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Abstract

A molecular inclusion complex of a diacetylene and porphyrin ring is chosen as a model
to check if it can be a potential light emitter as in the case of an ammonia molecule. In
this work, it is shown that a supramolecular complex of diacetylene threaded porphyrin
is a stable minimum with a very high dipole moment of 4.45 Debye at B3LYP/6-
311+g(d,p). Although the system is thermodynamically unfavorable, there are remote
possibilities of kinetic trapping in a well of depth 11.4 kcal/mol. The barrier for insertion
was calculated to be 110.29 kcal/mol. The neutral species corresponding to the same
structure has a higher dipole moment and similar potential energy surface (PES)

characteristics.



Chapter 1

Introduction

1.1 Chemistry of porphyrin ring and diacetylene

Porphyrin ring is a bio-molecule, found in nature in chlorophyll and haemoglobin. It
consists of four subunits of pyrrole rings connected by methine bridges (also called methene
or methyne). The porphyrin system has 26 pi electrons and therefore by Hiickel’s rule, it is
aromatic in character. Macromolecules built up by porphyrin have intense absorption bands
in the visible region and porphyrin itself is purple in color. Porphyrin binds to metals ions of
charge +2 or +3 to form complexes. These ligands are generally bound to iron, magnesium,
and cobalt in the biological systems. A porphyrin without the metal is like a base. The
porphyrin-metal complexes form a square planar structure. A large amount of literature on
metal-porphyrin complexes is available, these are called metalloporphyrin. Porphyrins and
metalloporphyrins also provide a synthetic base for material’s chemistry. Transition metal-
porphyrin complexes that have metal-carbon o bonds are prepared by metathetical reactions®
(Reactions where compounds exchange parts). Highly nucleophilic metal(l) porphyrin anions
(M=Fe, Co, Rh, and Ir) react with halides to form metal(l1l) porphyrin alkyls. The Studies on
stereo-chemical and kinetic properties have also provided the Sy2 character of these metal
alkylations®. The four nitrogen atoms in porphyrin ring are the reason for the basic character
of porphyrin.

Diacetylene is expected to form a weakly interacting species with porphyrin ring in
its cavity. The two hydrogen atoms at the ends of diacetylene are acidic in character and easy

replacement is possible®. Thus, they are used in polymerization reactions.



1.2 Molecular machines

Molecular machines are supramolecular assemblies that on application of a stimulus

undergo structural changes and perform work. Rotaxanes* are a molecular combination of a
molecular axle and cyclic macro ring on it. This ring weakly interacts with the axle, and the
ring can rotate as well as slide along its axle. Rotaxanes are manipulated through chemical
and photochemical inputs. These systems are made to work like switches. Similarly, another
example is azobenzene® which in the presence of light changes its form from trans to cis and
behaves as switches (Fig.1).
Molecular machines are classified on the basis of various characteristics such as kind of
energy supplied, kind of motion they can perform, and the ability for cyclic repetitive
motions. These are accompanied by changes in physical and chemical properties via
rearrangements of molecular counterparts.

For some molecular machines to work, a constant source of energy is required. The
energy to the chemical system is fed through a chemical reaction. Molecular machines work
using inputs of chemical energy, for which a constant source of reactant i
n the form of fuel is to be provided*

Many chemical reactions happen as a result of thermal activation or mixing the
reactants. When a molecular machine works by thermal activation, it needs addition of
reagents in its working cycle at each step because added reagents play a vital role in chemical
energy inputs. Anyways such kind of inputs are helpful, but also such additions will also lead
to accumulation of by products and eliminating these by products are not easy. Actually, the

best way to make a molecular machine work is by feeding through electrons and
protons. With appropriately chosen photo-chemically or electrochemically driven reactions,
it is possible to design interesting molecular machines.

In this work, we try to design an example of a molecular motor which produces light

by A.C. driving.
hV N¢N
©/N°N’ i ©/ @
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E-azobenzene Z-azobenezene
Figure 1 Structural changes in azobenzene.
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1.3 Light emitting molecules

An example of a light emitting device is the ammonia MASER (Microwave amplification
for stimulated emission of radiation). Ammonia has a bent structure, basically a pyramidal
structure. The reason for its bent structure is the presence of lone-pairs on the nitrogen atom
and thus lone pair-lone pair repulsion is greater than the bond pair-lone pair repulsion and
hence a bent pyramidal structure is obtained. Ammonia has a dipole moment of 1.7 Debye.
Starting from a initial geometry i.e. bent in one direction, if its bonds, angles and dihedral are
changed in such a way that its energy increases, reaches a maximum (which would be a
planar geometry) and then again bends in other direction, inversion can be achieved. The

energy barrier for this system is 2078 cm™ and a dipole moment of 1.7 D.

A popular device called MASER based on the ammonia inversion phenomenon has
been made. Thus, here ammonia is used to emit light (in the range of microwave) performing
a certain task. There are other bigger molecular assemblies which are not light emitters but
are used to perform certain tasks. So, these are called molecular machines which find
applications in the fields of nanoscience and biochemistry. They are synthetically challenging
to prepare and are very task specific. Weak interactions of components, ability to repeat the
specific motion, responding to the stimulus provided, and short time scales are some of the
basic requirements for molecular assemblies to behave as a molecular machine.

In this project, it is asked whether this proposed molecular machine porphyrin-
diacetylene can be prepared and what kind of light is emitted and harmonics generated by
such a system.

In MASER, the basic principle involved is called stimulated emission proposed by
Einstein in 1917. Consider a two level system, and initially take all
electrons/atoms/molecules to be in the ground level (state 1), when irradiated with light some
of them will absorb energy and jump up to the excited level (state 2). It will not stay there
forever, if it comes down without any external influence it is called spontaneous emission
and if it interacts with electromagnetic wave at certain frequency, the process is called

stimulated emission.



In the theory developed about MASER, ammonia is considered to be in two states
|1) and |2). At any instant, its state is described as a linear combination of the two available

states, depicted by probability of coefficients of C; and C, and the probability is given by

At
|C2(8)]? = sin? 0}

The idea of a MASER is to, first find a way to separate molecules in state
|1) and |2). Then the molecules in the higher state (say |1)) are passed through a cavity
which has a resonant frequency equal to that of splitting (24000 megacycles in the case of
ammonia MASER). The molecules deliver energy to the cavity and leave the cavity in the
state |2). Each molecule that makes a transition will deliver the energy E = E; — E;; to the
cavity.

The very first step of separating states is done through the application of direct
electric field. Then the molecules in the higher state are fully separated and passed through a
cavity having a time varying electric field. Ammonia has an intrinsic dipole moment, the
separation of energy states is dependent on the dipole and the electric field applied which is

given by the following equations

E; =E +A+HZ€2
2¢2
u<€

Ey=Ey—A—

1 0 22

where E, — ground state energy, A — barrier, p — dipole moment, €2 = €. €, that is the square
of electric field, it is also called the coefficient of polarizability of the molecule.Energy of
molecules in the electric field are proportional to €2. Ammonia has high polarizability

because of small value of A in the denominator®.

1.4 Plan of thesis

Calculations on charged and neutral porphyrin-diacetylene complex will be performed.
Different structures of the same will be analyzed and dipole moment, energies, and stability
will be looked through. These calculations will help in knowing if the complex has features
required for potential light emitter. Also various barriers associated with the inversion of

complex and insertion of diacetylene in porphyrin will be calculated. Based on the
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knowledge of geometries and barriers, potential energy surface will be calculated for
generating inversion as well as insertion PES. The insertion PES will give information
regarding barriers and tells about thermodynamic stability. Based on this information, it will
be predicted weather physical insertion is possible or not. Also the inversion PES will give
information regarding inversion barriers and this potential can further be used to calculate the
harmonics generated. Back of the envelope calculations are performed to compare the light

generated by ammonia and porphyrin-diacetylene system.
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Chapter 2

Electronic Structure Calculations and
Inferences

In this work, a supramolecluar inclusion complex of porphyrin dianion with
diacetylene is examined. Electronic structure calculations have been performed followed by
geometry optimization to find structures. The methodology and computational details for this

are elaborated in the next section.

2.1 Methodology and computational details

All the calculations have been performed using the Gaussian 09' suite of packages.
The model chemistry used was at the density functional level. The popular functional of
Becke-3 parameter exchange with Lee-Yang-Parr correlation functional has been used here.
After a number of calculations on the monomers, the basis 6-311+g(d,p) was found to be
suitable for these systems, finding a balance between computational time and accuracy. A
Hessian evaluation has been performed for characterizing the nature of the geometries on the
potential energy surface (PES). Wherever relevant intrinsic reaction coordinate (IRC)

calculations have been done to examine the barrier heights.

2.2 Results and discussion

A novel structural complex has been found for porphyrin dianion and diacetylene system.
This involves a diacetylene inserted into the porphyrin-ring system. The porphyrin ring
stabilizes in a bent form at 0.31 Angstrom away from the center C-C single bond of

diacetylene. The porphyrin ring bends to an angle of ~ 30 degree with the perpendicular to
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Figure 2 Different structures of porphyrin-diacetylene system.

plane of diaceylene. The geometry for this inclusive complex has been given in Fig.
2(a).What is even more surprising is the presence of a very high dipole moment of 4.5 Debye
in the bent structure. Looking at the highest occupied molecular orbital (HOMO) of bent
minimum in Fig. 2(d), it becomes clear that most of the charge is accumulated on the
porphyrin ring. Electronic distribution on the pyrrole ring depicts a small dipole.moments
and sum all such dipole moments make dipole moment of the complex high.

However this structure, in spite of being a minimum on the PES, is not
thermodynamically stable since its energy is greater than that of separated porphyrin dianion
and diacetylene.

From Table 1 and Table 2, the barrier for insertion is 79.41 kcal/mol for the dianion
complex. This shows that it is thermodynamically unstable. Similarly, the calculations for the
neutral complex was done, again a bent minimum was found. In both the cases the structures
were confirmed to be minima on the PES space, with all positive eigenvalues for the Hessian
matrix. In the case of neutral complex too, there exists a very high dipole moment of 5.22
Debye. So, both the dianion complex and neutral complex are minima on their respective
PES, but for both are unstable with respect to separated components.

Yet another geometry exists for the porphyrin-diacetylene inclusion complex. This is
a puckered structure (Fig. 2(c)) where one pair of adjacent pyrrole rings are bent in one

7



Table 1 Energies of Porphyrin ring and diacetylene

Compound (9,9) AE(kcal/mol) HOMO(a.u.) LUMO(a.u.)

Porphyrin-ring 0,1 61.33 -0.20324 -0.16919
-2,1 0.00 0.06874 0.16060

0,3 61.03 -0.20225, - -0.09552,-
0.22484 0.24044

-2,3 29.50 0.11397, 0.15196,
0.04447 0.11132

Diacetylene 0,1 0.00 -0.27515 -0.04242
2,1 633.48 -0.78913 -0.73740

# (g,S) stands for charge and multiplicity respectively. HOMO stands for highest occupied molecular orbital and LUMO stands for

lowest occupied molecular orbital

direction and the other is bent in opposite direction. This conformer does not have a net
dipole moment. Also, a planar geometry which lies exactly at the center of C-C bond and
dipole moment of this is zero. This is a transition state geometry (Fig. 2(b)) which has three
imaginary frequency of which one at -63.48 cm™ corresponds to the bending mode.
Therefore, it becomes evident that bent minimum geometry can be obtained by moving along
this normal mode.

The complex has a bent minimum geometry and planar geometry. So, the flipping
from bend in one direction to a bend in opposite direction will have dipole moments also
changing directions, and in the presence of oscillating electric field the complex can also
show similar behavior to that of ammonia MASER.

2.3 Barrier for inversion of the porphyrin-diacetylene

The barrier is obtained by doing a constrained optimization. Starting from the planar
geometry and bending the porphyrin ring by changing the dihedral angles in the z-matrix
(refer appendix) constrained optimization is done. The dihedrals are kept constant while
optimizing. Further, energy of each geometry with respect to the bending angle is plotted.
The barrier obtained here is 8.64 kcal/mol(Fig. 3), The energy difference between the
bent minimum and planar transition state is 11.4 kcal/mol. More over the same barrier in the

case of ammonia inversion plot is 5.94 kcal/mol.



2.4 Comparing the light emitted by porphyrin-diacetylene system with
ammonia

The first step in MASER?, is the separation of molecules to statel and state 2 in the
presence of electric field. The energy separation of the states in the presence of electric field
is given by

l1282

2A
where, A-barrier height, p-dipole moment, €-electric field, E,-energy difference of states

ED:A+

Now, once these states are separated into state 1 and state 2, the state with higher energy (say
state 1) is passed through a resonant cavity in the presence of oscillating electric field. Here
the molecule stays for a time period T and the transition from state 1 to state 2 takes place
only when frequency of the energy splitting of two states is nearly equal to the frequency of

the field. So, this is called the transition probability.

21
P(I—=ID) = (b—z)uZSST

0-014 L} | | | | | n |

0.012

0.01 |

0.008

Energy (a.u.)

0.006

0.004

0.002

0 ] 1 ] 1 ]
40 -30 -20 -10 0 10 20 30 40

bending angle (degree)

Figure 3 Inversion plot

porphyrin-diacetylene system at B3LYP/6-311+G(d,p). Note that is not the actual irc plot rather it is the bending angle versus the

energy of each optimised geomtry. The minimum bending angle is at 29.24 degree and -29.24 degree.



Here, it shows that the transition probability is more in the case of the system with higher

dipole. Back of the envelope calculations for the light emitted is calculated. (Fig. 4)

2.5 Barrier for diacetylene insertion in porphyrin

The insertion curve is obtained by performing a constrained optimization on the
system.

A z-matrix was constructed such that the distance between the centers of porphyrin
and diacetylene remains constant, also the diaceylene being perpendicular to the porphyrin
ring. Various changes in the geometry, mostly in bending angles of porphyrin are observed.
A local minimum is observed at geometry where the distance between the two centers of ring
and diacetylene is 4.3 angstrom. Initially the energy decreases by 16.06 kcal/mol (Fig. 5).
This shows stabilizing interactions between porphyrin ring and diacetylene. Further, it is
observed that a high barrier is developed when the distance between the two decreases and it
is 110.29 kcal/mol. This implies that it is thermodynamically not a favorable reaction.

There is a high insertion barrier for diacetylene to be inserted into porphyrin. The

system cannot be prepared by physical insertion. It has been reported in literature®, in the

Table 2 Energies of bent and planar structures

Complex @,S)" AE(kcal/mol)  HOMO(a.u.) LOMO(a.u.) Dipole
Bent-local 0,1 64.26 -0.20401 -0.15462 5.22
minimum
-2,1 0.00 0.05724 0.15139 4.45
0,3 71.61 -0.20452, -0.10105, 5.28
-0.20077 -0.17229
-2,3 26.20 0.10344, 0.14452, 3.92
0.04389 0.10047
Planar- 0,1 70.54 -0.18836 -0.17330 0.00

transition state
-2,1 0.00 006451 0.14991 0.00

# (9,S) stands for charge and multiplicity respectively. HOMO stands for highest occupied molecular orbital and LUMO stands for

lowest occupied molecular orbital.
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Table 3 Energies with respect to Electric field strength.

Field (V/nm) Eporphyrint Ediacetylene (2.U.) Ecomplex (a.U.) AE(kcal/mol)
0.00 -1142.04753 -1141.92097 79.41767
5.14 -1141.95992 -1141.95113 5.92369
10.28 -1141.99320 -1142.02749 -21.51732

presence of electric field porphyrin related reactions become more selective. In the presence
of electric field the electronic properties of porphyrin-diacetylene system can change, and
there are chances of electric field decreasing the barrier or even making the reaction more
feasible.

From Table 3, it is observed that with increasing field strength the energies decrease.
So, it happens that after certain strength of electric field the energy of fragments is greater
than that of complex. Therefore, the insertion can become feasible. At an electric field of
about 10.28 VV/nm the sum of fragments becomes less than the complex.

Hence, Fig. 7 depicts the insertion at various strengths of electric field. It is observed
that with increasing field the respective energy at each geometry decreases and also the
barrier increases. It is also noticed that the energy of the minimum (geometry 4 Fig. 6) is
decreasing and the difference of this minimum with respect to the separated components is

20000 T T T L

18000 |-

16000 Porphyrin-diacetylene

14000

12000

Energy (cm'1)

10000

8000

6000

0 0.005 0.01 0.015 0.02 0.025
Electric field (V/m)

4000

Figure 4 Light emission comparison
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also decreasing, thus it may be concluded that at a higher electric field it may happen that
energy of minimum (at geometry 4 Fig. 6) is less than sum of fragments.

It is worth while mentioning here that the sum of diacetylene dication and porphyrin dianion
is greater than neutral bent complex, thus such insertion is possible if a diacetylene dication
is prepared, However, the double ionization energy of 633.48 kcal/mol. This is
thermodynamically unstable. It has been reported* that a similar compound CsHs"*? is
known to be generated through the process of electron-ionization in the field of mass-
spectrometry. In the same reference, a positive proton affinity of 1.50 eV=34.59 kcal/mol is
also mentioned. Also, in another article®, structural stability calculations have been

performed which mention their common appearance in mass spectrometry.

2.6 Conclusions

The complex, porphyrin-diacetylene is a potential light emitter. High dipole moment and
bent minimum in the neutral and charged complex are key features of the complex. Both the
neutral and charged complex have bent minimum but thermodynamically unfavorable. The
planar structure is a transition state and one of imaginary frequency corresponds to the
bending mode which will lead to the bent minimum if followed. This confirms a double well
potential present for the system analogous to ammonia system. This potential can later be
used to generate the harmonics associated with the system. The synthesis is problematic for
this system because of high insertion barrier. A different approach is proposed. In the
presence of direct electric field energies of sum of fragments decreases and after certain
strength of electric field insertion becomes feasible. Also, it is proposed that diacetylene
dication and porphyrin dianion can form the neutral complex without any barrier, but the
only concern remains here is the formation of diacetylene dication which is not favorable.

Primitive calculations shows that this porphyrin-diacetylene emits light with higher energy.
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Figure 5 Insertion plot

Physical insertion barriers of diacetylene-porphyrin system. The calculations are performed in method and basis are B3LYP/6-

311+g(d,p). The notations 1,2,3,4,5 are the critical geometries in the plot. Their respective figures are shown in figure 6.

Figure 6 Different structures on PES

Depicts the geometries at various points on the PES. A Z-matrix was constructed and thus distance between diacetylene and
porphyrin was decreased at each step in units of 0.1 and then optimized. The method and basis used are B3LYP/6-311+g(d,p).
Please note that the minimum bent and planar geometries are not having the same energies previously discussed.
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Figure 7 Insertion plot at various field strength

Insertion barriers with changing electric field strengths of 0.00, 2.57, 7.71 V/nm respectively. The barriers involved are 110.29,
112.03, 114.18 kcal/mol respectively.
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Appendix

Z-Matrix constructed for doing the insertion and inversion calculations

X1
X2
C
C
X3
X4
C
C
X5
X6
H
H
X7
X6
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RO1
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1.7000
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3.423145
R4
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R5

R6
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90.0000
90.0000
90.0000
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90.0000
90.0000
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90.0000
90.0000
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90.0000
90.0000
90.0000
90.0000
90.0000
90.0000
90.0000
90.0000
90.0000
Al

A2
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18
19
20
D1
D2

180.0000
0.000000
0.000000
-180.0000
180.0000
0.000000
0.000000
-180.0000
180.0000
180.0000
0.000000
90.00000
90.00000
90.00000
0.000000
90.00000
90.00000
90.00000
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23
24
15
26
27
28
16
30
31
32
17
34
35
36
22
34
30
26
38
39
40
41
27
28
23
24
35
36
31
32

R6
R6
RS
R6
R6
R6
RS
R6
R6
R6
RS
R6
R6
R6
R7
R7
R7
R7
R8
R8
R8
R8
R9
R9
R9
R9
R9
R9
R9
R9

22
23
19
19
26
27
20
20
30
31
21
21
34
35
18
21
20
19
22
34
30
26
26
29
22
25
34
37
30
33
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A3
A3
Al
A2
A3
A3
Al
A2
A3
A3
Al
A2
A3
A3
A4
A4
A4
A4
AS
AS
AS
AS
A6
A6
A6
A6
A6
A6
A6
A6

13
22

13
13
26

13
13
30

13
13
34
23
35
31
27
29
25
37
33
19
19
18
18
21
21
20
20

D3
0.000000
D1
D2
D3
0.000000
D1
D2
D3
0.000000
D1
D2
D3
0.000000
D4
D4
D4
D4
D5
D5
D5
D5
180.0000
-180.000
180.0000
-180.000
180.0000
-180.000
180.0000
-180.000



Variables

R01 = 0.7000

R2 =1.2000

R3 =0.9000

R4 =2.22315

R5 = 1.20000

R6 = 1.41068

R7 =1.50768

R8 =1.08618

R9 =1.08618

Al =72.0000

A2 =107.99984

A3 =108.00000

A4 =125.32517

A5=114.01768

A6 = 125.63785

D1 =90.0000

D2 =180.000

D3 = 0.00000

D4 =180.000

D5 =180.000

It was the distance of dummy atom X7 is the one changed in each geometry which
performing insertion and optimization calculations. Also, the dihedral angles was kept
changed order to bent the porphyrin ring and they were kept constant while

optimizing.

. Standard Orientations of few important geometries. All the calculations have

been performed on Gaussian 09 with method/basis = B3LYP/6-311+G(D,P)

Porphyrin-ring with charge/multiplicity=0/1

C

0.68037200 4.28659400 0.00000000

18



O o oo oI xT =2 0000 T T2 0000 TxXT T 2000 ITZ20O0

-0.68037200
-1.08020300
0.00000000
1.34362800
-1.34362800
1.08020300
0.68037200
-0.68037200
0.00000000
1.34362800
-1.34362800
2.88178800
4.28659400
4.28659400
2.88178800
2.06898200
5.14022500
5.14022500
-2.88178800
-4.28659400
-4.28659400
-2.88178800
-2.06898200
-5.14022500
-5.14022500
2.40521000
2.40521000
-2.40521000
1.08020300
-2.40521000

4.28659400
2.88178800
2.06898200
5.14022500
5.14022500
-2.88178800
-4.28659400
-4.28659400
-2.06898200
-5.14022500
-5.14022500
-1.08020300
-0.68037200
0.68037200
1.08020300
0.00000000
-1.34362800
1.34362800
1.08020300
0.68037200
-0.68037200
-1.08020300
0.00000000
1.34362800
-1.34362800
-2.40521000
2.40521000
2.40521000
2.88178800
-2.40521000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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H

-1.08020300
3.17461300
-3.17461300
-3.17461300
3.17461300

-2.88178800
-3.17461300
-3.17461300
3.17461300
3.17461300

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

Porphyrin-ring with charge/multiplicity=-2/1
0.68354700 4.29522400 0.00000000

Z O 0O o o IxT T =2 0000 T T2 000X TZ2O00

-0.68354700
-1.09048100
0.00000000
1.34478500
-1.34478500
1.09048100
0.68354700
-0.68354700
0.00000000
1.34478500
-1.34478500
2.88382800
4.29522400
4.29522400
2.88382800
2.08903000
5.15613900
5.15613900
-2.88382800
-4.29522400
-4.29522400
-2.88382800
-2.08903000

4.29522400
2.88382800
2.08903000
5.15613900
5.15613900
-2.88382800
-4.29522400
-4.29522400
-2.08903000
-5.15613900
-5.15613900
-1.09048100
-0.68354700
0.68354700
1.09048100
0.00000000
-1.34478500
1.34478500
1.09048100
0.68354700
-0.68354700
-1.09048100
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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-5.15613900
-5.15613900
2.42538800
2.42538800
-2.42538800
1.09048100
-2.42538800
-1.09048100
3.19590600
-3.19590600
-3.19590600
3.19590600

1.34478500
-1.34478500
-2.42538800

2.42538800

2.42538800

2.88382800
-2.42538800
-2.88382800
-3.19590600
-3.19590600

3.19590600

3.19590600

0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

Diacetylene with charge multiplicity = 0/1

I T O O O

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.68248400
1.88953800
-0.68248400
-1.88953800
-2.95202900
2.95202900

Diacetylene with charge multiplicity = +2/1

I O O O

H

Porphyrin-diacetylene bent system with charge/multiplicity=0/1

C
C

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.65046000
1.92243400
-0.65046000
-1.92243400
-3.02014100
3.02014100

0.68037200 4.28659400 0.00000000
-0.68037200 4.28659400 0.00000000
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-1.08020300
0.00000000
1.34362800

-1.34362800
1.08020300
0.68037200

-0.68037200
0.00000000
1.34362800

-1.34362800
2.88178800
4.28659400
4.28659400
2.88178800
2.06898200
5.14022500
5.14022500

-2.88178800

-4.28659400

-4.28659400

-2.88178800

-2.06898200

-5.14022500

-5.14022500
2.40521000
2.40521000

-2.40521000
1.08020300

-2.40521000

-1.08020300

2.88178800
2.06898200
5.14022500
5.14022500
-2.88178800
-4.28659400
-4.28659400
-2.06898200
-5.14022500
-5.14022500
-1.08020300
-0.68037200
0.68037200
1.08020300
0.00000000
-1.34362800
1.34362800
1.08020300
0.68037200
-0.68037200
-1.08020300
0.00000000
1.34362800
-1.34362800
-2.40521000
2.40521000
2.40521000
2.88178800
-2.40521000
-2.88178800

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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H
H

H

Porphyrin-diacetylene bent system with charge/multiplicity=-2/1

Iz o000 oo IxxT T2 0000>IxTIXT=zZ200O0xXTITZ2O0O00

3.17461300
-3.17461300
-3.17461300

3.17461300

0.68354700
-0.68354700
-1.09048100

0.00000000

1.34478500
-1.34478500

1.09048100

0.68354700
-0.68354700

0.00000000

1.34478500
-1.34478500

2.88382800
4.29522400
4.29522400

2.88382800

2.08903000

5.15613900

5.15613900
-2.88382800
-4.29522400
-4.29522400
-2.88382800
-2.08903000
-5.15613900

-3.17461300
-3.17461300
3.17461300
3.17461300

4.29522400
4.29522400
2.88382800
2.08903000
5.15613900
5.15613900
-2.88382800
-4.29522400
-4.29522400
-2.08903000
-5.15613900
-5.15613900
-1.09048100
-0.68354700
0.68354700
1.09048100
0.00000000
-1.34478500
1.34478500
1.09048100
0.68354700
-0.68354700
-1.09048100
0.00000000
1.34478500

0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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Porphyrin-diacetylene planar system with charge/multiplicity=0/1

Iz 000 o IT 1T Z2000>TxXTTZ20O0 0

-5.15613900
2.42538800
2.42538800

-2.42538800
1.09048100

-2.42538800

-1.09048100
3.19590600

-3.19590600

-3.19590600
3.19590600

0.68387000
-0.68387000
-1.10881600

0.00000000

1.32916700
-1.32916700

1.10881600

0.68387000
-0.68387000

0.00000000

1.32916700
-1.32916700

2.97779300

4.38749400

4.38749400

2.97779300

2.21978200

5.25542400

-1.34478500
-2.42538800
2.42538800
2.42538800
2.88382800
-2.42538800
-2.88382800
-3.19590600
-3.19590600
3.19590600
3.19590600

4.38749400
4.38749400
2.97779300
2.21978200
5.25542400
5.25542400
-2.97779300
-4.38749400
-4.38749400
-2.21978200
-5.25542400
-5.25542400
-1.10881600
-0.68387000
0.68387000
1.10881600
0.00000000
-1.32916700

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

24



I oo o o T xT T T OO OO0 oo T T 20000 T

H

Porphyrin-diacetylene planar system with charge/multiplicity=-2/1

C

I =z O 0O

5.25542400
-2.97779300
-4.38749400
-4.38749400
-2.97779300
-2.21978200
-5.25542400
-5.25542400

2.43786200

2.43786200
-2.43786200

1.10881600
-2.43786200
-1.10881600

3.20819000
-3.20819000
-3.20819000

3.20819000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.68387000
-0.68387000
-1.10881600

0.00000000

1.32916700

1.32916700
1.10881600
0.68387000
-0.68387000
-1.10881600
0.00000000
1.32916700
-1.32916700
-2.43786200
2.43786200
2.43786200
2.97779300
-2.43786200
-2.97779300
-3.20819000
-3.20819000
3.20819000
3.20819000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

4.38749400
4.38749400
2.97779300
2.21978200
5.25542400

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.70951200
1.92059600
-0.70951200
-1.92059600
-2.98105800
2.98105800

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

25



I T T OO OO oo T T zZ2 00000 xXT T Z20000 T T zZ2 000 T

-1.32916700
1.10881600
0.68387000

-0.68387000
0.00000000
1.32916700

-1.32916700
2.97779300
4.38749400
4.38749400
2.97779300
2.21978200
5.25542400
5.25542400

-2.97779300

-4.38749400

-4.38749400

-2.97779300

-2.21978200

-5.25542400

-5.25542400
2.43786200
2.43786200

-2.43786200
1.10881600

-2.43786200

-1.10881600
3.20819000

-3.20819000

-3.20819000

5.25542400
-2.97779300
-4.38749400
-4.38749400
-2.21978200
-5.25542400
-5.25542400
-1.10881600
-0.68387000
0.68387000
1.10881600
0.00000000
-1.32916700
1.32916700
1.10881600
0.68387000
-0.68387000
-1.10881600
0.00000000
1.32916700
-1.32916700
-2.43786200
2.43786200
2.43786200
2.97779300
-2.43786200
-2.97779300
-3.20819000
-3.20819000
3.20819000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00000000

0.00000000

0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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3.20819000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

3.20819000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.70951200
1.92059600
-0.70951200
-1.92059600
-2.98105800
2.98105800
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