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Jablonski Diagram
• The Jablonski Diagram does not bare any connection to the 

nuclear degrees of freedom, or a reaction co-ordinate (Q)

Doesn’t address the mechanism underlying internal conversion



Fermi’s Golden Rule
• Fermi’s Golden Rule provides a constant rate for 

population transfer between one eigenstate and a 
quasi-continuum of states

• It can provide a good estimate of the internal 
conversion rate: from one vibrational level to a 
high density of vibrational states on a lower energy 
potential energy surface:

• Where                   is the matrix element of 
perturbation H’ between i and j states, and r(Ej) is 
the density of states per unit energy
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Recap: Born-Oppenheimer Approximation

• TISE is dependent on the nuclear and electron positons (R and r
respectively).

• Unfortunately we cannot solve this equation for anything other 
than Hydrogen atom like systems

• Nuclear motion is far slower than the electron velocities
• Recognising that these differences in timescales, we can invoke 

the Born-Oppenheimer approximation:

• Where the nuclear wavefuction (c) is no longer dependent on 
the position of the electrons

• This thereby provides a potential energy surface which the 
nuclei move on
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Recap: The Potential Energy Surface

• We can calculate the 
potential energy as a 
function of inter-
nuclear co-ordinates

• The figure displays a 
2D PES for ammonia 
as a function of N-H 
stretch and bond 
angle, q

RN-H



Limitations of the Born-Oppenheimer Approximation
• Born-Oppenheimer approximation assumes that the 

electronic structure of the molecule rapidly adjusts to changes 
in nuclear configuration and restricts motion to one surface

• For example, in the case of NaI photodissociation this means 
only Na+ + I- products would be formed.

• Born-Oppenheimer 
approximation can fail if 
nuclear motion is fast, 
and surface hopping e.g. 
to form Na・+ I・products

• This occurs in regions of 
the potential energy 
surface called avoided 
crossings (for linear 
molecules) or conical 
intersections (for 
polyatomics)



Landau-Zener Model for Curve Crossing

V1 and V2 are the two PES
V12 is the coupling between them
u is the nuclear velocity along reaction path

is the difference in the gradients
at the crossing point

V12 weak: 
No surface 
crossing

V12 strong: 
Surface 
crossing

V12 strong but velocity along reaction co-
ordinate is greatly reduced leading to a 
branched reaction
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• Probability of curve crossing can be calculated via the Landau-Zener formula:
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Conical Intersections
• For polyatomic molecules 

there are 3N-6 degrees of 
freedom, and therefore 
additional co-ordinates 
become important at surface 
crossings 

• Two important co-ordinates in 
the branching plane: tuning 
and coupling modes

• Conical Intersections provide 
an ultrafast funnel between 
two (or more) electronic states



Conical Intersections in Action: Photodissociaton
• RX-H + hn RX . + H .

• Excess energy above the
bond dissociation energy 
partitioned into kinetic and 
internal product energy

• Detect kinetic energy of H atoms 
as a time-of-flight spectrum

• Bimodal distribution- from forming      
and     state thiophenoxyl radicals!X !A
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Solution Phase Photochemistry
• So far this course has focused on gas phase, e.g. isolated

molecule photoinduced chemistry. As chemists we know that 
most reactions occur in solution, or inside proteins

• Liquids are very dense: 1022 molecules cm-3, meaning at 
thermal energies collisions between adjacent molecules occur 
on timescales between 10-15 and 10-13 s.

• The interactions with surrounding molecules on such short 
timescales, means elementary relaxation processes involve 
energy loss through interaction with the environment.

• Put simply: molecules move, exchange vibrational energy with 
surroundings, transfer charges (protons/electrons) and respond 
to sudden changes in the environment on picosecond and 
shorter timescales.



Solute-Solvent Interactions

Mechanical Rotational (and Translational) Motion
• Rotational motion for macromolecules in liquids can be 

approximated by the Debye-Stokes-Einstein relation:

assuming a spherical particle with volume (V)= (4/3)pr3 and 
dynamic viscosity h: tangential force per unit area

• Model fails for small molecules, especially oblates or prolates:
for a solute molecule to move, solvent molecules must be 
pushed out of the way

• Neglects electrostatic inter-molecular interactions

Ds = kT / 6Vη

prolate oblate



Solute-Solvent Interactions

• Dipolar Interactions
• Several types of different 

intermolecular interactions present in 
solution:
• van der Waals/ H-bonding
• Dipole-dipole:

• Generally reduce system to “system” 
(solute) and “bath” (solvent). i.e. 
solute dipole and bulk dielectric

• Cartoon illustrations a snapshot in 
time, but continually changing due to 
thermal energy (kBT)

Solvation shell: ~3 Å diameter
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Fluorescence Red Shifts

Dye in solution

Retinal in opsin protein

Solvatochromaticity



Homogeneous Broadening

Isolated gas phase molecules:
t depends on Einstein A and B 
coefficients (see MNRA’s lectures)

Solution phase:
One source of broadening is from coupling 
to solvent quasi-continuum reduces the 
lifetime of state 1 and thus Dn increases 
(recall:                          )    
Formally, a purely homogeneously 
broadened system has a Lorentzian line 
shape

Δν = 1
2πτ
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Inhomogeneous Broadening

• Black line gives the ensemble line shape
• For an inhomogeneously broadened system (Gaussian), the total lineshape is 

comprised from the sum of different homogeneously broadened line shapes
• Different absorption frequencies due to different solute-solvent

interactions, i.e. different hydrogen bonding configurations (A vs B)

• Other examples: protein binding, non-monodispersed nanoparticles

n01


