Assignments for CME-Calc	23 February 2021
1
Based on the steady state emission intensity, the rate of electron transfer as function of temperature was determined for C60[11]DMA in benzonitrile, in order to experimentally determine the barrier to electron transfer. Try to reproduce these rates of charge separation (approximately) using the Marcus model. The temperature dependence of the di-electric constant can be neglected.
Use Eox = 0.64 V and V = 26.8 cm-1. (You don’t need to use the relative emission intensity or formula (1), data is from JOC 1996). 
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2
Predict the rates of charge separation for C60[3]TMPD in the other solvents, using the same V as in toluene (V = 100.85 cm-1, see table 3). The rate in toluene was experimentally determined to be 3.33 x 1012 s-1 with femtosecond transient absorption spectroscopy.
Is the trend relative to solvent polarity what you would expect?



[image: ]

3
Calculate the theoretical rate of charge recombination for C60[3]TMPD in toluene according to the Classical Marcus model. Use the same electronic coupling as for separation.
(Use Eoo = 2.66 eV to manipulate the driving force, in order to get G0 (CR) =(-E00 -G0 (CS)) =  -1.329 eV. Remember that the CDF file is made to look at charge separation, so this is a ‘trick’ to look at charge recombination).
What does this extremely slow rate  tell you about the Classical Marcus model? Which model do we need to apply here?? (In which “region” of the Marcus theory is this process occurring? Look at the reorganization energy and the driving force).
(Experimentally the rate of charge recombination was determined to be  2.94  1011 s-1)



4
Estimate the rate of electron transfer between pyrene and dimethylaniline in hexane and in acetonitrile:
[bookmark: _GoBack]V = 225 cm-1 (electronic coupling determined with ADF). Take an internal reorganization energy of 0.4 eV.

here is the refractive index of the solvent.  is the dielectric constant of the medium.  and  are the cation and anion radii.  is the centre to centre distance between pyrene and dimethylaniline.  is the vacuum permittivity and the elementary electron charge.
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	6.50


Table 4: The anion, cation radii and the centre to centre distance
	Solvent
	
	

	Hexane
	1.37
	

	ACN
	1.34
	 

	Gas
	1.00
	1.00


Table 5: The refractive index and relative permittivity of the solvents at 589.0 nm

The Gibbs free energy consists out of four terms:
1. The energy it costs to oxidize the donor 
2. The energy does it costs to reduce the acceptor 
3. How much (useable) energy is put in the system by excitation  
4. A Coulomb term .

The oxidation potential of the DMA donor, and the reduction potential of the Pyrene acceptor, as well as its singlet state energy in ACN are:

 vs SCE in ACN
 vs SCE in ACN5
For pyrene6:1
Polar solvents are better at stabilizing charged molecules, making charge separation more favourable in polar solvents. 
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Table 5.3.  Primary data used for the determination of the barrier to charge separation for
Ce60[11]DMA in benzonitrile: the relative emission yield (®ye1) at temperature (T) together

with the rate of electron transfer obtained via formula (1).

T (K) Dy kes(s™h))
295 1 4.74 x 109
290 1.05 4.47 x 109
285 1.09 4.27 x 109
280 1.14 4.04 x 109
275 1.20 3.82 x 109
270 1.26 3.59 x 109

265 1.34 3.33x 10°





image2.tiff
Table 1. Reorganization energy (A = A+ 0.3 eV), Gibbs free energy

change (AGcs), and barrier (AG.g") for charge separation in various

solvents (dielectric constant €, refractive index n) from both the singlet and
triplet (T) state of the fullerene chromophore in Cgo[11]DMA.

Charge separation Charge separation

from singlet state from triplet state

solvent € n A AG g AGed  AG(T)  AGH(T)
(V) (eV) (eV) (eV) (eV)
methylcyclohexane 207 1423 033 0.61 0.67 0.87 1.09
1,4-dioxane 2209 1422 039 0.53 0.547 0.79 0.89
toluene 238 1497 040 0.50 048 0.72 0.80
diethyl ether 420 135 1.01 001 025 0.27 041
1,2-dichlorobenzene 993 1552 1.02 -0.32 0.12 -0.06 023
benzonitrile 2520 1528 120 -047 0.11 -0.21 0.20

C60[11]DMA in benzonitrile (12 input parameters):

Charge separation

Eox = 0.71, Ered = -0.57, E0o = 1.76,Rcat = 3.7,Ran = 5.6, Rc = 18, eps = 25.2, epsEC = 37.5,
n=1.528,T=295K, 1i=0.3eV

V* =43 cm (used to reproduce exp. rate)

Exp. rate of charge separation in phCN: k¢ = 5.5 x 10%s°

output:

AGp =-0.47 eV, Atota = 1.20 eV, AG#=0.11 eV, k¢; = 5.5 x 10°s7% (for 43 cm™)

Exp. Barrier to charge separation AG*=0.09 eV. If we use this with exp. rate, we can get a
smaller V* (28 cm™). For T-data use: Eox = 0.64, with V = 26.8 cm™™.

C60[11]DMA in benzonitrile:

Charge recombination

AGp=-1.29 eV, Aota)) = 1.20 €V, AG*=0.002 eV

ker = 4 x 10652 (for 0.14 cm™?)

exp. rate of recombination in phCN: k. =4 x 106s°? kes/Ker = 1375
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Table 3. Gibbs free energy change for charge separation (AGgs), barrier to charge
separation (AG*), Gibbs free energy change for charge recombination (AGg;), barrier to
charge recombination (AG#) and the regrganisation energy (\) in different solvents (given
with dielectric constants (€) and refractive indices (n)) for the singlet state, obtained for
compound Cgo[3]TMPD withR;=9 A,rt=37A,r=56A,internal regrganisation energy
(A)is03eV.

solvent € n AGcs A AG# AG AG#g;

(V) V) (V) (eV) eV)
methylcyclohexane 207 1423 -0.328 032 0.000 -1432  0.983
toluene 2.38 1497 -0.431 0.34 0.006 -1.329  0.723
chloroform 470 1446 -0.769 0.70 0.002 -0.991 0.031
dichloromethane 893 1424 -0.933 0.87 0.001 -0.827 0.001
1,2-dichlorobenzene 9.93 1.552 -0.952 0.77 0011 -0.808 0.000
benzonitrile 2520 1528 -1.052 0.88 0.008 -0.708 0.009

C60[3]TMPD in toluene: (12 input parameters)

Charge separation

Eox =0.16, Ered =-0.57, Eoo = 1.76, Rcat = 3.7, Ran = 5.6, Rc = 9, eps = 2.38, epsEC = 37.5,
n=1.497, T=295K, li=0.3 eV.

V*=78.2 cm™ (used to reproduce exp. rate)

Exp. rate of charge separation in Toluene: ket = 2.0 x 102 s°1

output: AGp =-0.43 eV, Atoral) = 0.34 eV, AG?= 0.006 eV, ket = 2.0 x 101257 (for 78.2 cm™)




