Chapter 14
Application of Ultraviolet/Visible Molecular Absorption

Spectrometry
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Absorption measurements |based upon ultraviolet

and visible radiation find widespread apphc&lg)n
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 1n chemical and clinical

laboratories throughout the world.
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Absorptivity (a or) o

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

- Is termed molar absorptivity (€) 1f concentration 1s expressed 1n
molarity (M, mol/L)

Absa‘ ban Ce When the path length of the cell is 2 cm, the absorbance of
= the solution is 0.3 what would be the absorbance if the path

=

1em

- Can be calculated using Beer’s Law EA =abc =ebc

v
male /L ¥

- If units of b is cm and ¢ is M then € is M-'ecm! or Lmol-lcm-!
“poth Neagth o cuvebte

- Magnitude of € 1s an indication of the probability of the
electronic transition  skong  ps(ption




Amax 188 < 0-1° %) e U1an |
£ 100<

wii  The magnitude of Molar Absorptivities

" Molar absorptivities range from zero up to a
maximum on the order of 10° are observed. The
magnitude of € depends upon the probability for
an energy-absorbing transition to occur. Peaks
having molar absorptivities less than about 10°
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. . ., Fobiddon \ ) kst 16 €
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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, excitation

molecule

in normal M —|— hv — ]‘\4#< excllool molecule

skate phohm

The lifetime of the excited species is brief (108
to 102 s). Relaxation involves conversion of the
excitation energy to heat.

v

The absorption of ultraviolet or visible radiation

generally results trommexeitationmotmbonding
electrons. :




Electronic Transitions

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

—» Olaanic com /lﬁ'
(1) &, o, and n electrons = =™

= covalent bonds o(aanic chemisy 1y
(2) d and { electrons &M ol
L oY)
(3) charge transfer electrons. [ionic bords)



- bondlnﬂ elachons

Types of Absorbing Electrons - bmdig dectens

n cleckons & ~O- N S-halogen

lone pail ¥

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 mnitrogen. The
molecular orbitals associated with single bonds
are designated as sigma (o) orbitals, and the
corresponding electrons are G electrons.
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Types of Absorbing Electrons
(= 5

The double bond 1n a molecule contains
two types of molecular orbitals: ‘a sigma
a,,,f\i?(cs) orbital and a p1 () molecular orbital. P1
%4 orbitals are formed by the parallel overlap

of atomic p orbitals. In addition to ¢ and &

electrons, many compounds contain
nonbonding electrons. These unshared




sigma (o) bond T bond non bonding (n) elecktons
— - lone  pail  electns

- C\’C(ﬂ smg\t bond is a (U—) : :
C-C C(C-H O-H | O | D7 W0 NH; Cl
I 2T 2lone  A{lpe 3 loce pails

- heaA on ovel lap o@ a!omaLiC o(bi‘—a(s poics pail
- pamﬂd ch’(lap oc ¢ olbikals
- (equaite g lob & enetgy)

bo become excikad Eheoe CH2= CHz
less ncigy to absolb light
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n — 1% Energy Anki bondin 3
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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 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
possible:

c 2c* n2oc* n2n* and &1 2 n*.
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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

Microwave 300,000-1,000,000,000

> nigh \  Jow encioy

11



T o Shotk  Wavelength N = 125 am

high Eney
| . .
W _C —H N3 A2183 St oyl Ye

; cse O =20% 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 o =2 o™ transition is
‘ Methane (CH4) can undergo only o >c*
transitions, exhibits an absorption maximum
Amax at 125 nm| Absorption maxima due to &
—>c* transitions' are never observed in the
ordinarily accessible ultraviolet region (Far UV
range).

cont
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C-C

Ethane cc
Anti bondin
CCl; e o o
O ¥ O *
sakutated s / \
hv =) oo
—+-" O +— O
o >a o>
O — O

A= 135nm (ahigh energy transition)

Fac UV (6900
183 pen ()54 16,ad)
Absorptions having A, < 200 nm are difficult to observe because

everything (including quartz glass and air) absorbs in this spectral

Exam tip

regl On ° A molecule containing only single bonds (like methane or

ethane) usually: 1 3

e Has only 0 - o* transitions.
e Absorbs below 200 nm.
¢ |s not usually detected in the normal UV-Vis region (200-800 nm).




Material of the cell used in UV spectrophotometer is
1) Plastic
2) Glass
3) Quartz

4) Potassium bromide



C”$ OH /)nh bono(fnﬁ Sigma stac

H2 O n 2 ¢* Transitions
(ﬁ ooly single bonds o o
Saturated compounds containing atoms
on€

~ with unshared electrons are capable of n
—c* transitions. These transitions require
less energy than the o 2c™* 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 absorptivitiesf)are low to

intermediate 1n  magnitude and range
between 100 and 3000 L cm™ mol -!.
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wave length (150 250 mod belo) 153

molal  Apsocpakive (£) 100 — 2000

low Fo iatemediate

‘ Mcl'hanol

That's why UV-Vis spectroscopy is especially useful for compounds
containing double bonds (1t electrons) and atoms with lone pairs (n

electrons), such as oxygen, nitrogen, and sulfur. Compounds with only

single bonds (o bonds) generally absorb only very high-energy UV light
and are usually not detected in the normal UV-Vis range.




n — TU¥

The n to 7w transition is at even lower wavelengths but is not as
strong as 7 to w* transitions. It 1s said to be “forbidden.”

Example: Y ,
Acetone: m—mx A =188 nm ; &=1860 dslS

n—m* A, =279nm ; &= 15 15
S5 o OS]




37. Acetone shows the UV absorption maximum at 166, 199 and 273 nm. The absorptions
are respectively due to

. nosr.r—mandnp =g

2. noso.m—mandn =1
* % * *

3. m—m.n—0o andn — 7 No>T S ToT

)N PN
4. 1 s m.n—gandnp =g @



The forbidden transition is

1) g
2)
3) g
4)

n — 7 is Symmetry-Forbidden:

According to quantum mechanical selection rules (specifically spatial/symmetry
rules), a transition is forbidden if the initial and final orbital wavefunctions do not

overlap with the correct spatial symmetry. Non-bonding (1) orbitals and 7" orbitals

lie in perpendicular planes, making this transition symmetry-forbidden. Because it
is forbidden, its absorption peak is characteristically very weak 2

(<100 L-mol!-cm™Y).

™ 7'('*, o — ()'*, and p, — ()'* are Allowed:

These transitions meet the symmetry and selection requirements, meaning they are
allowed transitions with much higher molar absorptivity values.

The values of A and €,,., of a solution of ethanal in hexane

aref290 nm (€ ..., 15) and@80'nm (E.... 10000). Which of the

following statements regarding the above observation is not
true ?

1) Amax 290 nm corresponds to n --> ©* and Amax 180 nm
corresponds to m --> 1*
2) 290 nm peak is tiny as compared to the one at 180 nm

3) Amax 290 nm corresponds to low absorbance and Amax 180
corresponds to high absorbance J E =hc

4) The absorbance at 180 nm needs less energy than the >t
absorption at 290 nm @



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

Compound A NN € max
CH,OH 167 = e 1480
(CELL O 184 = 2520
CH,(CI 173 Low:

CHLI 258

(CEL)S 229

CH.NH, 215

(CH,):N 227

© 2007 Thomson Higher Education E'_: g; 1:: 1:: 6




Acetaldehyde shows the transitions
1)

-

3) N-TT

4)



>

é S ',3033 n 27* and © >n* Transitions
Most applications of absorption spectroscopy are
based upon transitions for n or n 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 =

b “orbitals. The molar absorptivities for peaks
assoclated with excitation to the n, w* state are
generally low and ordinarily range from 10 and
100 L em™! mol -!'; values for 1 2> n* transitions

are normally take place 1n the [range between
1000 and 10,000. o P,, 7
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>

— >3
AE= hv
1 —he/h
T LAE - ke
s
(W — %)

Example: ethylene absorbs at longer wavelengths:
Ao = 185 nm e= 10,000
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Chromophore Example Solvent / Apaxs NM Emax 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 —
Carbonyl CH;CCH; n-Hexane 186 1000 n—o*
él) 280 16 n—m*
CH;CH n-Hexane 180 large n—o*
(I) 293 12 n—*
Carboxyl CH;COOH Ethanol 204 41 n—
Amido (‘[—13|c|‘]\]1-12 Water 214 60 n— w*
Az0 CH;N=NCH; Ethanol 339 5 n—*
Nitro CH;NO, Isooctane 280 22 n— w*
Nitroso CHNO Ethyl ether 300 100 —
665 20 n—m*
Nitrate C,H;ONO, Dioxane 270 12 n— w*
® 2007 Thomson Higher Education fesonance I — \Vas dzai T C g )'“ Q"‘“ :. un s :. < <oz ,Vl
Olefins and aromatics Loy CTire Cudyle e Lol
¥ -
shotk 4o L A Yl vl
* -
— <
an: le:gn, c—c" <185 nm o
ig N
n—ac 1 50-250 nm H20JU 09>50dl O3EGYI £ 95 il >
Energyy L
TT—TT /
+ 200-700 nm et Il
T *lasaw I Lastaw 9
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Among the following compounds which pair gives

and CH;CH,0CH;

3) CHZZCHOCHg and CHZZCHCH2CH2CH3
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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 @nergies associated with electrons in single bonds are sufficiently
high (c—c™*) that @bsorptionoccurs in the " FarsUV (A< 185 nm).
Components of the atmosphere also absorb 1n this region.

This 1s the reason why normal @=alkafnés organic compounds €an 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>185 nm)

Most applications of Absorption spectroscopy are based on transitions for
n —n* or t —n* . (UV/VIS 200-780nm) catbong] goup =
Both n —»n™* or 1 —n™* require the presence of @nsaturated functional
groups (double bonds) to provide the m orbitals. Molecule containing
these functional groups are also referred to as ‘‘Chromophores’’

20



HC| polac covalent

hos ab leash ons T Absorption Definitions %o
('(unsal-u(al-ed Cunctional 3(0949) * “U:IJCAA;;Q Naoll ionic bond
Chromophore T T in U used as o soluenk
A group of atoms that gives rise to electronic absorption
Or
A functional group capable of having characteristic electronic transitions
i1s called a chromophore (color loving)
Or

The | chromophore 1s a region| in the molecule where the energy
difference between two different molecular falls within the range of the
visible spectrum

*

Auxochrome n — T

A substituent that contains difishared €lectronpairs (OH, NH, X)

21



4.What is a chromophore *
(1 Point)

4 \
L ]
\_

A group of atoms in a colored compound
(@ A colored compound
nacompound nagnelc radiation.

10 “‘vj N
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Common functional groups

@)
=
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=
S
=
=
o
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A
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CSCH,

a0
7

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

c-6*(C-H)
c-6* (C-C)
n-¢* (C-0O)
n-¢* (C-S)
n-c* (C-N)
n-c* (C-Cl)
n-c* (C-I)
n-n* (C=C)
n-n* (C=0)
n-n* (C=0)
n-n* (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 hypso
A shift to shorter wavelengths or blue shift (decrease in A)

Hyperchromism hypa(
An 1ncrease 1n intensity of an absorption band (increase 1n €., )
Hypochromism | | hgpo

A decrease 1n intensity of an absorption band (decrease 1n €

max)

23



A

g |ve st [Bathochromic

200 nm v

250 am }\.-

polar sa vaa b

/ \ Transition Energy required

920 nen 260 ﬂ”; m->m* Higher
noT T—o>T . L
blue shifl ced shifl n->m ower

(ed shift

Wavelength

Shorter A

Longer A

700 nm

skiong abso\bance

Intensity

Very strong

Weak

G )
et
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Solvent Effects  pprtic o gl
CHzC\y

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

- 1 — 7* transitions absorb ~10 x more strongly than n — =n*
transition E4

- n — 7* transition occur at longer wavelengths than 1 — ©*

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

non pola(

- The two peaks will be shifted closer to each other in @'polarand
hydrogen bonding solvent such as ethanol CHyCHy OH

ﬂ g




Solvent Effects

ba ”ﬂocl')(omic

Molecules with absorption due to 1 — ©* transition exhibit red shift
when dissolved 1n polar solvents as compared to nonpolar solvents

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

hﬂpsochromic
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 molecul\e

polar © wSall dslal o I red shift JI il
Jil sl vg=>9 e Juo solvent

@) The increase in polarity of the solvent increases the wavelength of absorption

of n — 7 transition. a_T(u ¢ *
b- Y-'als




11. Which one of the following is not the most commonly used solvent for ultraviolet
spectral absorptions?

1. water

2. 95% ethanol
3.  hexane

4. acetone



Statement 1 : The absorption o- transition of- -

unsaturated carbonyl compounds is shifted to shorter
wavelength with increasing polarity of the solvent.

Statement 2 : The nonbonding electrons in the ground state
are stabilized by hydrogen bonding.

1) Both statements 1 and 2 are true and statement 2 is the
correct explanation of statement 1.

2) The statements 1and 2 are true but statement 2 is not the
correct explanation of statement 1.

3) The statement 1 is true and statement 2 is false.

4) The statement 2 is true and statement 1 is false.

Statement 1: True

©o Ina, [B-unsaturated carbonyl compounds, increasing solvent polarity causes a

hypsochromic shift (blue shift), meaning the y;, — 7" transition absorption shifts to

a shorter wavelength (higher energy).

Statement 2: True

o  Polar, protic solvents form hydrogen bonds with the non-bonding (72) lone pair
electrons on the carbonyl oxygen atom in the ground state.

This hydrogen bonding lowers the energy of the n-orbital (stabilizes the ground
state).




Which type of transition(s) is(are) affected by solvent
polarity?

1) and
2) lndl
3)
M



Effect of Conjugation of Chromophores

n electrons are considered to be further
delocalized by conjugation; ¢hesorbitalsmmvolve
fourn(orsmore)ratomicscenters. The effect of this
delocalization 1s to lower the energy level of the
n* orbital and give 1t 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=CHzﬁ1§§“"“"9““‘J
a strong absorption band that 1s displaced to a
longer wavelength by 20 nm compared with the
corresponding peak for an unconjugated diene.

27



[1} delocalizalion chanacs Hae encigy levels
L Antibonding otbital becomes lgwer in ""c‘ﬂﬂl A

eney levels between 1r/11" becomes smallel A max inceast

[ qa
3 P) High-yield exam points

Con\"aa a‘-ibﬂ CQU,SCS a bﬂ”’o Ch (am ( C ( (CA Sh lc|' ) Conjugation = alternating single and double bonds.

Conjugation delocalizes m electrons.

Delocalization lowers the energy of the T* orbital.

The Tt = Tt* energy gap decreases.

A smaller energy gap means less energy is required.

Less energy corresponds to a longer wavelength (higher Amax).

Therefore, conjugation causes a bathochromic (red) shift.

Increasing the number of conjugated double bonds

increases Amax.



Effect of Conjugation of Chromophores

con\jousahonascT Tn&T A T huen f(om cololless —  colo(ful

— Yy
— 7t (LUMO)
— 7" (LUMO) — Y.
A — P, (LUMO)
Vs — ¥ (LUMO)
AE AE AE
173 kcal/mol 132 kcal/mol 111 kcal/mol
y
4 )5 (HOMO)
v 1y, (HOMO) 4
4 Wave )gqgl-h
% T (HOMO) 4 by 4 Y
r y
i Y,
H H
H H
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Which of the following compounds does not show

absorption in the UV-visible region?




Effect of Conjugation of Chromophores

UV Spectroscopy

I1l. Chromophores
A. Substituent Effects
2. Conjugation - Alkenes

Extending this effect out _
(becomes progressively Smallers) A, | wavelcaoh lage

Energy — f Lower energy =
Longer wavelengths

ethylene

butadiene
hexatriene
oclatetraene

29



Effect of Conjugation of Chromophores

Table 8.3  Values of A5 and ¢ for Ethylene and Conjugated Dienes

Compound A ey (1I01) eM ! em™)
H,C=CH, 165 15,000
ANF 217 21,000
AN\ 256 50,000
NN\ 290 85,000
N NN 334 125,000
N NN 364 138.000
INcrease
wilh

Cor‘\jagah on

30



These transitions correspond to simple bonds and are common to

all molecules.

vVinem 'l —s

50000 33000 25000 20000 16667 14286
Vacllum uv ' uv ‘ Visible i
| ! !
T — ¥ transitions ' i N> (lTolated) '
depend on the | | [nea*] (tsolated) .
conjugation, so it i ; = 7 (conjugated) B
can reach the | i — (,,3.0.9,,:9.5, ’
visible region of | m N | |
radiation, Causing J— — |
the color of | | |
substances. EE :
00 200 300 400 500 600 .700 800

Alnm —
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100,000

80,000 B -carotene n-—»w
60,000
40,000
20,000
0 | |
350 400 450 500 550 600 650
1250 =
1000 CHy
750 j\ | /N_C“s
“ 500 07 N’ N
2 250 Caffeine
E 0 | | |'
= 250 270 290 310 330 350
o}
< 500 o
5 400 ¢—OH
§ 300 O—C—CH,
200 0]
Acetylsalicylic acid
250 270 290 310 330 350
e Colay
O T
12 I
9 CH,—~C—CH,| 4uatz
6 Acetone
3
0 | | | | |

210 230 250270290 310 330 350
Wavelength, nm

© 2007 Thomson Higher Education
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Empirical Rules for Calculating
Uv/Vis Absorptions

33



Woodward-Fieser Rules for Calculating the Amax of Conjugated Dienes and

Ab leost two double boads (27 Polyenes = Y- 3

- Parent: two double bonds

in onc fing in Yo diffecat (ings Y in one (ing
1 \ OR
6058 = O QQ \S_\g; two double bonds in

difleienl rings

| Homoannular heteroannular acyclic O
oo el — A=253 nNm A=214 nm =217 s (S of
- Increments for: . (1)
o >
Double bond extending conjugation +30
Alkyl substituent or ring residue +5
Exocyclic double bond +5
exocyclic
Polar groupings: y  Gie Oij
-OC(O)CHs +0 oy
-OR +6 | s
-Cl, -Br +5 | el

-SR +30



calculabe » max °



2 tuwp double bond in one Gag>in dfferent
fings

Gase 253 > 2M
system 1
sgsnm 2

-¥ Extension + 20

N ARyl substil-uent
+5 x4 =+20

- (O
double bond

1 huo double bond in o0e (69> in 45 pent fings
253 > 214

Base

// Alygj sabsHuenL +5x5 = +25 eﬂ'&ﬂdiﬂﬂ (é’ )5:!,3\ A>
conj Fion ea U sl
253 +20+2%4+ 5 = 213 :;ﬂ; )“9"([’

263+30+20 = 302

313 > 303

® o0 H N max

Homoannular heteroannular acyclic

A=253 nm A=214 nm =217




Acgclic Jisi

21 + 5 + |10
exocyclic 2 ARyl subshituents

= 232 om

)\ MOoX

41 I(_‘asl‘ o caqjogaicd double bonds



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

Example:
Lycopene: con ”le-t-,‘.""
v . 5 41 % 0
_ PN AN A P
\ Y

2 AWyl gloups

N T
A = 114+ 5(8) + 11%(48.0-1.7*11) =476nim

Amax(Actual) = 474, theoty

ootacl- ical

35



/ cuanpi

PEN

Transoid: 217 nm
Alkyl groups or

ring residues: SRS 15 nm
Calculated: 232 nm
Observed: 234 nm
Example 2-
Cisoid: O 253 nm
Alkyl groups orring residues: 2x5= 10nm
Calculated: 263 nm

Observed: 256 nm

36



/

Transoid:

Alkyl groups or
ring residues:

Exocyclic
double bond:

Calculated:
Observed:

3xd=

214 nm

15 nm

37



Cisoid:

Alkyl groups or
ring residues:

Exocyclic
double bond:

Calculated:
Observed:

4x5=

253 nm

38



Example 1

Calculate the A, for 1,4, dibenzodiene

Solution:

The structure is

Parent heterodiene = 214

Alkyl substituents (4x5 nm) = 20
Exocyclic double bond 2x5 =10

Anax =244 nm (observed 247 nm)

39



\/ Example 2

Calculate the A . for

max

Solution:

The compound is a homoannular diene

Base value = 253"
Ring residues (5x5) = 25 @5]
Exocyclic double bond 3x5 =15 v
Extended C=C = 30"

A, IS 323 nm
observed value is 320 nm.

40



Example 3

Calculate the absorption maximum for 4 cyclohexenyl

2-pentene 4 3 2 1
Solution <:>=C— CH=CH —CH;
|
CH;
Iltis a 2, 4 diene system
Base value 217
2 Alkyl substituents 2x5 10
2 Ring residues 2x5 10
1 Exocyclic bond 5
242 nm

Observed value is also 242 nm

41



Example 4

Calculate the A,,,,, for the compound

Solution

Base value 253 nm
2 Extended double bonds (2x30) 60 nm

5 Ring residues (5x5) 25 nm
1 Exocyclic double bond (1x5) 5nm

Calculated A, 343 nm
Observed 345 nm

42



The compound which shows _

O 295 +20 + 10 = 283 @
(D) 27+ 10 +5 =23)
@ 2 4+ 0 + 20 = 24

@ 23 4,20 - 2%F




The order of increasing the _

B<a<0O<C
2)C<B<A<D

3)A<D<B<C

4)B<C<D<A

02)7+30 247
O Mil54+5 =294

@ NP +20 + 15,10 = IF2
@2531—\0 = 263



Woodward's Rules for Conjugated
Carbonyl Compounds

43



C @, wo-c=0 RO-C=0 (s
AN w AN AAS @ -

—>
calboxylic acm( estef
Kekone
o o g = Ro-c=0

/\),K y \ “c/m #0-c=0 po_c=0

A cay SN/ H~w—c== é é

Base 215 % tinged

o)

@ k.

202

/"alelw)e



3 8
8%
Base values: a

+ @
X=R
| Six-membered ring or acyclic parent _
ij B A=215nm
& Five-membered ring parent enone A=202 nm
X=H  Adahyde =208 nm
X =0H, OR gcter s\ A=195 NM
Increments for: Catboxyli
) acid
exension  +30 @9)
49 ( (ings) Exocyclic double bond 4]
l, i e same  ENdocyclic double bond in a 5- or 7-
erocydic .5 fings membered ring for X = OH, OR 2
sbbuck # Homocyclic diene component 39,
g 1 Alky! substituent or o 10
/M ring residue
N, o s B 12
9 o 10 .
b, y or higher 18

3 Lk
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Polar groupings:

-OC(0)CH,
-OCH,

-Cl

’N R2

R

W
_:<me
(=%}

o
=y

o))

Q
™= N R o= R

35

30
20

35
30
17
31
15
12
30
25
95
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‘Solvent shifts for various solvents:

Solvent
water

chloroform
ether
cyclohexane
dioxane
hexane
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/

example

Q
M

Acyclic enone:

a-Alkyl groups
or ring residues:

B-Alkyl groups
or ring residues:

Calculated:
Observed:

2X12=

215 nm

10 nm

24 nm

249 nm
249 nm
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Five-membered £

ring parent 202 nm
enone:
B-Alkyl groups 45 _ 24 nm

or ring residues:

Exocyclic @
double bond:

Calculated: 231 nm
Observed: 226 nm

48



Six-membered
ring or alicyclic
parent enone:

Extended
conjugation:

Homocyclic

diene
component:

3-Alkyl groups

or ring residues:

Calculated:
Observed:

215 nm

30 nm

18 nm

302 nm
300 nm
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Five-membered

ring parent 202 nm
enone:

B-Alkyl groups _

or ring residues: 2 X 12 24T
Exocyclic

double bond: 2 I
Calculated: 256 nm

Observed: 251 nm
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@W

Carboxylic acid:

a-Alkyl groups
or ring residues:

B-Alkyl groups
or ring residues:

Calculated:
Observed:

195 nm

10 nm

12 nm

217 nm
217 nm
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o

(0
i

C

cale s
8

Ester:
a-Alkyl groups

or ring residues:

B-Alkyl groups

or ring residues:

Endocyclic
double bond in

7-membered
ring:

Calculated:
Observed:

195 nm

10 nm

12 nm
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:d,‘
H
%

Aldehyde:

a-Alkyl groups
or ring residues:

B-Alkyl groups
or ring residues:

Calculated:
Observed:

2X12=

208 nm

10 nm

24 nm

242 nm
242 nm
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Aldehyde:

Extended
conjugation:

Homodiene
component:

a-Alkyl groups

or ring residues:

3-Alkyl groups

or ring residues:

Calculated:
Observed:

208 nm
30 nm

39 nm

10 nm

18 nm

302 nm
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4

PRC PO TN T A P 4 4 215+30 + 5, (2u3)
*

8 Alky\ gcoups
N

A= Y ‘5( A\Vj\ g(adff)-r aA(43-\% ﬂ)

N o= +5.3 4 0 (48 1.2 M)

Max
A=
ISl ol J puSlo laad JI o
oHt 263430420 . 25 , S = 343 dy4

S S
y &%



