
















For	every	electronic	energy	level,	there	is	a	set	of	vibra-onal	energy	levels:	





A.   Excited States and the Ground State 
1.  Electrons can move from the ground state to an excited state if energy is 

supplied, in a photochemical reaction this energy is in the form of light  
2.  The energy difference between electronic energy levels is quantized, so 

only light of discrete frequencies will cause a transition to occur.     
E = hn  (h = Planck’s constant, n = frequency)) 

1.  The frequencies of light that correspond to the energy difference 
between electronic energy levels in covalent bonds fall in the visible to 
ultraviolet region of the spectrum. 

2.  Functional groups that contain bonds that  undergo a given absorption 
are called chromophores 



 B. Singlet and Triplet States 
 

1.  In most organic molecules all electrons in the ground state are paired 
with each member of the pair possessing an opposite spin (Pauli 
principle) 

2.  If one of the electrons is promoted to another orbital of higher energy, 
the promoted electron is no longer constrained by the Pauli principle 
and may posses either a parallel or opposite spin to it’s former partner 

3.  If a molecule contains two unpaired electrons of the same (or parallel) 
spin is called a triplet 

4.  If a molecule contains two unpaired electrons of opposite spins it is 
called a singlet 



C.	Types	of	Excita1on	
	

1.  When	an	electron	on	an	organic	molecule	is	promoted	it	usually	goes	from	the	
highest	occupied	molecular	orbital	(HOMO)	into	the	lowest	unoccupied	
molecular	orbital	(LUMO)	

2.  The	four	possible	electronic	excitaGons	that	are	possible	(in	order	of	increasing	
energy):	

1.  	σ	!		σ*			
2.   	n	!		σ*	(n	denotes	an	free	electrons	pairs)	
3.   	π	!	π*	
4.   	n	!	π*	

	“	*	”	Denotes	an	excited	state	
	



If	the	double	bond	is	conjugated,	delocalizaGon	(resonance)	causes	the	electrons	
within	the	conjugated	system	to	be	lower	in	energy.			
	
Likewise,	the	difference	in	energy	between	π	and	π*	is	also	reduced.		Therefore	
the	π	à	π*	transiGon	occurs	with	light	of	longer	and	longer	wavelengths	(lower	ν,	
lower	E)		
	
	
	
	
	
	
	
	
	
	
	
	
Visible	light	(800	to	400	nm,	red	to	violet);	UV	(400	to	200	nm)	
(remember	shorter	wavelength,	higher	frequency,	higher	energy)	



With	enough	conjugated	double	bonds,	the	π	à	π*	transiGon	will	occur	in	the	
visible	region	of	the	spectrum	and	perceived	as	color:	

β-carotene	from	carrots,	orange;	lycopene	from	tomatoes,red;	
Indigo,	the	dye	used	in	blue	denim;	blue	



	
Physical	processes	undergone	by	electronically	excited	molecules:	
	

	S0	+	hν	à	S1 	 	 	 	Excita1on	
		
	S1	à	S0	+	hν 	 	 	 	Fluorescence	
		
	S1	à	T1	(or	vice	versa)	 	Intersystem	Crossing	
		
	T1	à		S1	à	S0	+	hν 	 	Phosphorescence	
		



Absorption 



 





Dichroism 



CIRCULARLY POLARIZED LIGHT 
§  It is obtained through the superposition of linearly and perpendicular 
polarized waves, having the same wavelength and intensity, but different for a 
quarter phase. 

§  It can beright-handed or left-handed. 



CIRCULARLY POLARIZED LIGHT 



POLARIMETRY 
•  it is	 a	 technique	 that	 measures	 the	 variaGon	 of	 the	 angle	 of	 the	 plane	 of	

polarized	 light	a\er	the	 light	has	passed	through	a	soluGon	containing	a	chiral	
(opGcally	acGve)	substance	.	

•  opGcal	 isomers,	 those	 whose	 mirror	 images	 are	 non-overlapping	 (chiral),	
possess	the	property	of	rotaGng	the	plane	of	polarized	light.	This	property	is	due	
to	the	presence	of	a	center	of	asymmetry	in	the	molecule. 

 
 



CIRCULAR DICHROISM 
§  optical isomers absorb the circularly polarized light, but absorb the right- and 
left-handed components in a different way, giving rise to an elliptically polarized 
light. 

Non-ch i ra l compound. I t the 2 
components have the same amplitude 
ER=EL ⇒ linearly polarized light. 

 

Chiral compound. If the 2 components have 
different amplitude, ER≠EL ⇒ ellittically polarized 
light, that is, the tip of the resultant vector trace an 
ellipse (dotted line). 

 



DETERMINATION OF THE SECONDARY STRUCTURE 
OF BIOPOLYMERS: FAR UV CD 

 

PROTEINS. 

§  Peptide bond(far-UV)      

n -> π* centered around 220 nm 

π-> π * centered around 190 nm 

§  The intensity and the energies of 
these transitions depend on φ e ψ, 
that is the secondary structure. 

§  Aromatic amino acids(Phe, Tyr e 
Trp) (near-UV) 

§  250-290 nm. 



DETERMINATION OF THE SECONDARY STRUCTURE OF 
BIOPOLYMERS: FAR UV CD 

 



DETERMINATION OF THE SECONDARY STRUCTURE 
OF BIOPOLYMERS: FAR UV CD 

 



Example: denaturation of cytochrome c for heme removal. 

The removal heme from cytochrome c causes the collapse of the 
secondary structure of the protein. The addition of heme to the apoform 
causes the refolding of the protein in a conformation different from that of 
the native protein. 

Far UV circular dichroism of proteins 



Example: Thermal denaturation of a bacterial oxygenase. 

Far UV circular dichroism of proteins 



Near UV circular dichroism of proteins 



Factors that influence the signal intentisities of aromatic residues: 

1) Rigidity of the protein: the higher the mobility of the polypeptide 
chain, the lower the signal strength. 

2) Interactions between the various aromatic amino acids, which 
are very significant if the distances between them are less 
than 1 nm. 

3) Number of aromatic amino acids present in the sequence. 

•  The contribution of each amino acid to the CD spectrum can be 
studied using site-directed mutagenesis. 

•  An aromatic amino acid at a time is mutated and changes in the 
CD spectrum observed. 

Near UV circular dichroism of proteins 



Near UV circular dichroism of proteins 



      Visible CD. 
In many cases the cofactor of a protein is not of itself optically 
active, but it becomes so by binding with the protein, as this 
makes an asymmetrical around. 

Human hemoglobin 

-------- oxiHb 

            deoxyHb 

…… ……. metHb 











Main characteristics of fluorophores are : 

§  Maximum excitation and emission wavelength (expressed in 
nanometers (nm): corresponds to the peak in the excitation and emission 
spectra (usually one peak each), 

§  Extinction Coefficient (or molar absorption, in Mol−1cm−1) : links the 
quantity of absorbed light, at a given wavelength, to the concentration of 
fluorophore in solution. 

§  Quantum yield : efficiency of the energy transferred from incident light to 
emitted fluorescence (= number of emitted photons per absorbed photons) 

§  Lifetime (in nanoseconds): duration of the excited state of a fluorophore 
before returning to its ground state. It refers to the time taken for a 
population of excited fluorophores to decay 

§  Stokes shift: difference between the max excitation and max emission 
wavelengths. 





Protein	intrinsic	protein	







Green	fluorescent	protein	(GFP)	



Modes	of	design-response	

Peristeric	

Endosteric	

Allosteric	



The	MBP	as	biosensor	

MBP-OPEN	
S337C	mutant	

MBP-CLOSED	
S337C	mutant	

MALTOSE	
FLUOROPHORE	



Fluorescence	emission	
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λ	ex	=	363	nm	
Kd	=	0.80	±	0.01	uM	













hjp://en.wikipedia.org/wiki/Infrared_spectroscopy	















Protein	folding	



Protein	flexibility:	H/D	exchange	



Technique Structural information 

X-ray crystallography 
 3D- structure 

Abosrption, circular dichroism, 
fluorescence spectroscopy 
 

Secondary structure, changes in 
secondary and tertiary structure, 
dynamics 
 

Visible absorption and circular 
dichroism 
 

Presence of cofactors and 
environment 
 

Infrared spectroscopy 
Secondary structure, changes in 
secondary and tertiary structure, 
dynamics 

Electronic magnetic rtesonance 
Presence of paramagnetic 
centers and monitoring their 
environment 

Nuclear magnetic resonance 
(NMR) 
 

3D. Structure, dynamics, motions 


