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Water polarization
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Polaron formation in water. Molecules H,O before a
photoexcitation (left) and after formation of a polaron state (right)



Applications
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Theoretical base in chemical reaction investigations;
Strongest reducers in chemical reactions;
High-temperature superconductivity mechanism;

Description of the quantum dots transitions in a modern
nanoelectronics;

Conductive properties of polymers (superlight conductors and
accumulators);

Mechanism of energy transfer in biological systems; a base of
nanobiochips and electronic nanobiosensors.



Model

We use spherically symmetric case of the mathematical model and
coming to dimensionless quantities, we obtain:
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~,€,w,m — dimensionless parameters of model, rpp — scaling factor.
Boundary conditions:

(b(O) =0, (b/(oo) =0, w(o) =0,
P(oc0) =0, ©(0)=0, ©O(cx)=0



Numerical approach
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Algorithm

At the each layer with number n it is executed the next succession
of operations:
¢ From the third equation with known " we calculate @"+1;
¢ Derived ©"1 are replaced in the second equation which is
solved by counter sweep algorithm for the calculation ©"*1;
¢ Derived "1 are replaced in the first equation which is solved
by counter sweep algorithm relatively 1”1 at the next time
layer (n+ 1);
¢ Transfer to point number 1 for the next value of n.



Absorbtion and radius
Intensity of absorption of light:
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Q — frequency of light absorbed by hydrated electron, vs = 0.38 eV
— width of the solvated electron absorption band.

Average radius of the hydrated electron (theoretical estimations:
between 2-10~8cm and 3-1078
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Initial state (0 — parameter to be fitted):
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Comparison with experimental data (2015)
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Our calculations (smooth): V.Lakhno, A.Volokhova, E.Zemlyanaya,
[.Amirkhanov, I.Puzynin, T.Puzynina. J.of Surface Investigation.
Vol. 9(1), 2015, 75-80.

Experimental data (dentate): F.H.Long, H.Lu, K.B.Eisenthal. Phys.
Rev. Lett. 64 No.12 (1990) 1469.



Modification
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Comparison with experimental data (2016)
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Experimental data from F.H.Long, H.Lu, K.B.Eisenthal. Phys. Rev.

Lett. 64 No.12 (1990) 1469
Theoretical prediction: V.D.Lakhno. Chem. Phys. Lett. 437 (2007)
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Comparison with new experimental data (2017)
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Experimental data from Lian R., Crowell R.A., Shkrob |.A ., J.Phys.
Chem. A, 2005, 108, 105009.



Parallel algorithm

At the second and at the third steps of out algorithm we have to
numerically solve the system like follows:

b1 1 0 0 d1
. . dar b2 C ... 0 . d2 .
AX=D; A=| 0 a b3 ... 0 |;D=| d3 |; X=
0 0 0 .. by dy

We apply the PARTITION algorithm (Wang H.H. A Parallel
Method for Tridiagonal Equations. ACM Trans. Math. Software
(1981)No.7, p.170)
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Acceleration of parallel algorithm
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Calculations were executed on the CPU-blade of HybriLIT
heterogenous cluster, Dubna.



Summary

¢ Results of numerical simulations of light absorption process by
fotoexcited hydrated electrons are in reasonable agreement
with the experimental data.

¢ MPIl-based parallel algorithm provides the 11-time acceleration
in comparison with the serial calculations.
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