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TOPIC 3: Solvent effect on absorption spectra
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Water

Polar
Ethanol

Solvent Types
n-Hexane
Non-Polar g
O——__  Cyclohexane
Transparent in UV Range Essential for UV-Vis spectroscopy
./
Solvent Requirements Low Polarity Minimizes interaction with analytes
W/
Solvent Effect \ Spectrograde Purity High purity for accurate results
J
n—T1*, N—>0* _ Blue shift with polar solvents
Electronic Transitions P ~
= T Red shift with polar solvents
Hypsochromic Blue shift
"
Bathochromic Red shift
/

Spectral Shifts

Hyperchromic Increased intensity

O

Hypochromic Decreased intensity

O
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What is solvent?

A liquid that dissolves a solute to form a solution at a specified temperature.

Requirements for UV solvents:

1. High Purity 2. UV Transparency 3. Non-Reactive 4. Low Dipole
(Spectrograde) Moment
| 81 f‘.
99.99% 6 |
Pure ' CH, l o% sl ||
21 |\
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QL
Non-Polar

Solvent
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Classification of solvents based on polarity:

——

- POLAR SOLVENT:
~ WATER (Hy)

(d-)

e~

Bond Dipole

Asysmetric structure.
Unequal sharing if electrons.

Dissolves polar/ionic substances
"like disolves like".
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'NONPOLAR SOLVENT:

HEXANE (CH,4)

H
.
i
H

Net Dipole Moment (= 0)

ﬁv“w

Symmetric structure.

Equal sharing or electrons.

Dissolves nonpolar
substances (oils, fats).
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Intensity (a.u.)
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Solvent effect

Unexpected shifts in Amax due to solvent choice.

Spectral Shift
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No V-grienesitty

Key factors influencing the problem e

Nature of Nature of
Solvent Absorption Band
(Polarlity)
rnt > ' Transition n=qm’
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Low Conjugation

Nature of Solute/
Chromophore
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High intemgic
Chromochore
-OH
Auxochrome
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Solvent effects can cause spectral shifts ,,,8 o

Hyperchromic
A

Hypsochromic «¢ P Bathochromic

v
Hypochromic

Absorbance

A¢am)
Chromophoric shift
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Solvent Effects on Amax

— Acetone

m— Acetonitrile
Ethanol
Dioxan
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Solvent Effects on Amax: Example

NONPOLAR SOLVENT: HEXANE

———
| Hexane (C;H,,) is
nonpolar, |,
“ I, maintains tis gas-
‘ phase color.
w
4 Amax = 520 nm
8" ‘/,’ BLUE SHIFT
) (HYPSOCHROMIC SHIST)
x
g 104
20
20
A0
a0
WAVELENGTH (nm)
“ -
¢ ¢
Nonpolar Hexane (C, H,,)

POLAR SOLVENT: ETHANOL

Ethanol (C,H,0H) is
nonplar. is polar.

Sovent-solute intaraction
shifts A pay

Amax = 460 nm

ABSORRNCE
sé'sésssg

A
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P A S
WAVELENGTH (nm)
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Polar Ethanol (C; H,0H)
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Requirements for UV Spectroscopy Solvents

SIS

Transparent in UV region

Low polarity
Ideal Solvent Properties <
Minimize interaction with solute
Spectrograde
Certified and purified <

Smooth absorbance curves

Solvent Effects on UV-Vis Spectroscopy <

Polar compounds < Amax shifts with solvent polarity

Absorption Behavior <

Sharper absorption bands
Non-polar solvents <
Produce fine structure
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Solvent Polarity and Electronic Transitions

n—ma* and n—so* Transitions n—r* p—pa™* Transitions:
J / hv ‘ 7/I\ (\ . hv
\ : 2 Stablized
; (?:gl;j:gcsc:ate Stablized .\ Exicted State
i n? n
n
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Solvent Stabilization Mechanisms

Ground vs. Excited State

GROUND STATE @

+hv

» Lowest Energy
« Stable Orbitals

« Electrons Close to Nucleus
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EXCITED STATE #*

» Higher Energy

» Unstable Orbitals

* Electron Jumps Farther
» Emits Light (Photon)

Excited State
E,exicted
- T Energy Gap
(Absorb Photon) AE

E,excited - E,ground

l - hv
Emit

Photon)

Ground State
E,ground
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Solvent Stabilization Mechanisms
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Energy Gap Changes

Solvent Polarity Effects on Electronic Transitions

» Increased solvent polarity widens energy gap for n—n* (blue shift).

n—n* Transition @ Polar Sonstion

. . Wider Ene
Excited State Energy Gap Exited State (ll’ilﬁl; \?:;:“g)y
Ground State Ground State
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» Decreased energy gap for sg—n* (blue shift).

n—n* Transition @ p—n* Transition

[ |
N "
Excited State Energy Gap Ground State (a }:i?:':lg?p
Ground State Ground State
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Common Solvents and their Amax

Solvent Amax (nm)
& Water 191 o 191
Methanal 215 @ 203
Ethanol 204 w277
v? Choroform carbon Tetttorcliade 237 [l 16
.*. Benzene 260 -

(L. Benzene 260 I
{2 Tethalharvofuran 220 I
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Summary

SOLVENT EFFECTS ON UV
SPECTCOROSPCY

e
"
POLAR SOLVENTS

n = m° TRANSITION (e.gl. C=0)

NON-POLAR SOLVENTS
{ MINIMAL INTERACTION

@]
o o
— —
@ Stabilizes GROUND STATE
!

Shorter Amax

A .

RED SHIFT (Bathochromic)

= m® TRANSITION (e.gl. C=C)

BLUE SHIFT —p

(Hypsochromic) RED SHIFT
;_S: 1 EXCITED STATE
g Longer Amax
%

2
SHARPER SPECTRUM
o
WAVELNG'

Examples: n-Hexane, Cyclocysrane, Tolune
Examples: Water, Ethanol, Methanad

Enhanced Resolution

08-11-2025
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Assessment: MCQ

1. What is the effect of a polar solvent on a m—n* transition?
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Assessment: MCQ

1. What is the effect of a polar solvent on a r—n* transition?

Batho- (Longer \) Hypso- (Shorter \)
~ Amax = & Airiioe ;
Wavelength Wavelength
Hyper- (Higher €) Hypo- (Lower €)

€max T €max
Intensity Intensity
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Assessment: MCQ

2. Which solvent is suitable for UV spectroscopy due to its transparency below 200 nm?

\
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Assessment: MCQ

2. Which solvent is suitable for UV spectroscopy due to its transparency below 200 nm?

= ' - — — '
’ ’,
- - J
Ce— i — ¥
\ /
BENZENE WATER

- - I .
C— ' Y —
— —
CHLOROFROM CARBON TETTACLLORIDE
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Assessment: MCQ

3. What is meant by solvatochromism?

7
.'/

= - \ \\\
F ) N
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Assessment: MCQ

3. What is meant by solvatochromism?

(mon-polar)  polar

A) Change in color due B) Fluorescence C) Change in D) Temperature-dependent
to pH quenching by absorption due to absorption
solvent solvent polarity
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