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Spectroscopy II: UV-Vis & Massp py

15 1 Ult i l t Vi ibl S t15.1 Ultraviolet-Visible Spectroscopy
UV region: 200 – 400 nm (143 - 71.5 Kcal/mol) g ( )
Visible region: 400 – 800 nm (71.5- 36 Kcal/mol)

⇒ Electronic transition in a molecule to excite⇒ Electronic transition in a molecule to excite 
an electron from an occupied MO to an 
antibonding MO is possible
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UV absorptionUV absorptionpp

Much Broader than IR and NMR(radio wave)

Qeach electronic state has numerous vibrational (IR 
region absorption) and rotational (microwave) 

bl lsublevels
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Absorbance (A)

A =log(Io/I)
where Io= the intensity of the light stricking the sample         

I =  the intensity of the light emerging from the sample

A= εcl at λ (Lambert beer law)A= εcl at λmax (Lambert-beer law)

Where ε = molar extinction coefficient, c=concentration, l= path length

Q tit ti l i i ibl⇒ Quantitative analysis is possible
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15 2 Types of Electronic Transition15.2 Types of Electronic Transition

σ → σ* transition of ethane: λ = 135nmσ → σ  transition of  ethane: λmax= 135nm 

π → π * transition of  ethene: λmax= 165nm, e = 10,000

N UV b i ( lk i d l f UV⇒ No UV absorption (∴alkane is good solvent for UV 
spectroscopy)

λmax for π → π * transition increases as the number of 
j t d i b d i th UV Vi ibl b ticonjugated pi bond increases, then UV or Visible absorption 

is possible
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15.3 UV-Visible Spectroscopy in Structure p py
Determination

Quantitative analysis of known compound ⇒ Good!

Qualitative analysis for unknown compoundQualitative analysis for  unknown compound 
⇒ not as good as IR and UV Good
Q peaks are broad and the same chromophore gives theQ peaks are broad and the same chromophore gives the 

same spectrum 
Chromophore: the part of the molecule that is responsible for the absorption of 

UV or visible lightUV or visible light
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UV-B: 295~320 nm ⇒ causing sun-burn (cancer !)
sunscreen

ozone in the upper atmosphere
PABA (p benzoic acid) on the skin 616 Focus OnPABA (p-benzoic acid) on the skin 616 Focus On
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15.4 Mass Spectrometry

Used to measure the molecular mass of a compound,Used to measure the molecular mass of a compound, 
then the molecular formula can be speculated!

When molecules in the vapor phase is bombarded withWhen molecules in the vapor phase is bombarded with 
high-energy electron beam, molecular ion (radical cation) 
is generated. 

⇒The molecular ion pass through a magnetic field. Here 
the charged ptcles are deflected according to mass to 
charge ratio (m/z)charge ratio (m/z).

⇒ Most abundant ion: base ion (value of 100) 

Molecular ion

OrgChem-
Chap13

9



OrgChem-
Chap13

10



15.5 Determining the Molecular Formulag

Low-resolution mass spectrometer (LRMS):provides the 
masses of the ions to the nearest whole number

High-resolution mass spectrometer (HRMS): provides 
the masses to several decimal places
Ex) CO2, C2H4O, and C3H8

in LRMS m/z = 44

in HRMS m/z = 43.9898, 44.0262, and 44.0626, respectively
∴Using HRMS, atomic wt. & exact mass ( 619 Table 15.2) and 
relative intensity of isotope peaks ( 620 Table 15.3) can be 

bt i dobtained

∴Ex) benzene:      = 78, M+1:6.8%, M+2:0.2% Q13C:1.1% of 12C     
i

M
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15.6 Fragmentation of the Molecular Ion15.6 Fragmentation of the Molecular Ion
The structure of the molecular ion (radical cation)

The compound with only sigma bond; the location of the odd electron and the 
positive charge is not certain.

The compound with nonbonding or pi electrons; the structure of radical 
cation is quite well known
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Fragmentation of the radical cation;  a small, stable molecule can be easily 
formedformed 

Therefore the M+ peak is very small for primary and secondary alcohol.

For terriary alcohol it is usually undetactable
.
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Fragmentation of the Molecular Ion (radical cation)

Alkane

OrgChem-
Chap13

16



There is no 99 ! 
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Alkene

M j thMajor pathway
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Benzylic compound
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Alcohols
1) Elimination of water

CH3CH CH2

O HH
CH3CH CH2 + H2O

2) Cleavage of the bonds between the hydroxy carbon and 
dj t ban adjacent carbon

Major
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Aldehydes and Ketone

1) Major fragmentation pathway: the cleavage of the 
bonds to the carbonyl groupy g

2) McLafferty reattangement) y g
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