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The n to * transition is at even lower wavelengths but is not as 
strong as  to * transitions.  It is said to be “forbidden.”
Example:  

Acetone:  max = 188 nm  ;   = 1860
n max = 279 nm  ;   = 15 15



ٮ%م اللي  ال حسب الڡ' ٮ'ڡ' معطٮ%ني               2 و molar absorptivity     و ٮ3حدد مٮ.هم مٮ%ن اللي ٮ3صٮ%رله اٮ.
ٮ3ٮ'طٮ3ق الشروط 

لال  ال ، من ح. ٮ'ڡ' ٮ%م و حكالىM هاد المركب اله             ٮ3ٮ'ساوي 188 و سأل لمٮ%ن ٮ%عود الاٮ. ىM الڡ' اذا ما اعطاٮ.
ال ؟ ٮ'ڡ' المركب ٮ3عرف اٮ.ه ڡ.ىM                                               ف لمٮ%ن ٮ3عود الاٮ.

دت المركب و دوٮ3ٮ'ه ب polar solvent و  اً ، ف اذا اح. لازم هون عشان اعرف ، اعمل test عالمركب عملٮ% ڡ.
ال ٮ3عود  ٮ'ڡ' الاٮ. اله ڡ'درة ٮ%عمل H-bond مٮgل المىM و حللت المركب ، اذا ال.          زادت و صار red shift ڡ.

ال ٮ3عود لل.               لأٮ.ه المركب عمل  ٮ'ڡ' الاٮ. لل.              , و اذا ڡ'لت ال.              و صار blue shift ڡ.
ت الالكٮ'روٮ.ات و  ٮ%ن ف ٮ3س سڡ'ّطت علٮ%ها ضوء ضعڡ. H-bond مع الnon-bonding اللي عالاكسح3

 blue shiftلت ال.          و راحت لل ڡ' ٮ'ڡ'ل ڡ. ت طاڡ'ة عالٮ%ة حتى ٮ'ٮ. احٮ'اح3
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n * and * Transitions
Most applications of absorption spectroscopy are
based upon transitions for n or  electrons to the
* 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, * state are
generally low and ordinarily range from 10 and
100 L cm-1 mol -1; values for  * transitions
are normally take place in the range between
1000 and 10,000. 17
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Example:  ethylene absorbs at longer wavelengths:

max = 185 nm = 10,000

= hv
=hc/
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ل ڡ&ى$ هاي  لا ٮ4مكن ٮ+حلٮ4لها و ڡ&ى$ كٮ+ٮ4ر مواد ٮ-ٮ+دح&
 solventدم هاي المواد ك سٮ+ح& ة , لذلك مٮ& طڡ+ المٮ&

المركٮ-ات الدوائٮ4ة مش كلها polar ٮ-ٮ+دوب ٮ-المى$ ، و 
در ادوٮ-ها  حتى احضّرها و احللها ٮ-الUV ما ٮ-ڡ+

لازم  بpolar solvent لأٮ&ها مش hydrophilic ڡ&
ر ٮ4كون hydrophobic و ٮ4دوّب  ٮ4ب solvent اح& اح-

ممكن  ة و ما ٮ-يمٮ+ص طاڡ+ة الUV-vis ڡ& العٮ4ٮ&
دم الalkanes (organic solvent) لأٮ&ه  ٮ&سٮ+ح&

الات اللي ٮ+مٮ+ص  ٮ+ڡ+ ة الuv-vis اما الاٮ& طڡ+ ٮ-يمٮ+ص ٮ-مٮ&
الuv-vis اللي هى$ 
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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 (σ→σ*) that absorption occurs in the Far-UV (λ˂ 185 nm).
Components of the atmosphere also absorb in this region.

• This is 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 (λ>185 nm)

• Most applications of Absorption spectroscopy are based on transitions for
n →π* or π →π* . (UV/VIS 200-780nm)

• Both n →π* or π →π* require the presence of unsaturated functional
groups (double bonds) to provide the π orbitals. Molecule containing
these functional groups are also referred to as “chromophores”



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)

Absorption Definitions
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An auxochrome attached to a chromophore with π electrons shifts the 
λmax to longer wavelengths



موعة اللي  ٮ%ها chromophores اللي هىM المح3 ٮ%ها                         هىM المركٮ3ات اللي ڡ. المركٮ3ات اللي ڡ.
ال هاد  ٮ'ڡ' الاٮ. ٮ%ها عالاڡ'ل             ) ڡ. ة الuv ، اللي هىat least one pi M (اللي ٮ3كون ڡ. طڡ' ٮ3ٮ'ولدّ امٮ'صاص ٮ3مٮ.

ٮ%ن للشروط  ٮ%م ال.            و الmolar absorptivity مطاٮ3ڡ' ه ٮ3الuv-vis لأٮ.ه ڡ' هو اللي مٮ.شوڡ.

 uv-visة ال طڡ' ٮ3سمّوا المركٮ3ات هاي  color loving لأٮ.ه  اصٮ3حت ٮ'مٮ'ص ڡ.ىM مٮ.

 OH , N , halogens , S ٮ%ها ٮ%ها lone pair و ڡ. ٮ%ة ڡ. موعة اضاڡ. موعة الauxochome هىM مح3 مح3

 lone pairsو ال chromophoreال.   ٮ(ٮ)مٮ%ل ال
ٮ(مٮ%لوا الauxochrome و الauxochrome ٮ(ٮ)زيد 

 intensityال

ٮ2هم  ٮ2هم chromophore و ڡ3 ٮ2ن ڡ3 المركٮ(
ود الlone pair و ال رق وح( ٮ(س الڡ3

مق اللون و ڡ)رب  ال هو اللي ع3 ٮ)ڡ) و هاد الاٮ3



ٮ%ها lone pairs 3 و  ڡ.
auxochromes ٮ3ولدوا
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Compound λ(nm) Intensity/ε transition with lowest 
energy

CH4 122 intense σ-σ*(C-H)

CH3CH3 130 intense σ-σ* (C-C)

CH3OH 183 200 n-σ* (C-O)

CH3SH 235 180 n-σ* (C-S)

CH3NH2 210 800 n-σ* (C-N)

CH3Cl 173 200 n-σ* (C-Cl)

CH3I 258 380 n-σ* (C-I)

CH2=CH2 165 16000 π-π* (C=C)

CH3COCH3
187 950 π-π* (C=O)

273 14 n-π* (C=O)

CH3CSCH3 460 weak n-π* (C=S)

CH3N=NCH3 347 15 n-π* (N=N)

Common functional groups



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

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

Hyperchromism
An increase in intensity of an absorption band (increase in εmax)

Hypochromism
A decrease in intensity of an absorption band (decrease in εmax)

Absorption Definitions
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اعدة ٮ&ت ممكن ٮ4كون حمض او ڡ+ ٮ4رلى$ الwavelength ٮ4ا ٮ-عمل red shift or blue shift و السولڡ& iٮ&ت ممكن ٮ4ع السولڡ&
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  intensity وا molar absorptivityلاع ر%ٮgٮأ'ٮلا و                لا لىع solventلا ر%ٮgٮأ'ٮ حضو'ٮ3ٮ ةمسرلا

 ر%ٮ{عت'ٮ3ٮ molar absorptivityلا وا ر%ٮ{عت'ٮ3ٮ             .لا ، slnل بكرملا لوحا س3ٮ نكمم

              .لا لgٮم'ٮ3ٮ x-axisلا و molar absorptivityلا لgٮم'ٮ3ٮ Y-axisلا

 red shift وا bathochromic ر%ٮgٮأ'ٮلا Mىمس3ٮ            .لا تداز اذا

 blue shift وا hypsochromic ه%ٮمس3ٮ              .لا تل'ڡ اذا

 hyperchromism ر%ٮgٮأ'ٮلا Mىمس3ٮ molar absorptivityلا وا intensityلا تداز اذا

 hypochromism ر%ٮgٮأ'ٮلا Mىمس3ٮ molar absorptivityلا وا intensityلا تل'ڡ اذا



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

- π → π* transitions absorb ~10 x more strongly than n → π*
transition

- n → π* transition occur at longer wavelengths than π → π*

- 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

Solvent Effects
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Molecules with absorption due to π → π* transition exhibit red shift
when dissolved in polar solvents as compared to nonpolar solvents

- Used to confirm the presence of π → π* transitions in molecules

Molecules with absorption due to n → π* 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

Solvent Effects
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Effect of Conjugation of Chromophores
 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
* 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, CH2=CHCH=CH2, 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
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ة ٮ3ٮ'ڡ'ل ٮ3زيادة  المساڡ.
اي  عدد الٮ3



اول عامل ٮ3أٮgر عالmolar absorptivity او الintensity هو الconjucation , كل ما ٮ'زيد عدد ال
 conjucated و لازم ٮ%كوٮ.وا molar absorptivityٮ3ٮ'زيد ال

ة ٮ3ٮ'ڡ'ل ٮ3زيادة الchromphore و  رق ٮ3ين الhomo و الlomo , ٮ3ٮ'ڡ'ل الintensity و المساڡ. كل ما زاد الڡ.
auxochromeال

 extra pi Mو الٮ'رٮ3ل هى molar absorptivityكل ما زادت الٮ'رٮ3ل ٮ3ٮ'زيد ال

 molar absorptivityٮ3زيد ال auxochromeال
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Effect of Conjugation of Chromophores
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Effect of Conjugation of Chromophores
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These transitions correspond to simple bonds and are common to 
all molecules. 

π → π* transitions 
depend on the 
conjugation, so it 
can reach the 
visible region of 
radiation, causing 
the color of 
substances. <180nm لا ٮ2مكن ٮ)حلٮ2لها

150-250nmها ٮ2مكن ٮ)حلٮ2لها زء مٮ3 ح(

ٮ3حوله ل            اي ڡ. ة ح3 طڡ' ىM سؤال ٮ%عطٮ%ني frequency و ٮ%سألني ب اي مٮ. ممكن ٮ%ح3
ة الIR و لازم ٮ.كون  طڡ' ر ٮ3كٮ'ٮ%ر من الvisible ٮ3كون ٮ3مٮ. اٮ.ون ، اذا كان اكٮ3 من الڡ'

ٮ%ن اٮ.ه الfar uv من 10-180 و الnear من 180-380 و الvis من  عارڡ.
x-rayة ال طڡ' 380-780 و اذا طلع اڡ'ل من 10 ٮ3كون ٮ3مٮ.
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زر الح3
lycopeneٮ%ه لل شٮ3

 conjucated pi 11 دها عٮ.
لي لوٮ.ه ڡ'وي هاد ٮ3ح. ڡ.

سؤال 
مٮ'وڡ'ع

ال ٮ%عود ل ٮ'ڡ' الاٮ.

ر مركب ٮ%مكن ٮ'حلٮ%له ٮ%عٮ'ٮ3

ٮ%ه conjucation و ٮ3عطىM لون  ڡ.
ة  امق ٮ3سٮ3ب الpi 3 اللي ٮ3حلڡ' ع.

زين و الconjucation زاد  ٮ. الٮ3
intensityال

y-axisرق كان ٮ3ال الڡ.



33

Empirical Rules for Calculating
Uv/Vis Absorptions

 Theoretically          .كٮ%ف ٮ.حسب ال

المركٮ3ات اللي ڡ.ىone pi M ٮ3ٮ'كون ال.          188 و ٮ%مكن ٮ'حلٮ%لها ٮ3س اللي العالم اللي حط 
 safe sideحتى اكون ٮ3ال conjucation و ٮ%كون pi 2 اعدة حكا ٮ3دي اٮ3لش من الڡ'



- Parent 

- Increments for:

Double bond extending conjugation +30
Alkyl substituent or ring residue +5
Exocyclic double bond +5

Polar groupings:
-OC(O)CH3 +0
-OR +6
-Cl, -Br +5
-NR2 +60
-SR +30

Homoannular heteroannular acyclic
=253 nm        =214 nm        =217 

exocyclic

Woodward-Fieser Rules for Calculating the λmax of Conjugated Dienes and 
Polyenes
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 pi 2 ٮ%ه اٮ.ون لهاد السسٮ'م ، للمركب اللي ڡ. الڡ'
اٮ.ون  conjucated و اذا كان اكٮ'ر من 3 ٮ3روح للڡ'

 Mى الٮ'اٮ.

اٮ.ون  دم هاد الڡ' ٮ%عني pi 3-2 ٮ3سٮ'ح.

Conjucation in one ring

Conjucation in 2 different rings

Open ring

كل زيادة عالسسٮ+م 
ٮ-ضٮ4ف 5

ت الpi عشكل exo رح اضٮ4ف  اذا اح-
مسة ح&

Pi 
ٮ+الٮ+ة 



Lycopene:

max =  114 + 5(8) + 11*(48.0-1.7*11)   = 476 nm

max(Actual) = 474.  

For more than 4 conjugated double bonds:   
max =  114 + 5(number of alkyl groups) + n(48.0-1.7n)

Example:
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pi اٮ.ون اذا كان اكٮ'ر من ٮ'لات هاد الڡ'


