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The n to ™ transition is at even lower wavelengths but 1s not as
strong as 7 to m* transitions. It 1s said to be “forbidden.”
Example:
Acetone: n—m* A .. = 188 nm ; &= 1860
n—m* A, =279nm ; &=15 15
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TABLE 14-2 Absorption by Organic Compounds

Containing Heteroatoms with Nonbonding Electrons

Compound A, NIM € nax
CH,OH 167 1480
(CH;),0O 184 2520
CH,(Cl 173 Low—— 200
CH;I 258 365
(CH5),S 229 140
CH;NH, 215 600
(CH;);N 227 900
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n =27n* and © =2 nt* Transitions

Most applications of absorption spectroscopy are
based upon transitions for n or 7 electrons to the
n* excited state because the energies required for
these processes bring the absorption peaks into an
experimentally convenient spectral region (200 to
780 nm). Both transitions require the presence of
an unsaturated functional group to provide the =«
orbitals. The molar absorptivities for peaks
associated with excitation to the n, w* state are
generally low and ordinarily range from 10 and
100 L cm™ mol -'; values for 1 = =* transitions

are normally take place in the range between
1000 and 10,000. 7
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Example: ethylene absorbs at longer wavelengths:
Apax = 185 nm &= 10,000
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TABLE 14-1 Absorption Characteristics of Some Common Chromophores

o
Chromophore Example Solvent Apaxe RM Eanx Transition Type
Alkene CcH;;CH=CH, n-Heptane 177 13,000
Alkyne CsH,;;C=C—CH; n-Heptane 178 10.000
196 2000 ) —
225 160 X —
Carbonyl CH;CCHj; n-Hexane 186 1000 n-—o*
(“) 280 16 X n—m*
CH;CH n-Hexane 180 large n—o*
293 12 X n—w*
Carboxyl CH;COOH Ethanol 204 41 X n— *
Amido CH;CNH, Water 214 60 X n—*
|
AzO CH;N=NCH; Ethanol 339 5 X n—a*
Nitro CH;NO, Isooctane 280 2 X n—
Nitroso C,H,NO Ethyl ether 300 100 X =
665 20 X n— m*
Nitrate C,HsONO, Dioxane 270 12 X n— w*
® 2007 Thomson Higher Education
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Absorption by Organic Compounds

All organic compounds are capable of absorbing electromagnetic
radiation since all contain valence electrons that can be excited to higher
energy levels

The energies associated with electrons in single bonds are sufficiently
high (c—0c™*) that absorption occurs in the Far-UV (A< 185 nm).
Components of the atmosphere also absorb in this region.

This 1s the reason why normal n-alkanes organic compounds can be
utilized as solvents in the UV/Vis region.

Because of experimental difficulties association with the Far-ultraviolet
region, most  spectrophotometric  investigations of  organic
compounds involves the longer wavelengths (A>18fnm)

Most applications of Absorption spectroscopy are based on transitions for
n —n* or t —»n* . (UV/VIS 200-780nm)

Both n —»n* or 1 —n™ require the presence of unsaturated functional
groups (double bonds) to provide the m orbitals. Molecule containing
these functional groups are also referred to as “chromophores”™
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Absorption Definitions

Chromophore

A group of atoms that gives rise to electronic absorption

Or

A functional group capable of having characteristic electronic transitions
is called a chromophore (color loving)

Or

The chromophore is a region in the molecule where the energy
difference between two different molecular falls within the range of the
visible spectrum

Auxochrome
A substituent that contains unshared electron pairs (OH, NH, X)

21
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Common functional groups

aw

Ql O ol A
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F|F =

CH,CH,
CH,OH
CH,SH
CH,NH,
CH,CI
CH,I
CH,=CH,

CH,N=NCH,

122
130
183
235
210
173
258
165
187
273

460
347

intense
intense
200
180
800
200
380
16000
950
14
weak
15

. ransition with lowest
Intensity/e
energy

o-0*(C-H)
o-6* (C-C)
n-c* (C-O)
n-c* (C-S)
n-o* (C-N)
n-o* (C-Cl)
n-c* (C-I)
n-n* (C=C)
n-* (C=0)
n-1* (C=0)
n-tt* (C=S)
n-n* (N=N)
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Absorption Definitions

Bathochromic
A shift to longer wavelengths or red shift (increase in A)

Hypsochromic
A shift to shorter wavelengths or blue shift (decrease in A)

Hyperchromism

An increase 1n intensity of an absorption band (increase in €, )

Hypochromism

A decrease 1n intensity of an absorption band (decrease in €, )
3acl8 ol Laa> (oS (Sew Cuidlgudl g red shift or blue shift Jasy L wavelengthdl Jusy oSoo Cuidlgul|
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Solvent Effects me

A compound that contains both n and n electrons may exhibit two
absorption maxima with change in solvent polarity

- 1 — m* transitions absorb ~10 x more strongly than n — =n*
transition

- n — w* transition occur at longer wavelengths than 1 — ©*

- Such a compound will exhibit two characteristic peaks in a nonpolar
solvent such as hexane

- The two peaks will be shifted closer to each other in a polar and
hydrogen bonding solvent such as ethanol
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Solvent Effects

Molecules with absorption due to m1 — 7™ transition exhibit red shift
when dissolved 1n polar solvents as compared to nonpolar solvents

- Used to confirm the presence of m — n™* transitions in molecules

Molecules with absorption due to n — =w* transition exhibit blue shift
when dissolved in solvents that are able to form hydrogen bonds

- Used to confirm the presence of n electrons in a molecule
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Effect of Conjugation of Chromophores

n electrons are considered to be further
delocalized by conjugation; the orbitals involve
four (or more) atomic centers. The effect of this
delocalization is to lower the energy level of the
n* orbital and give it less antibonding character.
Absorption maxima are shifted to longer
wavelengths as a consequence. Conjugation of
chromophores, has a profound effect on spectral
properties. 1,3-butadiene, CH,=CHCH=CH,, has
a strong absorption band that is displaced to a
longer wavelength by 20 nm compared with the
corresponding peak for an unconjugated diene.
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Effect of Conjugation of Chromophores

— Yy
— ¥ (LUMO)
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173 kcal/mol 132 kcal/mol 111 kcal/mol
165 nm 217 nm 258 nm 4
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H H
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Effect of Conjugation of Chromophores

UV Spectroscopy

IIl. Chromophores
A. Substituent Effects
2. Conjugation — Alkenes
Extending this effect out to longer conjugated systems the energy gap
becomes progressively smaller:

'y

Energy ] Lower energy =
Longer wavelengths

ethylene

butadiene
hexatriene

oclatetraene
29



Effect of Conjugation of Chromophores

Table 8.3  Values of A and ¢ for Ethylene and Conjugated Dienes

Compound A ey (BT1) eM ' em™)
H,C=CH, 165 15.000
AN 217 21,000
NN 256 50,000
NN\ 290 85,000
AN NN 334 125,000
N NN\ 364 138.000




These transitions correspond to simple bonds and are common to

all molecules.
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Empirical Rules for Calculating
Uv/Vis Absorptions

Theoretically AN I Gowsd LasS

b U1 el QU1 s leludss ooy 9 188 A thax ]I oS one pi b I OLS,all
safe sideJL ¢Sl (&= conjucation g5 9 pi 2 o Gl s K= ducldll
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Woodward-Fieser Rules for Calculating the Amax of Conjugated Dienes and
Polyenes

- Parent:

O

Conjucation in one ring
Homoannular

A=253 nm

Conjucation in 2 different rings

heteroannular

A=214 nm

\ sl ple pasig pi 3-2 =
\

Opén_ring
acyclic

=217

- Increments for:
Pi

Double bond extending conjﬁﬂﬁation
eiwdle 3005 JSAIKYI substituent or ring residue

5 «wwaExocyclic double bond

Polar groupings:
-OC(O)CH3
-OR
-Cl, -Br
-NR2
-SR

pi 2 ad Ul Syl s josund | 0lg) (gslall
0l Zg9p 3 e ,iSI y8 131 9 conjucated
+30 A
+5
+5

exocyclic

sl 2y exo JSaie pidl cuzl 131

+0 o>
+6

+5

+60 »
+30



Pi M oo 381 1S 131 peilal] ole
For more than 4 conjugated double bonds:
Apax = 114 + S(number of alkyl groups) + n(48.0-1.7n)

Example:
Lycopene:

Z N NN N NN NN NN A

Ao = 114+ 5(8) + 11*(48.0-1.7*11) =476 nm
(Actual) = 474.

xmax
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