
Chapter 14
Application of Ultraviolet/Visible Molecular Absorption 

Spectrometry
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Absorption measurements based upon ultraviolet 
and visible radiation find widespread application 
for the identification and determination of myriad 
inorganic and organic species. Molecular 
ultraviolet/visible absorption methods are 
perhaps the most widely used of all quantitative 
analysis techniques in chemical and clinical 
laboratories throughout the world.
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 رثكأ نم يهو ،اهزيكرت سايقو داولما ىلع فرعتلل UV-Visible ةينقت مدختسُ
ملاعلا لوح ةيبطلاو ةيئايميكلا تاربتخلما يف امًادختسا يمكلا ليلحتلا قرط



Absorptivity (a or ε)

Defines how much radiation will be absorbed by a molecule at a 
given concentration and wavelength

- Is termed molar absorptivity (ε) if concentration is expressed in 
molarity (M, mol/L)

- Can be calculated using Beer’s Law (A = abc = εbc)

- If units of b is cm and c is M then ε is M-1cm-1 or Lmol-1cm-1

- Magnitude of ε is an indication of the probability of the 
electronic transition
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يننيعم يجوم لوطو زيكرت دنع هصاصتما ءيزجلا عيطتسي يذلا عاعشلإا رادقم اهنأب ةيصاصتملاا فرعت

.ينورتكللإا لاقتنلاا ثودح ةيلامتحا ىلع لدت    ةميق    

.ربكأ ينورتكللإا لاقتنلاا ثودح لامتحاو ،ةوقب ءوضلا صتمت ةدالما ⟶ ةريبك    
لقأ ينورتكللإا لاقتنلاا ثودح لامتحاو ،فعضأ لكشب ءوضلا صتمت ةدالما ⟶ ةريغص    

.ةيرلاولما ةيصاصتملاا
.طقف يجولما لوطلاو ةدالما عون ىلع دمتعت *
.راسلما لوط وأ ةنيعلا زيكرت ىلع دمتعت لا *
 ىلع ةدالما ةردق تداز  .تداز املك *
 ينورتكللإا لاقتنلاا ناكو ،ءوضلا صاصتما
.لًاامتحا رثكأ



The magnitude of Molar Absorptivities

 Molar absorptivities range from zero up to a 
maximum on the order of 105 are observed. The 
magnitude of  depends upon the probability for 
an energy-absorbing transition to occur. Peaks 
having molar absorptivities less than about 103 
are classified as being of low intensity. They 
result from so-called forbidden transitions, 
which have probabilities of occurrence that are 
less than 0.01.
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.)0.01 نم لقأ( ادًج فيعض ثودحلا لامتحا *
.فيعض صاصتملاا *
.)    .نم لقأ( ةريغص ةميق    

ةقاطلا صتمي لاقتنا ثودح ةيلامتحا ىلع    ةميق دمتعت



ABSORBING SPECIES
 The absorption of ultraviolet or visible radiation 

by a molecular species M can be considered to 
be a two-step process, excitation

  M + h   M*
 The lifetime of the excited species is brief (10-8 

to 10-9 s). Relaxation involves conversion of the 
excitation energy to heat. 

   M*  M + heat 
 The absorption of ultraviolet or visible radiation 

generally results from excitation of bonding 
electrons. 5

.ةراثلما ةلاحلا ىلإ لقتنيف ،ءوضلا نم اًنوتوف ءيزجلا صتمي

ةرارح ىلإ ةراثلإا ةقاط لوحتتو ،ةيلصلأا هتلاح ىلإ راثلما ءيزجلا دوعي

.طباورلا تانورتكلإ ةراثإ ةجيتن ثدحي



Electronic Transitions
 
 There are three types of electronic 

transitions. The three include transitions 
involving: 

 (1) , , and n electrons 

 (2) d and f electrons

 (3) charge transfer electrons.
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electrons: ةيداحلأا طباورلا تانورتكلإ  (Single bonds).
electrons: ةيثلاثلاو ةيئانثلا طباورلا تانورتكلإ  (Double & Triple bonds).

n electrons: ةطبار ريغ تانورتكلإ  (Lone pairs)، 
.تيربكلا وأ ينجورتينلا وأ ينجسكلأا ىلع ةدوجولما لثم



Types of Absorbing Electrons

 The electrons that contribute to absorption by a 
molecule are: (1) those that participate directly 
in bond formation between atoms; (2) 
nonbonding or unshared outer electrons that are 
largely localized about such atoms as oxygen, 
the halogens, sulfur, and nitrogen. The 
molecular orbitals associated with single bonds 
are designated as sigma () orbitals, and the 
corresponding electrons are  electrons. 
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ءوضلا صاصتما يف مهاست يتلا تانورتكللإا

طباورلا نيوكت يف ةرشابم كراشت    

 ةطبارلا ريغ تانورتكللإا    

Bonding electrons



Types of Absorbing Electrons
 
 The double bond in a molecule contains 

two types of molecular orbitals: a sigma 
() orbital and a pi () molecular orbital. Pi 
orbitals are formed by the parallel overlap 
of atomic p orbitals. In addition to  and  
electrons, many compounds contain 
nonbonding electrons. These unshared 
electrons are designated by the symbol n. 
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ةيئيزجلا تارادلما نم ينعون ىلع يوتحت ءيزجلا يف ةيئانثلا ةطبارلا

ةيرذلا p تارادلم يزاوتلما لخادتلا نم pi تارادم نوكتت



Energy
 The energies for the various types of 

molecular orbitals differ significantly. The 
energy level of a nonbonding electron lies 
between the energy levels of the bonding and 
the antibonding  and  orbitals. Electronic 
transitions among certain of the energy levels 
can be brought about by the absorption of 
radiation. Four types of transitions are 
possible: 

   →*, n →*, n →*, and  →*.
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 )Antibonding( ةطبارلل ةداضلما تارادلماو ةطبارلا تارادلما تاقاط ينب )n( ةطبارلا ريغ تانورتكللإا ةقاط عقت

:ينعت )*( ةمجنلا
يداعلا رادلما نم ىلعأ ةقاط ىوتسم وهو ،)Antibonding orbital( ةطبارلل داضم رادم

 ةيمك ىلعأ جاتحي
.ةقاطلا نم



Bonding

Bonding

Nonbonding

Antibonding

Antibonding

Energy





n

 *

 *

 →* n →*
n →*

 →*
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LUMO

HOMO

LUMO: lowest unoccupied molecular orbital

HOMO: highest occupied molecular orbital

وه ةقاط لقأ ىلإ ةقاط ىلعأ نم بيترتلا

تانورتكلإ يوتحي رادم ىلعأ

هيلإ لقتني نأ نورتكللإل نكمي غراف رادم لقأ

؟لوطلا يف مهسلأا فلتخت اذالم
.ةفلتخم ةقاط جاتحي لاقتنا لك نلأ
ربكأ ةقاط جاتحا ⟶ لوطأ مهسلا ناك املك
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For convenience of reference, definitions of the various spectral 
regions have been set by the Joint Committee on Nomenclature
in Applied Spectroscopy:



  →* Transition 
 An electron in a bonding  orbital of a molecule 

is excited to the corresponding antibonding 
orbital by the absorption of radiation. The 
energy required to induce a  →* transition is 
large. Methane (CH4) can undergo only  →* 
transitions, exhibits an absorption maximum 
λmax at 125 nm. Absorption maxima due to  
→* transitions are never observed in the 
ordinarily accessible ultraviolet region (Far UV 
range).
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ةيداحأ طباور ىلع طقف يوتحي ناثيلما

ادًج ةريبك لاقتنلاا اذهل ةمزلالا ةقاطلا



C C





hv





 
C C

H

HH H

HH

max = 135 nm    (a high energy transition)

Absorptions having max < 200 nm are difficult to observe because 
everything (including quartz glass and air) absorbs in this spectral 
region. 

Ethane
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 اًبيرقت ءيش لك نلأ ،اًيلمع اهتظحلام بعصي nm 200 نم لقأ λmax نوكي يتلا تاصاصتملاا
فيطلا نم ةقطنلما هذه يف ةعشلأا صتمي )ءاوهلاو زتراوكلا جاجز ىتح(



 n →* Transitions 
 Saturated compounds containing atoms 

with unshared electrons are capable of n 
→* transitions. These transitions require 
less energy than the  →* type and can 
be brought about by radiation in the region 
of between 150 and 250 nm, with most 
absorption peaks appearing below 200 nm. 
The molar absorptivities are low to 
intermediate in magnitude and range 
between 100 and 3000 L cm-1 mol -1.
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)Alcohols( تلاوحكلا    
)Amines( تانيملأا *
)Alkyl halides( ةيوضعلا تاديلاهلا *







hv





n









n

C O

n
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  موقي نأ نوتيسلأل نكمي15

تلااقتنلاا نم ينعونب



LOW!
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 ربتعت
Forbidden



 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



C C





hv













 
Example:  ethylene absorbs at longer wavelengths:
  max = 185 nm = 10,000

= hv
  =hc/
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تارادم لًاصأ دجوت نأ بجي هنأ ينعي              دوجو
 ةعومجم وأ ةجودزم ةطبار ىلع يوتحي بكرلما ناك اذإ لاإ ثدحي لا اذهو
ةعبشم ريغ
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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” 

 ريغ هيفيظو تاعومجم ىلع يوتحت يتلا تائيزجلا
) هيثلاث وأ هجودزم هطبر ( هعبشم

ؤفاكت تانورتكلإ ىلع يوتحت اعًيمج اهنلأ ؛يسيطانغمورهكلا عاعشلإا صاصتما ىلع ةرداق ةيوضعلا تابكرلما عيمج    

 هيلاع هقاطلا
 ادج

تابيذمك )n-alkanes( ةيداعلا تاناكللأا مادختسا نكمي ببسلا اذهل    

)ةيثلاث وأ ةجودزم ةطبار( ةعبشم ريغ ةيفيظو ةعومجم دوجو    



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

21

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

.ءوضلل ينورتكللإا صاصتملاا ببست تارذلا نم ةعومجم

.ةزيمم ةينورتكلإ تلااقتنا ثادحإ ىلع ةرداق ةيفيظو ةعومجم

.يئرلما ءوضلا وأ UV ةقطنم يف ءوضلا صاصتملا اًبسانم هيف ةقاطلا قرف نوكي ءيزجلا نم ءزج

 وه Chromophore ـلا
 صاصتما نع لوؤسلما ءزجلا
.ءوضلا
 ريغ طباور ىلع يوتحي اًبلاغو
ةعبشم

Unshared electron pairs( ةرح ةينورتكلإ جاوزأ ىلع يوتحت ةليدب ةعومجم

 تانورتكلإ ىلع يوتحي روفوموركب Auxochrome ـلا طبتري امدنع
π لاقتنا ىلإ يدؤي هنإف λmax ربكأ ةيجوم لاوطأ ىلإ.
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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

23



200 nm 700 nm
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
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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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.ادًج يوق هصاصتما *
 يجوم لوط دنع ثدحي *
رصقأ

.فعضأ هصاصتما *
 يجوم لوط دنع ثدحي *
لوطأ

.امهضعب نع دعبأ نانوكت ناتمقلا ⟶ ناسكهلا يف
امهضعب ىلإ برقأ ناحبصتو ناتمقلا كرحتتف ،ةقاطلا تايوتسم يف رثؤي يبطقلا بيذلما ⟶ لوناثيلإا يف



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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؟Conjugation وه ام
 ةجودزم طباور دوجو ينعي نارتقلاا
ةيداحأ ةطبار اهنيب لصفي

 نع ينتديعب ناتجودزلما ناتطبارلا تناك اذإ امأ
ضعب

Unconjugated diene ( نرتقم ريغ ).

:ةنرتقلما ةجودزلما طباورلا ددع داز املك
)ΔE( ةقاطلا قرف
ةبولطلما ةقاطلا

λmax
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Effect of Conjugation of Chromophores 
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Effect of Conjugation of Chromophores 

:ىلإ يدؤت Conjugation ـلا ةدايز
* ↓ ΔE

ةبولطلما ةقاطلا ↓ *
* ↑ λmax (Bathochromic وأ  Red shift)

* ↑ ε ( صاصتملاا دادزي )

Delocalization
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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. 

 كلذل ،)Conjugation( نارتقلاا ىلع دمتعت
 ةقطنم ىلإ صاصتملاا لصي نأ نكمي
 ببسلا وه اذهو ،)Visible( يئرلما ءوضلا
.داولما ضعب يف ناوللأا روهظ يف

 لوط يأ دنع ينبي مسرلا
لاقتنا لك ثدحي يجوم
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.يلاقترب نولب رهظيو

.نوللا ميدع ينيفاكلا    
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Empirical Rules for Calculating
Uv/Vis Absorptions

 تابكرملل λmax )باسح( ريدقتل
 اهسايقل ةجاحلا نود ةيوضعلا
زاهجلاب

:ىلع يوتحت يتلا تابكرلما يف
)Conjugated dienes( ةقفارتم ةجودزم طباور *

* Enones ( ةطبار  C=C عم  C=O

λmax ديزت دق يتلا ءايشلأا
* Alkyl substituent

* Ring residue
* Exocyclic double bond

* Additional conjugated double bond



- 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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 ناتجودزلما ناتطبارلا ينعيهحوتفم ةلسلس
ينتفلتخم ينتقلح يف

 ناتطبارلا ينعي
 لخاد ناتجودزلما
ةقلحلا سفن

نارتقلاا يف ةيفاضإ ةجودزم ةطبار

 ةطبترم ةقلح اياقب وأ ليكلأ ةعومجم لك

 ةقلحلا جراخ ةجودزلما ةطبارلا تناك اذإ



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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 ،)ةليوط Polyenes( ةقفارتم ةجودزم طباور عبرأ نم رثكأ انيدل ناك اذإ
ا نوناقلا مدختسن لب ،قباسلا لودجلا مدختسن لاف
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