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Chapter 14
Application of Ultraviolet/Visible Molecular Absorption
Spectrometry
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Absorption measurements based upon‘ultraviolet

and wisible radiation find widespread application
for the identification and determination of myriad
inorganic and organic species. Molecular

ultraviolet/vi_silgﬁlye&o, absorption  methods  are
perhaps the most @ sed of all quantitative

analysis techniques 1n chemical and clinical
laboratories throughout the world.




Absorptivity (a or g)
PORRNT
Defines how much radiation will be absorbed by a molecule at a
given concentration and wavelength
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( - Is termed molar absorptivity (¢) if concentration is expressed in

(M, mol/L) \
g
- Can be calculated using Beer’s Law (A = abc = gbc)

- If units of b is cm and c is M then € is Mcm! or Lmol-lcm’!

- Magnitude of ¢ is an indication of the probability of the

electronic transition _ R A U
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The magnitude of Molar Absorptivities <<»se
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Molar absorptivities range from zero up to afe
maximum on the order of 10° are observed. The
magnitude of € depends upon the probability for
an energy-absorbing transition to occur. Pe
having molar absorptivities less than abouégi)
are classified as being of low intensity. They
result from so-called forbidden f;;lnsitions,
which have probabilities OW that are
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ABSORBING SPECIES

The absorption of ultraviolet or visible radiation
by a molecular species M can be considered to
be a two-step process, @xcitation

SASAMAERY e ME ot oF gt

‘va"."’yThe lifetime of the excited species is brief (103
to 10 s). Relaxation involves conversion of the

\99?:9‘;\ M* = M —I— heat oY ;};.P cMme sSiown Oc &,\3\(\/(:

G L : : . . ..
| >’ The absorption of ultraviolet or visible radiation
- generally results from excitation of bonding

electrons. :



Electronic Transitions

There are three types of electronic
transitions. The three include transitions
involving: P

(1) m, o, and n electrons
(2) d and f electrons _ . visvewima,

(3) charge transfer electrons.
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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)

nonbond
largely |

ing or unshared outer electrons that are
localized about such atoms as ©Oxygen,

the daal

ogens; Gulfury and @itfogen. The

molecular orbitals associated with single bonds

are desi

gnated as sigma( (o) orbitals, and the

corresponding electrons are o electrons.
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Types of Absorbing Electrons

S s oy

The double bond 1n a molecule contains
two types of molecular orbitals: a sigma
(o) orbital and a p1 () molecular orbital. P1
orbitals are formed by the parallel overlap
of atomic p orbitals. In addition to ¢ and 7
clectrons, many compounds contain
nonbonding electrons. These unshared

electrons are designated by the symbol n.
uw\s\mx(‘eA A V\ovx\oonchv\clj A
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Energy

The energies for the various types of
molecular orbitals differ significantly. The
energy level of \ad\nonbondmg electron lies
between the energy levels of the bonding and
the antibonding m and o orbitals. Electronic
transitions among certain of the energy levels
can be brought about by the absorption of

radiation. Four types of transitions are

POSSiblf?é,_‘; W) 30\ pao\ omp g, s & I\ vas 1
c 20* n2c* n—=2n* and T 21*.



c * : Antibonding
LUMO
T * . — Antibonding
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n Nonbonding
Tt Bonding
Energy HOMO
—— :
2 o Bonding
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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:

- o
80 - 320
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o =2 o* Transition

An electron 1n a bonding ¢ orbital of a molecule
1s excited to the corresponding antibonding
orbital by the absorption of radiation. The
energy required to induce a ¢ > c* transition is
large. Methane (CH4) can undergo only ¢ 2c*
)‘\? transitio 1bits an absorption maximum
?’ @x at 125 nm. JAbsorption maxima due to &
t4 —>c™* ftransitions are never observed in the

ordinarily accessible ultravmlé region (Far UV

range).
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Ethane cc

O — O%
Ao = 135 nm | (a high energy transition)

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

region.
13



n >c* Transmons@»/ AW

E7100 @K o %
Saturated compounds contam/n?g atoms’

with unshared electrons are capable of n
—c* transitions. These transitions require
less energy than the ¢ 2 o™ type and can
be brought about by radiation 1n the region
of between 150" and 250 nm, with most
absorption peaks appearing below 200 nm.
The molar absorptivities are Ilow to
intermediate 1 magnitude and range

, between_LC d 3000 L cm! mol L.
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The n to m* transition is at even lower wavelengths but is not as

,\J strong as 7t to ¥ transitions. It is said to be “forbiddep.”, .. - |

‘- Example: 0P :
o) Acetone: T—T% A = 188 nm ; &= 1860 /
(cH‘é);o A n—n* A, =279nm ; &=15 X 15



TABLE 14-2 Absorption by Organic Compounds
Containing Heteroatoms with Nonbonding Electrons

Compound A naxs NIM € max
CH:OH ‘5,,@\”{ 167 X 1480
(CH).0  GypTo 184 2520
CH;CI S\,\Q 1737 L owi——] 200
@EL 2 3258 365
(CH,),S gr°5‘> @ 229 % 140
CH;NH, g °\ 215 - 600
(CH,);N \L 7 227 900
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n =27n* and ©t =2 t* 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
associlated with excitation to the n, w* state are
generally low and ordinarily range from 10 and
100 L cm! mol -!; values for m =2 n* transitions

are normally take place 1n the range between
1000 and 10,000. 7
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TABLE 14-1 Absorption Characteristics of Some Common Chromophores

Chromophore Example Solvent A s M Caii Transition Type / {
W0
Alkene C¢H;;CH=CH, n-Heptane 177 13,000 . b)> v
Alkyne CsH;;C=C—CH; n-Heptane 178 10,000 *
196 2000
225 160
Carbonyl CH;CCH; n-Hexane 186 1000
(“) 280 16
CH;CH n-Hexane 180 large
(”) 293 12
Carboxyl CH,COOH Ethanol 204 41
Amido CH;CNH, Water 214 60
|
AZz0 CH;N=NCH; Ethanol 339 5
Nitro CH;NO, Isooctane 280 22
Nitroso C,H,NO Ethyl ether 300 100
665 20
Nitrate C,H;ONO, Dioxane 270 12

® 2007 Thon:son High?ﬁon —
a9lb S U2 Olefins and aromatics - |

g—oé'ﬂ\-—b(’, ‘K——D-’V; —_— A
P

Xy TTe sy -
3%\ n—»c* 150-250 pra \ 3\ f‘ E w7
&’ “36}"
TE—»TC* .(zyu ®

2 () ) OO0k L, o+ 200-700 nm ﬂ
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