UV-Vis spektrometrie
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What Is UV-VIS spectroscopy measuring?
Electronic transitions.
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Ctyti zékladni p %

atomové orbital ,
Y zékladni stav molekulovych excitovany =

orbitalu butadienu

LUMO - Lowest Unoccupied Molecular Orbital (nejniZsi neobsazeny MO)
HOMO — Highest Occupied Molecular Orbital (nejvyssi obsazeny MO)

* Prekryvovy integral — Hyeckel molecular orbital method (HMO)
* Dipolovy moment




Elektronova spektroskopie




Beer — Lambert — Bouguer law
-log (&/D,) = -log 7; = ecb = A(A4)

.= @O/D, Internal transmittance (transmission factor)
p=D/D, reflectance (reflection factor)

a = @,/D,=1- ¢ absorptance (absorption faktor)

Term Symbol Unit
Monochromatic radiant 1)) W
& power

0 D, (decadic) internal A 1
absorbance
Molar (decadic) absorption I L mol-t cm1
coefficient

@r
Absorption pathlength b cm!
Cell pathlength I cm?t

e Extinction — sum of absoption, scattering and luminescence.



http://old.iupac.org/reports/V/spectro/partVII.pdf

Beer — Lambert — Bouguer law
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Beer — Lambert — Bouguer law
limitations

« Chemical reasons — chemical equilibria (acid-base reaction,
self-association, complexation, thermal reaction,
photochemical reaction, innhomogenous samples)

 Physical reasons — thermochromism, saturation effects —
depletion of the ground state, incident radiation must be
parallel



Jak funguje spektrometr?




Single beam UV — VIS spectrophotometer
with diod array detector

Diode Array

Dispersion device
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Single beam UV — VIS spectrophotometer

D N

‘\_4~ quartz halogen
\_~ lamp

light source
switch-over
mirror

Deuterium filter wheel

lamp

condensing lenses

aperture A \

— 1 L j
sample exit slit

concave holo-
graphic grating
1500 lines/mm

Photomultiplier cho_pper

Fig. 4.1. Optical geometry of a single beam instrument, the Uvikon 710 by Kontron Instru-
ments, Eching.



Double beam UV — VIS spectrophotometer

halogen
lamp

0"
reference

&

deuterium "\ filter wheel I______ [ -

lamp \ —
entrance slit \\0\ i
= photo diode
// beam splitter \

exit slit : = g

< sample
monochromator

Fig. 4.2. Schematic diagram of the optical pathway in a double beam instrument Lambda 2,
Perkin Elmer, Uberlingen.



Double beam, double monochromators
UV — VIS spectrophotometer

halogen
lamp

deuterium UV/Vis A reference

lamp T —

N\
entrance slits 7
exit slits =~
< NIR [

UV/Vis

chromator 1

Fig. 4.3. Double beam set-up with a double monochromator for very precise photometric

measurements and the possibility of taking high resolution spectra (Lambda 9, Perkin Elmer,

Uberlingen). This instrument covers the wavelength range from the UV until the near infrared
(NIR).




UV — VIS spectrophotometer

Spectrometer
Light source « Single beam x double
« Continuum X spectral-line source beam
» W-halogen lamp <330; 1200) nm » Sequential X

« D, lamp <UV; 330> nm SAIE e

« Xe arc lamp <190; 1000> nm

Detectors
Cuvettes  photo-emisive detectors (evacuated phototubes,
« shape photomultiplier...)
« volume  semiconuctive detectors (photodiods; detectors with a
- spacial resolution— CCD —charge-coupled device)
‘materia

euse of matched cells

http://www.hellmaoptik.com/en/kuevetten/



400 W QUARTZ HALOGEN (FILAMENT) LAMP
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Fig. 11a-2. Spectral nradiance of some arc lamp sources. Reprinted by permission from
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Franck-Condon Principle; Vertical excitation

Nuclear Coordinates Solvation Coordinate



Franck-Condon Principle

Benzene in hexane
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Figure 2.10 lllustration of the Franck-Condon principle. The bottom diagrams illustrate the
vibrational structure of the absomtion bands
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Effects Absorption bands of
hyperchromic organiC molecules

Shifts T

< > bathochromic
hypsochromic l Type of Emax

transition
n->n (R) < 100

hypochromic

Antibonding ¢ (%) T T (K) > 10 000

Antibonding 7 (7¥)

:-E’ ENmﬂmndimn (») (B . _ 500
Bonding 7 benzenoid)

Bonding 0

E'FIGURE 7.5. Summary of electronic energy ievels. Both n — #* and ( E . 2 O O O - 1 4 O O O
= 7" (heavy arrow) transitions are represented. -
ethylenic)
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Table A-4. Ultraviolet “cut-off points™® of spectroquality solvents commonly used in UV/Vis-Spectroscopy, for 1 cm

pathlengths (accuracy ca. +5 nm)™.

The “cut-off point” in the ultraviolet region is the wavelength at which the absorbance approaches
1.0 using a 1-cm cell path with water as the reference. Solvents should not be used for measure-
ments below the cut-off point, even though a compensating reference cell is employed. The cut-off
points are very dependent on the purity of the solvent used. Most of the solvents listed above are
available in highly purified *“spectrograde” quality.

Compiled from the following references:

(1) Eastman Kodak Company: Spectrophotometric Solvents. Dataservice Catalog JJ-282,
Rochester, New York 14650, USA, 1977,

(2) E. Merck: UVASOLE® ~ hE::%EE& und Substanzen fiir &m Spektroskopie. D-6100 Darm-
stadt, Fed. Rep. Germany;

3) EE from the reviews of Gordon mnn_ Ford [4] (p. 167), Pestemer [25], and Hampel [34].
Values for solid, as used in a pellet for example.




UV-VIS-NIR spekrum vody
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Measuring techniques

Kvantitativni analyza
Multicomponent analysis

Derivative spectroscopy-Finding of maxima—
Antonov — Step by step filter (SBSF) —

Resolution of overlapping bands (x deconvolution)
— Curve fitting — Gaussian or others

— Nonparametric methods

— Singular Value Decomposition, Target Factoral Analysis

Difference absorption spectroscopy
Absorbance matching



Derivative spectroscopie
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Application of derivative
spectroscopy

to benzene

transition
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Figure S1. The absorption spectrum of benzene aq solution (black) with its 4™ derivative

(red).
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Derivative spectroscopy
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Multivariate Curve Resolution (MCR)

d = %IC s +e | Dilinearity!
= AL

NC

NC C
- N
= 2
NR NR NR

D(NR,NC) experimental data matrix
C(NR,N) row (concentration) profiles matrix
S(NC,N) column (spectra) profiles matrix
E(NR,NC) residual (noise, error) matrix




pH titration — o-nitrophenol Photochromism

R ) R o

0 — OO0

A = 520 nm)

: A ) 0 v
trans ana
A - 390 nm Ay - 440, 480 nm
\“.

Epsilon (M/cm)

‘Wavelength (nm)

Photochem. Photobiol. Sci., 2007, 6, 552-559
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solvatochromism

change in the position, intensity, and shape of absorptlon bandS o
due to the surrounding medium

= perichromism (peri - around)

surrounding medium - liquids, solids, glasses, and surfaces

» negative solvatochromism . positive solvatochromism

a blue (hypsochromic) shift a red (bathochromic) shift
()
) ~~~~ E-I- ET Os. ,O
@ O s Cm—, -~ -® -" @
..i— ”o'

solvent polarity increases solvent polarity increases



Reichardt’s dye

betaine-30
2,6-diphenyl-4-(2,4,6-triphenyl-pyridium)phenolate

«dipol moment - dipol/dipol, S5 S,
dipol/induced dipol interaction

* 1t electron system - dispersion
Interaction

» phenolate oxygen - highly basic
EPD ceter

dipol moment o
in 1,4-dioxane Hg=148+-1.2D Mo = 6.2+-0.3D



ET(3O) and ETN scale of solvent polarity

E. - molar electronic transition energy Litka EN
[ET] = kcal/mol n-hexan 0.009
[E:"1=1 Dichlor  0.309
methan
EtOH  0.608

E(30) = hc ¥7,,Na= (2.8591 E -3)( Vi, / CM)

=28591/( Ay

E.N = (Eq(solvent)-E-(TMS))/(E(water)-E-(TMS))
= (Es(solvent) - 30.7)/32.4

\Voda 1
/ nm)

E-N(TMS) =0.000 E;N(H,0)=1.000
TMS = Tetramethylsilane
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Diffuse Reflectance Spectroscopy

Diffuse (volume) reflection — phenomenon resulting
from the reflection, refraction, diffraction and

absorption
MgO
BaSO,
PTFE —
e polytetrafluoret
then sample hylene = halon
= Spectralon

i . detectors
SPHETE sed to obtain a diffuse refiner. s
h permission fram [18]. relectance spe

Fig, 55 Integrating
method. Reprinted w

baffle

tirum by the substituton




Diffuse Reflectance Spectroscopy

source

detector(s)

baffles

Fig. 5.7 Interesting sphere for a double-beam spectrophotometer. Reprinted with permission
from [16].




Diffuse Reflectance Spectroscopy

TABLE 5.1 Comparison of Absorbance and Kubelka-Munk Units at Variouns % Rellectance
Values

= I = -
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05 Reflectance (log 1/R, )
-
100 ]
o 0046 00056
&0 0097 (1025
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1.0 4.0
20 49

e

Fig. 83 Inherent error in the Kubelka-Munk function versus R



Diffuse Reflectance Spectroscopy

Harrick - Praying Mantis




