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Table 2. Representations Γ2 and excitation 

energies Eexc of low excited electron states in 

optimized [dmaphPc]q  geometries of various 

symmetry groups.

1[dmaphPc]2-

2[dmaphPc]-

1[dmaphPc]0

CONCLUSIONS

PJT symmetry descent can proceed via various

symmetry descent paths in multiple steps

PJT symmetry descent paths

(PJT interactions are in parentheses):

1[dmaphPc]2-

D4h(A1u-a1u) → D4

2[dmaphPc]-

D4h(B1g-b1u) → D2d(A1-b1) → D2

D4h(B2g-b2u) → D2d(A1-b1) → D2

D4h(A1g-a1u) → D4(B2-b2)  → D2

1[dmaphPc]0

D4h(B1u-b1u) → D2d(E-e) → C2

D4h(B1u-b1u) → D2d(B1-b1) → D2(B1-b1) → C2

D4h(A1u-a1u) → D4(E-e) → C2

D4h(A1u-a1u) → D4(B2-b2) →  D2(B1-b1) → C2

D4h(A2u-a2u) → C4v(B2-b2) → C2v(A2-a2) → C2

TD-DFT calculations of D4h symmetry structures

are in progress
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RESULTS

Figure 2. Optimized stable structure of [dmaphPc]2-

of D4 symmetry.

Table 1. Ground state 1, DFT energy EDFT,

representations im, corresponding wavenumbers im,

kernels and epikernels of imaginary vibrations in

optimized [dmaphPc]q geometries of various groups G.

1[dmaphPc]2-

2[dmaphPc]-

1[dmaphPc]0

D4h D4

2 Eexc [eV] 2 Eexc [eV]

11E 1.880

21E 2.155

11B1 2.160

11A1 2.234

31E 2.242

21B1 2.274

D4h D4 D2d D2

2 Eexc [eV] 2 Eexc [eV] 2 Eexc [eV] 2 Eexc

[eV]

12B1 0.944 12B2 0.927 12B1 0.917

12A2 1.232 12E 1.580 12B3 1.548

12E 1.670 22E 1.853 12B2 1.550

12B2 1.693 22B2 1.917 22B3 1.797

22E 1.825 32E 2.168 32B2 1.803

32E 1.848 12A1 2.204 22B1 1.895

D4h D4 D2d D2

2 Eexc [eV] 2 Eexc [eV] 2      Eexc [eV] 2 Eexc [eV]

11B1 0.847 11A2 1.206 11B1 1.184

11B2 0.929 11B2 1.662 11B2 1.483

11E 0.940 11E 1.663 11B3 1.485

11A2 0.944 11A1 1.684 11A 1.494

21A2 1.109 21E 1.726 21B1 1.549

21E 1.392 11B1 1.739 21B3 1.902

C4v C2v C2

2 Eexc [eV] 2 Eexc [eV] 2 Eexc [eV]

11B1 0.813 11A2 1.217 11A 1.625

11A2 1.049 11B2 1.659 11B 1.730

11B2 1.089 11A1 1.662 21B 1.736

11E 1.092 11B1 1.664 21A 1.743

11A1 1.125 21A1 1.676 31A 1.857

21E 1.134 21B1 1.722 31B 2.142

G 0 EDFT

[Hartree]

EJT

[eV]

im im [cm-

1]

K(G, im) E(G, im) 

D4h
1A1g -4587.70938 0.000 b1u -44 D2d(C2’)

eg -43 C1 C2h(C2’), C2h(C2”)

a1u -42 D4

a2u -25 C4v

b2u -24 (3) D2d(C2”)

D4
1A1 -4587.73758 0.767 - -

G 0 EDFT 

[Hartree]

EJT

[eV]

im im [cm-1] K(G, im) E(G, im) 

D4h
2A1u -4587.70651 0.000 b1u -42 D2d(C2’)

eg -41 Ci C2h(C2’), C2h(C2”)

a1u -40 D4

b2u -22(4), -4 D2d(C2”)

D4
2A1 -4587.73130 0.025 b2 -4 D2(C2”)

D2d
2B1 -4587.71000 0.003 a2 -35 S4

e -35 C1 C2(C2’), Cs(σd)

b1 -34 D2

D2
2A -4587.73311 0.027 -

G 0 EDFT 

[Hartree]

EJT

[eV]

im im [cm-1] K(G, im) E(G, im) 

D4h
1A1g -4587.60177 0.000 a2g -389 C4h

eg -47, -30, -23 Ci C2h(C2’), C2h(C2”)

b1u -45 D2d(C2’)

a1u -43 D4

b2u -33, -24 D2d(C2”)

a2u -26 C4v

D4
1A1 -4587.62991 0.766 a2 -196 C4

e -25 C1 C2(C2’), C2(C2”)

b2 -22 D2(C2”)

D2d
1A1 -4587.62273 0.570 a2 -190, -36 S4

e -35 C1 C2, Cs

b1 -35 D2

D2
1A -4587.64720 1.236 b1 -180 C2

C4v
1A1 -4587.60400 0.061 a2 -331 C4

e -39, -27 C1 Cs(σv), Cs(σd)

b1 -36 C2v(σv)

a2 -35 C4

b2 -28 C2v(σd)

C2v
1A1 -4587.62276 0.571 a2 -190, -36, -35 C2

b1 -35 Cs(σv)

b2 -35 Cs(σv’)

C2
1A -4587.64969 1.304 - -


