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Can we connect the quantum theory calculations and data obtainedJ

by measurements to create useful explanation of some phenomenas?

Theory and Quantum
Chemical Calculations,

Explanation

Measurements
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Why are we interested in porphycenes?
e Model systems for experimental studying hydrogen transfer

reactions and H-bonds properties.
P. Fita, N. Urbanska, C. Radzewicz, J. Waluk, Chem. Eur. J. 15, 4851 (2009);
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MEASUREMENT

Transient absorption anisotropy measurements

probe beam
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ArlH +2AA |

sample cell photodiodes
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O'e/ay
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pulse duration: ~30 fs

porphycene
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Data analysis
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ground state excited state rotational diffusion
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MEASUREMENT

Ry R4 Ry R3 Ry R4
Ry R !
R11
R1¢’ R7

TIPO: Ry Ry R Rig=-Ph — . DTBP: Ry, Ry = l_‘Bu
TTPC: Ry, Ra, R7, Ryg = -Bu 7 MTBP: Ry, =-Bu
Ro Rs TTBP: Ry, R, Ryt -BU

OEPC: Ry, Ry, R3, R4,R7,
R, Ro, R10 = -Et

Re

CMPC: Rs, Rg, Ry1, Ry = -Me
PCRC: Rs, R, Ri1, Rz = -"Pr

2M2B: Rs, Re, R11, Ri2 = -Me CBPC3B
2MPC: Rs, Rg, Ry1, Ryp = -"Pr

|
) ()
|
)

P. Kasprzycki, P. Cigcka, P. Fita, Cz. Radzewicz Time of Proton Transfer and Electr

Density 7/21



MEASUREMENT

Measurements result

d<oub\o hydrogen
transfer "

System Measurement B3LYP/6-311(d,p)
- erS0)(ps) dy_ N dA_ny  sign(A)p dh N dA_ N
OEPC 100 2.80 2.73 -0.0405 2.275 2.756
PC 1.80(1) 2.63 2.83 -0.0555 2.576 2.903
DTBP 1.20(1) - - -0.0550 3.669 2.823
TTBP 0.80(1) - - -0.0556  2.674  2.823
TPPO 0.75(5) - - -0.0556  2.668  2.846
TTPC 0.62(1) 2.63 2.8 -0.0560 2.669 2.871
2MPC 0.34(1) - - -0.0568 2.637 2.809
2M2B 0.22(1) - - -0.0604 2.639 2.880
CMPC 0.10(1) 2.53 2.90 -0.0704 2.586 2.902
PCRC 0.10(1) 2.53 2.90 -0.0720 2.576 2.903
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NCI ANALYSIS

Quantum Chemical Calculations

® Computational Methods:
e DFT/B3LYP - hybrid functional

@® Basis Sets:
e 6-311(d,p)
e 6-31G(d,p)
© Computational Software:

® Gaussian09 - geometry optimization
® Cubegen - electrostatic potential and total density plot
® NCIPlot - plots of the reduced density gradient (RDG)

O \/isualizations made in:

® VMD - molecular graphics software

® Multiwfn - multifunctional wavefunction analyzer

® Molden - pre- and post processing program of molecular and electronic
structure

® TopMod - visualisation ELF (Electron Localisation Function) data

@ The nature of all stationary points has been verified by
vibrational analysis;

P. Kasprzycki, P. Cigcka, P. Fita, Cz. Radzewicz Time of Proton Transfer and Electron Density 9/21



NCI ANALYSIS

i
m NCI for porphycene

Repulsive =
H-bond =
Vdw

RDG [a.u.]
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NCI ANALYSIS

ELF analysis for porphycene

H(1)

CBPC2B1,3(C-H),
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“ NCI ANALYSIS

- in case of symme

ric substitution
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NCI ANALYSIS

RDG [a.u]
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NCI ANALYSIS

MTBP-cist
DTBP-tr1
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NCI

ANALYSIS

Influence of bicyclo[2.2.2]octen substitution

CBPC3B

£
8,
<
a
= ':.r
CBPCBI -
CBPCB2
CaPCB3
CBPC
-0.08 -0.06 -0.04
sign(ro)p [a.u]
0.5
3
8, bl
o F L
2 ity
[
o
. = cBPCZBI2 =
. CBPC2BI3
. CBPC28134
CBPC2B23  +
0.08 -0.06 -0.04

sign(,)p [a.u.]

P. Kasprzycki, P. Cigcka, P. Fita, Cz

. Radzewicz Time of Proton Transfer and Electr

Density




CORRELATIONS

Correlation with the chemical shift

100 - kPTO CMPC mPCRC
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P. Fita, N. Urbanska, C. Radzewicz, J. Waluk, Chem. Eur. J. 15, 4851 (2009)
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CORRELATIONS

-]
ﬂ* Correlation with the
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CORRELATIONS

Correlation with the sign(As)p value

System  Measurement  B3LYP/6-311(d,p)

- 71 5(0)(ps) sign(A2)p

OEPC 100 -0.0405

PC 1.80(1) -0.0555
DTBP 1.20(1) -0.0550
TTBP 0.80(1) -0.0556
TPPO 0.75(5) -0.0556
TTPC 0.62(1) -0.0560
2MPC 0.34(1) -0.0568
2M2B 0.22(1) -0.0604
CMPC 0.10(1) -0.0704
PCRC 0.10(1) -0.0720
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m CORRELATIONS

sign(Aa)p value as a function of proton transfer time
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CONCLUSIONS

e Asymmetric distribution of electron density in the inner cavity
of porphycenes is the result of asymmetric substitution;

e Hydrogen atoms transfer time depends on electron density
located along the H-bonds;

e Thermodynamic parameters are not sufficient for predicting
the proton transfer time;

e NCI analysis seems to be an ideal tool to search for the
derivatives characterized by the time of proton transfer in the
range of 10-100 ps;
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