 2x5 =10
Calcu ateddy = 283nm
Obse ved oy =282nm
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Amax €max Solvent
N0 293nm 12nm hexane
etlgnal
)J\ 279 15 hexane
aceoone
)J\C, 235 53 hexane
acetyl chloride
(0]
)kNHZ 214 - water
acetamide
(o]
)l\o o~ 204 60 water
(o]
)J\OH 204 41 ethanol
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- A0y CilblaY) cilias

o B ¥ 0.+
Extnd C=C +30
Add exocyclic C=C +5
Homoannular diene +39
alkyl +10 +12 +18 +18
OH +35 +30 +50
OAcyl +6 +6 +6 +6
O-alkyl +35 +30 +17 +31
NR,
S-alkyl
Cl/Br +15/+25 +12/+30
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- 424
H;C ?
H4C T CHs

p

a

CH3

. (acyclic enone ) 215nm Alad) & 5 padiall & ¢ 5 SUarall dasl)

o- CH3 =10

b-CH; =2 x 12=24
AmaxCalculated = 249nm
Amax Observed = 249nm

Base value 6-membered enone = 215 nm

D.B extending conjugation = 30 nm
H m cyc icdiene=39nm
d-ring residue = 18nm

Amax Calculated = 302nm

Amax Observed = 300nm

Base value =202 nm
2 1ng esidues 1,2 =2x5=10
exocyclic double bond (D.B) =5
a cu atgd & 231nm
Obse ved oy =226nmM

Base value =207 nm
B~ Br =30
g- methyl = 12
a cu atgd % 249nm

0
CH;
s OCOCH;
p >
n
0
CH;
(@)
H Br
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.(phenoxide ion)

compound Amm( Ezband) | Aom (Bband) |e
Benzene 203.5 7400 245 204
-OH 210.5 6200 270 1450
(second
band)
-0. 235 9400 287 2600
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compound A max( E> band ) £ A max (Bband) £
Benzene 203.5 7400 245 204
-NH, 4 230 8600 280 1430
-NO, 4alu 268.5 7800 - -
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whene R =any group _
Z=0H,H, OR

R = alkyl group
R
&gl | Amax
O

Parent chromophore 7 47
Z=alkyl or ring residue ] 246
Z=H X 250
Z=OH or O-alkyl(OR) R 230

For each substituent

R = alkyl or ring residue Ortho and meta 3
para 10
R=-OH, - OCHg;, - O-alkyl Ortho and meta 7
para 25
R=0 Ortho 11
meta 20
Para 78
R=Cl Ortho and meta 0
para 10
R=Br Ortho and meta 2
para 15
R =NH, Ortho and meta 13
para 58
R = NHCOCH; Ortho and meta 20
para 45
R = NHCH; para 73
R=N(CHs;), Ortho and meta 20
para 58
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Al
Br

+2 ta -B
( meta -Br }—— f\ +3 (ortho ring residue )

™~

Z

Pa entva uggh=246nm
Ortho ring residue = 3

Meta — Br =2
a cu ate Amax =251 nm
Obs  Amax =253 nm

(@)
7 ta -OH
\ mem "//_°F
o

+25 para OH OH

+7 meta -OH

Pa entva uggh =230nm

Meta — OH =2x7=14
para— OH =25

a cu ate Amax = 0By
Obs  Amax =270 nm
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c] +3(ortho ring residue )
0 (meta-Cl) —> ¢
CO,Et

™~

z
OH O
+7 (ortho-OH)

Pa entva uguh=246nm
Ortho ring residue = 3

Ortho — OH =7
Meta — ClI = Z€ero

a cu ate Aimax =256 nm
Obs  Amax =257 nm

+25( para-OR )

+7( meta -OR/)_\ LOCH;,
H,CO
+3 (ortho ring residf)\

Pa entva uggh=246nm
Ortho ring residue = 3

para— OR =25
Meta — OR =7

a cu ateimax 28%nm
Obs  Amax =278 nm
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