Lecture 12: Chapter 18  Electronic Transtions

Homework #4 Due Tuesday Feb. 28" 5:00 PM - Chapter 18: 1, 3, 5, 9, 10, 14, 18, 19 — Snce
answers listed in back of book, grading is based on work shown describing how you obtained answers.

l. UV-Vis spectroscopy: Electronic Transition

. Beer-Lambert Law

|. UV-Vis spectroscopy: Electronic Transition Stick ® continuum
A. Intro:
Visible ~ 400 — 700 nm, UV 200-400 nm, VUV < 200 nm. atom
What explains structure in uv-visible absorption spectra of molecules? -
Atoms— Only lines (electronic trangitions),

. . . small molecule
which may be broadened via collisons -

collisons- large molecule
> =

condensed phase

Molecules- Many lines (very dense) dectronic, vibrational, and rotationa
trangtions. A set of rovibronic lines belonging to the same vibronic transition
comprise a band. For example the lines associated with u?2=0 of $ to u¢0 of §
includes the following transitions:

S | S u? uc¢ J J¢
BAND O- O 0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 0 1 2
BAND 1- O 0 1 0 0
0 1 0 1
S = — Absorption band
7\ = overlap of

/ \ vibronic bands.
Lines broadened
in condensed
phase, thus
unresolved
rotationally!




B. Franck-Condon Principle
Vertical Excitations — Electronic-vibrational (Vibronic) transitions occur at fixed nuclear
geometries since the nuclel remain virtually fixed as electrons populate new orbitals (electronic
trangtion). The probability is governed by severa factors, one of which is the Franck-Condon

Factor: [@i1c, dt]? = squae of the vibraiond  overlap  integral.
This governs the relative intendity of structure found within an el ectronic transition.
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----------------- Bond distance or Bond angle coordinate
Understand how the intensity of theu¢=0 - u2=0 transition instensity changes with the shift
of the geometry of the excited statereativeto that of the ground state.

Il. Beer-Lambert Law

The change in light intensity dl is proportiona to the light intensity (I), concentration [J], and

pathlength dx: dI = -k [J]1dX whereK isaproportionality constant. Integrating this equation
and switching from the natural bgarithms (In) to base 10 logarithms (log) yields the Beer-
Lambert Law.

I
Iogl— =logl =-¢[J]/ Iogl—0 = Ae[J]/
0

where [J] is concentration of species J, | = pathlength, e is molar absorption coefficient or extinction

coefficient usu. in units L molt cm? | which is T dependent. T = transmittance, A = Absorbance
(optical density), Fraction of absorbing=1- T, thus %absorption = (1-T)" 100%
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Also note aternative (base €) forms of Beer’s Law keeping in mind In x =1n10 log x
| =1 .e°"
0

n = number density = molecules cni®, and | = pathlength in cm.

s = absorption cross section (cnf molecule™)



Example 1.

PM-546 has €493 = 7.9° 10 liter mol* cmi® a 493 nm (it’ s absorption max). If you wanted to absorb
45% of the 493 nm light for a 1 cm pathlength, what concentration would you need to prepare?
(1-T)100% =45% ® (1-T)=045 ®  T=055=I/g

A=e[Jl ®  A=log(lo/1)=- log(I/lg) = - logT=e[J| ® [J)=- logT/(e | )

[J]= - 10g(0.55)/( 7.9° 10* liter molt cm*” 1.cm) =3.29 10° M.

Example 2: If the absorbance of 3.24" 10 molecules cm® is 0.436, and
s =7.53 10 cn? molecule™, what is the pathlength? Use this form of Beer's Law:

— -sn/t
I I I
In-2=sn/ b E:iln—(’:ilnlo' log—>
| sn | sn I
_ 1 ,
= —— — — - 32.303 0.436
7.53" 10" cm” molecule 3.24" 10" molecules cm
/=411cm

We may use Beer’s law to determine the conentration of 2 species A & B in asolution , usu. need 2
diff wavdlengths: Aiotal | = Aal + Ag
ie Alr=en1[All +eg1[Blland A p=en 2 [All +eg 2 [B]l

Thisisa system of 2 equations and 2 variables, thus substitute to eliminate one variable.

Example 3: For thefollowing 2 sol ute speciesF and G information about the absorbance was obtained for a1 cm
pathlength cuvette. Determine the concentration in terms of molarity for species F and G.

450 nm 600 nm
e @M om? 215 10 5.25 10'
e ) M em? 487 10 723 10°
Absorbance 0.148 0.207
Answer: 0.148=€q 1 [F]l +eg 1[G]l and 0.207=€ ¢, [F]l +€ & [G] | =1cm
0.148 =215 10*[F]l +4.87 10*[G]l (V) 0.207 = 5.25" 10*[F]l + 7.23" 10%[G]| (2

Let’s make the coefficients of the species [F] the same by converting 2.15" 10* into 5.25" 10*
by multiplying by the first equation by 5.25" 10*  2.15" 10* = 2.144186

Equation #1: 0.3614 = 5.25" 10°[F]l + 1.189" 10°[G]l

Equation #2: 0.207 = 5.25" 10* [F]l +7.23 1C6° [G]l
(2)-(1):0.1544=1.1167 10°[G]l ® 0.1544=1.1167" 10° | mol* cm* [G] 1 cm
[G] = 1.383 10° mol I = 1.38 10°M ® Substituting [G] into Eq. 1
[F] ={0.148 - 487 10*[g]l} , 2.15 10*
={0.148- 4.87° 10** 1.38' 10°} | 2.15 10* =3.76 10°M
Of course you should verify that these work by substituting for both equations 1 & 2.




isobestic wavelength = | a which e of both A & B components are equal: A, = e ([A]+B])|

If A and B arein equilibrium A« B, then regardless of the shift of equilibrium [A] + [B] remains
constant, isobestic point (absorbance point that’s invariant with equilibrium). The absorbance at the
isobestic wavelength is useful to measure the total concentration of two speciesin equilibrium, i.e.
isomerization, association reactions (hemoglobin with O,). Thus you may prove only two solutes
arein equilibrium by observing equilibrium independent (i.e. change pH) isobestic points.
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