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Excited state charge transfer symmetry breaking
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The model of charge transfer symmetry breaking
Ar — D — Aw ¥ ATV2 _prt _ 412 By e 40k
s B Rty e s Y iy Ly ) S

= dpgp +dpyYr
A7V Pt A% s

0 | EL ¥V
) 4 i e
e? e?
K:nin%— i . X X Y= R
€mRLR  He =y [(9|PLIW)Pg + (¥|Pr|¥)PL | EimRLr
2 .
D22 Af o 77TV
W=- ‘[3 / Hs = -1 [(‘PlPLl‘P)PL + (‘PlPR|T)PR] A= 3 " L Af
ry d
Af= f.l_:',.: = ,|.:|'|.‘!:| with flei=Mr—=T11/12r+11

D=a; —ay, HY = E¥Y.H = Ho + Hc + Hs

A.L Ivanov, B. Dereka, E. Vauthey. J. Chem. Phys. 146, 164306 (2017)
A.L Ivanov, V.G. Tkachev. J. Chem. Phys. 151, 124309 (2019)



The model of charge transfer symmetry breaking
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9KCHCpHMCHT&HBHBI€ CBHACTCJIILCTBA HAPYIICHNUS CUMMCTPHUU B

BO30Y>KJICHHOM COCTOSIHHH.

[IposiBeHrE HAPYILLIEHUS CUMMETPUU B OIITUYECKUX CIIEKTPax

* octahydroacridino[4,3-c]acridine-1,9

(2H, 5H) dione

DMF - Methanol mixtures
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Clustering of methanol

~ ]
Some facts known from the literature: 4)—4 rd
Methanol molecules form chains. Q.. o
There are practically no branches. 1
There are closed structures (loops). N
Cooperative effect - the longer the chain, the stronger the hydrogen bonds.
The lifetime of a hydrogen bond in methanol 1s 5 —7 ps.

The average number of molecules in a methanol cluster 1s 5.9 (pure
methanol, simulation results).

The formation of a loop is possible only in long clusters.



Clustering of alcohol molecules and its role in the quenching
of acredinedione fluorescence

1. Inthe ground state, short and long chains of methanol form weak
hydrogen bonds with the acredine dione molecule. (The absorption
spectra in protic and aprotic solvents are almost the same.)

2. Hypothesis: in the excited state, only sufficiently long clusters form strong
hydrogen bonds with methanol, leading to symmetry breaking and
fluorescence quenching.

3. Sufficiently long clusters appear only in mixtures with a high concentration

of alcohol.
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Mechanism of Acredine Dione Fluorescence Quenching with
Methanol
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Fluorescence quenching kinetics
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Anderson-Schulz-Flory model
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Fitting Stern-Volmer dependence
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Conclusions

The proposed model of fluorescence quenching by methanol gives a
quantitative description of the kinetics and quantum yield of fluorescence
in mixtures of methanol and DMF.

The threshold value of the concentration at which quenching occurs
depends critically on the minimum length of a cluster capable of
inducing symmetry breaking in acridine dione.

The degree of symmetry breaking in molecules depends on the
interaction energy that causes the symmetry breaking. This opens up a
fundamentally new possibility for the experimental study of hydrogen
bond clustering in alcohols and their mixtures with aprotic solvents.



A simple model of H-bond effect on excited-state

charge transfer symmetry breaking in quadrupolar
molecules

Dye with one H-bond. Strong effect
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Influence of H-bonds on symmetry breaking
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Influence of H-bonds on symmetry breaking
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Influence of H-bonds on symmetry breaking
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Influence of H-bonds on symmetry breaking. Shift of
the fluorescence band due to the formation of H-bonds
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Conclusions

The H-bond has little effect on the magnitude of the asymmetry if
complexes with two H-bonds are more stable.

The H-bond strongly affects the magnitude of the asymmetry if
complexes with one H-bond are more stable.

The G_HB(0) value does not affect the degree of symmetry breaking in
complexes with one and two H-bonds, but if its increase makes
complexes with one H-bond more stable, then this leads to a sharp
increase in asymmetry.

Conditions are revealed when an increase in the strength of the H-bond
G_HB(0) leads to a decrease in the degree of asymmetry.

An increase in the parameter A does not affect the magnitude of the
asymmetry as long as complexes with two H-bonds are more stable.
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