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CALCULATIONS ON ELECTRONIC SPECTRA OF CATACONDENSED 
AND PERICONDENSED AROMATIC HYDROCARBONS 

Richard L. Hummel and K. Ruedenberg , 
I 

INTRODUCTION 

The tables in this volume contain cer tain basic  resu l t s  of the mo-  ! 

lecular  calculations which fo rm the background for  the theoretically . I 

computed electronic spec t ra  of 37 hydrocarbons reported in  a recent  
I 

1 
I 

' ,  ' 

paper by the present  authors.  ' They follow the theoretical approach a s  

well a s  the mathematical method outlined in  an ea r l i e r  paper .2 In the 
I 

sequel, . reference 2 will be r e f e r r e d  to a s  paper (I) and reference  1 will 

be r e f e r r e d  to a s  paper (11). 

The volume i s  ordered  according to molecules.  F o r  each molecule, 
! 

severa l  calculations a r e  reported differing in the type of approximation. 

Four  approximations a r e  considered, labelled TBX, IRX, TBM, IRM 

respectively, which ' a r e  defined and discussed in  papers  (I) and (11). . . 

The resu l t s  of any one such calculation (i. e. a given molecule in  a given - - 
approximation) a r e  collected in:one - section and, within each section, the 

information is grouped into seven subsections containing the data de - 

scr ibed  below. 

The f i r s t  subsection i s  a t i t le page. It contains the name of the 

molecule, the label of the approximation, a molecular skeleton printed 

to sca le  a s  well a s  indicating the numbering of the atoms, and the coordi- 

nates  of the atoms.  The la t te r  a r e  given, in units of D = 1. 395 a, in the 

o rde r  established by the figure, the x-coordinate being horizontal, the 

.l. '4- 

This repor t  contains the mater ia l  r e fe r red  to a s  IS-449 and IS-450 
in  footnotes 6 a n d  12 of reference 1. 

y-coordinate being vert ical .  

The second to the fifth subsections furn ish  the r e su l t s  of the ef- 

fective one-electron approximation which i s  solved a s  a pre l iminary  

problem. The sixth and seventh subsections p resen t  the r e su l t s  of the 

many-electron problem, which a r e  obtained by a configuration i n t e r -  

action calculation based  on the r e su l t s  of the one-electron problem. 

-' 1 All energies  a r e  given in  kK (kilo Kayser  = 1UOU c m  ). The transit ion 

moment  unit  i s  eD with e being the absolute value of the electronic  

charge  and D = 1. 395i .  

The second subsection i s  a l i s t  of the eigenvalues and eigenvectors 

of the overlap m a t r i x  a s  defined by Eq. (3 .  6) on page 1866 of paper  (I) 

fo r  the TBM approximation, and by Eq. (1. 18) on page 1880 of paper  (I) 

for  the other  th ree  c a s e s  (TBX, IRM, IRX). F o r  the TBM approxi-  

mation, the eigenvectors a r e  identical with those of the topological 

,- - 
m a t r i x  [Eq. (2. 2) on page 1864 and Eq. (1. 5) on page 1885 of (I)]:\- fo r  

the other  three  c a s e s  they a r e  identical with those of the augmented 

topological m a t r i x  [ Eq. (1. 2) on page 1878 of (I) 1 . The eigenvalues a r e  

simply re la ted  to those of the topological m a t r i x  and  the augmented 

topological m a t r i x  respect ively [ See Eqs. (3.  5) and (3.7)  on page 1866 

/ 
and Eq. (l.l7)and[(l!l9) on page 1880 of (I). The overlap integral  S has  

-1 

been chosen according to Eq. (1. 15) on page 1911 of paperc,(@J. Each 

column in  the table cor responds  to one molecular  orbital .  The column 

is headed by a counting number of the orbi ta l  and i t s  symmet ry  (in the 

c a s e  of two symmet ry  planes, the f i r s t  symbol cor responds  to the long 

axis,  the second symbol to the shor t  ax is ) .  Below follows the eigenvalue 



of the overlap matrix. The remaining rows contain the atomic com- 

ponents of the eigenvector in the order given in the skeleton on the title 
r .i 

- 4 <, ,-, -, ..- . . 
page, the sum of squares being normalized to unity. 

Thc third oubsection is a list of the eigenvalues and eigenvectors 

of the neutral framework hamiltonian matrix [see Eq. ( 2 .  9) on page 

1864 of (I) for the TBM case, and Eq. (1. 16) on page 1879 of (I) for the 

other cases. In all cases 6a i s  set equal zero according to the dis- P 

cussion on page 1866 of (I)]. The eigenvectors differ from those of the 

previous subsection merely in the normalization, which i s  now chosen 

such that the integral of the square of the molecular orbital i s  unity. ' 

t," . 
Hence the eigenvector components represent the expansion coefficients 

of the molecular orbitals given in Eq. (3.4) and (3.8) on page 1866 and 

Eq. (1. 20) on page 1880 of (I) respectively. The eigenvalues correspond 
c b  
+ to the quantities tnf given in Eq. (3. 10) on page 1867 and Eq. (1. 22) on 

page 188 1 of (I) respectively, in conjunction with Eqs. (2. 10, 11) on page 
I' J 

@;, 
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1864, Eqs. (1. 10) - (1. 15) on page 1910, and Eqs. (2.7) - (2. 10) on page 

P : 1912. 

The fourth subsection gives the ground state bond orders defined by 

P, Q = atomic labels , 

n = molecular orbital label , 

*gn = occupation number , 

where the cPn a r e  the coefficients given in the second subsection. They 

a r e  labelled lltopological bond orders" in the TBM and TBX case, and 

"augmented topological bond orders" in the IRM and IRX case. The 

[see Eq. (1. 16) on page 1886 of (I)]. 

The fifth subsection gives the ground state bond orders defined by 

where the & a r e  the coefficients given in the second subsection. They 

a r e  labelled "density bond orders" in the TBM and TBX case, and 

"augmented density bond orders" in the IRX and LRM case. The TBM 

density bond orders a r e  related to the Mulliken bond orders [see Eqs. 

(1. 17), (1. 18) on page 1886 of (I)] . 
The sixth subsection contains the results of the configuration inter- 

action calculation. If the molecule has symmetry, the sixth subsection 

contains the results for the S or  SA symmetry, and the seventh sub- 

section contains the results for  the A o r  AS symmetry (in the case of 

two syrnrnetry planes the f i rs t  symbol corresponds to the long axis, the 

second symbol corresponds to the short axis). Within each subsection, 

the data a r e  presented in two groups, the f i rs t  group giving information 

about one-electron excitations before mixing due to configuration inter- 

action, the second group giving explicit information about the final excit 

states after configuration interaction. 

In the f i r s t  group, the f i r s t  row indicates the one-electron jumps 

selected by the program for the configuration interaction treatment 

[selected were the 15 lowest jumps in the absence of symmetry, and the 

10 lowest jumps within one syrnrnetry in  the presence of symmetry. 

Excluded were moreover one-electron excitations in excess of 60,000 

wave numbers]. The labelling by o rb iq l  pairs refers to the numbering 

of orbitals used in subsections two and three. The next two rows give 
topological TBM bond orders a r e  identical with the Coulson bond orders 

I 
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the components of the transition moment vector with respect to the xp 
and y axes. The next row (jump energy) gives the difference in  the 

one-electron orbital energies. The next two rows give the complete 

diagonal elements of the configuration interaction matrix for the singlets. 

Of the two, the f i r s t  one i s  calculated with joint corrections, i. e .  I - 
correctly; the second one i s  calculated without joint corrections in  

order to determine how important the joint corrections a r e  [see Eq. 

(3. 9) on page 1867 of (I)]. The las t  two rows give the transition energies 

of the final states which correspond most  closely to the respective one- 
. - 

electron jumps. Again the f i r s  is calculated with joint corrections 

and the second without joint-corrections, (In some cascs with very 

strong mixing, the final energies have been interchanged by the computer 

program with respect to the one-electron jumps. These cases a r e  easy 

to spot by reference to the second group of data. ) 

In the second group, the information i s  given in  pairs  of lines, the 

f i r s t  line giving a singlet, the second one giving a triplet. Going from 

left to right, the columns furnish transition energy, oscillator strength, 

,x and y component of the transition moment, and composition of the 

state. The latter i s  given by the expansion coefficients in  terms of the 

one-electron excitations quoted in the f i r s t  group of data* assuming the 

same order as used there. 
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ENERGIES FOR NAPTHALENE X '  w t M ! ~ ~ ~ - M A T ? ~ ~ . - .  
, CNE ELECT'RGN EXCITATIONS OF A S  SYMMETRY i 
I ----.---.------- JUMP 59 6 49 7 3s 8 1 9-1 

XKCKNT-0-00000-0-00000 .0-00000 Oo00GOO 
YKOFNT 0.55853 0.52282.0.48321 0.00921 

i 
. -- - j u  K P E -2 7 . o 3 1 0:- 3'8'. 3ii6 9-s2';9-18 3 7'. 08-74 1 

D I A G  E.38.0255 48.3505 65.9868 '69.8624 I 
C I A G E -38.1 6 f 3- I j 8 - i ~  .I 5- j-'.-a,8 8 fl-6 9-6-i-s 7 - . 1 

. .CGKRSP 36,5335 4Vo17O7 66.4911 70.0299 I 
I CORRSP 360663ir 49,1063 66..3883 69,7207 

I 
t 

I ENERGY F XHCMNT YMOMNT / /  STATE COMPOSITION I 
I -- - 

7 



& 

- - -  _----. . - 
2-=-: -.- - . ."., - - -  

1- - - - - - I  . . 1: . . -  ,.. y 
.,-r - 

, :h&.&*-' _ .  
m . G NAPTMALENE , .  - 

1 ATOMIC COORDINATES 1 61 N F5 $ t. - - 

- - - -  --,--.-- . ad 



!' I S S  2 S A  3 A S  4 S S S A A  (5 -SA 7 A S  - - -  ~ S S  9 A A  1 0 A A  ----.-- 
1-568345 1.399341 1.321545 1.246799 1-152542 0.847457 0,753200 0 - 6 7 8 4 5 4 ~ 6 0 0 6 5 8  0,431654'----- 

I 0-300554 0-262870-0-0399584-0-0O~OOO-O-4_25323 0.42_5223--0-- 0_000~~~-399584-70-262870-0-300554--- ---- 
0-230700 0-425323-0-173525 0~40~248-0-262870-01262870-0~408248 0-173525 0.425323 0,230700 

NAPTHALENE M . . - -- J TBM TOPOLOGICAL BOND ORDERS L; t d  I L. -- i - - !" P - - -  - -' ' - - 

I - -- - - 
- --- A 

l o  A P P R O X I M A T I ~ N  / -""-- - - 
N A P T H A L E ~ E  

ZEROTH HABILTONIAM EIGNVALUES ANO E ., CTORS 
I I S S  

-- 
2 S A 3 A S  4 5 s  S A A  6 S A  7 A S  8 S S  9 A A  1 0 A A u  

27.7123 21-8234 18-6064 15-1373 10-1.212 -13-7650 -25-0575 -36.2431 -50-8417-100-6884 1 Q - . -- 
I 0,239995 0-222218-0.347589-Oo000000-Om396,R 0 ~ 4 6 2 0 1 ~ ~ 0 0 0 0 - 0 ~ 4 8 5 1 1 8 - K ~ ~ 7 ~ ~ , 1 5 7 4 6 2  

0-184216 0-359548-0-150946 0.365617-0-244857-0-285550-0-470402 0-210670 0,548788 0-351139 
-" 

0 -  184216 0 ~ ~ 5 4 8 ~ ~ 5 0 9 4 6  0,365617 0-244857-0-285550 0-47c4~2- ~~~i0670--0.5487~--d.351139 
0-239995 00222218 0,347589 Om000000 0-396178 0-462019-0-000000-0-485118 0-339178 0-457462 -- 
0-368431-0-000000 0-301892-0-365617 0-000000-0-000000-01170402 0.421339-0-000000-0,702278 
0-239995-0-222218 01347589-0~000000-0~39~178-0,C62019 OoOOOOOO-Oo485118-0.339178 0-457462 10 -- - 

w *Jill -- --  
AL - - -  - - - 

? 
" / 

.. . NAPtiiALENE TBM DENSITY BOND ~ R D E R S  i I, . - .* . - b70 ' , . . ; * ,  .: 
-. ' n - 

I 
0 -  184216-0-359548 0-  150946 0-365617-0-244857 0-285550 0-470402 0-210670-0,348788--0,351139 
0-184215-0-359548-01150946 0.365617 0-244857 0-285550-0-470402 0-210670-0-548788 0-351139 -- . - 0 -- - 0 ~ ~ 9 ~ 9 5 ~ - 2 2 2 2 m - 0 . 3 4 7 5 9 0  0.000000 0 - m 7 8 - 0 . 4 6 2 0 1 9  ~ ~ ~ 0 0 0 0 - 0 . 4 8 5 1 1 8  0.3391=;457462- 
0,368431 0-000000-0-301892-0,365617 0-0_00 022x8 -- - 



* '  -1 -.-. , ENERGIES FOR NAPTHALENE T ~WKRO.~_I. ~A~I_O_N---* . 
;..: , I 

- - -CNE ELECTRON EXCITATIONS OF SA-SYI~METRY. I 

- .  - - 

! YWCINT 0.~0o0o-o.0o0o0-o.oo0oo O.OOOOO ------I 1 : 
1- J U W -E-2 8.9 0 2 3--.3 5 . 1 7 8 7-4-1-.-4 7 7 3-5 0-.-0-6%~ 
1 C I A G  E 38.3162 43o8060 -- S-1.9655 --- 71.7763 -- 
' ~ 1 ~ ~ - € - 3 0 ~ 9 9 ' 8 3  43..1026- 52.728-0 71,3685 . 
] CORRSP 32.5475 48.0864 52.5436 72.6804 I 

. , 

( ~ C R R S P  32.8898 48.0547 52,9619 72,2910 I 

L - ENERGIES FCR NAPTHALrnE1 . BB&PBROXIHATfON --.- 

CNE ELECTRCN 'E'XCITAT ~ O M S  OF .AS-SYMMETUII : 1 JUWP 6 - - - -  4s 9 I* 7 - 2 - .  3 8 
~ ~ C ~ ~ ~ - o . ~ o o a o - ~ ~ ~ o o o o  o.ooooo-0.000oo . . I YECRNT 0.59233 0.51596 0.00000-0.48369 
iu 

p--E.-- 2-3 ---8. 
..-4-dTi -9;G-e-5-2-e- -...9.8-5-&-o-8c 9-5 i 

C I A G  E 35.0580 51.0043 6b0 1574 67...4831 
c, I -e-3 3-;1-8-.3 -b-.5-6--o- .-&-3-T-6 4-* -.b; -i--l-6- 7T4-2-4-- 
CORRsP 33.8269 5 l e 2 4 5 9  6b.5358 60.0945 I 

I CGRHSP 3309:s 19 5 102496 '64,3355 68,025b .I 

. . 1 ENERGY IF - XHOHMB YWOWNT .. I d  . STATE COUPOSITXOK 
i " 

--- 



ATOMIC COORDINATE? - _ _ _ _  
x a , e ~ d o  o, 0. 



1 

*?> '. . . -4. .~- - -- - -'A- - - . - . . . -  IS;^, 
. - -  ' .  . - . . . . . . . - .--. .--- .- .. 4 'i *",j :-. -?.,* . '. 

<. .,-*% ; 5;; * NAPTHALENE $3. ,: SFC.,~;: ' 

\ $ 9  ; .: b A. -r,.t.79q:,= 
~ N A E I ~ N V , E C T O R S ' ~ ~ -  

, , ,  

;..;g '.' 
.,a :s 

l s s  2 S A 3 A S  4 S S 7 ~ s  E S S  - ~ A A  -- -- -- 1 0 A A  -- - 5 A %....". 
---- .6 S A 

1.687686 1.42T132 1.285665 1.179644 1.085318 6.802413 0.727730 0.676419 0.617729 0.512258 
00303543 -- -- 0-267571-0.404759-0.022570 0.421390-0-422381 0.013876-0-396676-0.269128-0.293219 
0.144232 0.422381-0.173354 0 .404342 0.269128 0.26757 1-0.414349 0.1 6388X-x-42139V01FT9689 
00244232 01422381 0-lZ3354 0.404342-00269129 0.267571 0.414349 0.163884-0.421390-0.219689 
0.303543 0-26-7-571 0~404760-0~02~2570-0~421390-0.422381-0~013876-396676 0.269129 0.293219 

- 0.443198-OmOOOOOO -- - - - - 0.335017-0.414724 - 0-000000 0-000000-0,395278 01362739-0~000000-0.481164 
OY3O-3543-6.267571 0.404759-0.022570 0.4213;9~0.,0.422381~~013876~396676-~~68126~0~9~2~9-~ 
0.'244232-0.422381 0. 173354 0.404342 0~{~&0'12"8-0.267571 0.414349 0.163884 0.421390-0.219689 - ,  -- - -- 
0.244232-0.42238 1-0.173354 0.404342-0.269-1~9~~6757 1 - ~ 0 1 2 3 4 ~ ~ 3 ~ 4 ~ 0 ~ 4 2 1 3 9 0  0.23-985-9 - 
0.303543-0.267571-0.504.760-0.022570-0.421390 0.422381 0r013876-0.396676 0.269129-0m292i19 
0.443198 0.000000-0.3X017-0.414724 0 ~ 0 0 0 0 0 0 0 ~ ~ 0 0 ~ 0 ~ 0 0 ~ 0 ~ 3 ~ 5 2 7 ~ ~ 0 Z 3 ~ 6 ~ 2 7 3 9 - 0 ~ 0 0 0 0 0 0  0 . 4 8 f r =  - 

." - * - - -- . - 4  - A -  . -- NA~THALENE 1 I R M  APPROXIMATION I 
ZEROTH HAMILTOKIAN EIGNVALUES AND EXGNVECTORS - S- - -  

1 S S  2 S A  3 A S  4 S S  s 7 8 s  8 S S  9 A A 10 A-tR" . 
31.1602 22.8124 16.9915 11.6457 6.0116' -18.8306 -28.6109 -36.5821 -47.3233 -72.tj,l.21 
0.233655 0.224136-0.356971-0.020780 0.404488-0.471526 0.016266-01482312-0.342421~0.409682 
0-188000 0,353815-0.152886 00372283 01258334 0.298703-0.485715 0.199264 - .- 0.536149 0.306948 . = -- 
0-188000 0.353815 01152887 0.372283-0-258334 01298703 0.485715 01199264-0.536149-00306948 
0.233655 0.224136 0~356971-0~020781-0~404488-0o471526-0~0162660482312 0.342421 0.409682 
0~311155-0,000~00 0,29!j463-0.301842 0.000000 0.0O0000-0.463359 0.~~10~8-0.00000~-0.672278 

i n -  - "  - - . , 
*'  NAPTHALENE & - . . 1 IRM AUGMENTED TOPOLOGICAL BOND ORDERS 1 - i .rr ' , -- -A - - -- A .  

1 NAPPHALENE -M I IRM AUGMENTED DENSITY BOND ORDERS - 

- - -4 -- -- 
- -- -- - 



1 CGRRSP 3 3 ~ 3 5 3 7  49.0967 61.0655 73.6939 i 
~ C - G X R S P  33.5637 , q  ,-. 49.0641 61.6400 73.2675 1 -  1 

I 

I ENERGY F XWOWNT YWOWNT / /  STATE CONPOSITXQN 
1 

- ENERGIES FOR NAPTHALENE ' IR)$lPPROXHDIATf ON . - - . , .- - . 
r GNE ELECVRCM EXCITATIOMS OF AS--SYRMETRH 

I ' CORRSP. 34.1358 50,9635 66.8725- ?2,21:84 I 
I CORRSP 34-2652 .50.9645$ 66.7348 72.0602 f I 

' \ . .  FINAL EXCITED STATES~JF AS S Y M M E T R Y .  I - -  - - -  -I 
I ENERGY F XROWNT YMOMNT P P  STATE C O M P O S ~ T X ~ N  - 
I -. 

I 
I 



L-- - ----- I-- I -J 



I 

A. 
&,* . 

{,&'-- - -  %'-+ .J,u. v*. ' 7 ,  c. \ 

I 4 ~ T ~  OP! ;&,L j. 
,...-*-,O. i - \ 

TBX APPROXIMATION - $ .- C ANTHRACENE X r --a-C - s . 1  * -. 
OXER u-L€LGJW=ACUUES-A N Dm€ 1-G-NXE-CLO-R S 

1 SS 2 SA 3 SS bAS 5 AA 6 SA 7 fi  8 SS 9 A A  lOSA l l S S  12AS i y ~ ~  ;i4%Xs - - ~3 
. I  

1-~-7-4-~~8~1-._4~7~8~9~8~5~1~.-34-7~8~? 9 1 . 3_4_42_1_15S2,11.2_4_5_5~4~~O11.~223333~O54411.A11113_4~77440O.~888866552_4_4~O.~776b669_4_4_4~O.~77554445599~O.6 5-7-84-6-0~.-6~5-2 ~-7-0-0~.-5~21~0~1_4~0&2~~-0 I-,- -5mJv - 
1 J 

-0-a - - - - - -0- a - . - -0-- -2- 

--I 0 1 6 2 8 7 9 - 0 3 0526 5 0 3 9 6 0 26 0 1 23 7 0 0 0 2 1 6 6 04 - 0 . 33-1 5 0-5 - 0,.2-2-6 5 6 6 0 .-2245 6-6 00.z3331,505~00.-2dd6 60 4 - 0 .1_223377008~~--3~602_4~-2,33~~2-66~ - 0 - -1 6 2 8 ;I 9 , 0.162878-0.305265 0.396022-0.-123714-0.2 16605-0.33 1505 0.226566,-0i226565-0.33 1505-0.216605-0- 123707 0.396024 0-30526S?_0---1-628~?3- 
* ~ 7 ~ 0 - 0  2910-6-84-0.215.950 6 &-- 0---2_1-5-~5-01-0~~-29~1~0~6~80.-1-~4-6 9 4 + 0.2_78~8_7_4~0~.4~0~6~5~3~8~0~.~0~Q2~3~~8~O~.~3~0~8~3_t~5~O~.~3~O~83_4~5~0~~~0~0~2~3~~8~O~.4~O~6~5~3~8 800-~2277888 7-1=0-0J-7~, - , - - - - 

~.360743-0-268500-0.177955~0.279342-0.194445 0.374298-0.1008 18-0,100818 0.374298-0. 194445-0-279345-0-~17,79S~~-268500-0-..3-~-O3-~~3_ 

. f 0 ~~33005~6~1.52-0~~~00000000000~00~~2_44889 1 9- 00.-35C7_2 220~00~~00000000000000.800000000000~00.~44332 2667700._4-3 2 22667~00.-0 0 0-0-0-0=0-.-0 0-000000000 . 3-9-7_2 2 5-0 2 4 8_9:12;if0 ; 0 0 0 0 0 0,- 0 .?3 0 5 6 1 5 4, 
1 0,360743 Oo268S00-0.177955-0.279342 0.194445-0,374298-Oo.100818-0.100818-0.374297 0 ~ 1 9 4 4 4 5 - 0 ~ 2 7 9 3 4 6 - 0 ~ 1 7 7 9 5 0 - 0 ~ 2 6 8 5 0 0 ~ 0 2 3 6 Q Z 4 3 ~  - -- I 

1 ,.,f.-,*,; t 

.- -.------ . - 
- - - --- -- - - - --- - - - - - - - - - - - - - - -1 

,#?%\ ' ,z-.+~,:-~ a 

-+-* .d 3 f  4 % -  ,,8 b' = 2': -Fc$$i; hx:* 
1 

$, -7 2-;. -; g-?:";%,%, h 
\ 
\ 

, . %-. .,&, :,a\ -d 

] TBX~APPROXIMATIONJ : .. -Y';& 2. - Oyk? '. .&) ANTHRACEME X $\-%:. . 
%\;--. . . \ 

A . ,  
"z-E.R_O T H H A MILT~O~N~IAN~EI~G,NY,A~L~U~E_S~~D~EJ~G,MY~E~~~ORS 

-1 SS 2 SA 3 ss h AS , 5AA & 6 S A  7 AS 8 SS 9 AA lQSA 11 SS 1 2  AS -f3-&-f:- 1~.  AS$^!. -3 :L: li 
'1 102.22554- 

23-.-6_4.? 4 7 7 4 0-54-0-5-3 1 9 0555_4_4994L11990-331177117 1 4-.-993_7993311~-C.43322L991-7-~72 2 22-9--6992.3=2 3-.a26 2.0=2&-01666-1 2 6~3~9~~4-164~8_14~0~~9~1_4~~5-  h 9-cC6-bb2 6 3  - - 
.- TEE%--) 

0-.-1-72 1 1 7 0.-23_93~39900.-1550_47 4- 00.-2!44007 1 7 0O.~336442269~0O.~0O02J~6~0O0O.~2~22~16~0~3.27_48.5~0~~g0O0O27O338~0O~44668804.1.1OO-~3443 8 248=0-~.2-11633238800-4400332 !b-6-r~O- 24-9-63 9 - 
0.12.9814 0.251012 0.341116-0.106787, 0.194084 0.298537 0.214711 0.240629 0.370537 0.249374--0.152521 0~4903'?O-O04229I4 -0.249639 
0-0,139398J,4,40a.25-110 1 7 003,4dd 1 9 0~d006735~0DeJ944008 3-0~0.228_5368~0O0~2114Ic771'I110O~~2_4_40O6229~0O~~337785~33770O~ 2_4_4R33773=0-o,15 2 5 2 3=0-~_49!033889900--4 229-1-4- 0 ,,3m 7-9 L 

,0.172112 0.239339 0.150482 0~240712-0.364269-0.002159-0.292211-0.327485-0.002738-0~468041 0.343828 0-216326-0-403246 '-0.552899 
0-.-2.8-7_5-1 JJ0-.-2 2.018-1~0,15.3 27 5 0 .-2_4~~12610-.-1~742 2.81~0~.3~3~7~0~7~4~0~.~0~5.5_4.2~0~.~1~0~7~0~~6~0~~~4~21~4~0~0~0~~~2 2 384 2=0~--3-4_4_4~1~30-0~22 03 5-3-0--.3-7-1-9 8 -1 _(_a ~&_i,66844007 

3;:0.243575-0.000000-0.214397 0.342878 0.000000-0.000000 A 0.409649 0.559099-0.000000-0.000000 0.489748-0.308225-0.000000 - 0 . 5 5 2 ~ ~ ~  i 0-.-2-8~5-1-1~0-.-2 2-0-7-8 30-.-11.5 2744~0.~24-1~1.2-6600.-1177442 2_99Q..~3333770O7_4_40O.~09_554_422_0O~~1f0O770O776~0O.~442X440O0~0O~~2 23-8-6 2-0-.-3_444441.2-0---2 2 0-3.5-3A .-3-7-I9 8-1,-0,3~3~09 7 9 
0.172111~0.239339 0,150482 0.240712 0,36426'9 0,002159-0,292211-0,327485 00002738 0.468041 00343828 00216326 00403246 -0'.249639 1 

! 

I 
I 

-- -- - ---- - 

I 
I 

i 

I 
t 

1 





I 

7,.- 
-.. . b " 

, ,?,, ~' '3 
,' : '5. 

RGIES FOR AMTHRICENE X tk~%..#: TBXAPPROXIMATION . - -- - .&a 

ONE ELECTRON EXCITATIONS OF SA sY$$;TR:Y% 
JUMF! 61 8 7s 9 2, 8 4," 9 3, 10 6111 5.12 . 11.10 
XMOMNT-0-93850-0-94201 0.00762 0-0.7188-0-28558 0,00933 Oi07260-0.28.843 t'd' 6 

YMOMNT-0-00000-0.00000-0.00000-0,00000 0,00000-0-00000-0,00000 0,00000 
JUMP E 24,0211 30,7484 34,2398 42,3434 44,2162 52.3037 53,7334 55,3520 5 @ . A  

I 

DIAG E 33.9712 39,6881 49,0425 53,4009 60,9841 69.1818 64,3128 71.4657 , 

D I A G  E 34,9729 38-5278 49,6008 52.7217 61,1049 69,8388 64-6792 71-7384 I 
CORRSP 28.3119 42.5993 46,8764 57,5261 60,1054 71.3302 67,6030 73,6946 I 

CORRSP 28.7798 42,2290 46,9320 51.3535 60,1903 71,6985 68,1107 73,8907 

1 FINAL EXCITED STATES 'OF SA SYMMFTRY 

ENERGY F XMONNT YMOMNT / /  STATE COMPOSITION . I 

-2' . 2s -, 4 I 

28-31186 0.11604-0-31046 0-00000 / /  0.8237 -0e5103 -0,1589 -0,0338 0,1498 -0-0531 0,0202 -P i0950 
25,038663 / /  0-9634 0,1490 -0,0989 0,0056 0,1945 -0,0178 0,0258 ,0.0310 

~ i ,  :,,$ J ..- - ! q,-! . " ,,* 

, 4 2 - ~ d ~ 2 9  2.98197-1-28300-0-00000 / /  0,4797 0.8359 -0.2177 -0.0206 0.021 7 -0.0847 6,0:1~2 , 0::'125 1 
30,73274 / /  -0,1346 0.9149 0,2737 -0,0100 0.0854 0,0862 -6g4:638 ..:i-0',2259 

E "".l - , \ 
I 



I YMOMNT 0.641 53-0-00294-0.52665 0 , 5 1 2 9 2 - 0 , 0 0 2 9 8 - 0 . 0 0 3 2 ~ . ' 0 ~ 4 7 1 ~ 6 - ~ ,  14544 I 
JUMP E 17,4215 29.0164.37-3481 39.5992 47,1337 47,5667 58,7286 59,9690 

t .  

D i A G  E 29,0277 40,2627 48,2821 56,7937 56.9117 62-'3bOU 74.1490 79,2039 I 
D I A G  E 29.1407 40.8569 48,0104 56,9347 56,3895 61,6249 74.1079 79,4565 
CORRSP 27.7283 39.3574 47,3869 53,8349 60,5822 61,6830 75,4331 .80-9647 

v 7 7 8 8 3 3 5 4 3 P . 8 9 2 3  47,2570 60,3745 53,6007 61  -0467 75,3995 8 1  , 1152 

F I N A L  E X C I T E D  S T A T E S  OF AS SYMMETRY 
.. *,? 

ENERGY F XMOMNT YMOPINT // S T A T E  C O M P O S I T I O N  
xx:~,Yi3 I 

f2&;1,2826 0,28296-0,00000 0,48987 / /  0-9726 0,0418 0,2090 0,0209 0,0152 -0,0535 -0,0645 0,0301 
b1'22'8442 3 I .-.!>;*' 

/ /  0,9412 0,1238 0,1018 0,2161 0,0768 0,0239 0,1544 0,1073 



- -- - - - -  
f 

ATOMIC COORDINATES , . -- 
X 0,8455' 0. 0. 0.8455 1074~-1_--2-c6-245 3,4999 
y 0. 0.5040 1.5250 2.0290 1.5280 2 -0240  1.5280 



' I m>,--. . 4" .-L. 
\. 

.. s*. . -~ - -. -.'' 0 . * r . ,  
- i" - -  .-C. 

.'?.,- - ' 4 
. -  . ?  

ANTHRACENE X ' . -  
1 SS 

i l-.-6629_4_4 
I ,- 

rvlt'. - .-41. 
** -* 

/-Fr> 

.- - 
. '> '-,* I 

\ 

ANTHRACENE X ' +- ! 4 - . .  s 
I - - . * *  

" , .,, ' . . ..+, r 
1 SS 2 SA 5 AA 6 SA 7 AS ~ S S  9 AA 106A *,+i%., i } ,&~.g _L, ~~"r- 

,,< ,-*-*- - a . q  

3~l~J~8~6_4_43326,~7~9~~31199,~344~88991188.~112211~S77112~~446~1O661111~O.43366113333.~29O8~lt8f-14t.~888855888~2266.~9~1122~O3~2288.~112.6.6883~338~~~~64~44~O?~S~6_4~55&?~1$rlb74411~2~33~44~S66 --,.a .,. 



- -  . - - -  - -  - .  . 'I. . - - -  - - - - -  - L . -  - . ---+ . - 
> - I -  ,&- 2t.s: (L .- _ . .  % 

,-, . 3 
t.,,.,, iL* 

. A.NJ-HRAG-EME-.x- 
i+T# 

t 
- : . .' : b >  $k 

\ 
\ 

ANIT-HRAC-E4.E-X- 

L- 
+' *.::fi. 

4. +:if5" - , :..-\- .. ..#&- 
1 7 4 u 5 - 7  Q 1-0 1J 1-7 - 13 1_4-23.: 

1 1.00982 0.77111-0.00833-0.34467 0.01438 0.07319-0.01026-0.02945 0.00722 0.07390-0.00604-0.13767 0.00570 0.50532,:' , 
d" +. ~~.~7_7_1~1~1~1~.~0~05~5_7~0~~~5359~8.-.-0.~0~_e3.3~0~..2.0~6~65~0~~0~0~359-0.,-13.4 0.2 . . O . O.~~7~22~0..~0~9~4.38~0~.-~~~.6.4~60.~0~7_390~0~.~0~0589~0O.~20O69~1~0.~0~0.3.6.8 k ij;.t:+$$f -. i 

1 - 0 . 0 0 8 3 3  0.53598 1.00557 0.77 1 11-0:O-0368-0.2069-1 0.00589 0.07390-0.00646-0.09438 0.00722 0.13402-0.00359-0.20665 
~~O..~3-44~6_7~O-.-O-OO8333O417171711L1~.~QOO~882929i55O52 -0 ..... 0 0 5 7 O - O .1~~.7_6~7~0-e~-~-6-04~~Q~-~139-~-~-.-~-~-77222=.~O.~~.299445=~-.~D11~.2266O-~-~-U-1-9-~-~-~~-43.8 ;;:,*, I 

5 0.01438-0-20665-0.00368 0.50532 0.97115 0.62140-0.00096-0.1376'7 0.00589 0.13402-0.01026-0.19556 0.00515 0.48930 I 
I 

~ 0 . . ~ 0 3 3 _ 1 ~ 9 ~ 0 ~ ~ O ~ 3 5 ~ 9 1 0 ~ 2 0 b ~ ~ ~ U ~ ~ 7 ~ 0 ~ 0 & 7 1 ~ _ 0 ~ ~ ~ 0 2 b ~ 9 ~ 1 0 . . ~ . 2 J ~ 0 ~ ~ - 0 ~ O ~ S ~ 7 ~ 0 ~ O ~ ~ 2 O ~ 6 ~ 9 ~ 1 ~ O ~ ~ ~ O ~ 0 . 3 5 d ~ O ~ ~ ~ O 1 3 ~ ~ 9 ~ O ~ ~ ~ O ~ O 5 9 S - a ~ ~ ~ 3 ~ Q J ~ ~ O ~ - O - O 5 9 5  
7-0.01026 0-13402 0,00589-0.13767-0.00096 0.62140 0.97115 0-50532-0100368-0.20665 0.01438 0.489.30 0.00595-0.19556 
8~0~..0~2~9~~~~0-.-0~03~2~30~.~0~3~0~0~.~0~0b~0~4~0~._13~7~6_7~0~.~0~0~5~7~0~0~.~5.05~3~2~1-.-0~0-9-8.2~0~~7-7-l-l~l~0-.~0~0~83.3~0~.3_4_4-6~7~0~.~0~1~4~3~8~O-~-073~l~9=O-~-O-1D.26~~ 
9 0.00722-0,09438-0,00646 0.07390 0.00589-0.20691-0.00368 0.77111 1.00557 0.53598-0.00833-0.20665-0.00359 0.13402 
1~0~.0~.~0~7_3_9~0~0-~-0O0O64_46~09~0O9_4_433880O...0O0~7_2.220O.~11~~~4O2~0Oe~0OG.3599~0O.~220O6.65~0-~-0-0-8.3.3~0~.5.35-9_8-1..~0~0.55~~0-~-~7-1-111~0.~0~0.3.6-8~0-~2.0~69111O-~-0D.5-89 
11-0.00604 0-07390 0.00722-0.02945-0,01026 0.07319 0.01438-0.3446'7-0-00833 .0.77111 1.00982 0.50532 0-00570-0.13767 
~O,~33_b77Oa-.OOO5B99O~_Ub_O~O4UW26~f)f).~Y556556O~COOOS955OO._4_48933OOOO~~OO11443.8~OO~~2O-C-65=OO~~OOO336~8-OP~55O-S3.22O~93~U55OO~-6~~44O~O.~O-O-OO9-6 

%,l3 0.00570-0.20691-0.00359: 0.07319 0.00595-0.36123 0.00595.0.07319-0.00359-0.2069il ff ?* 0,00570 0.62140 1.02691 0.62140 
14~0..5~0532~O~..0.03~68~O~2O~6~65~0~.~0~14~33~O~.~4~8~~3~O~O~.~O~O~595~O~.~1~~55~~O~.IO~1~0;2~6~O~~~13_4-O-2-O..~-O-O.5~8~~~O~~~~3~7-6-7~O.~~O~O~O~~6-O-~-62-14~O~O~~~9~7~1~LS a j j-. .,-% I . , . *%'* 2.y $ ::i 

Ib ;-he -, !,.. 3 %&..&&-.. q*;. - 
.*%; \*- \ \$+ 2 ( , -.., g A%.: ?- + 4. . , '  , t ; I  1, ?;*-A ,, 1 

7. , f- . . X ?' -- - 2  --- - ~ - 
- - - 

IRX AUGMENTED 

. , .. , '  - 4 2 % .  
TOPOLOGICAL B O N D  ORDERS id-u .... . 

\ 

fl  !: y:$ *', ' A+' :, 't i 
'*> , 

1 2- 4 5 x 7  8- 1D 1 1  ' i 7 1-3 1-4- - A .  

1 0.79160 0,58965-0.08508-0.36020-0.02926 0.08524 0.00547-0.03135-0.00148 0.07771 0.00826-0,13936-0-06836*0:'34258 
7 ~~.5.8~9-6.5-0-.-7-z7~-42-043h347-~4~~8~S~.8d4~~-5.~~48~2-1~87~~,~1_4-1-~2~~~~O~~-48~~~~11~O~25=.~O.~~O~5~1-99~4~~O7~73-1~~.-0-1~2-93~~O.2-1O15-8~~-~-~b.~1- 4F 
3-0.08508 0.36347 0.77742 0.58965-0.06814-0.21158 0.01297 0.07771-0.00519-0.10025-0-00148 0.14192 0-02187-0.21585 

T$f 4 - 0-.3-6-0 2.00-00 .00085-O08_08_0~~00. -779  1 5 0 0 - 3 4 2 5 R- fl . fl h 0 3_5&63393 &~0~ . -0~0~82 .6~0~ .~03~~Z .1~0O.~0O0~1448~09 .~03_135~0 . -0~O~5~W_O~~_Q8~~0~~0292  6 ; + ; 
5-0.02926-0.21585-0.06814 0.34258 0.71876 0.45181-0.06049-0.13936 0.01297 0.14192 0.00547-0.20641-0.0W 0.33282 '%.'&: 1 

h U~.~U~83L44UU~UO111183~O~Z'I'18~0~,0BS-3.6-0,-4-5-1~~O~O2.0~l~4~O~.~~~l~O~1O~~O 6 8 3 3 6 = o ~ ~ _ l - 1 ~ _ 8 , 0 J J J 8 8 2 . L ~ 1 8 8 7 7 ~ O O 0 8 8 8 - ~ 2 ~ ~ f l ~  ?3 3- fl fl s 1 9 0 I 

7 0.00547 0.14192 0,01297-0,13936-0.06049 0.45181 0.71876 0,34258-0.06814-0.21585-0-02926 0,33282-0.05190-0.20641 \ 
R- 0-.-0.3-1-3 5_=0~.~0~0~1~8~01~0-7~-0~-01)_82~6~0O.~13~9336~0O.~0O6b883hh0~.~3_4_425258~0O.~79_1dd0O0O.~5S8~~65~0O.~0O8550O8~0~.33660O220~0O~~0O292660O.~0O85 24-0,-0-05k7 
9-0.00148-0.10025-0.00519 0.07771 0.01297-0.21158-0.06814 0.58965 0.77742 0.36347-0.08598-0.21585 0.02187 0.14192 + 

,~~C1_0~~-0~7~7~l~O~~GOO551O9~O4_1_1QO~~O.~0_O~148_0,-1~J~9~O.~02_1~&7~0~~~215.85~OO.~OB55OO88OOQ-3 6.344770~.3-73-4-4.2-0 . 5 8 9 6 5d-~-OB.8-1-4~0-.~l-11S.8800~-QQ1-29-7 
I 1 1  0.00026 0.07771-0.00148-0.03135 0.005ii7 0 . 0 8 5 2 4 - 0 ~ ~ 2 9 2 6 - 0 ~ ~ h 0 2 ~ - 0 . 0 8 5 0 8  0.58955 0.79160 0.34258-0.06836-0.13936 

1 7 - O..-13~9~a1)-1~~A_1_1LL14r3Oa~O-O55W~abL_1~Odd05d99OOO-.'33282r.OO.~O22926,~O..2~15 05=0=-,0-6 86,4-0P~~3~258-0 . , -7 -1 -18~0.~5-1-8~~~=0=&0~-9  
13-0.06836-0.21158 0;02\127 0 .08524-0 .05190-0 .38223h05190  0.08524 0.02187-0.21158-0-06836 0.45181 0.82014 0-45181 

f .T l4~~3_4~~8~0~~.O.63~1~4~O4~~85~OO,~O~~226bO~33~3-O~~~O5~1~OzOO~~2~~6_4_411OO.~I)O5_4L7L7Oi.~1_4~1~22~~.~OO1129_7~OO~~139336~O~JOO6bO_499OO.I5S1-881-O-~-7-I8~ .r -. - +  6 
a. ( t  '7 

7.  .." L&,* 1 f 

;- a 
\ -, 

-. 
1 

,p-- 

IRX AUGMENTED DENSITY B O N D  ORDERS - y-- 

* 'J It". I 2 ' 
/ 4- ' 



I 

J U M P - E  25.3220 30.2102 41.6056 45,0336 47,4697 48.7618 5208563 59.3133 I 

CORRSP 29.0929 43.2986 56. 5610 50.0752 66,9070 60.060 1 7 1  ,8504 78,4282 
C-ORR-ssp 29.3-27-3 43.1089 56.8-861 49-93-77 6 7 . 2 2 8 3 7 2 - 0 4 1 3  78.8696 

I 
! 
\ 

FINAL E X C I T E D  S T A T E S  OF S A . S Y M M E T R y  I 
I 
! 

iib- ENEREY, F . XMOMNT YMOMNT / /  STATE COMPOSITION ,&kk3: 5 * I 
2 <i09294 0.06334 0.22626 0.00000 / / .  0.7796 -0.5917 -0.0836 -0.0213 -0.1414 0,0330 -0.1113 



RGIES FOR ANT&~%NE x IR~~APPROX~MITION --. 6, 
ONE 0 CTRON EXCITATION 
JUMP* 'i 7, 8 4, 8 2, 9 4.11 3 1 - - A& - - -  
x ~ ~ ~ ~ ~ ~ ~ , o o o o o - o . ~ o o o ~  oo-o.ooooo o.ooooo-o.,$i&oo 
YMOMNT 0.61300-0.02257-0 56-0-01442 0.47700 0c11556 
JUMP E 18-1841 3300075 3703482 40,5884 4106238 5306318 56,4472 59.7375 
O I A G  E 28.9210 44.4571 47.6985 57.5398 50.9543 68.6021 71,9942 78.9874 
D I A G  E 29,0474 45.0608 47.4981 57.6158 50,3617 67.8686 71.8787 79.2865 
CORRSP 27.7506 43.3107 46.8974 59.7457 49.5750 67.2874 73.3845 81.2030 . --. - -- - -- . 

COKRSP 27.8516 43,8333 46.7164 59.7350 49.1705 66.6604 73.3131 81.3371 

FINAL EXCITED STATES OF AS SYMMETRY 

ENERGY F XMOMNT YMOMNT / /  STATE COMPOSITION - . -  



I ATOMIC COORDINATES I . 



C - 
T B M  APPROXIMATION 1 y r,fj W. 

4 1 '. 
ANTHRACENE ' d 

0 V U E J 1 G N Y  ALU-E S AND ' E I=GIVYECXQR-S 87% 9-SA 30-ASA 11-AS 12-SS-13-AA 
1 SS 2 SA SS 4 AS 5 .SA 6 AA 7 AS 1 4 ~ ~ s  *.:. s- ' i 

3 6 16 -- 1 -3490 - 5 0 1 -0- 3 - 4 - 9 0 - 3-5 - 1 -0- 24-6-8-1-6-1-.-2_4_46677~9911010_2 20_33550O~-889~7_66330O~-7_5533220O0O0O~~5S3_1_188330O~-6 56009_64Q~-~5S0094990A5500633883~e4~~'Ic~ 4 9 , *- - 
a- J 

0 *. 7 It 4 8 8 5- 0 - 2  8-8 6 7 810~~~2~8_1~2~8~0~0~l~~7~~0~~0~~4~0~8~24~5~0~~~0~0~0~8~6_1~0710~~3~6~0~3~~0~9~3~6~0~~~0~0~0~1~2~S~0~~_4~0~8~2_4~40~J~6~8~3~~8~0~~2_8~073~S~0~~~2~8~8~6~P_8~~ 0 0 2.1 Ir 9 8 5 
0.15 1945-0.288673-0.11756 1 O0405t3Y3 0.204872-0.353122 01219871 0121987 1 0-353491 0.204235 0.406272-0.116243-0.2886730A5 1945 r% ' *' 
0. 151945-0.22886~0_2_288 0~.4_40066661-8-0-.6~33880-0,353983~0.21~9-8-71 0..2_1_1998871-0~.3536.1.6 0 . 2 0 . 0 0 1 , 8 -0.-4-0~6~~2-0~6~2~-'0~~15,1945i~ , 
0.214885-0,288678 0,280231 0,169157-0,408215-0,000861-01310936-01310936 0.000126-0.408246 0.168246 0.280778-0-2886781 0->2.14885-~.~ %y. 

0- c - - - -  3 6 6 8 2-7=0- t 2 - 8 -A 8 6 - 73 - - 0 -0- 2_812-88_4- - 0- • 1 6 7 4 0 1 - 0 0- 2~44887_220O~~335S3_1_1222~0~06~1~0~7~~0~~20O9_L0~7~3~0~3~5~3_4~9~1~0~~~2 0k2_55_L0O~~668-3JJ3~0~~-22880O7733990O~~2288886L33 0 . 3 6 6 8 2 7 
0.303893 0.000000 0,397790-0.236748 0.000000 0.000000 0,439730 01439730-0-000000 0-000000-0,238037 0.397020-0~000000~0~303893 
0- c-- -  3 6 6 8-24 0 - 2&8-6 7 4 0- 0- 2 - 8 -- 1 2_8_ - 0 0- 1 - 6 - 7 - 4 - 0 - 1 - 0 9- 2 - 0 - 4 8 - 7 - 2- 0 . 33553J-2-2-0-0 9 1 0 7-3~--0~0-7~0-3-5-3~1~0ke-2~9442233550O.J-668833113 10-• 2-8-0-7~39:0~2~8~8-6~7_3~- 0 . 3 6 6 8 2 7 

I 

0.214885 0,288679 0,280231 0.169157 0.408245 0~000861-0.310936-01310936-0~000125 0.408246 0.168246 0.280778 O-288678rO-~214_8fi5 
0.151944 0.28-86-74 0-.115-027 0.406-&'18 0.20-3_380 0,353-983-0-.=2_)98-7-1 0-,-23-9-8711 0~~3553616-0~.20~4.0~1~8-0..440O662~2-0~~~1163_4_7-0~~28~6~3il-0. 151945 

(b%$P. 15 1944 0.288673-0.11 7561 Oi4058P3-0,204872 0.353122 0.21987*1-,:0?.21987 1-0.35349 1-0.204235 0.406272-41??16g43 0,2886731 0- 15&!94,4 .,. - %  t 

ff,&0f2~4&85 0e2-8888678-00781280 dd~~1~7406~0~408245~0~000861 0 ~ 3 1 0 9 3 6 ~ 0 ~ 3 1 0 9 3 6 ~ 0 ~ 0 0 0 ~ 2 ~ 5 ~ ~ ~ ~ ~ 0 ~ 2 4 6 ~ 0 , 1 6 ~ 8 ~ 3 ~ 8 ~ 0 ~ ~ ~ 8 0 7 ~ ~ 5 ~ 0 ~ 2 ~ 8 ~ 8 ~ 6 7 8 , 0 ~ 2 ~ 4 8 8 5 ~ i ~ ~  j/f'$ 
&;&. 366826 0,288673-0,28023~-0~.~6,91~2-0.203380-0. 353983-0.09$074~'0'0109 1074 0.353616-0~204018-0.16824~-0~~80~~~ 0-288673~0-~3I6-6-82:7'-~ 2 '  

:- -'-0,303893 0.000000-0, 396306-0~23922~0.000000-O._O_OOOOO-0-30 -0- 000000-0~000~0~0,~3~6~0~3~97~081,0~~~o0_0~0-0,-0 .'3,038193' 
0.366827-0.288673-0.280235-0.1'69 152 0.203380 0.353983-0.091074-0.091074-0.353616 0.20401 8-0. 168241-0.289782-0~288673-0---3-&-&&26- ,-, -- t . - - - . \-A 7 -  - 

---A - - - A  -- & A  A 1- - - - - - - A - - - - - - * - - -  - - . , - -- ----. - / 

4 

.lr5'~?'-*> . ?.*<d ;, ,-\. 

ANTHRACENE TBM APPROXIMATION ' - .G. & .. 
-.. . . \ - A .I .-. h. 

lOAA 11 AS 12 ss 13 AA 1. l b % ~ ~ . . ~ ~  





JUMP E 23,6294 31,8597 33.6716 44,4350 44.4366 53.1216 55.6287 55,6321 
I 

D~IALE33-e~6~9~64444OO.3~OO53447~,55346I~60~.~8.2.1.5~.5'j.~0.23'j77669~o4!~-I55667711.3~O 5 _ 6-6-.5-6-9-1 1 
D I A G  E 37.3810 36.5291 50.0805 61.0672 53,6888 72,0173 72.7481 67.5969 . 1 

I 

I 



3,. ' 

- ". 
ENE RGI-ESIOR *-T.BM-A.EER0XJ.M AXI-0-N 1-0-7 e% cry 5 

ONE ELECTRON EXCITATIONS OF AS?,'. SYMME'TRY " r.&.$y:. - L 
7- 2 % I - .  i I 

-JY W P Zr fl 4 a - 8 - 6 - r - 9 ~ S 5 r _ i _ 0 7 . 1 3 2 s 1 0  r 0 

> 

rXMOMNT-0.00000-0.00000-0.OOOO0-0.~~~00 0.00000-0.00000 .) .--' 
$ ~f 

I&:rMQM NT~0~.~6~63~65~0O.~0O0O0O0O0~0O.~551595~0O.5J-5~99660O.~0O0~0~0O0O0O.~0O0O0O0O0 

1 ~ U M P  E 15.6575 28.2344 39.8285 39.8316 47.6603 49.8738 
DOI.A.G-E-26~-8~8-5-O_3_388~-9POO77885S66~-Z9~88885J-~_43_117175564-6932~644a-64_45.5 

D I A G  E 27.3093 41.3733.57.3076 50.5559 54.4607 62.5914 
CORSSSP26-*-O~5A3-3-8-~~3139-6JJ70-85~O2~.39eit3n-7_965370-3 

CORRSP 26.4205 40.5744 60.7131 50.0473 53.0824 62.7604 

. ENERGY F XMOMNT YMCIM-NJ / /  S T A 1-E C-0-M P 0 S-I-T I-0-& 
4 



ATOPAIC COORDINATES ! -.- -~ - - . .. - - -- - - - . . . . . - . - . . .  . 

.- X-0-0.86-6.0-0 -. 0.--- .. . - . 
Y 0 -  0.5000 1 , 5000 







1 t i  g- 6 '5  ,&?w v-4 - %$& * I 22 -*.Y I .. *L -!E_NER-G-I-E-~-F,O~BAN_~_H R A-c-E NEB .5 .. ,m-A e e ~ a  xl~awari.> 5,-8 y.- ' - 3 .  T~LECTRON EXCI.TPTIONS *-OF SA. S Y M M E T ~ Y ~  r Z ,  

!!d~ ~p&' 6, 8 7910 23-8 4$iO 3 .  9 63 1 1 5 ;. 1 2 " '  

i~~~~~~-l.01919-0.95288-~.~0524-0.08784 0.22828 0.07320 0:25404 
YMOHNT o,ooooo-o.ooooo 0-ooooo O.OOOOO O.OOOOO-O.OO~~O~O~O~O~CLOLLO -- 

JUMP E 25.1828 30.8475 41.4105 47.1626 48-0627 50.4018 53.0556 Ckv 'g 
DIAG E 35.5427 39,8427 55,7431 58,9456 63.8204 6-023959 6-922-3-SQ I 

I 
OIAG E 39.6205 35.8180 58.1897 56.9473 63.8503 61.4220 70.7728 
CORRSP 29,2843 43.8884 570 1621 51,5520 67,0481 61 6-5301 72-0-3-2-0-3 - 

I CORRSP 43.7808 29.5550 58..8088 51.5417 68.4495 61.1827 73.3020 

i 
F I_NALLEXC~IE_IDDSTATTEESSOOFFS-SV.MM E-TBY 

Ll .S TAT E . C _ O ~ S 1 l T 1 O . N  



~~-I_~-G~~-2-6~.-3~6~7~8-4~3.~67/r5~0~.9_4~0-4_~5~7.A~9~34~49.7-7-74-71-.-35_S4~7_2-.~9~6~3-7 \,, . 
' O I A G  E 26.8369 45.9590 5005246 57.8481.47.1-946 69.3082 7204072 
1CORR~SL25~~~39~1~4~2-~~5J~8~O~5~O~~53~4~1C;~9-.9-&6-7-4~8~~.ZO~O~O~7~1~~~61~1~O7_4~~~Z7_2~6 '\ : CORRSP 25.6943 44.7010 50.3051 59.9048 46.1395 69.3913 73.9426 )$>. 1 

ENERGY F x _ M o _ m _ N C O M P O S  IT ION I 





,jf4*% 

* -4:L:~ f +-7 -- . -3 
.. J-.1' 1 

# 

t,' *- NAPTHACENE 
:' ~Z.E.RD~T,H_HAM~LJ-OMJANJJ& NY~K~~~FES-~-R s L - - 

1 $fl SS 2 SA 3 ss b AS 5 SA 6 AA 7 ss 8 AS 9 AA 10 SA 11 SS 12AS l3 -3 
1 (14 .A&.,C~* l5-@-, 26  A S g 3  -17 -mxL;&. . 1fy-a~ 

5---4-~=2=0-1~4\-*T--?-7-~'5 8=~-8~.-0,2 0 @_4=8 88.99)Ii2b1-7&~ 2JJ 3 -. -* -2 8A.2  84-8_26-.-4-7-8 53_22~9_8874992.0,90O3~45Z1~88..2525859~~Z.~~5443~~4~~~92~012~~.3?1744.665~-~1~1.5_9_1~5~~49~1~943~1~77~~~0 20-9=2_4_.-7-0.23-01=3J---4 8 2.0 0 - = Y - - - 
T B M  APPROXIMATION 





1 
~ ~ ~ ~ - 1 ~ ~ 8 ~ ~ 1 ~ 0 ~ 1 ' ~ 0 ~ 0 ~ ! + _ 4 ~ 9 ~ 0 ~ 0 . . 7 2 2 0 5 ~ 0 . 3 6 2 5 1 r ~ 0 ~ . ~ 0 ~ 2 0 3 ~ ~ . ~ 1 ~ 9 2 2 4 ~ 0 .  030 16 0.31 413-0. 04032=0 ..1.5.108-~.0~1~4.1~0.08458=0.006.13=0.059~7.3~0~~528~ 0.0- 

7 
t 4 

~0.~~~9~0;.1~388=~~25~0~36254~0..7~7~142~0.~6.35~8=0.0527.0~0.3500~1~0.030.16~0..10968~0.0.1239~0.0454.9=0.006.13~0.0.1~752~0.00403.-~~00!,69.~8~~ 
7 \ . ( -  # P- -2.--- -- +.-. - 

-6-0 ..o -- 8 6 6 6-0 :ij-0 3 3 3 ~ 0  --...-kl --:o ..OV 2 0 3-0..5-635 8-00.x6 0X6600.-4 053-8=O0..,05 22770=00.~11992240 ..022 5 5-0 . -1 0 0 89=0.0.1.0.16=0 ..O 5.9.7.3-0 . 0 0-4-0-3-0-+ 04 3 - 4 6 - F  13 6.~~8!!..L00--~t0 2- ./ 
8 4  7 * ,>j 

~~'Q)o.IT>o.-I 0 b ~ ~ 0 2 2 5 ~ 0 . _ 1 ~ 9 2 2 ~ = 0 . 0 ~ 2 ~ 0 ~ 0 ~ ~ ? ~ 0 5 1 8 ~ 0 ~ . 7 6 0 7 6 ~ 0 . 5 6 3 . 5 8 = 0 ~  04203=0.20_1 04_Oe00333_0. 08666~0~00.170=0~0338 - I 
P' t 

" A -  
- 

' I 7 
-*%?0. 04549~0~~.0.1239~~i:l~.9~68~0~030.16~0~35~~~1~0~~52~0~0~56358d0~-~7~142~0~36254-0~06125~0~.1.1?138~0+0.151.9~0~~5283~0~~0~6 * - 0 ~ ~ 0 4 0 ~ ~ ~ 2 0 ~ ~ ~ 5 2 - 0 ~ 0 0 6 ?  -C- 3 5  

6" -& 

~ - 9 ~ 0 ~ ~ 0 ~ 1 & 1 ~ 0 ~ ~ ~ 0 8 ~ ~ , , 0 ~ ~ ~ ~ 2 ~ 0 . 3 ~ 1 ? r b 3 = 0  03~OO116~OO.~119~22b~OO.~OB2OddO.~36_25~~0.7220S~0.~4b.920r0.037.00rO..1~482J~O..00267~O.P528 --33j5973'61;~~d1 3 0-08?58 A 
YllY- 7 7 - -Lz.Ic 

~ ~ 0 ~ . i 2 7 - 1 9 ~ 0 ~ 0 3 6 2 9 ~ ~ 3 $ 5 5 ~ = 0 . 0 $ 0 3 2 ~ ~ ~  0.968~0.0~2255=0.2.05~4=0..06125~0.44920 0.78661 0.41 537=0.0659Ar0..14821-0.0.15.1 --Tz-54%o- plsrl~J 
-T3 ,@ 

I 
'L, -- .rC . ' f  

21~1fi~~~~m~"2~~~~~9~~~.15.1~8~010~239~0~~J008.99OO~~OO0333~O~.1.1Y38~@~.031L00~0-41537 - 0.72139 0 m 4 ~ 1 S 3 7 ~ 0 r ~ 3 ~ Q 0 ~ ~ ~ . 1 . 1 ? ( ~ 8 ~ 0 ~ 0 0 3 3 3 ~ 0 7 1 1 0 0 8 ~ ~ ~ ~ 1 ~ 2 3 ~ ~ ~ ~ ~ ~ I ~  r'rY 
1 - 6- 

~ 9 ~ 5 5 1 - 0 ~ t ~ ~ 9 ~ ~ ~ ~ 9 ~ . i i ~ o l 6 ~ ~ - ~ ~ ~ . ~ ~ 5 4 4 9 - 0 ~ ~ O 1 . 0 ~ l 6  0.08666A.~0.15J~Q2.l~8~1=0~~6S.9-44_O.~9J537-O..7.8661 0 ~ 4 4 . 9 2 0 ~ 0 ~ 0 6 ~ ~ ~ ~ 2 ~ . 1 0 ~ ~ 2 2 5 ~ ~ 1 0 ~ 0 ~ 0 ~ 0 3 2 ~  * A -  

7 ' .  i 
-4k-a- ' - ---< - 

r - ! ~ " 1 5 . ~ * 0 ' 8  *- - -&-- 0 01~6U~O.08~56~0._0Q6J3~0,05~9U~O.~O~O.1.7~O~0.05~1~0.0026.7~0..14821~02037~00~0.?1~4~920~0.72205~0.36254=0.O4203,~,. 1 m 9 2 ~ = 0 e 0 3 0 1 ~ ~ 1 4 ~  



I 2 . a . r  :%i? 

I 
-. :C! - C." - %!.i 

' '* E.N.E.R.G~.E.S-F~R-~.A.P_T~~A.CINE;=;,..-~ - - .. -a;P?b- ' q, ,, 
ONE ELECTRON EXCITATIONS. OF-!SA~~SYMMETRY : " ,Q:%$. 

&\ .*$;, 
I "'"t- 1 . 1 0 .  J+U~M,P~77,d70033,J=O~R,1 3 . 8,14-- - .3r-13 -- 

XMOMNT 1 006232-0.09794 1.06725 0-00277-0 0.39469 0; 13386 
-.. y 

Y-M.0.M.N J~OO~OOOOOOOOOOOOO.~OOOOOOOOO~OO~~OOOOOOOOOOOO~~OOOOOOOI)I)OO~~OOOOOOOOO~OO~~OOOOOOOOO~OO~~OOOOOOQO0~0OCCOOQOOOOOOOOO~~OO0OOOO Q- .0 - 0 0 0 0 0 - 
JUMP E 2098422 28.9072 29.8182 34,4480 36,1607 41,8567 4403806 4604047 47.5495 54,4697 
Sr_IA.G~~3~l~~_4.2_4_2~44.~1~6_45,3~8~.~9~O.S5OO4477.ddl~5.2_5~33.~99115.25_566.,L99633633.~l~R333h_t_t~~~338h_4_~_4 08 3 74 . 1.7 1 5 -- -- - 
O,IAG$J€ 35,6366 46.6271 33.8886 51.0312 55.1436 53.12.55 65.7921 .63.6805 61i.41'66'75.0637 
C O_R.R~S.P2-6---Q4J2~4L-66888 9 4-O-~O0135. bb6-Jz633 5 7-q 1 9 729 S.n--1 5.h9 A5.--114-W b3_--8-7.4-0 h 7 -_8h2 _8 7-7--R 8-18 1 . . 
CORRSP 38.5284.43.3467 27.6147 49.1083 56,5735 5001424 67.0713 65.9182 67.7017 78.4000 i u , "-*, 4 

ENERGY F - -Y.MOlul&T Y&O.M.NT / I S I A I F  C.O.MP_O.S-1-T-t-0.N -- 



I ;pa , , -. 
C . . A.' .T 

".*- 2 -  .> d LeLP * t  - ,i'.!$,.,<$*, *,: -29 1 .  t 

. & I . d .  i.a,); , &.MER.G.I~ELEo.RN~P~~.c~I.M,F ' . S-TBM!~.%\:EP_R.O.XI.MA ;- - . -?  J-I.OAl.-s fi 1-,q Ai?$v. d Pa ,-- - .  - .  - 
'W~NE ' " ~ E C T R O N  EXCITAT,X~N.S*OF AS SYMMETRY : - -* c r r 4  .' .. 4. A &# 

~ ~ . ~ ~ ~ l - O h . 1 0 R ~ 1 - 1 _ 9 c 1 3 _ 4 , - 1  1 dfth' ' 
qtqjG . L r d 2 3 ~ - 1 ~ 2 6 1 3 1 1 2 I , f k  a*., . .. .. . <A . , A,-... . I  

1 XMOMNT 0.00000-0.00000 0.00000-0.00000-0~00000~~~0.00000 0.00000 .0.00000-0.00000 0.00000 t' - 
1 YA.0.M N J~OO.323~63~O~OOOOOOOOOO~OO~5533833OOw~OOOOOOOOO~OO~~O-O-OOO.O~OO~~5515~66OOm~OOOOOOOOO~OO~44~3.1~Ow~0~0~0~0~0~0~~.2.3.3~9~8 

JUMP E 11.0354;23-0'739 30.0396 36.5979 3709395 3906250 47.6900.48.6364 53,2308 53,6706 
DLA.G1~2.2~292.O35~~~~6~99446~~9~OSS6IrII.9979~885_4_4~-3325.8_5,2~~44611776_4_4229-7-76.8.~~1~7-777996b99~~1_4_4OO7773~~~S 9..1 .I --- 1 

%F;g,. " 3Jw- . . 
I 

CORRSP 21.6877 35,5783 42,6126 49.2064 55.9053 53.0997 60.1240 +71..26.3'4 67.6610 76..9'619 



I - - . - . -- . - - -- 1 L 
NAPTHACENE~ I R M  

. . I . " . .  1 

.- - . .- - - -- -- . -, . . .  .. ---- - - .  

. . . . .  ,_,__ . - . - 

1 
I 

ATOASIC COORDINATES 
. . . . . . . .  . -. - . . .  ... ... -. - - . . , . - . - -. . 

i-x 4 - 3.3 0 . 0 3  o.4.64.02 -.5.9-880--1-o.7.320~0.~8$-66000-- . . . .  6.6.OpJ-*_7.3_2.0~- . - . - -  
2.- I( ---,- 0.. 0.- 50.00,-0.a.-- 0_o.5000~0<--0 a-5.00.0. . ..1 * 5000 20 0.0O.O-1-0 50.0..Q-' 

.> 



__- --- . . . . - - - . - - A - - - 

- 
NAPTHACENE 



8"-- ' 
1 8  0.,62322-0.~049-0.~~2 0.00470.0..~~6~88~0.0.0597-0.07431 0.0~$? 0.99659-0.00824-0.15495 0.00627 0.46465 0.01787-0.~~@~93-0~00442 0. v- w 1 I " . .  . .. ., 

,@: ' . , I . '  
r . . ' *  

0' .. . 



NAPTHACENE IRM AUGMENTED DENSITY BOND ORDERS 
7 . .  . . w 



4".? > . . < 
- . r  . . Z "  . * ;i:.- ..,- .:k i , 

' .. .I"-- * ,  - , 
-2. +-,;.*A- --,, ' L-4 .;%+& :v<:.j,F> :'p, 2 '&.< .' 

- 
C 

XMOMNT 1.20078-1.09260-0.01075-0.33767 0.00985-0.13958-0.11666 0.36640-O.O..I151-0~10598 9'; !, A 
8.'. J 

I 

-- F-' 
JUMP E 2201212 28.5235 35.5898 40.3012 43,7026. 4400490 4404577.4507282 5206176 52,8643 
~1~.~~~~3.2~.~8~85~13~.~8~0~1~6_5~1~,20~6_45~7~.3~7125~7.~4~9~Z73~8~.~6~9~9~6~5~8~.~2.8~0~7~63~.~016~8~7~1~.~(S~6~5~8~6.5~.~1~0~0.S 
DIAG E 3'705542.32.9768 53.5436 58,5055 61.1666 5505249 6009243 63,3512 74.1740.62.3589 -- .-." " .".-. 

.--.,* 



\ 

I 

i # - -.. ----& 
,4' 

- \ ,&%?-fl~',.:~~,':.;;2~<: , 
- > ,&X$-&. - . z , * ~ ~ .  r , - ENERG-1. F,,S LO-R-MA.eJ_HA~C-E&E mi- IRMA.PS_R.O.XIM A_T.I ON 5-.'8 

- 
* 

I ONE ELECTRON EXCITATIONS OF A3 SYMMETRY - .- 

4928.0-0..-0.1 684- 0 . .0.2.53.3-0 . 1 96.56-a 
49.0776 53.1074 54.2110 

70.._0.2h-O-73.9937- 
DIAG E 21.4643 41..2315 48.5896 42.4455 51.2591 60.4661 68.2661 62.1642 67.1861 75,0547 

d~ALl~7i64488,_s74_hlr0,-9-288C;L4~Cihd_6_7~1-S-Z~~a~332_e3_6_4~~-4455OO6b7~i~=6_bb7788._4_4bbZb 
65.5149 78.2916 



I ., ATOMIC C 0 0 R D I N A T E S  1 



.- --. - . .  - -*-. 

-- 
TBM APPROXIMATION f .  

a r 
; -, 
I ' 

I. I ,  ; *  ?i 

8AS . ' "  11 AS 12 *~$*s~-I--x 5 AS 6 A A  6 *' s'l:!p , p  . ~. !: 
'9 SA. 4 4  10 AA ! 

.369l1S31.32l~l3~?~2.2l.246815l..246~~81l52.1~1~~.0_5~4~22.2~0~~.~9445577~6-~-~-8~f~~' . - 7 
,$;j 

r !. t:. 
0-~-1-2~5~~0~~-~-2~~2?co,23-5~7~0~5~0~~-1~85~8~7~7~0~~ ~~6~14~1~0~0~~~2~t)~2~54~0~0~~~0~7~~7_4~8~0~~~3~3~3~3~2~~0~~~0~Q~.5~6~2~0~~~3~0~0~71~~8~0~~~1~8~7~~0~1~0.~~~1~8~7~0~l~~~~3~0~0:,7 4 9 
0,083552-0,163129 0.235701.0.300749-0.064681 0.122701-0.362997 0.168882 0,287385 0.185877 0.154062-0,1540620.18587.7 



/ - 
4' 

f 
\ 

'. 
TBM APPROXIMATION I - 3  - 

! ,-, 8; .-*' - ,  . - 4 4  - A- . -.;eL 
7 s3 8 AS I- ~ S A - " ~ ~  10 AA 11 AS 12 ss 13: SA . *.z. 

2-0-.-2 5-8-1-5-1188.-2.8.2.6.6331t7T.-33885S7_241k--8877447744_174C--8-T3 9-1-9---9-4-5-0-9-3 *-8-6_4-7-6~4-*-3-0-8 -~-0J1-3-!-5-2 5 5 1 A L "YA - 

1 - - .  - - - - - -  - .  
- - .  

Z ; ~ ~ O T  H . HHA41. L,IL._T-_Q_NJIAN~E_I~G~Y~AL.~E~S~AN.O-E_I~G.N_V_ECL~~S 
15 AIL; 16 aS 17 SA 18 SS- 19 AA 20 AS 21 AA 2'2 AS- 

-.2;4_~~2~S58~24~~~6623~883~3322~~336bOO775~3355~~6_1~22663~4433~~9~6~335~1~4,9~~~99557_226t7733~~244Z223~9988~~9_336b6bS51122OO~~-499662~O ; - 
'$%,6"384080-0.000000 0.095388-0.343030-0,20321 420.~Z39835-0.331230-0. 323474 0.20?_622, r3, ;n";;r.;g- 5r.:-S .-,a- ci$~ . 1 9 2 0 4 3 0-.-3-3-2 6 2 8- 0-. h3 4-1-8.2 0 . 1 5 8-9-616Lb_='_='bj8_14 3-?i3!0-!;13L8888Q5.2 0_.-33 1.2 24  '0-..24-8.2 9-3- 0-.-1-3 118;Y%+ 

-7'0, 192043-0.332628 0.434182 0 .148966e ,0~08 1.439z0:&880~2-0. 3 3 1 2 2 4 - 0 2 8 2 9 3  0.13481%s 





7 -  - - - -  - .  - - - -  _-________ . . . . L 1 - -  -.- _-I___-- - -  " - -, . . .  ̂  _ _ _ - _ _ 2 _ _ .  ? 

m .--- 
I .  i 

.- - 

TBM DENSITY BOND ORDERS 
. '. 

- -** - * - .# ?.. ,,, .*' , 
. - 4,*r&" . A, A;,,., :*:::>7: I 

3 4 5 6. x&,l&q- 8 9 Lo 1-l 14 1-5 &+.. 
I 

I 

16 17 18 19 20 2 1 22 (4 - t 1 
'.k, 



. I S  E.N.E.RGLES3-0.R-P_EN_T_A.C.CEN.F , f , I * _ T :  --LTi:.:, .., 

ONE ELECTRON E X C ~ T A T I O N S - Q F ~ S ~ [ ~ , S Y M . N ~ ~ T . R Y  
9-,A2 , J UW.P J, x ~ l  .;ML+~&&QWT~-~~ 1 1 3 1 0 , 14 

XHOMNT 1~160-4.631-1.16619 0 . i . 0 8 - 0 . 6 0 2 ' 1 7  0-50114 &:' 
w. Y-F-4 0 p4 p1 1- OO.-OOQOOO-0 - 0 . 0000000000,~0~0~0 0 0 - 0 , ~ ~ O ~ O ~ ~ ~ O ~ , ~ O ~ O ~ ~ ~ O ~ O O , . O . C I . O . Q . O & Q ~ B O ~ ~ ~ ~ ~ ~ ~ ' ~ C ~ C ) ~ ~ ~ Q ~ ~ O ~ ~ O ~  0. rn 0 0 00000 

*JU).IP,E.194.'1820 25.7*518 28.4886. 30.9112.31.5382 38.3585. 39.4955 39.2986 42.1660 42.3058 a ,A& .: - E - + h - -0- 3, - 4 1 .-8 9 4 0 3 L 4 W 8  0 4 9 - 4  227_4_44488e-333333995S88~,4991_4_45-6b~-OO336b66555&21L6~e-6b5_844559_sS71613 , . - . . . . - -- . 
P n O I A ~ L E ,  34.9353 44.5135 32.3271 51.3195 51,8381 -61.0942 '59.5393 51.4787 64 .~975  58.6301 
{" ' C-0.k~~5.p ' ;Lfj;Lfj..2233244337 .-651-0 3-8. 7.4 1-8 .4 7 1 0 7 0 4 5,9 7 711 6 0 ., 9 3-6-3 5-8-,4523 5.5_.-0088882865;5. 7-1,bb7 h_L, 1-1 39 :" %~I,CORRSP '36.1380 40,3347 27.0609.54.3632 48.9238 62.601.3 63.3595 4T.6.913 68-2658 "6-1 -9.345 



. -  - -  - -  - - - ,  - - - - * .  . .  . . .  \ . * +----- . . -A+-- A . 
.. - 

- 'rt* - f 1,- 

.1 /- ' p v - ? .  ., . 
B ,T..B.MA.P_P_R.O.XIM.A~I~O.N~ . --+2 . y, p . ,.,. . ,,.*- 

\:.'ONE-:ELECTRON EXCITATIONS OF AS SYMMETRY 
. - - 4 g::;= \-'< k... I -- . --.&$ai;G , , 

, . -*Ju.MP*~ 11,1!2*. 8 12 0 3 5 1 2  1 -114 .  66.13-.-8'314 I 
XMOHNTiO. 00000 0.00000-0.0~.0000~0~~..0~~00-0.00000-0.00000 0.00000-0.00000 7 ~ < ~ ~ ~ ~ ~  

~~0~~1 -0 .77218 -0 .OOOO~ 0,59233 0 . 0 0 ~ 0 ~ ~ ~ ~ ~ 0 ~ 0 ~ 0 . 0 0 0 0 0  0 i 5  1595-0.51596-0.00000-0.00000 
JUMP E "8.1?29. 19.1828 23,4706 24.'5662 28.4863 31.8081 39.U963 39.4977 44.8797 45.5577 

I 

I 

D_I A G E d- 1 9' 53-9-2,37,. 9 4-9 0. 4.Q. 5 1 9 2-3L3-3-1?40-.9_4_2_45-0~34916-0260575-3~7016~7916-6-2 - 9  4 1 1 
D I A G  E~.1,9~":7~898 34.6570-41.0917. 39.9278 40.10YS 52,1273 61,2100 52.2750 66.2846 62,1001 
c O-R.R-S-P 1 83?8:34.6 3 0 .-0 4 7 1 3-6-. 3-0-6-5 3-5-.-2-61 3 4 4 .-3 7 4.2 5 0-.-5-3 1-0 5-8-. 9-3-3.5 5 4-.-236 4 ' 68-.-1-1_8_4 '6-6-._8 7-5-3 
CORRS-P ',:92,00'25 31.4312 44.3721 37.7028 36.3.410 51.3576 59.4669 53.2769 69.361'2 67.2601 I ' 





w-,:**-., 

3( -.,. x:#)$ii >,,-F 
i ' ,r. a. t - - . r  

.-c !' I R M  APPROXIMATION E . 
. ,. 

I .. PENTACENE 
, /i 

O~E,R.LAPFJ~G~KA.LIESAN.0~G.MYyEEC6,00RRS . +,c , rp - 
1 SS P SA 9 SS 4 SA 5 4s 6 4.a 7 SS 8 AS 9 SA 1 ~ ~ : k A  11 AS 3?2 SS 



- - - - - - - - + - - - - - c  

r. 
Z 

*$? &t$. , -*$@ ., 
/ 

IRM APPROXIMATION 
6 ...: ' 
y,E- * 7 \ - .  .: 

7 SS 8-AS 9-SA 10-9;A 

,4'= 
d ! 

0- 0 9 8-3 3 5 0 1 7 0 0 60550-.-119-299661~00~-1-5L-0 1 1 - 0 ~ ~ ~ ~ ~ 3 ~ 2 ~ 2 ~ 6 ~ ~ ~ ~ 2 ~ 5 _ 4 ~ ~ 8 8 ~ O ~ ~ ~ Q 5 ~ 7 _ 3 2 D 1 O ~ ~ ~ 3 ~ O ~ 7 ~ 5 ~ 2 O ~ ~ ~ O ~ 2 ~ ~ O  JJ0O~-2-8557755330O~~882288775~0O~-2~13311890O~-3_44338 3 4  - C -- 0- -- - - 
0.070016 0,138109 0.202349-0.260767-0,056084 0,109186 0.307798-0-154743 0.252541 0.183132 0.165040 0-183984-0.212330 ; 
0-.-0 7-0-0-1-6 0-. 1 3-81-09 0 . 2_Q2.3 4-9 - 0-• 2-6-0-7-67 0 -0 5-6 008A4- 0-. 1-0-9-1 8-7 0-.D33007777997 0-1_5_47-44 0 ._2 5 2 - 0- 1 8 3-1-3 2 - 0-. J6 5 0 39 0.. 1 8 3-9-8 _4r7- 2 1 2 3 3 0- 
00098335 0.170065 0.192961-0~154011.0.143227-0.254488 0-057318 0-307152-0.027906-0-284753-0.182875-0-213188 0.344183 , 
0- 1 7 1 6 1 1 0- 0- 2 ._ 4 - 4 a 7 07 - - 0 -0- 1 - 7 0 - 1_52-0---Q224_5 4 3 00.JI1775 1 0- 0 2~g9966333~~O.~2~4~~8~OO~.14_4,9,2~3~O~~~2448888O_1~O~~~O~~~3~84~O~Q._1_2_O442S)tOO~_1~2277222~~O.~OO1_88336 9- 

~0:-164 141 0.162608-0.008170 0.172620 0.2254 14-0.25 1287-0.139708-0.003283 0.013805 0.29 1238 0.32733 1 0.335300-0.31 6813 
0-0-2 3~OS~844OO.~1~1~~55~~OO.~1~853552~O~2~35_5336b2~0~e~2bOOOk~4-O . 1 0-4-1-3 5O0O~~0O9~1~3.2_6~0O~~11550~1111330O~~2339~_4_4330O~~117~773389z0O~~04_4 2_4663300-~0044660062~0-~-2 2k24 3~ 
O . ~ ~ ~ O ~ ~ - O , O O O O O O - O ~ ~ ~ O ~ ~  O,OOOOOO 0.282754-01000000 0 . 1 7 0 6 1 4 - 0 . 3 0 7 3 2 4 - 0 ~ 0 0 0 0 0 0 ~ 0 ~ 0 0 0 0 O 0 - 0 - 3 8 O 8 8 8 O O O O  I 

0-a2.3 0 1 8-3- 0 1 1 9 7 3- 0 1fi-753-0-',35-3 6 7 OJ.CZ0_4_4.7,Jl 1 0 4 1~3355OO~zO~9113326~OO~~1_S_SOO11112~OO~~2L9,4,4444~O~1~~~3~8~9~O~O~'12,6 3000--0,t,t660-662=06~-2 2_1_2,432 t ,-, -a. , -em 

0.164141-0,162608-0.008170-0.172620 0.245414 0.251287-0.1397O7-0~00S282-0~013$05-0,2338 0,327331 0,335300 0-316814 I 
0-.-1-7_1-6 1 1 - 0 .-2_4_4-7 0 7 O0.-1'1770_1552~OOo-O-2_4_45 4 1 0 .~5~1~1~0.~~~9~6~3~3~024~0~78~0~~~14~692~2~0~.~2~6~8~&0~10~~~0~0~3~84~0~0~.)~2~0_4_2~0_=0_~~~2_7_2~27~0~.~0~1~8~3 6 9 J  
0.098335-0,170065 0.192961 0.15401lAO.143227 0,254487 0.057319 0-307152 0.027907 0-284753-0.182875-0-213188-0-344183 r 
0-0-TO-0 1 6-0-1-308-1-0-9-0-.2_0_2.3 4 9 00.-2-66007 6 I 0 ~ ~ 0 ~ ~ 6 ~ 0 ~ 8 _ 4 ~ 0 ~ l ~ 0 ~ 9 ~ ~ 8 ~ 6 ~ 0 3 ~ O ~ ~ % % 7 ~ O ~ l ~ 5 _ 4 _ 7 4 ~ ~ ~ ~ 2 5 ~ 2 ~ 5 4 3 ~ O ~ ~ J ~ 8 ~ 3 ~ 1 ~ ~ 2 1 _ O ~ ~ ~ ~ 6 ~ 5 ~ Q 3 ~ 9 ~ O ~ ~ ~ 1 ~ 8 ~ 3 ~ 9 ~ 8 _ 4 ~ ~ ~ ~ 2 3 ~ 2  3 3-0-1 
Oo070016-0.138109 0,202349 0.260767-0.056084-0.109187 01307797-0.154742-0-252541-0.183132 0.165040 00183984 0.212331 , 
0-.-0-9-8-3-3 4-0%. 1-7 0-0 6 5 0-. 1 9 2 96 1 0-. 1-54 OJ 1 - 0-.-14-3-2 2?- 0-.-2 5 4 4-8-7 0-.-0-5-7 3-1-9- 01--330-771 5 2 0-~-0.2-71q0066-0 0-2 83-7-5 3 0 .-I8 2 8_75-0-0 21-321-8 8- 0-.73_4!+J_1883 , 
0.171610-0-244707 0~170152-0~024541~01147511-0,209632-01240784-0146924 0.268801 0.003840-0.120420-0-127227 0.018368 , 
O7*-l166_4 4 1 - 0-.-1'16-2166008=00~-000'183 7: 0 - 0 11~2_6_61~0~~~2~~5~~1_4~0~~2.5~1~2~8O6~0~~~1~3~9~~0~8~0~0O0O3322882~0~~~0~3_8_04~~~2~~1 -2 3-8~0-.-3 2-133331100~-333353330000_O_O~-33 6-8-14- 
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r *.a I).=' ' 1 * - .  - F&. t r  ?' L -, *--- 
I ~ & ~  I.-i - 1 4':l-o 7 ~:a s ~ o ~ ~ 2 7 ~ ~ 3 7 ~ 7 ~ 7 ~ ~ . ~ ~ ~ ~ ~ o = ~ . ~ 5 ~ ~ ~ ~ ~ . 4 5 0 5 9 ~ ~ .  -,-- 03629=0..12534-0.00384-0.-13168-0.0 1 2 b 6 = 0 . - 1 9 - 9 2 4 = 0 . 0 8 5 ? < ~ 7 0 . 3 r i f 9 4 ~ 3  15 0 .  3004- 



I i 

. ,  . , . . @ & g $ $ Y @ $ ~ ~ p ; ~  . . . . , . . , .-'iC ..*,<" 1 
5-.-8- . . #%I&&+ c ,* r h  . . 

y;Y&$&%;;:; ;.- p--.. - -  : , . ' .  
0 4 ~ 1 ~ ~ 6 - 9 - 1 . 2 ~ 3 . 5 - 1 0 0 ~ ~ ~ ~ ~ - 1 ~ 2  - - - -  .. -I 

28-0-05758-Owl6280 
- -1.-5-Q~w-0-1,3~0-1-00~-0042-1~ - 

J U M P  E 21,9554 25.5222 2708405 31-4073.33.1078 34,5908 3809929 3903043 40.7771 45.0931 
D-I-A.G-E~~~-.-0-0-0~6-~.~~~~-~~~-~~-~-0-7-7-~-~~2-~~~3~-4-5~5~~6~8OOO-S-1-~-0.63.6-S2-~-592-5-55-~3-8-9-7-5-7-~-64.8-7-63~~-8~2-2~ ' . - -  
DIAG E 33.1414 37.2386.37.4804 '42.5053 47.0431 51.2574..52.2175 56.1149 57.8403 64.1219 I 

~.O.R.R.S.P~~-l.~~4.~-9~~J-l~JJ~5~.22~~~~~~~.88~.~~O~38~~.~~~77~39~OO~~.~~~2~~~Jd-i~9~~;9;9-~~9~31;15:66.~224:~67766OOw&O~SP88655~~11~~~3 ";; -- 

CORRSP 3105923 31o.3034.41o.8843 4300753 4501343 53o3150.50o.0127 56.3705 60.8117 65.4613 
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CHRYSENE ' TBM TOPOLOGICAL BOND OIRDERS 



- _ _ .  - - - a _ * - -  - .  _ - - -  - . 
t /" '.,>. - r,-, 

r Z  -.. - $. . re- $'."- 
Y ,. .:r*.i*> . *  - 

&:$f ..' ' .  I 
I . . bE9* 

4 7 8 9 10 * 11  - ' 12 - k - 7  -- 1 2 . 3  5 6 1 -  L ~ . . , . A  -_ 1 6.. ----- yL? :tm :1 
' 'a i &*;J''s 



I-. - -+:- - - 

CORRSP 30-0819. 30,3100 37.2496 48-5377 38,4251 ,420.1547 42.4094 42.7524. 47-4843"44-82.75 48--9988 5105848 53-3255 $2*-."0~502---4-8~1jJ-5---- 
CORRSP 30.2077 30.5272. 37.3203 40-4662,.38-6632 112-7229. 42a.5845 42.470 1 47,4235 4439532 49,4815 5 1  ;6 197 53,3808 5 1.8373 .48-6762 

FINAL~'EXCIJED S T A T E S  OF A SYMMETRY - - - - - - . - 
% 

:i :( 
ENERGY X#OWNTYWObrlNT//STATECOMPOSITIOM... -----. .-.... -. ...... 

---J 
s ,  . -7 



CHRYSENE 
- 

TBM APPROXIMATION (cont.)  
-. -- 

- 

1 . ---- - - -- -0.0966.yO.1059 -0,0118 -. 0.9128 .-0.0502 - ,- -. - -- 
I-' 



J 

I CHRVSENEI IRM 
I 



k 

CtiRYSENE IRM _APPROXIMATION 
. .& OVERLAP EIGNVALUES A h C  EIGNVECTORS 

95 
0 

OVERLAP EIGNVALUES A N C  E IGNVE&.FORS i .i.*+' ' 

CHRYSENE IRM AP_PROXIMATION 
ZERCTH HANILTONIAN EIGNVALUES AND EIGNVECTORS 

C 

A . . 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

32.74716 29-01981 23-25103  21-05810  16-18215 15-16745 9.95664 7 -44948  3-96466-17-56223-23-23761-24-41594-34-743953548 -4&3543 -5001514 - 6 7 r 0 9 4 0  9 8 0 - 8 8 3 2  
' 8 
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. .' iiTZ. , 

4 '  

BOND ORDERS - .,, 1 
. .. - 

. >A'* -- 4 
1 1  

1- 

1 2 3 4 5 6 a 9 10 12. 13 .. 14 IS - --- - . 



i .. 2 -- - --  ,-""tl. 

~ ~ - - 0 ~ 0 ~ 7 ~ ~ 0 ~ ~ ~ 0 9 3 ~ - 0 5 8 % 3  - 0.01082-0.15342-0.05618 0.30713 0.71382' 0 . 4 1 ~ 9 6 - 0 . 0 7 1 9 2 - 0 . 2 7 ~ 0 7 - 6 . 0 3 1 8 6 . 0 . 3 7 2 9 0 - 0 . 0 ~ 0 2 ~ 0 ; 2 3 6 3 6 ~ ~ ~ ~ ~ ~ ,  
-1 L - L  - 

**- 
d ti*; A J Y ? ~  



<q&- A& /-- J -" + +--*--- .&* a.4,,,,.* *:*;<vt):%.k~' y. , \A$-; - *E,&~RGIES FOR CHRYSENE ""*. . , u I ~ l v b q  p p R O X ~ I ) ~ ~ A ~  I ON -::m~*q,~-, .... I : . 3 . . . ~ . - +  .,--.-- 
4- .. '-v4 4 --' ..'+; 4% fyl p* -. *  GNE*~EC~TRON .. *f .>, . EXCITATIONS OF 4 SYKMETRY " Ti-;;-t .. - .  'y'-- b ~ ~ z  "AdL>,,[ ,. -43:- , 

JM&Pt>;j.%,, 9 ,  10 * 0 p,1 0 .?, 11 7. lo'*-. 9;;.12 8.11 8J1'2n 6.16.~:- 7.11 . 5 1  .7-.12- 6-,11.? h i 1 0  9 .13  , , 59.1 ! . -  .-, 
~M~KNT-0 .80523 -0~40O45-0~40453 -0 ,01591  0.05324 0.68959-O,"O7~1~44-0~00 167hO-05074' 0-01323.0043999-OiOO242 0.00928-0.00202:0-253782+ 

" YKCWNT 0.05785-0.80749-0.74452-0.00998 0.07616 0.07942 0.01502-0.017I35~0~00306~ 0~1.7.160&._9,.18637-0~0496'6 %.00163-0.00733 -Of19967' 
JUWP E 21,5269 25.0 117 27.2023 27.5 189 28.3806 30.6871 31 .a654 32.7297 33.1942 33.7444: 34.3726.138.405 1--38.6203. 38i7086, 39.4198 
D I A G  E 32.3164 35.7823. 37.1335 4Qa7b22,40.9299 41-4527 44.5686 45,9320 45,3650 46.9892 :5Qo-4-0077 52.6923 52,5689 51,7236 52-9*114 
G I A G  E-32.4967 36.4153 36.6499 40.7748 41.2575 41.4216 45.3488 46.4942 44.7347 47.4060 50.7876 52.5905 52.7803 51.4010 5.2;-6692 
CORRSP 30.7698 31,2012 41.2728 38.9752 41,7666 42.3010 48,1697 617-1886 37.2861 45.6482 52.0745 $4.5436:53.1163 53.5667 53.8310 
COHHSY 30.9187 31,3539 41.3031 :39.0740 41o9450 42.2566 48.0219 47 .1668 .37~4998 .~46m0526 '53 -6965  54,4096 53.3889 53-1815 5?-1593 

i. 1 
9 .- --- - 

I 

F I N A L  EXCITEC STATES OF A SYMMETRY , , - 

C N ~ R G Y '  F XMOMNT YwOWWT / I  STATE C O M P O S I T I O N  -___ .._ ..I.1I ,. - .  ...- ...-... 

30.76975 0.50059-0.61850-0.00561 / /  0.9348 :0.0994 -0,0527.-0.0100 0,0036 0.2910 -0,0308 '-0.0030 -0.0\116 ; 0.0021 
I 
I -- 

-0.1519 0.0084 -0.0002 0.0012 -0.0667 4 - 7  

, 20.23693 / /  0.9351 0.0410 0,0495 -0.0352 0,0235 0.1278 '0,0006. 010013 -0.0374 0.0005 - - - . *  

. -0.3132. -0.g010 0.0162 0.0052 0.0594 

Ot 
6 
C 

, 
-.---.--v , - 

31.20121 0.02454 0.05268-0.12536 / /  - 0 , 1 1 6  0.7391 -0,6575 -0.0031 0.0618 10.0189 0,0009 0.0268"0.0006 -0.0559 
I - -- -0.0024 0.0204 0.0031 -0.0 167 -0.0173 

28.76.192 / /  -0o0619 0.8886 0,4146 0,0726 -0.1092 ' 0 - 0 8 3 5  0.0335 OmO701:-0-0394 0.0036 
000240 0.0291 . 0.0 128 " 0.0308 ' 0.0168 

I 

4'1.~27283 2.09418-0.43897- 1.00030- / /  -0.0 140 . 0.&!51? 0.7217 0.069 1 . -OmOOS3 0.#563 91&024 ' 0.0124 0.0435 -0.lJ41 
' *  

. "" 
0.1693 0.0099 -0.0015 0.0023 0.0503 

30.98143 / /  0.0510 -0.3966 0.8465 0.0151..-0.0826 -0.1621 0.0291: 0.0055 -0-0021 0,2360 
0.1716 -0.0171 0.0089 0.0355 0-0516 

-- -- 
38.97518 0.00178 0.02974 0.01381.// -0.0166 0.0011 -0.0688 !0.7498'-0.5702. 0.0625 -0.0478'+0.0567 -0.1974 0.0157 1 

-0.0072. -0.1761 -0,0030 . 0-  1672 0,0094 
26'.83312 / /  0.0286 -0.0899 -0.1095 0,7154 '-0.6720 0.0066 0.0153 ' 0.0276 -0;0?r10 -0.0041 

cT . i -0.0660 -0.0453 -0.0752 010184 0.0227 I 

41.76662 0.02915 0.06127 0.11251.// 0.0008 '0.0617 -0.0079 0.6119 0.7313 0.0396 0.1471 -0.0233 0.23885 0;0077 i 
-0.0406 -0.0-%3-5 -0.0452 -0.00 17 0.0241 

4 1; 65092 . / I  -0.0063 0 ~ 0 0 9 8 ' ;  0.0581 0,4434 0.6935 0.0125 0.1675 
r -0,0338 -0,1864 -0-0550 0,0697 0.0546 

, !; ' 
#. - , , .  

-4-2k3~g1~0551~3-5-12-5 0.8627-70,08%5 11 -0.3037 -0.0366 -0.0120.-0.0766 0.0209 0.9-3Ti8O.0791 
-0.0946 -Q.O044 -0-0060 - 0 ~ 0 1 3 5  0.0531 

3 T X r 1 O  7 / /  -0.17.93 -0. 1 6 8 7 T 1 8 5 6  -0.OlTl -0.0069 0 . 9 1 5 O 0 T 9 0  -0.0563 OL0193 -01 1459 
I 
I 

- - -0-1595 -0.0154 Om0005 -0,0179 -0.0137 . . 

48i16969 0.00173 0.01454 0.02512 / /  0.0049 0.0249 -0.0170 -0.1239 -0.0722 0.0447 0.6267 
0 . 0 478-0,1890;0,r~59-0T0466'-0. 0 6 3 9 

I 

I - .. 
I 

cd C *. b 

47127 134 
I 

- - 0.0796 0.0187 -0,2212 0,3098 10o2751 -- 

-7- 
. -. 
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- 

- -I1 " /: L'&q::+2. , >;:3,;+;: t*-.*. , i.,$...;..:L5?'$~x&b.. -- . \ .,;.:?s ' 
'..,-'a.'-.. ' . ., 

,'. .. -<,.$23:%? .. '\ 
3 9  4 BENZPHENAMTHREME ' TBM APPROXIMATION - .  :'". .- . . 2 , - O X E R L A P ~ E ~ ~ N Y A ~ ~ = U ~ E S ~ _ M ~ D ~ E ~ ~ G T ~ ~ Y ~ ~ O . R ~ S  A ~ - -. : - @ Y ~ R  L -A~~G~~Y-M~ES~A.N.D~E~TN_V_EC~T~O~R.S.~ 

9-  s 10 S 11 A 12 A 6 S 7 A 8 A 
;'.&, 

C~S, - - '  ITS ? '- 14 s . ,-- -- ,.....is, A' - - -+; 16 S 17 A - - ~ ~ ' 1 8  S 1s A <.3@ :b?A ... -?;,d- . 
I 1- 6 1 8-74-61..521_12-6611._4336b7 0 7,  1 .34~04~0~1~.~3_4~0~3_5~1~.~2~7~7_2t~~~1~.~24~6~7~~9~1~.~1~634~3~2~1~.~l~~~O~O~7~9~O~~~8~5~99~1~9~~~.~8~3~6~5~~bO 7 5 3,19 9 0 . 7 ~ 2 . ~ 7 ~ 3 ~ 2 ~ ~ ~ ~ 6 3 ~ 0 ~ ~ ~ 6 ~ ~ ~ 9 5 ~ 8 1 6 ~ . = 5 ~ 6 ~ 3 ~ ~ 2 ~ 0 ~ . - 4 ~ 7 2 ~ ~ 3 ~ 0 d ; ~ 3 ~ 8 _ 1 ~ 2 ~ 2 ~ ~  
i -- - -  5.- *- I 

-, -1- - < ~  

- K C ,  

3 . 4  BENZPHENANTHRENE 

1 S 8 A 9 S 10s 11 A 
, - -,- -- - -  - 

+ - 
.. - - . . . . 

i 
I -, 1 



- . I . . '  . . 
.. -fit :t - 

? r . &=<?,;-k7; '. ' , *-.,.;.. :: ' \ # *  - - .- ,# - - # 1 . .  / . . , * ::" . q - 
I .  ' 1. 

.,.. ENERGIES FOR 3,4 'BENZP.HENANTHRENE T.B~JVI~P,.~ROX I M A T  ION . . 
ONE.'%LECTRON EXCITATIONS :OF' S SYMMETRY. ,%;; ' -  * 

4 

3 ' 1  1 J U ~ P  "10 y + 8 ' , 1 1  6 * l O  7.11 \y 5110 y\v.44,u,11' 
h\i::- XMOHNT-O.OOOOO 0 833 -0.00000 0.00000 0-00000-0 186 1 0-00018- -0 0145 0-00003 

I 

YMGRNT-0-50488-0. - 00 0-0.74021 0.53797-0-00000 0. 03 0-0.14356-0- 00 0 O c O N  0-14105 . . . -  +--- I 
J U N P  E 21.5435 23. 07 25.3180 2e.6457 29.6507 31. 30 31.7858 33 .9 '50 .34  2 0.34.2332 1 

DIAG E 33.3706 34. 07  38.1275 41.3363 43.4167 44. 02  4407050 44; 473 46. 09 50.3556 
! *  
2 ,  - 

D I A G  E 33.4390 34 50 38.2130 41,7691-43.5871 44. 8 8 45.1076 4 7 6  9 2  47. 94 50.3502 
CORRSP 31.2848. 33i98$9 39.9687 30.8701 42.1360 434630% 47.7349 4 -4 S 4 9 . 2 .  5 $1.3169 % 8 51.3508 

.... .----- 
CORRSP 31.4359 311.06711 38.9277 40.3689 42.4383 4319395 47.9441 5.67 

I 

FINAL E X C I I ' E D  S T A T E S  OF S SYMHETRY i -4 

S,?~,  t . . . . - - - -- - 
P p,'+; ,\* 1 :- . C'?". / 3 .  

ENERGY F XMQMNT YMOMNT //P-%.,,-. S T A T E  C O M P O S I T I O N  ' .  --.:-,. . *  , ...-I + kr-. - *-- -.,. - ...., . 
',*, ' - * '  - 



YM~~N$.-'o.ooooo-o.ooooo-o.ooooo o.ooooo o.ooo3-I-o.ooooo o.00030-o.ooooo o.ooooo-o.oo~oo - 
J U f l - P - E - 2 0 7 7 2 9 9 ~ 7 7 0 3 1 3 0  31.7859. 33.9650 34-23-30 37.6G31 38.30-27 39.5'1T7 

- 

DIAG E 33.4894 34.4607 30.5557 44.3302 46.7142 44.6473 46.8409 52.8828 53.2008 51.9306 - -- 
ti KAAGGE3355 4-9-1-3-4T5533-3BT 7-03-3-4x7-8 8 8 4 6 a 68 3 OT4.6-5-92 4 7 .2 6 94 5 3 . 0 9 4 5 53 . -75 5 1 . c 3  93 

- 

CORRSP 28o6005 3507065 37o8521.43-9645 46.6205 44.9483 47.3133 5602339 53-4031.52-4098 - -..", -..- .*.+ 

C-U R R-S-P 2 8 - 83 2-2 3 5 . '7 4 2-23-8 . 1 4'03 4 4 . 4 6 0 3 4 6 . 6-2~333G5~1-005-1 4 7 . 6-O0SS7 5 3  - 4 0-0-7 5 6 ,219 2-8 52 . 1-2-7 4 

FINAL.EXCITED S T A T E S  OF A SYMMETRY 
4 V  - 

~ ~ i g 6 - y  F XPOHNT YVOMNT / /  STATE ,COMPOSITION , C  - 9 , .. -* - -- - . * ".; * 







3.4 BENZPHENANTHRENE I R M  AUGMENTED TOPOLOGICAL BOND ORDERS 



- - 7  ~. . - -- - . .*: 
-,> , . 

3:k BENZPHENANTHRENE IRM AUGMENTED DENSITY BOND ORDERS , u ..- 

+ i' 
- -- - - T 

*w 16 1 2 3 4 5 6 7 8 9 10 1 1  12 13 15 . . - I ? .  - .  18 
' {J 

1 0.7.7633' 0.43309-0.08560-0.26006 0.0 1418 0.19077 0.00877-0.03455-0.00902 0.05042 0.0239 1-0.04299 0.02795 0.04089-0.0 1234-0- 14917-0.06849 - o . ' s ~  



* &.. . 
E.NE R-G1.E.S-~O-R-3-v4gB8[:[:N ZP_HE-NA-Pl_T_lj.R.E.N E,-]RLAPP_R-QX-.I-MA_T_I-O_N 5-Z-8' a 3 I ONE ELECTRON EXCITATIONS OF S SYMMETRY 

JUMP l o  t 

I 
I 



JUMP E 23.2261 25.3017 28.0982 33.4333 33.8973 36.0357 37,4755 39.0094 b2-0289 42,3477 
Ol.~LE~3~3~~~5~3~6~2~34~~0~0~1~~_~~7~8~8~6~44~3~9~l~3~4&5J~3~8~5~0~9~1~8~6~4_0A)L7~95~2~0~2_6_1~5~5~3~3~7~9~5t7_9_667 
BIAG E 3404594 35.4968 39.5104 44,9567 40,4626 51.0782 48.126'1 53,6296 57.2555 5 3 - 0 7 3 8  

R - 4 4 - 0  9 0 8 8 5.2-0 5868 4 6-0 7 9 9 4 4 9-0-9-84-5 4J8, 1 0-3L5-8---1-7-5-9 5-7--,0-1-5-7 
CORRSP 29,0895 36,7193 39.1989 45,4417 4708257 52,2523 49,4088 57,2192 60.1188 48,7753 

, 0 '  - Lg4 I 

1 
F I _ N A ~ L ~ E x L I ~ E ~ o ~ s ~ A I E ~ S ~ O ~ F ~ S Y ~ M ~ E I R ~ Y  ' 

I 

EMERGY F \ . .XMO.M.NT Y YO-M-NT / / S T A T E CB-M P 0 S-I-LX-ON 



ATOMIC 



0. 1406 19-0-220346 0-2061.99-0.169072. 0,173240-0,247.068 0,167906-0.3 1621 4 0-089.595-0.3316-33 0;. 152724-0; 152125-0,.331633 ' 
OVERLAP E IGNVALUES AND .EIGMVECTORS I 

lb S 15 A 16 A 17 S 18 s 19 A. 20 A'.  21.S . 22 A 

0.787873 0.753192 0.703427 0.662959 0.621283 0.614699 0.522096 0,433329 0,374389 

* ;;,<LA- . f .  TBM APPROXIMATION I .., PIfENE 
U OVERLAP EIGNVALUES AND EIGNVECTORS 

I 

2-A 3's h s 5 A 6 A 7 S 8 S 9 A 10A 11s 12A 14;s 4 1-s- .. . 
1,625609 1-566668 1,477902 1,385299 1.378715 1,337039 1,296571 1.246806 1.212125 1,167898 1.123882 0.876115 0,432099 

\,.* I 



--. - *: ', 
+ L J '  \ .. .Y- \ -; 

I - -  
C I .  A L., 2 1 5  

**a$ $ <. ; ';:& ----  
: *- " b, ..jy$j$ &;:: \ -<$A;::;7:- 7 ' A:< , * . . ;$f;; -5 +.AP-,. .. 

- -  &-I - -- 1121:- 
*.. -.. ' : P 1-LENE TBM APPROXIMATION \SI; +::'I ,& fi. \ t +*<as" ,, ,-. i<vy -.. 

ZEROTH HAMILTONlAN EIGNVALUES AND EIGNVECTORS y.,: r, * ;ib/&4*-- -+-+ .> 7' j 

1-S 2-A > ' A .  L r - L S - A  6-A 10A 11 S 13 'S,., 
I 28.91786 27.17887 124.'29810 20.89938 20.64035 13.14993 10.80239 8.28263-10.62518-15.16200 

\' 
- 

x-3, . . ;.- 
0,068549-0-135123;0,'200351-0-105319 0-285187.-0.085273 0-308375 0,000035 0-267093-0-084380 0 -209074  0-236799 0-09.99166 
0-063464-0-134193 0,21832-5-0-020765 0-290a58 0-097-224 0-22_3089 0-2832-27 0-.148178 0-249469-0-039120 0-044308 0-295551'  
0.092323-0.172988 0,222403 0,072906 0.159895 Oe218050-0-040312 0-283201-0,139747 0~254100-0-228721-01259052-0,341036~4 
0.1-705-55-0-262986 0,212325 0.134578-0,044696 0~200544-0~271516-0~000017-0~268278-0~07~6600-0~0756~5 0-085721-0~09D%49 
0-128979-0-161749 0,060644 0,256135-0-169687 0-262341-0-154757 Oe00O017 0.106340-0-181836 0 -327521  0 - 3 7 0 9 5 3  0-215423 

c 





I & --- i '."' 
;<'2 3 . 

% ! ~ :  ,. 7' ;? . L 

TBM DENSITY BOND ORDERS 1 

b. 
\ fJ 

I 
p;t&< e t; r+ff:+ 3- 1 

Y -. _ -  -- ------- - 

- -[l4I- - 

8 '-?''-9 2 3 4 5 6 3. *7p& 1 0 ,  1 1 12  13 . *:4epd-w 15 - -c I 
17 2.0 26 2 5  f+.. , . ..I - 42. .> .- +' ,j. pr 

1-8 1-9 -- - - -.. . A - .... -.. ----.,,; .-- ..- 
1 0.76012 0.44399-0.05084-0.23800 0.01921 O e 1 6 d & k ? $ 6 - d . O 4 4 9 O  0.00124 0.03989 0.00007-0.01725-0.60038 0.01878 0.00102 

t**,J'?C* 

-0,02290-0-00259 0.07829 0.-00948-0 116-7-0~0-~-04-2~5-0-.~527~~3 . - . - - - - . - . . - -  . - .  -&&f -- 
2 0644399 0.7$885 0.53308-0.04054-0.12568 0.00453 0.10733-0.00376-0.03091 0-00081 0.02763-0~00082-0e02430-0~00038 0.02583 _ . r a w ~  

O.Q019@-0~Odl 18-0-.-0-003364 0-.-0-_593 0-~-@1.47Q-b0,-?1r317-0-1)8957 -.- -... - . . -.- ". ...- .-. *. - - -  -. a-Ad---.,,-. , - .. w ., 
3-OeO5084 0.53308 0.76915 0.40227-0.05522-0-17850 0,01520 0-06014-0-00419-0-04317 0 ~ 0 0 1 8 3  0-02058-0-00082-0-01725 0 ~ 0 0 0 5 1  

OeO1518-0-00291-0.&354 0.0016-7 0.005679-0~03257-0~332_71 1 . ". --. -- 
4-0.23800-0.04054 0.40227 0.721 90 0.34942-0.04455-0. 16890 0.0 1 186 0.04787-0.00317-0.03503 0.00 183 0.02763 0.06007~0.02790 

I -0-00248 0.07294 0--00240-0-00268-0.&3049 0~3-7-511-0.-0133338& --  - -  - . --. - ---- -- 
5 0.01921-0.12568-0.05522 0.34942 0.77058 0.58014-0.04813-0.14191 0.01086 0,09790-0.00317-0.04317 0.00081 0.03989 0.00049 

-0,04180 0,002-22 0, 17,179 0 - . - 0 1 _ 6 9 J = 0 ~ 1 _ I L - - O k , 7 , 8 3  p a  . ,- v . - . .. ... ."a ---- -." - .- 
6 0-16014 0.00453-0.17850-0.04455 0.58014 0.76700 0.36389-0.04691-0.09188 0-01086 0.04788-0.00419-0.03091 0.00124 0.02590 

0,00202-0.08197 0,01672 0~01422-0~03875-0~222110 0-,-0-1-5-0_4 
7 0.00036 0.10733 0.01520-0.16890-0.04813 0.36389 0.72948 0.33196-0. 04690-0. 14190 0.01 186 0.06014-0.00376-0.04490 0.00277 

0 - 0 3 3 7 0- 0 - 0  3 0 3 9- 0 - 2 4 2 5 3- 0 O-33889_2aQ-440-Q2Lz0-~-0033002 5r0_.-1-O0817 -I - 
8-0.04490-0.00376 0.06014 0.01186-0,14191-0-04691 0,33196 0.72948 0.36388-0-04812-0.16890 0.01520 0.10733 0.00036-0.10877 1 

I. - 0 -0-3-0 2-6 0 - 4 0-0 2 5- 0-LLQQ338 9 2 - 0 .-2_4_2 5_a - 0-. 0_3300339 0 0-3 3 7-0 0 .,0 0 23-6 -. I 
9 0.00124-0.03091-0.00419 0.04787 0.01086-0.09188-0.04690 0.36388 0.76701 0-58014-0-04456-0. 1785 1 0.00453 0 7 6 0 1 6  0.01 504 dq:za 

Q 0 ~ ~ 2 _ 2 2 1 ~ 1 ~ 0 1 0 3 8 ~ 7 ~ 5 ~ 0 ~ 0 1 4 2 3 ~ 0 ~ 0 1 6 7 2 ~ 0 ~ 0 ~ 8 ~ ~ 9 ~ 6 ~ 0 ~ 0 ~ 0 ~ 2 ~ 0 ~ 2 ~ 0 ~ ~ ~ 0 . 2 . 5 9 _ 1  f -  . - 
10 0.03989 0.00081-0.04317-0.00317 0.09790 0.01086-0.14190-0.04812 0-58014 0.77057 0.34943-0.05522-0-12568 0.01921 0.04782 <,,:'I- - 0 - 0 3 8 0 1 -0 - 21t5240-0J-600-~-1-73-L70-~-0-02 2 2~0-~-01~-1-8-880~~~00000_4_49 ' 7 .  --- 

1 1 0;00007 0.02763 0.00 183-0.03503-0.00317 0.04788 0.01 186-0.1689~0-0.04456 0.34943 0 - 7 2  190 0.40226-0.0~054-0.2380 1-0.03384' fi;''~<-*' 
* ~ ~ 3 ' 7 5 1 0 - 0 ~ 0 3 0 ~ - 0 - 0 8 2 6 8  0-~-0!024_0 .0-.-072-9-6-0-.4002&0*7027Qo uc,,i$-/ - - 

12'0.01725-0.00082 0.02058 0.00 183-0.04317-0.00419 0.06014 0.01520-0- 17851-0.05522 0.40226 0.769 15 0,53309-0.05084-0.32709 - 0 0 3 2 5 6 0 1 0 5 6 7 9 0 0 0 1 6 7- 0 ~_Ob354~QQ~-OOQ22~1tOO~C001~5~119QOO~-OOOOO05~1 -- - - - -. - - - - - - . - -- - - -.. - -- 
13-0.00038-0.02430-0.00082 0.02763 0-00081-0-03091-0.00376 0-10733 0-00453-0.12568-0.04054 0.53309 0.75885 0-44398-0.04956 

-0,2431-6 0 -01479 0-07593-0.00364-0-04118 0-9_O0190 0.02255883 - -  - -- 
14 0.01878-0.00038-0.01725 0.00007 0.03989 0.00124-0.04490 0.00036 0.16016 0.01921-0-23801-0-05084 0.44398 0.76012 0.52794 

-0,04276-0- 1 1471 .0.00948 0,0-~~29-0.0025-9-0-~Q229O fl-OOl-!?,, ... - -.. , .. . a-S ,.. ..- ..-.-.a .., . .-..-- 
15 0.00102 0.02583 0.00051-0.02790 0.00049 0.02590 0.00277-0.10877 0-01504 0.04782-0-03384-0-32709-0104956 0,52794 0.76693 

Oe41638-0.04770-0.11433 0.01053 0,07167-0,00341-0.02995 --- .- - - .-- -- --- 
16-0.02290 0.00190 0,01518-0.00248-0.04188 0,00202 0-03370-0~~3026-~-22111-0~03801 0.37510-0.03256-0.24316-0eO4276 0.41638 

0-72815 0.30999-0.04665-0.12096 0.012b7 0.03673-0.00341 -- - --- - - ---- - -  e ------ 

I 17-0.00259-0.06118-0.00291 0.07296 0.00222-0.08197-0-03039 0.40025-0-03875-0-24324-0.03049 0.05679 0,01479-Oe11671-0.04770 
0.30989 0a72944~38-6-02-0-~-0&71 1-0. !PSJ-b _O,M247 n,07-1,h7 ... - -. ., .- ..- --. -..... ".. - ,.-.. --.-.. ,-,- 

I 18 0.07829-0.00364-0.06354 0.00240 0.17479 0.01672-0.24253-0,03892 0.01422 0-01690-0.08268 0-00167 0.07593 0.00948-0.11433 
-0,011665 0,38602 0,76791 0.55436-0-0471 1-0,2097 0.0193_3 - 

19 0,00948 0.07593 0.00167-0.08268 0.0 1690 0.01422-0.03892-0-24252 0.01672 0 -  17477 0 ~ 0 0 2 4 0 - 0 ~ 0 6 3 5 4 - 0 e 0 0 3 6 4  0.07829 - 0 ~ 0 1 0 5 3  
-0. 12096-0-OJ1711 0-55436 0-76790 0-38603-0-04665-0,-1-1434 .- - 

Y.*.l_ 
- - 

1 20-0.1 1670 0.0 1479 0.05679-0.03049-0.24325-0.03875 0.40024-0.03039-0.08 196 0.00222 0.07296-0.0029 1-0.06118-0.00259 0.07167 *'' 
0,01247-0, 19516-0.04-71 1 0.3-8-6.03 0,7_2944_4 0.3_099-9-0-&77-0 am&% 

*[>'- - . 
i 21-0.04275$.24317-0,03257 0.37511-0.03801-0.22110-0.03025 0.03370 OeO1519 0.00190-0.02290-0-00341 ' h  
I 0.0_3673 -- Q~012117-Q~l2097-8~844QS Oi3O999 0,La18L5 0.41638 ---- 
I 22 0e52793-0104957-0~32711-0.03384 0.04783 0.01504-0.10877 0.00276 0;00051.0.02583 0~00102-0~029951 ' , , - -  'Wv 

- ~ . ~ ~ 0 O 3 4 1 0 ~ ~ ~ O O 7 7 1 1 6 6 7 ~ 0 ~ ~ ~ ~ 1 0 5 ~ 3 ~ 0 ~ ~ 1 1 4 3 4 - ~ ~ 0 ~ ~ ~ 0 0 ~ ~ 4 1  6663388&.-77666Q94 
T4 - ;-2-f - .  

.-. 
I 
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F I N A L  E X C I T E D  S T A T E S  O F  S: SYMMETRY ,,-.,-. 4 ./ - 
./- u* .: ', .+ - . 

#ENERGY F XMOMNT YMOMNT / /  . S T A T E  C O M P O S . I T I O N  .- 9 
. -- m % 1 :*\- 

a .&, ' 

-5- 0 k.. - _ _ 
V .. *-- w -------z:-l as - 

A. 
/.-.: '7, -* - '  .- - , - 

1 L 



.+- f * -- * *. ' 
f :'J . 

i .  , ?-, 
ENERGIES FOR ~ I C E N E  3d ~:,:TBM,APPROXIMATION 

ONE ELECTRON EXCITATIONS O F A  SYMMETRY . . .? 9 - 
JUMP 1 1 ~ 1 2  8112 1Oi13 ,  7912 9113- 10914 4912 9914 6113 39 12 
XMOMNT-0.97805-0.07494-0.44222-0110253-063320 0,63425 0.01928-0.05372 0105943 0.00791 
YMOMNT-0.56450-0.04327-0-25523-0,05924-0.3646 0,36607 0.01112-0.03095 0103426 0.00457 
JUMP E 18.9078 25.4995 25.9644 27,8126 28.3119 31.0335 31,5246 33.381034.1035 34.9233 

a D I A G  E 30,3609 40.5087 39.9750 42.8125 4105975 44.0142 45.7357 47.9915 50.2.180 5200026 
D I A G  E 30.4468 40.6352 40,0116 43.2751 k1.7339 $3w._9-0-94 45-.-9537- 47_28-6-5 50.431'1 52.4572 

I 

I 

CORRSP 28.6257 39.6929 40.3000 43.2192 35.2848 46.8329 44.8591 49.9543 52.9329 53.5146 
: CORRSP 28.7340 40.3899 39.6776 43.3044 35.7431 47.1917 44.9969 50.1063 53.0065 53.6898 

FINAL EXCITED STATES OF A SYMMETRY 
r:>- Y 

ENERGY*\ F XMOMNT YMOMNT 1 1 .  STATE COMPOSITION 
' 't 



- ------ i-- 

-. ,,., - - - - - -  ---- ~-+-. . - -=~-- .  PICENE; IRM - . ..-. 
I 

7 - J I 
ATOPvIIC COORDINATES i _ _  . ,_ - - -. 
X0 .8660  0 -  0. '0.866.0--- 0..8660- 1.732-6-2.5980 - '3 .4640 

. .. 
6.0620~-5.1-9.60.-->. 3300 4-.3300--. 3. 4640 2. 5980  1.7320 ---1.-7.320- 

y 0.' 0 . ~ 0 0 0  .1.5000 2eOOO0 3.0000 3 - 5 0 0 0  3.0000 3 - 5 0 0 0  
3,  ~OO0--3~~s00.0-3 --ofioo__,z -:?.oqfl.--- l.?,.5.0~fl---2,,-.flo.?.R-_l--..so-oO 
~--- -T--T- - -  - - - -- 

-7 ; " "" -- - -~ ~ -~ 

~ - b -- - 

I .  - , ,, b -- . .. . 
, . . . .  - -  . . .- -- .- -. - -- . .. 

-3.4640 4.3300 5.1960 6.0620 6.9280 6.9280 . 
- . . . ' .  . . - . . .. - .  .- - . , ,  _-- 

4 - 5 0 0 0  5 - 0 0 0 0  4.5000 . , 5.0000 4.5000 3.5000 1 
o.m-s~-o%--..--- --- --____I_____ - 

I - -- - - - - - - . - i;--- - 



0.263162 0-323180-0.138469 0.1 16099 01063253 0.252182-0. 160128-0-313968-0- 197717-0- 143353-0-0 16-2.214 0.J>0494-OO 122655 
., r ,. ., 

0,315256 0.206609 00168150 00198780 -0.197966 0,315396-Oo040273-0-008928-0.044265 Oi334349-0.155959-0-139685-0.311164'. 
0-218 108 0-065551 0 -  188109 09379926 0,071 169 0.147935-0. 189489 0.291 574-0-028501 0 -  198507.,0a30_04-5_8-0~~2~96b17-4 0.174432 
Oo218110-0-065571 0-188106 0,379921-0.071205-0-148060-0.189455 01291528 0-028469-0-198631 0-300366 0.296092 0-174571 
0.315253-0.206621 0,168140 0-  198760-0- 1 9 7 9 7 4 - 0 . 3 1 5 4 1 7 - 0 . 0 4 0 2 0 3 - 0 - ~ ~ 9 ~ ~ 6  n - n 4 4 2 6 8 ~ 0 - -  33,4,28J=00-1,5-670-91 .0-.-1-3-~820-0-.3 1_1099 
0-263-157-0-323183-0-138484 0.116074-0.063274-0.252164-0.160093-0-314027 0.197660 0-143441-0-162148-0-140423-0-122752 
0-  148335-0- 228746-0.21 1059 0 -  173094 0.180453-0-255438 0. 14457 1-0.331 707-0- 12801 fi 0-309394 0.-133588.-0 ._1_1660074422,0,3386?8 

...+# OVERLAP EIGNVALUES AND EIGNVECTORS . . - O'*.%- - 5 ~  s 1 9  16 A 17 s 18 S 19 A 20 A 21 'S ' 22-A . - - - --- - - -- - 
0.753619 0.730706 0-689512.0.662075 00627811 0.623677 0.562456 0,510586 0-478495 

~ 0 2 8 9 2 3 5 2 ~ 0 2 4 ~ 9 0 - 0 9 1 0 - 3 ~ 5 7 2 1 8 - 0 , 2 3 0 _ 9 _ 9 _ 9 6 , 2 ~ - 8 -  0 .. 11 7 9 2 07 , . --. ....-A,--* , e --u-...-*.--.- 

-00206557 0.267128-0.312322-0.055660-0.342318 0.025707 0.247465-0.153417 0.073122 
.--0. 101273-0,325930 0-027980 0-226822 0,223324 9 *087218-Oe2h~k37  0~2.fl,3~C)C)h,S-~. 1..07h.Sh --.- .----- - . .. ."- - . -.- - -A. . --" -- - - - - . .  - 

0.287515 0-064843 0-286070-0.267052 0.003682-0-175651 0.277046-0-334754 0-217215 
0.114591-0.035257-0.171405 06324683-0.160118 0-296975-0-075571 0-195371-0-1555-54 --. - . -- - -- - - 

-0.385655-0.028438-0.091209-0.192094 Oo228950-0~310002-0.113848-O0132371 0.193244 



-~ C 
* . I  

-1C Ate'. s 
- 

,&r*5't.\ -y;:!$i;~!: , /--- tt:'t4** 

11 
I'RM APPROXIMATION Pd-C1N.E 1' '" .\. J,Lj?;+ .-.- . .-- 

f , ,  <. . .* \ HAM1 LTONI AN EIGNVALUES AND E~GNVECTORS *~..:;;!,':? 3 s  i *  4 s 5 A - . q ' .  - a .;6~*-- - -'7 s c,+* j8 S 2-A ' 9 A  . 1 0 A 7  11 S -13,a;s + - ---a%f$ 
1 ~ + ? : 6 9 2 8  30.35314 26.0665;1',2:1'.09590 -6 20 .829517 .30492  14.61310 11 -82612 8.92di3 .C: 5.62417 3.56619-17.1036~$k0'%f05b , .- -4 1 

.ZEROTH HAMILTONIAN ElGNVALUES AND EIGNVECTORS , + 1 

1b S 15 A 16 A 17 S 18 S 19 A 20 A 2 1  S 22 A 
-24.56596-27.69264-33.83631-38,35238-44~54658-45-33993-58~45366-72~02572-81~89559 

0-0 4-2-7 1 8-3- 0-0 1 6-6 55C7 0 3-3-3-24-6 0-0 06 1 3 1.4 0-.440 345 5- 0 1 4-8-5 0 3- 0--~ 3 00880 1-1. 0 0-2J-8 62 3.- 0-- 1-1-4 5 0-4 
-0.237938 0.312498-0,376125-0.068406-0.432031 0.032552 0.329966-0-214703 0.105709 I 

-0-116659-0.381289 0.03-3-696 0.278761 0.281852 0.110439-0-352597 0-2S418-5-0-J_5-5S66332 
0.331196 0.075856 0.344510-0.328203 0.004647-0.222419 0.369408-0.468481 0.314016 
0. 13200 1-0004 1245-0.20642 1 0.399030-0.20208 1 0-.-376045-0. 10057766660-273418-0,224876 

-0,444245-0,033269-0,109842-0.236080 0.288952-0.392541-0.151803-0.185250 0.279362 



1 

\ - 
IRM AUGMENTED TOP 

, - -  L 

.&.... . .  . .  

0087. 0,01216 0, 

-0,25719-0.00161 0,08158-0,00237-0-07425-0-00238 
14 0,01337 0,00040-0,01049-0,00037 0~03090-0~00068- 

....... ". ...... ..- ......... ..--- 



* 
?,L L 

)+:?7:?h~ .s 4" 
I c E,NE I R M  AUGMENTED DENSITY BOND ORDERS - - /r; 3 

,.r.*%* . - -- A. 

f C? y ,  
.I e- rb.*-.-.?&, 2 3 7 8 b-as 9<:- $ 10 

1 ,  .tz*zs x;&..$$~:z .l, . 4 fd' -5 i. 6 1 1  ,I4 ' 13 15 
:!, , 16 17 18 1-9 20 "J 22 \ ,s ,  .:.A?&./ - -- -- 

i46y0:78342 0.43476-0.~1,~0.7t&26213 O-.a2ri09- 0. 19212-0.00046-0.04386-0.00069 0.03377 0.00010-0.0 1142-0.00004 c;+cY 

1 - 0 0 2 1 8 1 -0 1 ~0~5410~~~~8~3~~~0~0~0-~9~6,r\~1_4_43S888~0~~~0O7_27_77440O~~5S390O7~8 .. Q&%%p' 1.zd - 
2 0.43476 0.78456 0.53435-0.07306-0.14470 0.02186 0.13338-0.00668-0.04 107 0.00429 0.03944 0.00071-0.03706-0.00004 0:03623 ar':-$+$($$ 

0 0_0-3- U---U-B-U_ I 0- 0 .-U_O T3_0 0,,-O08-"T 6.3 0. LO 1 9 4-0 - 00~~2~0~03~00~~00%11779 &4b$F 

3-0.09130 0.53435 0.79562 0.40 1YS-U.U6743-0.20523 0.0 1394 0.06433-0.00029-0.03731 :0.00067 0.0 1631 0.00071-0.01 142-0.00036- %?* .'. 
\ j .  

0 0 0 8 5 9 0 CL015 8- 0 ~O~5~6~8~~O~O~O~l~O~5~O~.~0S55441_4~OO~~OO33OO773~OO~d35~88O_4 'L p 

4-0.26213-0.07306 0.401Y5 0.70742 0.34323-0.07916-0.18645 0.01333 0.05364-0.00541-0,04505-0.00067 0683943 0,00010-0,03f?>1 
-0.00079 0.09173 0.00874-O~09857-~.~04,226~~07~~14~9~O~O~2~~3~7 
5 0.02309-0114470-0.06743 0.34323 0.80307 0.58328-0.08793-0. 1685 1 .O. 01 043 0.0991 1~0.00541-0.0373 1 0.00429 0.0337T0.00477 

~U-3_V6~0LOOO0666~O0.-2-044888-0-.-0 1-3-6-9- 0,2 6-5-02 - O0.-OO5 3 20 - 0 L O  380,s 
6"0,,\!9212 0.02186-0.20523-0.07916 0.58328 0.79461 0.35609-0.05924-0.08712 0.01043 0.05364-0.00029-0.04107-0.00069 -0.0372'8 

4 % ~  0500365-0.09952 0.01 103 020-0 178-0.04607-0,24203 0000076 - 
I -, 

$'?0;00046 0.13338 0.01394-0.18645-0.08793 0.35609 0.72452 0-32764-0-05924-0-16850 0.01333 0.06432-0-00668-0-04386 0100826 
di.%:0:0332 1-0.03936-0.26406-0.04973 0.40167-0.03460-0.1332_05 t 

8-0204386-0.00668 0.06433 0.01333-0.16851-0.05924 0.32764 0.72452 0.35608-0.08793-0.18645 0.01394 0.13338-0.00046-0.13204 
-0,4r,6U0,4?1O0,~O1,~V~~3~OO.~2~64~O~~O~.~0~393_G~O~~~OO333321 O--OO-O 27 .----"- . . -, - . -- --.. 

9-0.00069-0-04107-0.0029 0005364 0.01043-0.08712-0,05924 0.35608 0.79463 0-58328-0.07917-0-20525 0.02186 0.19215 0.00076 
i 

-0.24204-0.04607 0.00179 0.01 104-0.09952 0.003-65_5Q--0-33T2-8 
10 0.03377 0.00429-0.03731-0.00541 0.09911 0.01043-0.16850-0.08793 0,58328 0.80305 0034324-0.06743-0.14470 0.02309 0.03004 I 
- 0 0 5-3 2 0-0 2-6-50-2 0 0O1~3~669~02_O440O550~~~0-0O666~1~0~~-0~339~6~9~0O~~0O04~777 

1 1  0.00010 0~03944-0~00067-0.04505-0,000541 0,05364 0.01333-0-18645-Oo07917 0.34324 0.70742 0.40195-0-07306-0.26214-0-02937 /- 

*-,A0 0 3 7 I 4-8- 0-0 0 4 2-6-0 - U --0-'4 0 5 7 O_zP_O 8-T3 8 -_O-g1-7 3- O 0000007~~0-07" 3-1 4 -.-" . -- . 

( .:.i? 'C* 
~'3:2'~0:0 1142 0.00071 0.0 1631-0.00067-0.03731-0.00029 0.06432 0.01394-0.20525-0.06743 0.40195 0.79560 0 . 5 3 4 3 5 - 0.09130-0.3580~~'~~*~~~ pi*>-$:.ls~.. 
~~O~OO33Ox3~~~.~0~54~l4~O~.~QO)~Q5~OO.~O~5~6b88OOOO.~OOOO115588OO.~OOOO88SS9~OO~~OOOOO 3-9 , 
~~13~0.00004-0.03706 0.00071 0.03943 0.00429-0.04107-0100668 0.13338 0.02186-0.14470-0.07306 0.53435 0.78456 0.43476-0.09179 3-7 *i I 

k'y,~-21Q~ 3 0 0 1 9 4~0~0r~08763~O~~0~0~330~00~~008800110000~~000.0 2.3-0-0-0-3-6 2 3 - '  \ .  ,.' 
14 0.01457-0.00004-0.01112 0.00010 0,03377-0.00069-0.04386-0.00046 0.19215 0-02309-0,26214-0.09130 0.43476 0.78345 0.53078 ', / -  

'" - 0iO-72 7 4- 0-0 1 4 3 9 0 U . U-0-7 9 6 0-0-00883 4 4- 0-0 8-0 34-1 - 0-0 0.2 1-8 1,- 0---0800001+ L .  ;.z 
1. . +" 

15-0;00015 0.03623-0.00039-0.03831-0.00477 0.03728 0.00826-0-13204 0.00076 0.03804-0-02937-0.35802-0.09179 0.53078 0.79496 ".J 
r 

0.41618-0.06105-0.11420 0.01099 OA8422-0.00042-0.03692 
1670.02181 0.00023 0.00859-0.00079-0.03969 0.00365 0.03321-0.03460-0.24204-0.05320 0.37148-0.03073-0.27003-0,07274 0.41618 

I00.7-1_48S Oe30619-O005792-0. 150-8-3 0,01237 0.04461-0-00041 
17-0.00341-0.08010 0.00158 0.09173 0.00661-0.09952-0.03936 0-40167-UlU46U7-0,26502-0.04268 8-85414 0.01940-0.14390-0,06105 
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.ENERGY F XMOMNT . YMOMNT / /  STATE COMPOSITION. 
-- - n - ---- -- - - a *.-.A= .. . .- - - -  - - - -- - ~ -  =. ~ -d - A . - -- - ? - ,  
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ENERGIESFOR PICENE , &$ APPROXIMATION . 5.8 
0NE.t-ELECTRON EXCITATIONS OF A SYMMETRY.:', . . -. c.7 .-.J:> .,,&.r 5 4- 1- r - .  

J U - M ? !  11.12 l o t 1 3  8. 12 .9*, 13 - u r  410,F4j 7.12 , 9;14'<.- 6.13 -4;12 . . 5.13 F - €  * ' "E' .. 

WMNT-0.94742-0.51 553-0.05886.20.621 13-0271482-0.09320 .0.,13315-0.03677-0.01480 -0.0682,.1:+$$~$~' fl y- , b I 

@&~OMNT-0.54669-0.29744-0;03402"0. 35,845;0.4-1254-0.05388 0.0768210.02 115=0: 0085 1 0.039~3~~,$' < ) -i+ ,"'.s" "A:: 8 .  
-!k 

YuMP E 20.6698 25,7047 28,9298 29.0008' ,~30~~1901 31.7167 33.4862 37 .385538-  1995 40.91-01'1: I . -5' 

I?-'D'IAG ~"31.4274 39,1228. 43,3781 ~420 '9084~-4200273 46,0363 47,5732 53,9387 52,799 1 60,0478 r ,  pL 
iz- 
D I A G  E 31.6043 39.4253 43.5438 43.'0483'?4"1.9884 46.6133 47.3717 54.2+8-01 '53.0269 60,0i31 

I 
I 

CORRSP 29,5263 40.1517 42.3716 36.4407 46.6448 45.0642 49.9228 57.2409 50.8377 61.0581 1 
CORRSP 29.7008 40.0292 42.4717 36.8312 45.1743 47.0302 50.1741-57.5386 5-0--9467 61.0182 I 

f 

FINAL EXCITED STATES OF A SYMMETRY 1 
I 

ENERGY F XMOESNT . YMOMNT // STATE COMPOSITION 1 

8 
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3- 
1 * 4 -., . # *  

ATOMIC COORDINATES I- LTe - -- i --- --- - - - 
,X .0 .0~60 0. awn 0. 1.  yr., -,,, 0,-8660 1.7320 

4-+* ' 

!,Y 0-  _ , -  P .  0,5000 1,5000 2,0000 3.0000 3,5000 4,5000 5,0000 ,.,&:5000 
h 
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TR IpHENYLENE ! TBM APPROXIMATION - 1 
,7ERT)TH I - I A W I ~ A N  E I G N V . A C I S ~ A ~ F ~ G N S / , E ~ T ~ ~ R S  j -- -- 

1's , :'?at 2 S 3 A b :S 5 S 6 A 7 A  7 8 S 9 A lo* C . .  11 S 12 S 13 _S - A  , 15 A- 16 s 17 A -18 A 
2.&a9'Z3.5-? 2.!~459-7-8 29~~&5.997700118.81.2S6 1,8- 158!+3-18m-15820 13..44h 15 18.88955 10.88855-1S.31j7'7-15>,31374-20~89787-35~036~&-35*037 11(-3r-5~-6u7_1>-31411_99-71.&U 1_125'-6-l_l?r82_ -** > ;$& %: 91," /c- " -- 

1 \ - 

1' - .  - .  -.. - . - A - . - .  - - - . - -  * . . - - - , . - -  . - - -  - - - 

< %,;,:, - - L- - . ", - ,, ,-?t 
:+? 

-..-,":. 
~ ' C * i r  - . :!:! ,; 

- - 125 
- L... !..9;1.'4 

- ...i.. . .  - 
J : ~ . ~  .;. : i..,'' u . TR~PHENYLENE TRM APPROXIMATION ~f I. t L? - ., -.::,, ., 

- 'i,, 2,'  . - 4J*..> : :!:$', .:, -- . ' 

5. :: . OVERLAP E I G N V A L U E S  AND €_I-GNVE-CTORS ' j  ' 
A ,. -. , ,-..! . 1 ;- OVERLAP E-IGNVA.L;UES AND-.EIGNVECTORS + 

'.. 1 1 U ' A '  -A';' 2'- ijiS~':;'-.. , -'i;i. '. 
1 s'- a 2 S 3 A b s 5's -1. 6 ? ~  7 A 8 s .  9 . A -  ' 1 0 A  11's 12 S 13 S * 18:.2. : I 

1.6211939 1 .I186 -. 1 1  7 1-4841 -- 15 1 - 17757,Z 1.3 17797 1-'3177R7 1-7 17,0,3R 1 - 1 hAR:35-.1..JrhRR-l~7 &J33.1JjI2 R.R.3 1 16---JJ--782960 O r  68271 I 1 , 0 - 6 8 2 7 0 6  ---.-- 0~66747-5-0 -5 13883 0,.-5-1,388 1 0.3.7,5059 , 
f- 
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&;,A:?. . . y a m  ,.". +:'.-. /$;:?p-.'- - ec<.Y.+ J :.:* ' 
\?.$?. -. -*ccd:.:'.'.'.! .* ." 

T B M  DENSITY BOND ORDERS L ,; " ", !' 4 @: : ,.y ' 
w -. - ,- I - -- , ' .i'>' 

!. 



*-<'., 
p-.?'!?! : . '.I,,:r . --. .. .". .4..- . 

I ...'. . i,..;+;,:,' .',. 
, .;:... - + s i ,K~" - I{. Pi *' $. , - . 128 1. , <y +, 

f3f.8:f ENERGIES FOR TRIBNYLENE TBM~~APPROXIMATION . : s 4 ' ' .  J 1,7" . . . 7 ,  . Y :,3z:$l 4 : r. --. 
'O.N,ES:ELECTRON EXCIT.AT.IONS OF S SYMMETRY . 9 . . :. 

1 JUMP 3 ,  10 8 ".I 0.: 8 ,  1 1 ~ ~~~~~ ~: '7 , 10 6 , 1-0 A, 1-0 5;-1 \ 4 ; 1 1 3,  J-6' --- - 
XFIOMNT-0,79245- .00'005 'b.'79245 .o. 16939-0.03358 ,00000-'@..03362-0 00000 i). 0370 1-0.04987 C 

- /. k 

! YMOMNT-0.00005 0 79247 8\00005-0.00001-0.00000-0 0 3 3 5 j 3 . ~ ~ * 0 0 0 0 0 - 0 *  1702-0":~00000-6'~00000 C .  ' (' . --I 
J U M P  E 26.2003 26 2 0 1 3  26\?2033 28.7559 33.4700 33 4702 33;4722 34.1243 3 4 ' b 2 6 3  39.9715 - 
D~~:A,G. E 36.4305 37. 438 36$334 41.4146 47-5570 115- 796 47.5t593 49. 741 49.2765 55.4789 . . +---.-- . . 1---;  
D&,4GL@E. 36.4305 37. 438 36.11$34 41.0067 47.5570 45.6 96 47.5q93 49.0 59 49.07~82 55-4789 .-. 

I ' 

A k j 1 . 4 3 3 1 r 0 0 2  41.1q14 40.11575 04.9139 45.71 7 49*69_!530.62? 55h.5067 
,:, 

1 .-"..rP.* -. ... .., - 
C O K R S P / ~ I  -4797 37.50 6 41 - 2 7  I3 40.0794 44.9377 45.68 49.9543 49.107 40.540'5, 56.2308 ,ye'. 

I ! 

I FINAL  EXCITED STATES OF S SYMMETRY , 
J 

\ Y":? 
STATE COMPOS-CJ_~-QN , c d v  . i: . 

~t EMER_I-SY F XMOMN_T YMOWNT / /  (CW- .. I 
, :,IY - . . . . - --7 

,.A . ; t.,  ... . . ,  $.<.;" . 4 ,  p-,:, . (? *.i..illi4%\ . .  I l? t. .;*. 
-;.31.43340 0.00006-0.00643-0.00001 11 0.71 12 f-0;-000.0~ 0.6995 0.0005 :0.0245 -0.0000 -0,O 133;. 0.00b0 -0.0025t0.0641 -' I- \ V 

/ /  
f '  .*.t.-- ' 8 ,' sb+:* ,) 

29.51043 / I  0.7454 -0.0800 -0.-&4880 -0.-0751 0.0708 0-0000 0,0432 -0.0000 Oe0641 -0-0889 
- - !-L . . --. -- 

- - 

i 

-- 
. . 



7 - - - - -  
-7) 

- - 
1 ;7 I .  - "-4;. 1 *, , . ,. :a, .  

I .  . ,';- - L ,  

.*.\ -" r,-, .,*..-.' ..,:, 2ft.y ; ,flb;::i:.7..<c ,: *. + -- . ? '" 
,' 5'*.  - J . , I . .  '. 

-, . .  . 
', .., - 

m -%*. 3 t ' .  
t . ' 5  

.& %. , -% 
: - L <-. :.; ,q. .a .w-. ' ,  <:.& 

',q . !-.& * ,") i~)~;: , ;  
1 - ... , .  

CORRSP 33.0273 41.0082 .3900301 42.9042 46.9254 4501846 4 9 ~ 5 9 5 1 ~ 5 1 ~ 6 4 6 1  58.0742 54,5913 . . . 'i -- - - b 
- - - - -- - - -- -.-L~-- A 

FINAL EXClT'ED STATES OF A SYMMETRY 

ENERGY ..I. F XMOMNT. YMOMNT / /   STATE^ COMPOSTTION - - ~ ; .>,+2+ y-J.&.;.+?!-. 4' . ,*, .; 3. 
3 2 . 9 3 7 1 2 L ~ 0 . 0 0 0 ~ l - ~ ~ ~ ~ ~ 6 ~ ~  0.01212 11 .0.7020::0.hf303 0.0001 -0.0089 -0.0315 -0.00-3-9 0.1760 (0:0057 0.0968 

I ,*I. .. ,' I /  $i;$3: ' t I;,, ? 2 
28. 9608 1 / /  6.16773,- 0.7046 0.0370 -0.0952 -flaOflO1 .-0.0146 -0%15,b2 O!&!!597, -, #! 

/ /  \ ..J> 

3 9 ! < 1 5 9 % 1  Oa00763 0.00001-O=Oh767 / /  O,(fn94 - O - O f l R 5  0.7575 O-OT..2,226 -O-.-2,6,00 0.-2314 O-*JI-W 0-,2_1_54-0-0379 - - II( 
I / /  

I 30-  38789 / /  -0.0655 -0,0448 0.7220 -0-5979 -0. 1886 0 -  1650 -0=.-0-7>4. -0,-0157 (>+?034 0.0710 
, . h I.. * 
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--.-- - -- - 
' f j _  

TRIPHENYLENE; IRM 

. . . . . . .  - . . .  . . . . .  -. 
I 

8 .  

I ; . ATOMIC COORDINATES ! --- - -  -- -. . . . . . .  . . -  - -. - , . . - - . . . - - .- -. 
-..X 0. 8660 0. 0 • 0,8660 0.8600 0. 

__,_ _ ... __--_---- - -.-.- 0 I -. - 0.8660 - - - 1.7320 - . . -  
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I 
- .29 'AUG 61 

TRIPHEMYLENE IRM APPROXIMATION + ,  

4 ..t'..r " 
+*A&;-, - - . I .  ...-5 . - -. 

ADD ET1-G~N7W7F&~OR-S '* - . - - 

3 A 4 S 5 S 6~ ‘ ‘ I  , 7 A  8 S 9 A 1 0 ~ :  ' 11 S 12 S i8 A 
1-.-"7-9-lA158 I - 5 3 ~ 4 9 3  1.549488 1.312312 1.277403 1.277394 1.124550 1.088127 1.088103 0.?8!3?;' 0.781.378 0.7&_7-02 



. * .*x""*- . ) . . I  - - .  
-.- -- ' . . +:.. ,, ......:. : . . . * c ~ '  4' 4 .  - ' - .% ,.&SF'."; *.,. ' a  , . - : \. ..... ? # A  #!<. .: - ., a ,  r :$. 

(<,t';, T . .r r: I R M  AUGMENTED TOPOLOGICAL BOND ORDERS L,. *:.,,+,-a 
4.7 . . -, - .t lS ;;' " 

*,. i;"< - k;pP r., %+. . - * - 3 -  - - . - ,, 
* 4 5 6 8 ;9  1-0 + li1,i-f '1 2 . 13 14\5~ '. ?-A5 r 19 - .  --,aA,,.- 17: -cc ,* '184~, ' -  . . & ' *  : 



/- .k k - - -*)-r:3-7a'k* - - - -<. *. 'q?.Y-L. <-*C c ~ . . . I w , . -  
. i t  , + y k * & -  ; z * - - W  .-.. - - -c.. _- 
1 
. .- ..' C 

IRM AUGMENTED DENSITY B O N D  ORDERS . - 1 

.. _.  :. '. 
&.. . 

1 
- . .  -- * 

3 4 5 .6 7 .  8~ 9 1-0 1-1 1-2 1-3 1 ~j?i-'$;~. , *I 5 
1 ! .,t ,(''-xi I . 



L' 
E-NERGY F XHOMNT YMONNT / /  STATE CBMP_OOSITI_O_N . -. 



- -- 

ENERGIES FOR TRXPHEMYLEME - h~ APPROXIMATION 5.8 ,< y+ 
ONE. ELECTRON EXCITATIONS'*- I=-- /' . / , .-.- - . .  . ?  

6910 5 9  1 1  3,lO . 
, . 

J U M P  9v 10 8.11 .: .8+;12 7j10 ,7912: 4 1  .- 6.12 . . . I .  _ - ! XMOMNT 0.00000-0.00000 0.00000 0.00000 0.00000-0.00000-0.00000-0.00000 0.00000 0.00000 J ,  ' 
1 - 

- -135' - YMOMNT-0.79352 0.79350 0L22506 0,16778 0.00005-0,00547 0.00546 0.03177:0.51683-0.06249 
178 37.4617 37.4641 39.0340 39,5676 47,8252 

I - 
, . 

655 49.4435 49.4454 5-5-3686 55 -903 1 -65.0432 
524 4904315 49.4335 53.2245 56.5321 62,9776 . . 

52.13h4 52.8364 .57-5k94 hZ.7n8h  
I .  

1 

52-1431 52.7905 57.9017 63-5994 - - - -  - 
- - -7- k. - 2 d . L  - c . . -  '_ - - z  - 

FINAL E X C I T E D  ~ ~ A T E S  OF -- ---- - -- _ -__, I 
I - - 2-, f., 

' 4,. < 
i. E-NERCY~ F '--XMOMNT .YMOMNT / I  STATE CQMPOS J'T,~ ON 

P 7 r .. * .  , - L - .  :< 
5'1.530 13 1.9081,7 0.00000-1 -03953 // - 0.61.55 -0.6267 -0.1932 -0,4201 -0.0039 . 010157 -0.0071 0-.-0-063 0: 1.1.10 -0.0441 

\ . . '2 / /. ,'.: -21 i 
29.41548 / /  0.6383 -0i6h51 -0;33(hM-0.19R1 -0.0044 0°.0773 -,O*Qm -0-,:~~3~5-4 -0.1017 -0.0299 

/ /  : x j  



I . ,  . , \ .  _ .A, ' '. ; ;.' I0 I ) .  :.;;,. ..?4 
-: CjJ, , . .. ' ). / - ; *  22 .. , - 5 t .  h $ , 3  

U .-.:a. 
;r- 

( ATOMIC COORDINATES 53 z r? 
--Cc - C>-@P i 

x M 0 3 6 - 0  y F P Q '  017-6 - - O:,>l -7320 e7., 2.5980- -,-F 4.3300\1 
:.s= -w- I /. + i . 'V -'$ >. 5~; b*:q4-- -.- . y'Y . -. c.: *:..< ,- & * 

- - 
o i s o o o ~ ~ o o o  2 . 0 0 0 ~ ~ 1  .sdoo" 2.0000. I .  sooo 2.0000 3.0000 y-_o-_ ..--- 

1-1 . , - -. . 
I I 



- ,. . - '7 ,_.,. - 
' :&- TETRAPHENE TBM APPROXIMATION -a< -3,- -- . *  

&GF~VALUES AND EI-(GMW~E~CTORS ' .. - -  - '  OVERLAP -EIGNVALUES.AND EIGNVECTORS 
1 3 3 4 5 6 7 8 9 10 ,&? -11 12 13 - ,14.. 15-- 16 17 18 . . -7 .*.% 

* 2% 

1 613232 1.536936 1.433052 1.365241 1.328543 1.287682 1.2116811 .1.1761155 1.111639 0.888359 nAR23543 0.753-1-8.7 ~~~12.3,16-0~~6~3$~5,5~~~.~~~3~7~5~2 0.566946 0.463062-0,3867.6&6. >-- -- 
i 

- 

, 0.151287-0.276117 0. 183190 0.246103-0.176850 0.241909 0.316221-0.110635-0.323597-0.323597-0-110635 0.316221 0.2~1909~-IO.1f6849-0.246103-0~183~90076117-0 151286 
0.102459-0.232517 0.267139 0.2!1$022 0*112887 0.441600-0.0000fl0-0-2384C]h-,C]-193832 0.193632 0.23840h 0.000000-0*441600,T0.112887 0.248821 0.267139 0,232517 0--102459- 

; ~ 2 1 2 3  0-326221 0.272831-0.3 162=.0598J> 0.235934 0.235934-0.0598 14-0.3 16237 0.2728321 0.326221-0.122123-0.~~~~k~-o .229732L0'.-10328~ 
' 0.154 100-0.267274 0.233883 0.06808'1 0.318721~-0.123567=0.316237 Q.195630 fl- 3nfl541-0.300541-0m 195630 0.316237 0.12356J-0,31%~24-0.068084 0.233883 0.267274 0;.15L180 

0.279788-0.351720 0,124825-0.222878 0.095466-0.416860 0.000001 0.199678-0.099991-0.099991 0.199670-0.000000-0.4168604 0.095466 0.222877-0.124825-0.351720~0'.2~~~7 
0.267569-0.129735-0.069140-0.377112 0.154431-0.202697 0.000033-0.212173-0-393228 0 - 3 9 3 2 2 8  0-312172-0.000032 0~2(92698-Oa154431-~-~77112-0~O69147 0,.129735 0-2&!75 
0.385016 0.069483-0,246150-0.335193 0.108853 0.180598 0.000033-0.351369-0.077876-0-077877-0-351369 0.000032 0 - 1 8 0 5 9 7 l w 8 8 5 3  0.335194 0.246150 0,069483-0.3850 
0.345551 0.289375 0.064829-0.221827 0.142205 0.266557 0.316204 0.102490 0 ~ 2 0 4 1 6 3 - 0 ~ 2 0 4 1 6 3 - 0 1 1 0 2 4 9 0 - 0 , 3 1 6 2 0 5 - 0 , 2 6 6 5 5 6 - - . 1 2 7  0.064829-0.289375 0.345551 

n 0 . 2 - 2 - 3 5 4 3  0 . 2 0 . 2 4 5 3 6 2 - 0 . 1 7 2 1 5 8  0.300527-0.000066 0.433618 0.003104 0.003104 
0.121286 0.196955 0.312835-0,141285-0.370764 0.083749-0.316254 0.207526-0.202749 0-202748-0.207527 0-316254-0-083750 
0.113466 0.204930 0.333653 0.036281-0.317781-0,2_0~909-0~316188-0.285249-0.094120094813-0285248-031189-020290-0.317781-0036281-0.333653 
0.160640 0.248881 0.272602 0. 1949135--0.047677-.01320275 0.000066-.0-Jr 111184 0.15987 1-0- 149870 0 - 4 1  1484-0.00OOh5 Oa32C1217'5 

0.433618-0.oa9065- 
0.370765-0.141285 0,312835-0.196955 0.121286 ' 

0.204930-0.113466 ' 

QmQ49966J"7 (J. 194986 0.272602-0.248881 0.160640 
0 -285668 0.336517 0.144667 0.252271 0.252040-0.170412 0.316238-0.008952 0.167121 0.167121-0.008953 0 . 3 1 6 2 3 7 - 0 . 1 7 0 4 1 2 ~ 2 0 4 ~ - 0 4 0 5 2 2 7 1 - 0 . 1 4 4 6 6 7  0YZ6517-0.285668 , h - 2  - 

0.273429-0.368172 0.054203 0.115375 - -2 - - A .  . --A_- -,Ap- - - - - - -  A-- - --?.. - --..-- -I 
I , .. 

, t:e - -- - -  4- - I 7;: a P b // - : 
,*4 ', I 

.-A :*+. 
' 

4 .. ., '9 '. ,.>k*: . 
\ - .  \ 

TETRAPHENE . c I' 9 ,  k . . 
# I I 4 s -  - 

7 8 9 10 11 i2 16 17 . 18' I 
- - 

I 

0-080668-0-187554 0.223155 00212953 0-098013 0.389157-0-000000-0,219801-0,183841 0.205651 0-262709 0.000000-0.523230-0~1375559 0-312310 00354786 0.341692 0-164750 , 
& 0 8 0 - ~ 0 2 8 2 8 3 2 3 9 8  03_8~~4-0-430-0283213-0~.~005514_6 0.223-7-_7_3 0-,-25-0-320-O0..06b5-9_1~2.-0.364-3_8_6 0-.3232-6_5 0.397519-0. 153284-0.j79227-0.337600-0- 166085 

0-121389-0.215590 0.195374-0.058269 0.276729-0.108893-0.283213 0.180363 0.285050-0.318867-0.215572 0.364386 0.146408-0-<3'88383-0.085456 0-310619 0-392770+O-L247915 
----i------- 0--220?8&02-283706 0.104272-0.190749 0.082887-0.367355 0. 00000 1 0. 184095-0.094837-0.106@8 0.220033-0.000000-0.4939_1L. 0.~:1633 1.~0.279746-0$165780-0.516866;0~'449~88 - 

0.210662-0. 104640-0.057763 "0.322749 0.134083-0- 178626 0.000030-0.185615-0,372960 0,417206 0,2338n0-f1-[IflOC137 0~24f1167~0-mJ~a8 1-8~3-0-~.473334-0~209]~-34 -0.: 190651 0i42-0233 
O 2 3 0 3 1 3 1  0-056047-0-205622-0-286873 0-094511 0-159150 0-000029-0-323948-0-0738d-3-0,082626-0.387187 0-000037 0.213980 0.132644 0.420721 Oi326911 0*102107-0.619092 

0,272059 0.233417 0.054155-0.189849 0.123468 0.234901 01283183 0.094492 0 ~ 1 9 3 6 4 0 - 0 ~ 2 1 6 6 1 2 - 0 ~ 1 1 2 9 3 7 - 0 ~ 3 6 4 3 4 9 - 0 , 3 8 5 8 2 9 . 1 7 3 2 8 5 - 0 2 7 8 4 2  
0-14-7925 0.1-8-0-31-6 00,1-798-02-0~209992-0~.-1~49_9995 0-~~2_6_4_3-7~00=00-0-0-5-9-0---3-9-9-7-79 0---Q0-294> OO.-0-0-3293 0,477882-O-08.-QOOO-75 

I 0-095491 0-158869 0-261327-0.120918-0-321912 01073803-0-283228 0.191331-0-192299 0.215111-0.228682 0.364405-0-099231 
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eO..-*y 9 1-0 1J .- ' 12 , 4 ' .15 * 16.L .... - :,*-.* -.- • 57 'i*:. - ..18 

rr- ,-- -. . f' * '  
1 ~ ~ 0 ~ . : 7 ? - 6 - ? 4 ~ 0 : ~ ~ 7 ~ 9 - ~ 0 ~ 9 2 ~ _ 0 - b . 3 7 2 4 6 - 0 . 0 ~ ~ ~ 2  0.085-79 0.0.0.2~1,~-0..01901.~0,.bb001551 0.0~3~202-02~000081-0.04703-0.00167 - 

I e-- - - * -  - - 7- 

2 0.55749~ 0.783a 0 - 4 : 0 + 2 . 2 ~ . 2 7 . 8 2  ,2.~...027.~3... Q.01546-2-0.-OO&!kLo.06779-0.00057 0.06373 0.00 119-0.06483-0.00910 0.051 711 0 . ? 6 ~ 5 2 0 - 0 ~ 2 0 ~ 2 9 ~ . 0 7 1 1 5 ~ ~ ~  +- , ~ . -  v;fl ----IF" - -'-- 



EDERGY F X&OPINT YMOWMT C I  STATE C O M P O S S I ~ I - O ~ .  \. .. 
7 'i:.. % 

1 
I 

I 
I r +t '(C . . 

/ ,. -? .-- A>$.;* 9 .  .'. fi'F '3T")$L1- - , I  " ' -  m .  ,. i 8.. I,:;. $4 ...a, .. , \ - - 1461 
IRM APPROXIMATIO~. . 

I 
ENERGIES,:FO~ ."TETRAPHENE d H  < ,  5.8 -. -. ;:4p:!k, -- - A 

4 

. .- 
ONE ELECTRON ,EXCITATIONS OF N& SYMMETRY - - - \. *, .+ C- - * + J  be- 

" . 
.-- 2- .'rf 
R ,  10 9,11 7 8 L -  R 11 6 , l f l  5,* l h  7.11 ~-*-U.---. 61-1 1 a l j o _  2,lO. ---- 

XMOMNT 0.24619 0.89465-0.76929-0.40077-0,04610-0,36205 0 .04311-0 .20581-0~01189-0~22769-0~01742-0 .012~6-0~00645 
7 

,- -,w* 

0.09780-0.15682 0.06353 0,3043Jr 0c1741,555 0,040-00-0.54557 0 j 9 4 7 1  0.05892 0.01834 0.009.40~0.01156 
. ,, ,+. 
.*+.% ;:>, 

J U M P  E 17.7254 21.9889 23.6342 26.6839 27.8976 29.4966 32.3679 32.5927 34.8393 35.4053 39.1084 44.3316 47.7583 -. 
-, . I 

DIAG E 28.1639 33.6597 35.0252 38.3462 39.2746 42.6173 45.7815 46.3499 49.2195 50.1269 55.0706 60.0316 62,3080 .I 

r'. 

DIAG E 28.2856 34.0631 34.9705 38.9614 39.5016 43.1480 46.2092 46.7888 4906222 50,4812 55-4715 60.6584 63.1265 -3 I 

CORRSP 2766099 30.2993 35.9729 38.4293 39.4839 4-2-0946 43-7044 5-0-2-809 kO7_--SS678 5 1 - . 9 9 9 1 - 8 8 1  
CORRSP 27.7390 36.1943 30.7410 39.0196 39.7402 42.2889 44.2613 50.6227 48,1689 52,3402 55.4107 59.7296 65.0313 I 



- -  - - -- - .- 

TETRAPHENE I----- . I R M  - -  APPROXIMATION - .  (con+:) I 
1 -  - . - 



-- 

j ' : -.,t --- . ' . \-- - 
Y . - - , , E . . x . . *  - - -  -*.3'.;:.> .;v. , *- * 

- a < . -  .. - --. - - . ; . - - L g 2 ~ e d ~ , ~ ~ - ~ ~ ~  TBM 
\ ,  , - 2- : . .' -A .** 1 . L 

- - { 

-' --P*LLG -- J- LI I, 

2:, 

I ATOMIC COORDINATES 



, . .. ' ,'. . . { :> I' 1 3 ,  I , &.\ v' --.----. $.& ( - -  ... fl . .  .- A 
5 . " . 2. ,.'I - ..-- ., ,"':..' , .&$,*.\ , . y-: '; . ~::i;::r?r:*~* ,.$ . ,P*yd, ! ltg22c%, . .*,c $3.. f:. ,. ?, ,) 

\ %  % r. :.. . PENTAPHENE T B M  APPROXIMATION A .  ., \-- 
149- 

OVERLAP EIGMVALUES' AND EIGNVECTORS 
1 'S 2 A 3 s  L A  5 S 6 A 7 S 8's 9 A 10 A 11 S 12 A -13 S l 

' 

1,620616 1,56365'7 'I -4936 371448 ', 

- - --- - - -- 
OVERLAP EIGNVAL~ES-ANDTEIGNVECTORS~ I 

15 A 16 A 17 S 18- A 19 S: 20 A 21 S 22 A, I 

-0,23534S-O,236027-O,336366-O~134542-Oel43886-OO664O2 0.235702-0.336061-0-222461 
-0-000032-0-000032 0,233528 0.184208 0.209337 0,272593 0-000007 0,219711 0.209158 

0,235365 0-2360117 0,0)17848-0,102905-0.17084 1-0 *?hR933.-Q-235704-0.1 65720-0*303485 
-2Qfl37tS - 

0,086709-0.321861 0,203289 0,044841-0,339249 0.142120-0.235706 0,050460-0,200383 
0.235368 0,236036-0,047861-0,102841 0;170790-0,368978 0,235701-0-165704 0.303492 
0.000022-0,000006-0,233452 0, 184277-0,209304 0.272643-0,000000 0 - 2  19705-0,209172 

-0-235390-0.236030 0.336266-0,134687 0~14390'1-0.066432-0-235700-01336048 0,222477 
j-0.086725 0,321845-0.059436 0,310263-03\193041-0.126691 0,235704 0,222459-0,120320 

, 

a. ~ , 

-0.235387-0,236041.0,384167 0,031619-0.026981-0.302530 0-235700 0.170340-0,081023 .'i 
- ~0 .086717 0.32 1853-0.21 1774 0.224!+65-0':105765 0.214397-(I-235704-0-217030 ,0...123669 -- - - - - . - - - - -- 

PO.. 322 101-0.0858 13-0.122541-0.32094.8 40'%185999-0.039861 0.235700 -0,325303-0-229946 
~ 0 ~ 0 0 0 0 0 6 - 0 e 0 0 0 0 2 2  0.02691 3 0,323909-0.-3J.7779-0,084309-0.00000 1 - 0  189850 0,232071-"- 

10;322107 0.085835 ~ . 0 8 9 2 9 4 - 0 . 0 9 6 5 6 3 ~ ' 0 ~ ? 9 ~ ~ ? 8 5  0.174503-0.235699 0 - 1 0 8 2 6 7 - 0 - 3 5 3 6 0 3 ~ -  
#7\. . --... - ,- >.4-+.. -..=.. 

0,000012-0~000044-0,026739 0,324008 0'2317670-0,084389 0,000007-0e189865-0e232055J, i '~  q *P , I 
-0.086741 0,321864 0e122396-0 .321036-0~185932-0~039808-0~235704 0,325319 0.22993'0"~' . I 

0,322087-0,085799 0-211908 0,224353 0,105771 0-214375.235703-0 .217033-01123655 - - -  - _.* - - -  . - - * -. - - - - -- - - A --- .-- * --- -*  - - - - - - / .. - 
, 



- -- --,A- - - -- - - - -  - . - -  - .L- - - - . -  - -- -: 
/...nt , .-..'\ &&c: -.* : - - H4 "f.*<p. ' ; -2 ! 

Z + \. ' 3 
:,. (:,+* ,:I .3.s:?p,e 5 . .  ... -:n . - P I .  \ I 

:w try , '  4- +*. .. 
* r I .  

...-- - - - 150 
P E NTA_P,HEFUE T B M  APPROXIMATION *. + 

ZEROTH HAMILTONIAN EIGN 
I 

1 S 2 A 3 s i 0  A 11 s 12 A 13-3 ,*. - .r-- 
28.77545 27 -08650 24.03300 8.55912 7.31797 -9.08837-1 1 . O 8 4 s e  : : . "2~&~,  

%pi:$ . 

. 
-t 

i f 4$ta * 3 \g;*;:::; f 

0.063640 0.136227 0.192864-0.2.56238 0.022969 0.027728 0.336314-0.000016 0.298514-0.10 11 12 0.202322-0.225469-0. 1150&., -p!Jgi 
0 OORRQ45,9=0,c,0,899hhh.h- 0.-=255.9.,5 6 ....,. .,... :&Aii;-,,- 0 6 2 0 9 1 0 i 1 3 7 54 6 0 a 1 3 28-6-0_10 -_12227-66552 0, 1-24-8-6-5 0.-~23-11_1.5i3 0.~_S_sS_7777-0-0-2_558855338 0-. 1b9-235_1 0-;-22 4 9 1.9- 0 
0.094506 0.1'77904 0.192859-0.lQ7328 0.164774 0.270236-0.052204-0,258534-0.149269 0.218271-0.237508 0.264682 01248389 a 

a - * b O .  1747.49 0.268749 0-'192061 0.056238 0 122&81. 0.~1,1O7_187-0~294_4_457-00~0~0~0~0~~O2~8_S_S0~~0OI 111.2.2~2~0~0023~337766-O~02~670050~ 12bS7O 7 I 

'0,16429,9 Oi175703-0~000006'0.230866 0.178777 0..160446-0.204432 0.000000 0.000041-0.232745 0.355795-0.396501-0-264859 
f0'.23839.5 0.132527-0.192862 0.312458 0.145918 0.089631 0.041887 

' 0.157401 0.040358-0.192862 0.120275 0,289747 0.039232 0.177955 0.258525 0.149232-0.006655-01317910 0-354280-0-007576 
.....,., ....... ~ 0 ~ ~ ~ 2 ~ 5 , 8 ~ 5 J - O ~ O ~ ~ 4 . r 4 - 9 2 ~ 8 - 9 ~ O ~ ~ ~ Q ~ 0 , 0 - 6 - 5 ~ 1 -  O I 3 'I "m _H 8 =fl,..35,4_2 5-h.- 0; 0-0-7 4-4-1- , .,,.-, 

0,238400-0,132514-0-192860-01312495 0,145859-0.089575 0.041897-0.000011-0-298524 0.010062 0.178939-0.199410 0.011451. 
0.164310-0,175699-0.000001-0.230907 0.178751-0,160505-0.204365 0.000018 0,000010 0.232837 0.355726 0-396421-0-264969 
0,174'761-0.268739 0.192859-0.056263 0,122894-0.117312-01294370 0.000028 0.298535 0.111210-0.023426 0.026107 0,126556 
0.094514-0.177902 0.192862 0.107298 0.154860-0.270240-01052031-0.258516 0.149269-0,218324-0.237455-Oe264_6_20 00248453 
0.062897-0.137544 0.192859 0.227618 0.124975-0,231020 0.230090-0.258543-00149264-0.224923-0.080382 0.089577-0-255962 

0 , 0 6 3 6 b 6 0 . 0 5 6 2 . 2 0  0.0230~1-0,02754 1 0-, 3-3-63-0-2-O2~-O00O01 9-0-.-2985b0 0. 10 1179.. ,fl..3_C)-7,'1~7fi O_..2*2,5,4-7 1-0-. 1--115.1 43 - -  I 

0.097145-0.173560 0.19286.3 0.181577-0.090326 0.195509 0,185388 0.258516-0..149279.0~277611 0,168828-0,188141 0,315920 I 

@ " #O. 180628-0.260 146 0.192859 0.033759-0.158847 0.279547-0.1072'73 0.258534 0.149258 0.04341 3-0. 1285 19-0- 14432.222~Q--0449_4_4Q3 
$0.182297-0.151824 0.000000-0.07 1405-0.271 389-0.282126-0.023559-0.000018 0.000010-0.366204-0.20'1588 0.224648-0.416739 1 

,7"-r0.277763-0.086582-0. 192859-0.147792-0.2&~-~189 .0?084106 0.078169-0.258552-0. 1492C8~0>234149 0~~~@~~0.0~50-~3-00-.2h64-59 h. I 

0.2?7;759 0.086600-0.19286 1 0.147860-0.2,@i1~~:0-0.084 145 0.078233-0.25851 6 0.14925&'0<3'1188 $0~i$:@03 lS - 'o :04492 0,266504 .' I 

\ ;' 2 .re' 
0.13'22 8 5 0 . 1 5 1 83 5 0 . 1 - 0 4-1.4%...1, 0 0 0 0 0-6 0 .-0-7~~ 4-7'0 - 0-.-2_7b 1 29-77 0-.-2~8~2.2~-2 - 0 .9223i4-007 0~.-0.0~0~0~3~5 - 0~~~0~00~0~~~1&0~<~~6~6_1 5 0 2~0.12:0 1-69 4 - 00--2.2&J17 
0.180616 0,260158 0,192862-0.0337~14-0.158789-0.279624-0.107147 0,258538-0.1492~~~~.C).;043468-0,128487 0.143187-0-.049467 \%- ' I 
0 0 0 9 7 1 34 0 1 7 3 5 62 0, 1 9 2 86 2-0 . 1 8 1 5~6~0z0~.A009P0033330~00~.~1119..54_\$~0~~5~5~0 5 0 2-5-~5J-6-01449_2-5-8=~.~~27~5 8 3-0.. 3.6-89.08-Q.--1 88_29_334400~-3_105588886 I 

- - - -  -- - ,  - - ,  - - * - A .  - .  - - -- 

- - - ~ . - - - ZEROTH HAMILTONIAN . EIGNVALUES A N D  EIGNVECTORS 
, i.*&.&ts 1% 16 A 17 S m  1 8  A 19 s 2 0 A  .-SF 2 1 s  ' 2 2  A I 

&*$4?262207-24.62335-32.962 17-35.058<9~44.336~3-48.88712-73.2&$$:1>97.06669 122.92125 , . I 

'~~~~88~I~_6-88~0--~O~O~O~'-r~~~~O~~~16b~088~ 3 0 ., 0-3-85Sz&0 ,0.33-QQl.3.= 0,-3388887_006- 0-. 3i332'3 1. ! Q,2538+8-2 0.. 1315 3 2 .. ,ti#: ' 1 
-0,.192007-0.332651 O~315104-O~32~13v~8-0 .184362  0.345342 0.33~1223$0,260380-0,129983 , 

.'A ' . 

20-192069 0,332623 0-071527 0.375728 0~243290-016~2814-03~3~2i~2~0~3~3~6778 0-_~~5-3-25 
0-384056 0-000021-0.403453-0,162933-0.181435-0,085311 0.331226-0.508751-0.361174 

1 0-000053-0,000000 0.280104 0.223080 0.263967 0.35-0-216 0 ~ 0 0 0 0 1 0  0.3_32612 0 3 3 9 5 7 6  
-0-354089-0.000021 f l - f l 5 7 3 9 1 - f l ~ 1 2 4 6 2 0 - 0 ~ 2 1 S 4 5 1 ~ 0 ~ 4 7 3 9 R 9 9 ~ 0 a 3 3 3 1 2 2 9 ~ 0 ~ 2 5 ~ 8 7 0 ~ 0 ~ 4 9 2 7 1 8  

0-192023-0-332611-0-243826 0,054547 0,4278 14 0*182451 .fl-33123;7--O1rl2?P9-fl-,Z2531R . 

0::!.22056 00332623 0.243834 0.054303-0.427783 0.182589-0.331231 0.076390-0.325328 
-&384083-0.000009-0.057406-0.124543 0.215360-0.474047 0.33224-0.250853 0.492730 
-O?000013 0.000023-0.280012 0.223163-0.263926 0.350280-0.000001 0.332604-0.339598 I 

0~3%4096-0.000013 0.403333-0. 163108-0- 1.81454-0.085350-00331223-O.50_8732 0.361200 
I 
I 

-0r '192030-0-33262.3-om291 0.375734-0,243418-0.162767 0.331228 0-336774-0.195343 I 

I 
I 

....... -...-- 

. . . . . . .  . . . .  

... ---..-.. 
t. 



-- - -- ---h -. - - r. -* -- - - -- - -.-- --A - --- ^ - - . . - - - -  - .  ~- - --  . - - - - .  - - - *  . . - -  - - - - . . - -  , - 

. *:. . - .- 

, : 6 $+, - -  . ( , .* icy 

-- - --I 51 
!*, .'$A. .\t. . -,... 4 , .?;?;,$& . - " _  

t 
. I ~ ~ ~ P H E N E  - TBM TOPOLOGICAL BOND ORDERS . \ :* . . 7 :  7. t ;%. t ,  

t. J.&t!3 +?? \,?;;.:T - .. ,. 

'- --l . * a  2 j  3 4 5 6 7 10 11.. , 12. 13 
' ' 16 17 18 19 20 21. 22 . . .- .- . . - .- - - 

1 .I-OOOOO 0.59566-O.OOOO0-0.22797 0.00000 0.12850-0.00000-0.09339 0.6000 
70,02673 0.00000 0.=03)111.1-0. 0000-0-0- 1810.3 0.00000 .0- 72782 
2 0- 59566 1 00000 -0.72906 0.00000-0.18277-0.00000 0.03408-0600000-0.03854-0:00000 0 -03248 0~00000-0.02833 0~00000 





. , -. 
3 ::: 
* "  ENERGIES FOR PEMTAPHENE T&-]APPROXIMATION $#.7 - --\ *. $ 2 . ~ ~  "3; -.- 

ONE ELECTRON EXCITATIONS OF--.S-SJMMETRY _--_--.,.-. ,P!*$ :a, ~LC:. , , ... -... ..,-, -. ...---.-.-..-... - . .- -.-.. -.-. -..- - . - -v .*#*'L ---.-. <-;- ' . -- .-----. . .*. .-----I-- ' , . "  * C - - . - - " ' - .  . - - .-..- 
JUMP \ 11912 10912 11913 9912 8912 8913 , 7 1 1 2  . & I 2  . 4 1 ~ f '  - ' -  

I 
$. CORRSP 29.3490 28.70.33 .,37.$3-76 37.2Q.2-:40.8225 . .* . ' A \  4 4 ~ 1 4 $ 3  46.989-1 44~-72%-48.9007 .. ._ - .  '$ - 6, e: \:-p q&j . f  ' .- 

Tf&%%. ~ : h a  1 b'. .:;. ' k%? )s$ :$%.; - a . *- . -. .\y ". .t . . . . . .' , t ,  . . , .  , . - -  /..e?%$?&, 
-4 .i 

- -- , - . ,f-;q:, $ 
i$$fin~ EXCITEO STATE,?$. OF 

> :.&yp~F;-'. > . .. 
f :A r r -&$+. x- v piis s&i,*, - 

C 

, .. 1 t"- -. ..--,. ......-. .--_.-..* XL@- --... -.- . . . , . . , . , , , . . . . . . . . . . . . -.. -..- ---. -- - .. , ,- ". -- . . -.- .----.- -. .- . . - , % * U P  

. .- -....-. - ---.-.. .- *.-.... -. -.." - *. - 
.ENERGY F XMOMNT YMOMNT / /  STATE COMPOSITION .-- - :  - * -- . A -  - - - r_r -I -7- 

28.'_3:!936-0--12~2.?4-0-159.730,?7681 C/ -0,0OOO,-~OLL7_614 O-.S88 O--228_4r1--:.9,,~AOP00 -O-Je9!kl. .Q.:!?-oOO -0.Oso2 0.0000 Oo.~.!?Z.? .--..--..,,,.,., -,.: a-....-,...h,,-,-, 

18.63943 -I / /  0.001~,'5 0.721 1 -0.661 1 -0,. 1032 -0.0004 -0.1443 -0.0002 -0.0748 -0.0001 -0,0773 %t 



XMOMNT 0.97861 0.42958-0.18614 0.62731 0,21868 0-15202 0.00202 0.01680 0.63006-0.04633 ip"" 
YMOMNT 0.56479 0.24792-0.10749 0.36206 0,12625 0,08774 0-00113 0.00972 0.36362-0-02676 
JUWP E 16.4063 19,6436 23,9629 25.9586 26,6462 20-2200 29.4254 32.3286 3-3_,1812 33.9214 
DIAG E 29.5049 32.8255 37.4055 38.8566 43.8780 45.2389 43.1155 50.0731 45.0623 51-,3564 

- DIAG E 29,6150 32,93113 37,9220 39-61132 114,3096 45.59265fi(1,5143,4$L-11822,$2A~3992 . - r - . -  .*"a - -.- - 
- 

I 
CORRSP 27.2937 35.0884 36.5393 32.2453 45.0330 50.0779 40.2180 48.4022 46.2305 56.1885 h I - -  

CORRSP 27.4618 35.0582 33.0404 37.0231 45.6190 50.4151:40.8055 48.8338 45.7161 56.4254 . . - d!h-l 
q-..? -1 

F1Nb.h- EXCITED STATES OF A SYMMETRY: 
# . -:;:,..? 

,r *<-' >;;= ' - -,.. , . . . . ... ... .. * . . ? ...-. 1.. I 1 
ENERGY F XMOMNT YMOMNT / /  STATE COMPOSITION 

L ( 'u* I 

-2 .I 



. . 
.( i--- -.---- - - 

i ATOPAIC COORDINATES I 
,- .-- . - .. .- -----ii-.=;!. .-,- . , - - .- .- . ,.- . -. - 

X .0.8660----,-0. ... - 0. 0.8660 - .  0.8660 1.7320 - .. 1.7320- . 2.5980 . , .. 3.4640 4.3300 5.1960 
. - .  - - - - -- j Y O . .  . - .  . . 

0.sod~- :_~ .spoo- '2 .bodo - - -  .- . . : 3.5bod . .- ir.5000 . 5.0000 ?.so00 s .oboo 4 . ~ 0 0 0  I 



.ill% .TP *T;:i{ F' . 

-. . .. 5 +,33'." > w/;@ *: 'b .i,;:.y ,,?'? ." ,: 
'33 1 . ~ $ 2 . ~  ,<;:&I Gi$:-.!.- ,;;.<a * &&. p-p $,.-*.! ? 

IRM APPROXIMATION 
i p$;;>( ""1 ' - $< 9 

PENTAPHEW E J J gyl&.j+'( ' 
OVERLAP EIGNVALUES AND EIGNVECTORS '-.- . = T&3+:fyr, Q43 

.).,<g- 
2' A 3 S li A 5 s 6 A 7 S 1 s  9 .A 10 A 11 S 12 A c:;yt613 s 

1.773168 1.673949 1,557515 1.399122 1,356325 1.277391 1,267535 1.1 170625 1-046226 1.033375 0.832707 0.821955 



.. ,.- ",. I .  - I 

\ 
I 

J .. - / - v  

P E N1A.P H €4 E \ - .-- - 157 
1 ZEROTH HAMILTONIAN EIG i 

1-S 2-A 3-s 4-A 5-s 6-A 7 S 8 S 9 A 10A 11s 12A. , +" 13- s 
32.76449 30.25270 26.89698 21.43529 19.74068 16.31731 15.85988 11.68512 10.95225 3.32344 2.42682-15:09608-16.27651 

I 

0.068032 0.144731-0.201507-0.262487 0.051515-0.005064 0.320364 0.018916-0.301744-01087633-0,229159 0.248205-0-124498 

-1 
1 
I 

~ 0 1 _ 2 0 0 f . 2 5  4- U ' 1  4& 6 I100.-1&~~57777~P..221 J44ZZO000.-118 5_C=96600. 2~8_4_400117~00~-113 5-l,4=9-OO. 2 5,1~56,3~0~m000bb7739A~00~~00~557~~18~0 -=27,814-0 O I 

0.095160 0,178093-0,191664-0,113957 0.165186 0.276379-0~100080 0.252557 0.176739 00197368 0.245628-0.280463 00259588 
0 .16~8~2~6~5~0.3513Cl_8~O.~1A~8~7R$~0~.~OO771~0188770O.~0O9_26~2770O.~11226.3 2-7=O-.-3-0-?_4_4118~O0.-O033886.0~b-O~..2_9_0 2.0~0~0~.6_4_4_42~990O~~0337_5S66990O.~0O336999990O~-112.4.424 2 .--. . -... .. . .- .--I 

0.159079 0.167700 0.009877 0.238049 0.155797 0~174982-0~243243-01036573-0~036947-0~2408070360889 0.391200-0-266929 i 

OA22 3 5 9 4 (I . 9-2-i-6 1 7 0 .~11887788111-0-.~22887B~1~5~0O.~11440O8_9_1_10O~~0O~221188990O.~02288778O1~0~.~0105_4_403~0~~.323 26.0~0~~~0~1~8~7~72~.0~.~1~9~20~6~9~0~ 2 0-935 6-0-.-0 2.8 8 19- - - - . -. - - + - 
0.154446 0,036043 0~200601 0.111418 0.303416 0.046207 0.194302-0.228679-0,173543 0.001277 0.326110-0,377724-0.031087 I 

I O 0 1 S>~-550-UU.-0-336600339 0-~-2!39006600_1~- 0---13-1-5-0-7 0-.-3-0 34-02 - O3--O_4 53x2 O_c-1-334433! 3- 0 2~~87_8~0~1~~3~327~00~~O0001_4_46b0000~~3 2.66006,7-0-3Z771-7~0.r0 3 0.6 9-2. I 

0.223600-0.121605 0,187805-0.287349 0.140847-0.092118 0.028862 0.005024 0.323252-0-018673-01192120 01209349 0.029020 
0  1 5 9 0 8 9-0. 1 6 7 6 94 0 -0 0 9 8 6 8=00,-2-3-8800r5500.-11555577778=08.-117_552 5~3~0~.~2_4_43~0O3S7~0~.~0~3~6~6~3~3~0~~_0~3~6~8~3~5~0~~2_40~9~776r-0O.~3O6~0O7~666~0~~~33~0O99449~0O~~22612991 ,- --- - --- 
0.168279-0.251386-0,168786-0.071096 0,092639-0.126703-0,307233-0-038362-0,29027 0.144272 0.037668-0.037137 0.124204 -7 

I 

0 0 9 5 1 6 9 - 0 . 1 7 8 0-8-8=0-. 1 9 1 6b66770O.~111133~33550O.~1166552~3~0~.~22776_4_4881~0.10O~~6683308..2 5 215 2=0O~-117764_42_4~0O~-1199774L77990O~-2_4_4554.550O~~2 8-0-2 331100..225-983 9- - - -- - - - -+ 
0.067483-0.145737-0.201259 0.241426 0.144682-0.213161 0.185974 0.283859 0.135503-0.251526 0.067255-0.095474-0.270270471 

I I 0 .06-8-0 4 U - U-• 1 4 4 %2-6- 0 2~'1_1_5~0_4_40~~~2,6~24466330O~~0O5~3SS77S~0~0~0~5_4_49,9907 2 0~3_4~1_1,0O~~0O11885dd330O~3O03377779P0O~~04887777660~0O2 20991519~00. 24 8,123~0-.6=2,4_Z_44555 .. -... , , --, 
\ 0.097410-0,174357-0,192491 0.171710-0,076144 0.227364 0.205018-0.265363 0.139650 0,280233-0-156117 0.207012 0.322373 

0 .~1~~3l~O~8~O~.~2_4_4_41~775~OO.~117~OO14~6~OO.~OOOO1O88338~OO,~116_4_43 226600..227S07_2 6~00._0077446b550=00 26-8-64-210-.-1614.63000.L0_459995 - 0~--1_4-~34 2200~-1133991~-5F0-.-0_4~3 3 - 6 b  
0.177093-0.143841 0.006107-0.099777-0.290808 0,280190-0.001216 01012579-0.035367-0.382436 # -  0.203309-0.215028-0.420839 b 

0-.-2 5~5~88580~0O._O~8~l766336b0~.~11881177773~0O.~14_4550-0O8z0~.2 3.6~0~1~2~0~.~01777_3366330O.~0O8.6O6699990O~~28811888_4_40O~~113 28-5-1~O8~.24-8-7_65rO.--0 5-9-9-3 3=0-. 0-4 -1-5 3 1-0-..2.8k1-49- . 
0.255846 0.081654 0.181776 0.1~506$~0.235950-0.077328 0.086819 0.282012-0. 132~17~0~2*8820~0~059800 0.041253 0.284224 

++I ' 

d .  OU~l 7 I U 8-1 O ah ~t35S55~0.~00006611003308!~0~998_4_41100. 2~900~O08iO0. 2.8 0 2Ja7=Oo,0 00000_4_4770 .=0-12&8 3-07.-0 35?L011-O0.:38 231i16600.~22003_4_49P5-0.. .A 20.6*30_.. -.. . .. ." i- 
1 

0.173094 0.244189-0.170148 0.00'1879-0.164258-0~275846-0.015307~~~2,6~88~~~0. 167156-L0.046089 0.149293-0.139085-0.044488 '- . I 
' . 1 * -  O,OOt7_399 0~.~1~7~4~363-~.~1~~24~1~0~.~1~7~1~7~0~~0~.~0~7~6~1~3~2~0~..22~7~0~93~0~.205327r012$~5~l5:19~0~~l39~9~6C~0...2.8.O_l~8-O=0~.~15~6256=O.2O7-31.6-O.J22-1-9-3~..--, - - - 

6" w .- - - 



0102059 0-06544~0-01586-0~00734 0.00816 0.01983-0,00096 I 
13-0,00006-0,03880 0.00230 0.04130 0.00232-0.04631-0.00972 0.03635 0.00909-0,19506-0.00736 0.72724 1.01262 0.58898-0.01527 
-0.22103 0.00082 0-14951 OoOO414-0,07938-0.00176 0.03657 J 

I 
- -4- 

14 0.02737-0.00006-0.02512 0000107 0.05147-0.00121-0.11027 0000425 0.14197 0.00009-0.22030-0-01458 0,58898 1001191 0,72636 
-0a00662.0.19338 Os00812 0~0'~380~0~00337~0,028~~5~0~00135 - - - .. . ...-..... - - , . *I I . ..-.-- 

15-0.00 135 0,03657-0-00096-0.03633-0-00530 0.03498 0.0 1322 0-00667-0.01648 0.06502 0.'02116-0.35 160-0.01527 0.72636 1.01483- 
0.55164 0-00640.-0.16414-0-00499 0-08060 0-00367-0.03767 

16-0.02845-0.00176 0.01983 0.00 129-0.04286-0.00066 0.13329-0. 00764-0. 18555 0.00455 0.48995 0.02059-0.22103-0.00662 0.55 164 , 
I"" ----- 

0.96476 0,58262-0.00237-0.09448*0.00254 0-03694 0.0-0368 
I 

2 

17-0.00338-0.07938 0.00816 0.08594-0.00098-0.10883-0.01096-0-00647 0-01325-0.34884 0.00382 0.06544 0.00082-0-19338 0.00640 
0.50262 1 * 0 3 3 2 2 0 . 0 0 2 5 3 0 , 0 8 0 6 0  --.. . .. .*. .-.. w w  ... -.._.-A'L- 

18 0.04379 0.00414-0.00733-0.00745 0.02303 0.01082-0.19146 0.00971 0.49443 0.01083-0.19287-0.01586 0.14951 0-00812-0.16414 I / 



-A- - -  - A-- A * - - - -  - -- - - ------ . - . - - - _ _  _.- -, 

-- 
t - - 159; 
. L pi:',\ - - -. 

P E N ~ A P H E N E  I R M  - AUGMENTED DENSITY BOND ORDERS ; .  , .+ . ' i~* 

* ;a I 
& ,  

'cr 
- -4- 

- ,*d,ib I 
' 1 2 3 4 5 ;.-eLc.: (66."< 7 8 11 12  15 

1-6 13 t I-& 1 -9 2 . 0 d - 1  22 . L $-+-,./ - . -  -.)" .*  
1 0.78399 0.40829-0.09261-0.23086 0.02819 0.15 115-0-00621-0- 11792 0.00076 0.05571 0.00063-0.0271 1-OeOOO 19 0.02953-0~00045; , .  
- 0 0 3 0 7 5- 0~0~~~5~5~~~ti~0lr~6~~~6~0~0~1~55~7~0~~~1-9~7~9~7~0~.~0~7-1~3~1~0~.~55~2~~-1 - - ,I).s.~:8,m- - 1 

2 0.40829 0.78453 0.55357-0,07181-0.19975 0.01606 0,03803-0-00987-0-04978 0-00539 0-04463 0-00083-0.04188-0,00019 0-03949-;~:+9fi@' 
- 0-. 0-0-0 0 5-OAU ~ S S ~ 1 - 0 , 0 - 0 ~ ~ - 3 ~ - 1 5 - 9  2 3 0---O02_8_43- 0-• 2 3-14 0- 0--_0-9-3_1-3 &";%$, .-. .. Y A .  -. - L ,  

11 
I - .  

, / 
I 

3-0.09261 0,55357 0,79698 0,37656-0,07503-0,15834 0-01069 0- 10632-0-00237-8-063333-0-00107 0-03189 0-00083-0.02711-0-0001d , 
0.02131 0-00468-0-0078'7 0,00141 0.078_7_6~0~02~72-0,36900 - - - * - --- 

4-0.23086-0-07 18 1 0.37656 0-70409 0,41176-0,06235-0-UV226 0-01864 0-0731 1-0e00639e0-0531 6-0.00 107 0-04463 0.00062-0,03323 
-0-00068 0.09284 0-00818-0,20524-0-05556 0-32663-0.02831 . - .  

5 (0-02819-0.19975-0-07503 0-41476 0-83037 0.46767-0-07202-0-25885 0-01827 0-13095-0-00639-0-06333 0-00539 0-05572-0-00663 
~ 0 ~ 3 2 ~ ~ b s 0 , ~ ~ 0 ~ 1 8 8 8 8 9 - 0 ~ ~ ~ 3 7 0 ~ 5 7 - 0 e 0 5 ~ 5 3 1  0607830 

+ -. . I .  $.1".:1- 
6<TCV; 15115 0.01606-0.15834-0.06235 0.467&0".03712 c.~;-' ' 

i 
'~~00301-0.11064-O,0-3690 Oe33120-O~0~466337-0~ 19751 0-00062 L 

I 
7 - 0 ~ 0 0 6 2 1  0-03803 0.01069-0-09226-0.07202 0,30691 0-79704 0-61332-0-08005-0-25886 0-01864 0-10633-0-00987-0.11795 0.00482 . 

0-14246 0-01165-0-a338-0-04777 0-00283 0-01138 0-00701 I 

8-0,11792-0-00987 0-10632 0.01864-0.25885-0.08004 0-61332 0.79701 0.30692-0e07201-0~09226 0101068 0-03803-0,00620 0-00701 i 
U . U I I 3 'I  0 . 0Q2~2-0,04"1_7P-0--2-0-3-37 0 - 0  1 1 64 0 , 1 42440100-44@2 

9' 0,00076-0.04978-0-00237 0.07311 0,01827-0.13563-0-08005 0,30692 0-70711 0-46767-0-06235-0-15835 0,01605 0.15117 0.00062 i 
-0.19752-0,04637 0-33119-0-03690-0.11064 0.00301 Oo03_712 ' 

10 0-05571 0,00539-0,06333-0-00639 0.13095 0.01827-0-25886-0-07201 0,46767 0-83035 0-41477-0.07503-0.19975 0-02819 0-07828 
- 0 0 5 5 3 1 - 0 - 3 7 0 5 4- 0 0 4 8 8 8 02-0-3-257 0 - Q078-9~0-,00447_37-00--00Q66663 I 

11 0100063 0,04463-0.00107-0,05316-0.00639 0.07311 0-01864-0-09226-0-06235 0-41477 0.70409 0,37655-0-07181-0-23087-0.02830 I 
0---3 2 6-6 3- U - U 5-5 5 5 - 0 - 2 U 5-2 4 0 - 0-0 8 1 8-0 --0-9-2.€4- O2-&O-O 6 0- 0 --03-92-3 - 

12-0.02711 0-00083 0~03189-0e00107-0.06333-0100237 0010633 0-01068-0,15835-0-07503 0-37655 0.79697 0,55358-0-09261-0.36897 
- OAQ2 8 7 1 O~~O~8~~7~O-~O~OJo_4~1~0O~~OOOO778~88~~~OOO_4O6688OO~~OO211331~OOo~OOOOOOli8 

I 
I 

13-0.00019-0.04188 0-00083 0-04463 0-00539-0-04978-0-00987 0-03803 0-01605-0-19975-0-07181 0-55358 0.78453 0-40828-0-09313 I 
'1 

I 
-0.23168 0-02843 0-  15923-0~00443-0~0~8C;5~1~0~0~0~0~0~5~0~~~0~3~94~9 I 

14 0-02953-0.00019-0,02711 0-00062 0-05572 0-00076-0-11795-0-00620 0-15117 0-02819-0-23087-0-09261 0-40828 0.78401 0-55261s - 1 ,  

-U-U7152~U,l977'0 0-01557 0,04607~0~005~~3-0~~0~3~07_5*-0~~~000004rs5 1 

" * - .  " 2 , .  . 
15-0.00045 0103949-0.00018-0-03923-0.00663 0-03712 0-00482 Oe00701 0-00062 0,07828-0-02830-0-36897-0-09313 0-55261  0-79755 J 

0~37~8~9~~0107513-o.16800 0-00902 0-08676 0-00076-0,04076 
16-0-03075-0,00005 0102131-0~00068-0~04737 0.00301 0-14246 0-01137-0-19752-0-05531 0132663-0,02871-0-23168-0,07132 0.37849 I 

'0.70354 0141075-~~Oh23?-0 .Q9386,7300~~0~0071~10~~403S 0,000-7_6 
I 

I 
17-0.00553-0-08551 0-00468 0.09284 0-00789-0-11064 0.01165 0,00282-0-04637-0-37054-0-05555 0-07877 0-02843-0-19798-0-07513 

Olbr_aTSO8,4892_7-~,06408-0.19039 0-40711 0.08477 - - .a- am. . .,- - --." 
18 0,04606-0.00443-0.00787 0,00818 0.03256-0,03690-0.20338-01047777 0.33119-0.04888-0-20524 0,00141 0,15923 0,01557-0,16800 I 

-0,06232 0,48927 0,71596 0,76321-0-0640-8-0-09385 0-00902 I 
19 0-01557 0-15923 0,00141-0-20524-0.04889 0,33120-0-04777-0-20337-0-03690 0-03257 0-00818-0-00788-0-00443 0,04607 0.00902 

-0.09386-0-06408 0.26321 0-71596 0.489_26rQ-.-0066232=0-,166800 
20-0.19797 0-02843 0.07876-0-05556-0-37057-0101637 0.00283 0-01164-0-11064 0-00789 0-09284 0-00468-0.08551-0-00553 0-08676 

0--0000~1 I-JU-. 19839-0.064-00 8.489_26 0-.-a2827 0,-~-1-0_75-0-e017SS1~ -.-. . A - .- 
21-0-07131-0.23168-0.02872 0-32663-0-05531-0-19751 0.01138 0-14244 0-00301-0-04737-0-00068 0.02131-0-00005-0.03075 0-00076 I 

0,04UJS 0,0071 1-0-09385~0-06232~@~4~1.0~5-:0.70354 0.37049 " . . - - ---. 
pi22 0~55261-0.09313-0.36900-0.02831 0,.'07830 0.00062 0.00701 0.00482 0-03712-0.00663-0-03923-0.000;8 
\ 1- ~'Oe00074_O.08677 0 . 0 ~ 0 ~ 9 0 2 ~ ~ .  16800-0.075 14' 0 -37849 0,79757 (. ;:e ' - -.. ". --"" -.- - 

I '-A 

7 
- - --- -- 





- - 1.--., .. 
* *  - C .  -_- . 

-4 1 i ,L ' -  :. La 
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8 .  .- 

YMOMNT 

D I A G  E 30-0229 31.9922 3907QflR 39.6470 47.4880 4305179 4800753 4900773 55.4502 5901372 
5 9  48.4220 49.5956 55.8551 59.2075 -. . ,. a. v --.- 
a CORRSP 27.3035 33.1442 39.0018 36,0865 49.3239 45.3355 53.2493 43.7130 56.4200 60.5309 1 

OF A SYMMETRY 
- 

STATE COMPOSITION YMOMNT I /  

0.27921 / /  0.7917 -0.6047 0.0019 0.0410 -0.0111 -0.0441 0.0172 -0.0304 -0.0396 0.0332 







- -- 
Z E R O T H  H A M I L T - O M I ~ M E I G - N ~ ~ S A N D  EI~~N$!CTORS-- - - -  

14~'A-15 A 16 S 17 S 18/~~~:~::rp19 S 20 A 21 S 22 A 
-1 5-9W6-2-26.2 1 1  18-30.68144-36.6371 1-37,~5~lL736r5O.7739l-63.59584-87.55276Jil4.58535 
- 0 ~ ~ 0 ~ 4 . 4 , 0 ~ 2 4 9 8 2 1 - 0 ~ 2 1 5 2 0 0 - 0 ~ 3 2 1 8 7 2 - 0 . 1 0 8 6 3 9 - 0 . 1 1 9 1 8 5 - 0 . 3 5 6 6 3 4 - 0 ~ 2 9 8 ~ ~ ~ ~ ~ ~ ~ 1 5 6 5 2 4  
039.636530; 165247 0.379690 0.041 109 0.323230-0.003765 0.3836 16 0.48d,4~\50i313180 . 
u$!$,52\1_7,U:~Uf5 I Y - U . ~ Z ~ ~ ~ ~ Z - O . U ~ I ~ I  I-U.47ZY5J U.255558-0. 15t134-U.3:16BY4-0.236'61&'".'m' "' 

-0.371883'0~175066 01017054 0.043385 0-336152-0,426344-0.083236 0,231175 0.284913 
0-042010 01196822 00330867 0.001879 0.002129 0.505319 0.342379-0-222138-0,5242427 d 
0.131834-0.127330-0230451 0.293989-0.119857-0.376307-0-317758-0100966 0.453753 

-0,158272-0,113063-01139073-0.431251 0.174802 0,008741 0.196570 0.315886-0.527992 
0-032019 0.430487 00073360 0.315062-0.129616-0.138955 0.246576-0.495397 0.414901 I .. -- --. ,", "--"*- . " -  " - "  .- -." ..--- 
0.319626-0. 187737-0,316134-0.042750 "0.3'169-1-4 0 2 2 4 8 w 5 8  0T3"23253-0.2* 3 

-0.2&$<02-0.251378 0.328542-0.279831-0.329257-0.252868 0.317606-0.236653 0.120913 e - 
I -0,0919,39 0,450000-0-101939 0.425459 0.161646 0.216196-0.340998 0.230018-0,106304 

I 

J 
I 0i370651-0.249821-0-215200-0.321871 0,108642-0.119186 0.356634-0,298063 0. 156524 
. -oY;\196366-0.165247 0-379690 00041106-0~323230-0.00376~-0~383616 0.481495-0.313180 

-0ff35288-0.0075 19-0.328352-0.06 1568 0.472933 0.253558 0, 157734-0.3 16894 0.236614 . . - . ,- -, .*. -- -- 
O?'$l~lBt/4 0. 115066 0.0 17054 0.04~38~3~T336-1-52-2-0.42%Y45 0.683233 0.23-l-l~~5=0TTE491~ 

- - IC -0.042009-0.196822 0.330867 0.001879-0,002129 0,505319-0.342379-0.222138 0.524247 .4 7 

-0.131835-0.127330-0.230451 0.2939"\0.119855-0.376307 0-317757-0.009566-0-453753 e 

0.158271 0.113063-0.139073-0~43125~00~174798 0.008741-0.196570 0.315886 0.52722 . - 
-O.U2ZU 19-0. 430487 O.073360 0.3 1 Fob3 0.1296-13-0.1 38955=OT266'57b=OT4-99S3q7=OoGil~4~01- - 

--- -P% - * 
*- 

C- : F 
*-0>3l-9625 0,187737-0.316134-0.0427$i+0; 3'i6914 0.22484j 0.286758 0.325223 0cvi@498 :: , t'. , 

k391.5 Z . .. . . .p I 

-!,::,-I 

0,,2844U I 0.251318 U, 32t/542-0.27V8~-8,-0; 329259-0.Z52867~~1-7b~0%-0.236655-0. " : +  

.0:091939-0.450000-0,101939 0.425458-0.161650 0.216196 0.340998 0-230018 0,106304 - > .  , .. ,?:. :, , . ,... st,'. 
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DIBENZAHTHRACENE X X APPROXIMATION -IT t . +  9 . -  a :{@j - -  1 + L % - .  OVERLAP EIGNVALUES AND EICNVECTORS .. . . . = i 

. . i---. - - 
-169: 

I S 2 A 3 ' s  b A 5 s ' 6 A 7 A 8 S 9 S 1 0 A  ' IlA s '-+E~s' 



, _  _ . _  . -  + - _ . _ _ - - -  . - -- A - - _ _ - _ _ _  - * - - - - . .  - -  
1:- - 

,.fG* /-&~<$"-, - -  &,*.-*; '. ., 4% :: 
1: ' t ,,dm a "  4 

\: Jbd * DI eENZANTHRACEME X IRX APPROXIMATION 
ZEROTH~HAMILTONI AN EIGNVALUCS ~ N V E C T O R S  <. 

- : 1 -70 r- 
1 S 2 A  l 3 s  k A  5 S 6 A 7 A 8 S 9 S * 10 A 11 A 12 S 13 S ,) 7- 

/ 

32.07089 29.23538 25.32954 21.94961 18.28168 17.33181 14.50405 12-95510 7.88981 4.87365 3.53044-16.16354-17-43251 ' . - "  
* -.- 

0.082082 0.167830 0.218033 0.092287 0.079284 0.224857 01189188 0.200055 0.316760 0.273094 0.101671 0.198800 0.298942 
1 7 ,  . 

0.153367 0.250576 0.205227-0.030217 0.230295 0.021253 0.277795-0-127058 0.180630-0.040499 0.221194-0.225816 0.090597 
. d ~ - '  '( 

0.119407 0.170501 0.076903-0.1910Cf8 0.345040 0.055 137 0.22341 3-0~006160-0.186471-01?h5h93-0. 1 8 0 2 3 7 - , Q ~ 1 5 8 9 - 0 -  17_6]39., _I'-s@L-._ .._-,--- 
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-0-0.003210-0.217889 0.101652-0.124517 0.188155 .. ,, - - ..--.-- ....- 1 

: 

1 

0.140100 0,129337-0.095516-0.264339 0.253067-0.086628 0.039767 0.284456-0.158901 0,147682-0-286239-0.336581 0022338x0' 
0.125497 0.166730 0.041685-0.186782 0.290650-0.226646-0.158429-01001073-0.111507 0.299713-0-238182 0.303085-Oo324108 
0.166488 0.246227 0.179875-0.027050 0.178251-0.192495-0.214613-00278328 0-058373 00028373 01189372 0.193911-0-010044 
0.096078 00171367 0,213253 0.143879 0-122663-0.271686 0-042526-0,046992 0.336865-0-269586 0.119589-0.127162 0.344952 
0.071510 0.138955 0.219730 00249301 0-005618-0.141587 0.265856 0-242376 0.227067-0-189213-0-143206-0-142299-0-217055 
0-076402 0.138377 0.205497 0.255698-0,106953 0.089921 0-278535 0.271943-0,148422 0.172165-0.191542 0-214076-0.213133 - .--.- 
0.116324 0.169206 0.167085 0. 16l47-99-,0, 173163 0.259243 0.070844 0~009629-0.345754 0.276795 0.050792 0,027462 0+34~&21i) .- I 3 

9 0.203399 0.242132 0.111891-0.004*9-54-OS130117 0,230767-0-186085-0i2554rO0-0.160204-0-009461 0-222707-0-242825-0-015149d . 
I 
1 

,0.242845 0.151985-0.127416-0.139T80-Qs222176 0.248891-0.10718!jj-O~0125~3 0~133926-0~303167-0 ,09385 .120~109285-0~323614  
A + + 

I 

" d 0;20,6395-0.000000-0. 130506 0.0000~0-03321467 0.000000-0.162566 0:0'00000 0.294749-0.000000-0.3727091 0.398720 0.000000 . I 
0.~C2845-0,151985-0.127416 0.139280-0-222176-0,248891-0.107185 0.012533 0.133926 0.303167-02093851-0.109285 0-323614 

I 

. 0.203399-0.2b2132 03111891 0.00495k-0.130117-0.3.30767-0.186085 0,255400-0.160205 0-00,9461 0-222707-0.242825 0 ~ 0 1 5 1 4 9  .-,. -.,- -. . ..-... --- 
, 

0.116324-0.169206 0,167085-0.161798-0.173163-0-259243 - 0,070845-0.009630-0-345754-0-276795 0-050792 0-027461-0.346219 - - - -- --  - - -  







FINAL EXCITED STATES OF A'S SYM(ETRY .kc' 

..--n'. )15.-; -. -3: + e 3  R f i ~ ~ ~ ~ ~ ~  F S T A T E  COMPOSXTIONA , . . ~r I *  4 

h'f'< -1 \ , 1 k:  * *j4: ; 
"W ' . 

z2.9. .  16388 0.25681 0.95 15 0.0000 ':0;26,74 -0.0355 0.0000 -0.0582 -0~.0195 -0.0000 -0.0342 0'.:b17*3 
h - j  / I  - 



-- 

Y_ - - , -  

ENERGIES FOR 1 r 2 r 7 r  8DIBf NZANTHRAC.ENE 9 .  I R M  APPROXIMATION 5.8 
. - \. 

.. . * 

' :E ELECTRON 
TJUMP,..*~~O;~I~ 5 r  13- ,&:? 

XMOMN*~$$l.i02487 + • .*. 

Y , M ~ M N T . ~ O ~ . O . O O ~ O - O  .ooooo o.ooooo-0. 
* 

- 1  22.0992 27.4677 
-- - 

'f"'bJp'~.,~i 35Telf664 33.3328,;39.446 1 .- b - *--y a - . f h r _c, 

DIAG'E 32.4383 33.4027 :40;0574 43.6394 43.8260 -47.6626 51.4563 52.2880 54.8$83 55.8920 
, - '* : .  :&- . - .  ',4,y;.':?" ,- -I 

3 ,  
,- -. : &.% r-: 

G O R R ~ ~  28.11751 311-3328 ~38,5911 46.5298 40.2259 44+.9233.1%0.4066 56.1138 54.9.315 57 .5898  . . - 
CORRSP 34,5116 28.7958 39,1212 40,5715 .,.- - 46.8831 - 45.3'134 5016044 57.9237 55.2091 56,5770 - - 

-.- -'-- 

( FINAL EXCITED STATES OF A SYMMETRY t 



/ ATOMIC COORDINATES I 



--- - . -  -- -. - . -  - - 
/ ' 

-------I -- - .  / 
,/->:*, .- 

7 - ., - 1 .;:3;" 
1 , 2  BENZTETRAPHENE T B M  APPROXIMATION 4x7; *,, r: 189 .. OV-E.R~L.ALL~-GN~AL-"ES-AN.D~E~.I GNVECTORS G' .- .c1 ' , ::,x:irt 

, ,. 
. . -. 

<*- ..* I I 

. - -  -..:?I .r 



- - -  - .  . .- 
'h; J " p; 

,/-- f l  
\ 

4 .: !'.X? d 
-- 

l , 2  B E N z T E T R A P H E N E  TBM A P P R O X I M A T I O N  / '  .. ,. 
f 

. ~ & o r ~ - ~ n ~ r L r o ~ = ~ - n ~ - E ~ ~ ~ v n ~ ~ E ~ ~  d -C__i 

1 1 1  s. - 190 j 



1,2 ,B~EMLTETRA~HENE TBM TOPOLOGICAL BOND ORDERS - * - .- . .--- . - - --- 
. :".$?qx Fry:.::: +qg3-P't,B 

.> g f i : ~ ~ l - l  , .' . I 

-1 - 2 3 6 -- $Fy2- J + 8 - - 9 4$$!& i t .  I-.--- 13 14 15 I 
I % ,  -.5 - - . . -  

W ~ \ h  

17 18 19 &$' 20 2 1 q&q$> . ,@-.: .-, 
, &-.? 

-1.6 . 7 a+' *++ *:;z - I 

I 
I 

. - ... .I .lt.:b,oQo~lo - 7J3,16 Q - O ~ O ~ ~ ~ Q ~ ~ ~ ~ ~ ~ : ~ - ~ ~ ~ ~ ~ ~ ~ Q ~ O ~ ~ Q ~ ~ ~ ~ Q ~ ~ ~ ~ ~ ~ O ~ ~ ~ ~ ~ Q . ~ ~ I L ~ ~ ~ ~ ~ O ~ ~ ~ ~ ~ ~ Q Q ~ ~ Q ~ ~ ~ Q ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ . ~ . ~ ~ ~ & ~ ~ . ~ ~ ~ - - Q ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ . Q ~ .  - . . . 
L.. E---,..* A- $ .  -0.034 13 0,00000 0.08204-0~.00000-0. 13859 0.0000&;-d:,5%054 x.. .&:.$$ , , $; : 

2 -0 ...- 733.1 6-1,,00000 . 0.59089,=0-.-0~0000=Q-.32332-.0 aOOOOO-O a-1249.8-0. 0 0 0 0 0 - 0 ~ 0 3 . 6 ~ . ~ ~ - ~ - ~ ~ ~ O ~ O ~ O ~ O ~ - F O . ~ ~ - 5 ~ . 6 ~ . ~ ~ ~ . ~ O ~ ~ O O ~ Q O ~ - 1 9 9 5 7 7 ~ - ~ ~ ~ = ~ - ~ O 5 - 1 ~ ~ ~ - ~ ! - -  --$iy 
*< 

0.00000-0.05755 0.00000 0.05151-0,00000-0.79212-0. - 

,-3-Q.,-O.O.O.O.O-O-i.59080 -.1.00000 0,73266 0 ~ 0 0 0 0 0 - 0 ~ 1 ~ 9 1 3 6 ~ - 0 ~ 0 0 0 0 0  -0~05~1~~~.5-~0~00000~0~0~2-1~97-0~00~0~~0-0-~9-2-1-7-7-0~00000-0~02~~i-7-8~0-~~.0~000~0 - 
0,02818 0.00000-0~08813-0,O0000 0112296-0.00000-0.22282 

4- 0 .. 3 6.5 1.4- 0 .0 (I 0 Q.Q-I-)-=73.2rfr r f r  -1,. 0 Q.0;Q.Q-0 , .54 18 ~ ~ ~ ~ , ~ Q . Q ~ ~ . ~ . Q ~ ~ O ~ C 1 1 ~ 1 - 9 , 7 , 7 ~ O ~ ~ Q O ~ ~ ~ ~ O ~ O ~ O ~ ~ . ~ 4 1 ~ ~ ~ ~ ~ ~ c Q g O O ~ O ~ ~ ~ . ~ Q ~ ~ ~ ~ Q ~ Q ~ ~ ~ O O O : Q ; O ; O Q ~ ~ ~ ~ 1 ~ ~ 3 ~ ~ ~ g ~ 9 ~ ~ 9 O : ~ = ~ ~ ~ . ~ ~  
0~00000'0~04905 0-00000-0.01668 0~00000 0,09225 0100000 

-5-0.e-0.0-O.O.O=O-22332 0.. 00000 0- 54180 1 ~ 0 0 0 0 0 ~ - 0 ~ - . 5 9 1 2 3 - 0 ~ 0 0 0 0 0 ~ 0 ~ ~ - 1 0 . 2 8  1 - 0.000.00 -0,03764- 0~0000~0~0-~-03-1-07~0~00000 .-Od03467-- 0-00000 - - - - , - -  . ---,- 

I 
4 

-0.02733 0,00000 0,12050 0,00000-0,18932 0.00000 0.49170 
-6-0.a-09.30..1.-0 -00000-0,-10-136-0*.00000.-0,59123 1.00000 0. 632k~J*~-Oi 000.00-O* -1 1877-0,00000 -0~0629~7-~0~-00000~~0~03683 0,00000.-0 ..1.2 130 .,.... - - .  + -  - 

0.00000-0,14335 0-00000 0.05586-0.00000-0.38391-0-00000 
i 
I 

7-0 ,._ 0_00?.0;0 ... 12498 ... O., 00.00070. ..ld4.1 9.3-0- 00000 .0...63244 .l ,0000.0 ..0 .L73 14-0. 00000-0, 093t4. 0.- 0000.0-..,.0..r0157,22-.0 .-00.0.0.0,-0a-..0689.7,-0,.Q0000... .- ........ -....-~.-~..x.... .... --.. 

0.00528~,6;00000-0,20797 0.00000 0.49368 0.00000-0.1.9140 
8=0 -.. 0.20;8~~$0..-00~0-0.0-0~.~0O~~114~S~-.-~.0-0.0.0~~-.~1-~.2-~-1~0-..~.0.0-~.~-~.~-447-~-1-4-111,-0.~.~.0.0-0.,-49-459-0- 00,000-0 .-I 3357--0.00 00 0. 0. 0586 7-0. 0 00 00-0.. 28 132. . - --. .- - .. .. -. -. .- .> 

0,00000. 0.58036-0~00000-0.27477-0,00000 0-06365 0-00000 
-. -9-0.. 00.000.-0,03684-0,00000 0.04 153 0.00000-0. 1 1877-0-00000-.-0,49.459--1 .00000-0~-5756-8-0~-0000~0-0~-2541-7-0~00000--0-~52998 . O*OO00O ..-. ..----. - .  . . - .  , ..' 

-Oe23G18-0~OOO0O 0,00568 0-00000-0,06511-0.00000 0.04675 
l.O-Qc,;O-l-O~-~-.O., 0.0000-0, 0 2.1.9,7-7-..0, 00.0 00. -O.O3j!611,-~0,O0.0i)O-O ..(&9.3.l,l,l4-0 ...00OO0--0 ..57.568.-1. , . 0 0 0 . ~ . 0 - ~ ~ , ~ ~ ~ ~ ~ ~ . 8 8 - 0 - ~ - 0 - ~ . 0 . ~ ~ 0 - . ~ , ~ ~ ~ . Q . 9 - 1 O - . Q . i i ~ O O O ~ O O 0 . - ~ - , ~ 0 ~ ~ ~ ~ ~  A-...--..-..--......-.--..---...--. 

-0. OOO(O-0. 12520 0.00000 0.09893 0.00000-0e03222 0.00000 
-1-1-0-.-0:0-0.0-0-0.-.0.2566-0 ..OOOOO-0 .,O 25.86--.O ..OOOOO - 0 . 0,629.7- 0.00000-0 137.5'7-0 ..OO 000.- -0~.~7~10~88~-1~.~00000~--0 . 6 1 4 1 8.-O..~OOOOO-O~. 2.5-1,8-3.,-0 ;.OCOOO -.,.--...-- -- . ... -.-----,- 

i 
-i 

' 05:162'35 0,00000-0,03194 0.00000 0,03839 0.00000-0.030.55 
-1-22.0:':-0-1~5.6.1-0-. 0.0-000-.O., 02-1-7-7-0 m.OO.OOO-0, 03 1 07 - 0.0 0 0 00 .- 0 . 05 7,2 2-0.000.00-0 ,,25 4.1.7 -0-. 000 0.0-0.. 6.1 4.1 8.--1 , 0 0 00.0. - 0.- J 132.5 -0 i.0 00 00-0..-,1428 5,.'-,--------,------- 

0~00000 0.11803 0.00000-0.09248 0.00000 0-04006-0.00000 
4 

-13-O~.OOOOO-0-0.19-57 O10OO0O 0.01656-0,00000-0.03603 0,00000 0,05867-0,00000~0,35091 0.00000-0~~7-1~325-~1.i00000-~0~~56802-0~00000 
-0.18716 0,00000 0.05749 0.00000-0,03359 0-00000 0.02387 

-1-4-0-.-0.4-9-9-7--0.00000-0,02478-0.00000 0,03467 0.00000-0.06897-0.00000 0.52998-0.00000-0-251.83. 0~00000 0.56802 .I -00000 0.52375 - 
0.00000-0,18905 0,00000 0.12638-0.00000-0,04979 0-00000 

.;>;,\> . 
a&&:h,!, , 

-1-5-0-.zO,OOOO 0.05160-0.00000-0.04820 0.00000 0.12130-0.00000-0.28132 0.00000 0.05336 .O.OOOOO-0.14285-0.00000 0.52375 1 .OOOOO e 
,0A~~75600-0e00000-0~13582-0~00000 ' 0 , 0 9 6 3 3 - 0 ~ 0 0 0 0 0 - 0 . 0 6 5 7 6  T 

I -1-4~~~~~~03.!1-1-3-0,00000.-0.028.18-0,00000-0,02733 0,00000 0,00528 0- 00000-0-2311 18-0,00000 0,16235 O~OOOO0~0;~18~716 -0.00000 0-7.5600 i 

$ ~ ~ ? ? o ~ o o o o  0.52795 0.00000-0.15588 0.00000 0.08036 0.00000 
1 ~ ~ 7 ~ ~ ~ ~ ~ ~ . 0 . 0 Q ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - Q , ~ - 0 ~ Q Q ~ ~ ~ ~ , Q ~ ~ ~ ~ ~ ~ Q ~ 1 ~ - ~ ~ Q ~ ~ . ~ ~ ~ ~ 1 ~ ~ ~ Q - . Q ~ ~ = ~ O ~ O ~ O ~ O Q O ~ O ~ ~ ~ ~ . ~ O 3 3 ~ ~ Q O i ~ - O ~ O ~ Q 8 ~ ~ Q ~ ~ ~ 4 ~ Q O Q O ~ ~ ~ . Q 0 Q O ~ 8 Q ~ ~ ~ ~ ~ 8 Q O ~ 3 ~ = ~ Q O Q O Q O ~ ~ ~ - i ~ ~ ~ ; a Q O ~ Q ~ 0 ; 0 Q Q  *: ' 0 5  52795 1.00000 0.50786 0.00000-0.16657-0.00000 0.08465 

1-8-0-.~0-8.2-0-9-0,0-00-0.0.-0,-0.8.8-1-3-0,-0~0-000-0,-1205.0-0-.-00000-0.2079~7-0,00000--0.00568 0.00000-0,03194 0.00000 0.0.57b9 0.00000-0.-13582 - -  - -  - 
0~00000 0150786 1-00000 0,77197 0-00000-0-22594-0-00000 

1~9=O-e.00.~.~0-0~.~0.~6~0~~0 - 0 0 . 0 0 . 0 ~ ~ . , ~ ~ - ~ ~ 6 , ~ 8 - 0 , 0 0 . 0 , 0 0 ~ 0 ~ , ~ 0 ~ ~ ~ 6 ~ 0 ~ ,  00.00 0.-0,~7~4.7.7..-0.~ 00000 .-... 0.0-0-9893 -0 ..000.00~.0.,.0~9.24..8-0-,.0~0.~0~-.0.~~~..1.~~.8-~~,~0.00~00~ .-..--.-~.~-.~~-~~~.-~~-~w4~.~.~rr-~-. 
$0.15588 0.00000 0.77197 1 .OOOOO 0.50463 0.00000-0.1080 1 

2-0.~0.,-13859.-.0~0OO0.0.0.-0.-1.~~&6-0,Q-0000-O~.1.8932-O,0-0.000-.0.~49368-0~00000-0.065~1..1 0~00000--0~03839-~0~~~00000-0~0335.9--0,000-00-.0,-09633-~~.~-~~~--~~-~~------~-.~~---~~.-~ 
, p , l ~ ~ ~ ~ ~ - ~ .  16657 0.00000 0.50463 1.00000 0.62257 0.00000 

: 2-1~0P0@00-0 - 1  9.212.-0.00.000-0-.092.25- 0.00000-0 -3839.1- O ~ . O O O O O  -0- 06365-0.00000-0. 03222 - 0 -00~000--0.04006 -0.0000~0-0. 0 4 9 ~ ~ 7 P - 0 ~ ~ 0 0 O 0 O i ~ ~ ~ - - - - - - - - - -  , :8,jikB --- - 0.08036-0,00000-0.22594 0.'00000 0,62257 1.00000~~0.59407 k;! &- ) ~ 4  - s J /.- 

1-22 -0 .:54 0 sh=o_, -oc,~~.a.~~~o:o.ooo- Ll ,..d ::.,.... .- 0.. ~.9.1-7.0-0. ~o.o.oo~o~~-i,~.i.40.-0 ..OOO.O.O-..o ..o . ..o. O . ~ . ~ . ~ p O  0-0r.b@..3 0 5 5.-0.. 0 o 00.0.' -0.- o 2 3 %.T-.,-. o . o Q 0.0 0- o ,. o 6.5.7.6.-.... -a-i.x.-.--.m--n.- . ,.; .....; 
I - .  6.00000 0.08465-0.00000~~~~1~0801 0.00000 0. 59407 ~ 0 0 0 0 0  ?&%w-+ . - . . 

W b - .  . . #:$--. --, -- -- - . . . - .. ,. .-,-, ".. .... " ,k& , ;,. .%3'-. - . * -,cd .. . .. . - .. . . . . ... -- . . . . - . ?.&. ::: ,. - . - - 
---. 

*a,* 





q;:4;::; , A '  ... . ! & - 
dy;$9..>; . 

- L- ...,J%. ?+.,- -- 
~ ~ ~ ~ ~ . ~ ~ ~ R . G . G ~ S - F - ~ . R - I - ~ - ~ - ~ . ~ N . ~ ~  1--3 - - 

::I, &v:/. . . 
ONE -&E$:RON EXCITATIONS OF 

F b " T \  

, . ... .-, + # , > . A  .- 

d 
, . .~ .U.M.~'~'~%~J~~' ' ' !  p y; .<;?'F 1 - 2-l-O-9-1-2-9--r-1-2 ~8.v-1-2-l-0-r-1-3-7-r-l-2-6-r-l-2~-tT1T2 - + 4-,=1=2- hl-2-2-r-I-24-pI2 . 

~X-MP?~ .&+j$,,<~~9301-0.70 168 0.17995-0.70244 0.61234 0.27582-0.16057-0.07336-0.02662 0.06874 0.03584-0.0266 1-0.01937 
d4 ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 ~ ~ ~ ~ 7 ~ 7 ~ 0 ~ . ~ 3 9 ~ 1 ~ 6 . 3 - 0 ~ . ~ 1 ~ 3 . 0 ~ 1 ~ 0 ~ 0 ~ . ~ 3 ~ ~ 2 ~ 0 ~ ~ ~ 0 ~ , ~ 1 ~ ~ 1 ~ ~ . 0 9 ~ 0 ~ ~ = 6 ~ ~ 3 3 ~ 0 ~ 0 ~ ~ ~ 1 ~ 6  3 6 3 ~ 0 ~ ~ ~ 0 ~ 5 ~ 1 ~ ~ - 6 ~ 0 ~ ~ ~ ~ ~ 7 ~ ~ 5 ~ 0 ~ ; 0 ~ . ~ 0 ~ ~ ~ 0 ~ 6 - ~ = ~ ~ ~ 1 d 5 7 ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ d 1 ~ 0 ~ ~ ~ ~ 1 3  8 

JUMP ~'"1'5.6940 19.1844 21.6205 21.6604 24.5274 25.1508 25.8081 27.2562 28.6080 30.3187 33.2012 35.6678 37.5634 
-U_i.A.G~E-2%~-~-839~.2.~113_4_4OO333~~3~991333-4-~-117-855337~~-1-6-996-3-388~-2.5.84L43-9-~-933779-433~b.SbS-4-l~I.5.2-O-4-7-~-1-5.8S-5D-a-OO444-2Y5-1-~-L-?-B6 2T.5.622 

I 
DIAG E 27.-2703 32.318.5 333877 34,188.5 37.8324 38.3663 40,3100 43.9212 42.1508 47.5325 50.5498 52.1572 53.4147 

C~O.R.RS.P2.6.,.6-1~3~~2~~,.0;22.7-3~..~2.~10-3~4.~-9~~.8.~-~~.~~-~222223~~.-9~OOl~9~.O-.~li~~~9~4.2OO~.2~999~4.33..2-334-9-446-.8.6 02~-0.~s)-90-3-5-1-,3-3k1~.6.,.0-90b .-... .. .. . -  . ' 

CORRSP 26.7602 29.5891 32.5014 35,2189 37.8332 40.1896 38.5018 43,0578 43'.7855 47.2332 51.8096 50.5193 56.6000 I 

.\;, , $, 
' i. W.P i/ / /  0.0290 -0.0175 -0.0284' . r.. 

* s:$, , . '. - A. 

' 34.988% 1,23263-0.61+563-0.64 156 / /  -0.0279 O! 1468 -0.!5252!~:0~74 13 0.0186 0.3356 0.1587 0.0040 0.0995 -0.0096 - 1 

p i , ,  . '  . ,,.,. . ; , ?d*./>\ - . . - 
I 

. L /-/~0-.-0-5.6~0~.-0-1-0-1~0-.~0~20~2 ly%-b,i .-. * . 4+. +-I \ 
3 1,542&6 \ + :; / /  0.1036 -0,162'0 -0.230,9.~~-0krj.f95 . - , , +-. ... 0.2197 -0.3732 0.1102 -0.23'38. 0.~1?6?~~0:.0558 . 

.( . 
. &" , 

.I .: -. . - L0.00...0~L.0.00=~D;4:04 '. - . - .  . . . . . -- <,J;@ f; r ,  
.. . 'j' 3'- 

I - ..?. : \ , .\\.P.: 7 . -  t . .  A , - > -  i ' -  





, .-. .- ....... 
... .. .+,.f---'+ =- 

l s 2  BENZTETRAPHENE IRM - a ,  r .. --. - ... -y&$ 
< .  - ~ 

- 
---. - -- -- :-&. 

- - 

. . . . .  ATOMIC COORDINATES . - -. -- - -.. - - -. - - - - _ _. . .-. . - . - - .  . . . . . . . .  . . 
x - . 0 .866,0-. - 0  0 .-.--- 0.8660 . , i..732.'0 . 2..5980 .. 3 . 4 6 4 0  .4 .3300 4. 3 3 0 0  3.4640--  3- 4640- 





.. .;; . 1.2 DENZTETRAPHENE IRM APPROXIMATION 1 ] A I;: z E R 0 T H - H P M.I-LT.Q FILL N-E.! G N V , P ~ ? . F . !  -ANLF,,.G& v EC.LQR-! 
$ H' , F -<., 

33202~626 - - 
U 

0,089626 0.194698 0.174436 0.143127 0.162514-0~114482-0,324621-01095937-01263475-0010548 0-280730 0.308919-0-097191 
0 ..16.2-L7.6-0 -2.6 6 2 0-5-0, -1 45 6 5 6 ~ 0  :..0.033 2-%OA.-1-8 63 4 6-o=.-1-12 4:4 0-3~0..~2-7-7-83 6-0..~2-1-4~44~0= 0=.-1-3-3~4-34-0;.-1-69=2-6~0=0~.~0=58~2-9~8-.0~~0-~-8559-0~-1~~9~9?~ 
0.177445 0.140746 0.001449-0.147023 0.304810 0.120450-0.202244 0.041369 0.170657-0.023915-0~408050-0.414366 0.017768 I 
0-..2.5$-1-73-.0 .06=7-2-8 4~00,~11~.6396-.00..2-0.00~ 9.9-.. 222 ~.8.8-0-.-0.~293.8-0..~0~1-6~0~0~=0~.-1-9-6-1~9-0~.~~.2~0.0-~2=0~.-1-6-3.09d~0-.-0-76-1-7-7-0-.-1-09-9-61-~~~~~~0~~~6-~ 
OS;26)3791-0.112191-0.124196 0.028068 0.263140-0.111920 0.206901-0.016689 0.189682 0.141581 0.299545 0.307401~0.150851 , 

.0A~$~5..7-7-2=0~o~22~i778881. ~-0~-l.2~~83-7~.OO...OO448811~~-7OO.-1188O-7-~.~=0 -.-0kl-2-5 .2-0-, 2 ~~~~-9~~0-.-0.~.2-7-~~-.-2-8.6-1~7~-0-.-1-9-2-1-88-0-.-0-4-~4-0.~=0-.-~.O.O-~3=OO~-1-7 
0.135905-0.143091 0.174092-0.193140 0,081035-0-230781 0.165051 0.187476-0~330772-0.174989-0~176819-0.228354-0.~268574 I 

O-~70.8.5L093r0=.-1~2:6.0-5 2-0..=2092 3.6=0=~~2-32-0_4~9~0=.-1=0.7-9~776=O0.~22770.0 8 8=0=..0 8.4~7-11=0-0~~~2~~0k8;2-~O0.~OOO01=7335zO0.=3 0.45.0~=0~.=05=7--39=440VV1--5224~=770O~3-6-1334~4~ 
0;,0~?258-0.130911 0.224787-0.190971-0.221406-0,124864-01260931 0.094622 0.341566-OOO14215 0.154854 0,166859. 0--016333 , 
0:.-1-0:2.2 2-420 ...- 1.6.2-13.0-0..-225-1-7777~ O~.~0~7..5~1.0.8~0-.n~1-0-1-6.6-0~.~l-~.4-~0-~.~0-.-2-1-8-11~~~~-.-1-86-2-1--0-2-1-7-3-1-0-.8-1-1-8-~.-1-1-1-7-9=0-.--1-7=0-m9-7--~ 
.0.1~7210-0.228484 0.203891 0.078083-0.07.339.7 0.275663 0-012508-0,276552-0.132219 0.190750-0.098878-0.070795 0.228531 1 +OU,.;j.2 8-9-1-O=O. -1-59-5.6-9-0...0.6-7-223880402.5.6 3.0.O~O~.~O~7-6;3.6.0~OO.33325S-1=OO.~O599777-O=OO.~O59-1124=OO.-O.89-24-1=O-.~-3-1-Z662=O.~-2-1-4-1-7-7-O-.-2~.4-9-7-2-O-.-4.01-O34i 
%..-. 

U';139115-0.126816-0.068648 0.335391-0.04~~~~,~~0~144950-0.088535 02228951 0.057160-0.398570 0.004226-0.036483-Oo501444 
\ -0,b J.5~615~.0~..1~1~7-114_47~00.~2200S4:1~2~0;r 2-8536-4-0 ... 0~0~2~~~~~~~1;423~1~6;~;0~~~05~1~~2~0~~2~7~4~~2~9-0~.-1~4~5~0=0~6~0=.=0~8k~1=0~0-0~i~2-l~2310=0=.=2-13~0~2=0.~=0=6~2~8=9~2~ 

0.146445-0.033844-0.230~23~~~0..139703-0.1989~~?0.~246096-0.184988 1 14256-0.116066 ,$318085-0.203371-0.228421 0.380926 ..' ). , .. -1 f 
id 4.6-1-6.8- 0.,-03-7-7-1.4=0 ... 2.3.3.8-K8=.0 ... 0.5 36.1,3-0...29=3-12)~5.>..-1.6.8.0.4 ~~0..-15.0.6.0~~0.,.-1..6.2-7-91~=0~. 2.4-9-85220-. -1-1.3-1-2-2=0-;-284.4.6-5-0-.-2-9-$9~9~-.-1-89-93.6--1 

10.213929 0.124075-0.218754-0:224092-0.2 1638'1..n0f. 038145 0.004776-0.2633'1 8-0.07 133d-0.254755 0.077888 0.094884-0.263655 I- 0 . -1.4.8.5 2-7'0..-1-8 2.2.2.0=0, .0.4:6.6SLlg3 ..-1-4 8 ~-1~~~O~.-~6.8~7-7~.-5.-O.~-1~~~6~.3~O...~1-66O.~~-O.,-O~.2-O-~~=O6.-1-3~4~.O-~OO.-~ 4-3.4.4.0-0-.-39-4-9 6 2 -0. .-4 26-3 85-0-.-1-8-1-1.33--. 
0.15.5309 0.278588 0.128512-07004989-0,164351 - - -  0.200249 0.177245 00310198-0~034014 0.171587 0.092631 0.084570 0.150542 - 
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I 1 92 B E N Z T E T R A P H E N E  I R M  AUGMENTED TOPOLOGICAL BOND ORDERS - 

1 2 3 4 -.X 5 6 7 8 9 10 11 12 1 3  14  15 
16 ' 17 , i  fa 19 20 - 2 1 , -:. 422 

1 1.01 116 0.73235+kk.01216-0.35594 q.b18i? L o 7  00064 0.01313-0.0-1171-0.0-1705 0.01123 0.01944-0-00798 
-0.03465 0.00920.','0;09348-0.00923-(1,14917 0.01' .t 

2 0.73235 1.01298 0.58293-0.01574-0.21470 0.00 0.04631 0-00314 0.02731 0.00076-0,01902-0.00433 0,06396 -" 
& 

0.00150-0,06878-0.00898 0.05778 0.00856-0.20 
3-0-01216 0.58293 1.00915 0.73188-0,00366-0,20428 Oo00720 0,06209 0.00663-0.02490 0.01506 0,02432-0.01446-0.02607 0-00484 

0.02689-0.00608-0.10515 0.00879 0.13580-0.00416-0-21427 
4-0.35594-0.01574 0.73188 1.01556 0.54563 0-00357-0.15372-0-00884 0,04778-0.00827-0.02416-0.00030 0,OJjSU 0.00668-0.05506 

-0.00451 0.05557 0.01178-0.01339-0.01580 0.07392 0.02145 
5 0.01817-0.21470-0,00366 0.54563 0.96138 0,59426-O.OO095-0.11493-0.01743 0.051f4-0.02102-0.02960 0.01916 0.03311-0.00224 

-0.01960 0.00516 0-13013-0.01272-0-17956 0.00898 0.48381 
6 0.07409 0.00314-0,20428 0-00357 0.59426 1004203 0,63382-0.00625-0,11192 0.06005 0.05374-0.00859-0.03078-0.01200 0.12852 

0.06q4-0.15320-0.00834 0.03572 0.01335-0.36655 0.00178 
~FD.D'$&@@ 0.13972 0.00720-0.15372-0.00095 0.63382 0.97679 0.47447-0.00400-0.08335-0,02579 0.06751 0,01486-0.08291-0-01174 
L0.0O43, 0,01815-0-19441 0.00256 0.48759 0.00907-0.18380 

8-0.02.U 0,00111 0-06209-0-00084-0.11493-0.00625 0,47447 0.98451 0.49952-0.00088-0.15254 0.00058 0,04809 0.01031=0--27354. 
zf 0.009 6 0.57781 0-00706-0-26476 0.01291 0.05246-0-00478 c 

9 0.00064-0-04631 0.00663 0.04778-0.0 1743-0.11 192-0-00400 0.49952 0.97801 0.57702-0.00252-0.24996 0.0 1613 0,52640 'XY-0066%' 
..J -0,22456 0.01957-0.00721-0.01216-0.07626 0.01474 0.05334 

10 0-01313 0-00314-0-02490-0.00827 0-03174 0-06005-0-08335-0-00088 0-57702 1.01987 0-70948-0.01802-0,34313 0.02294 0,03767 
-0.01555-0.13548 0*00570 0-10531-0.01433-0.03041-0*00286 

11-0.01171 0.02731 0-01506-0.02416-0.02102 0,05374-0,02579-0,15254-0-00252 0.70948 1.00342 0.61004-0.00805-0.24539-0.01234 
0.17755 0.00677-0.02251-0,00263 0-03709 0102712-0.02981 

12-0-01705 0-00076 0.02432-0-00030-0,02960-0-00859 0.06751 0-00058-0.24996-0.01802 0,61004 1.01414 0.71130-0,00841-0-25122 
0.01080 0,12938-0.00043-0-10650 0.00561 0.03662-0.00101 

13 0.01123-0,01902-0.01446 0.01380 0.01936-0.03078 0.01486 0-04809 0 ~ 0 1 6 1 3 - 0 ~ 3 4 3 1 3 - 0 0 0 0 8 0 5  0.71130 1,00893 0,57135 0.01862 
-0.19858-0.01493 0.05252 0.00913-0.02743-0-02592 0.02167 

14 0-01944-0,00433-0,02607 0-00668 0.03311-0.01200-0.08291 0-01031 0.52640 0,02294-0,24539-0.00841 0-57135 0.96645 &52527 
-0.00972-0.17861-0.00620 0.12452-0.00232-0.04143 0.00403 ; - f= 

15-0.00798 0.06396 0.00484-0.05506-0.00224 0.12852-0.01 174-0-27354 0.00088 0.03767-0.01234-0.15 122 0.0 1862 0 , 5 2 5 2 7 ~ . 6 1 - 7 ~ 0  , G. r 
+ $; 0.75153-0~01190-0-13827 0-01364 0.10180 0.00559-0.07525 

16-0,03465 0.00 150 0.02689-0.00451-0.0 1960 0.00324-0.00427 0.00936-0.22456-0.01555 0.17755 0.0 1080-0.19858-0.00972 0.75$33 
ls1)159$ 0.52791 0-01095-0.16202-0.00613 0.07456 0-00139 

17 0 ~ ~ 0 0 ~ ~ ' P - 0 ~ 0 6 8 7 8 - 0 , 0 0 6 0 8  0.05557 0.00516-0.15320 0-01815 0-57781 0.01957-0-13548 0,00677 0,12938-0.01493-Oo17861-0.01190 
0.52f91 0.96951 0.50470-0~01170-0.15358-0.I)1012 0.09172 

18  0109348-0-00898-0.10515 0-01178 0.13013-0,00834-0.19441 0,00706-0-00721 0-00570-0-02251-0.00043 0.05252-0.00620-0.13827 
0.01095 0.50470 1.01553 0,76853-0.00947-0.23820 0.00840 

19-0.00923 0,05778 0.00879-0-01339-0-01272 0.03572 0.00256-0-26476-0-01216 0-10531-0.00263-0,10650 0.00913 0.12452 0101364 
-0,16202-0-01170 0.76853 1.01707 0.50569 0.01452-Oo11471 

20-0.1491,7 0-00856 0-13580-0,01580-0,17956 0.01335 0-48759 0.01291-0-07626-0-01433 0.03709 0,00561-0.02743-0-00232 0.10180 
-0-0061:3-0.15358-0.00947 0.50569 0.96630 0-62411-0.00346 

21 0-01095-0-20533-0-00416 0-07392 0-00898-0.36655 0-00907 0-05246 0-01474-0.03041 0.02712 0.03662-0-02592-0-0414 559 
0.07456-0-01012-0-23820 0.01452 0.62411 1.02729 0.59703 

22  0.54455-0.00763-0.21b27 O.02+5 O . l r R 3 8 1  0.~t78-0.18380-0.0047~j~~05334-0.00286-0.02981-0.00 10 1 0.02 1-6.7 0.00SO 5-25 
0.00139 0.09172 0.00840-0.d1471-0.00346 0.59703 0.96600 

* 
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5 7 3 4 6 8 1-Q 
2 1 

, 

18 I 
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. . - . - -+, 

..-- --. ..,. -. ..." _ .,-. .--- 

I .. . .. ,. ... . . .- -.- - -..- 

(-. ? 

C.O.R.RS -- .--., -.. - +--.. -- -.- 

CORRSP 26.1918 30.2224 33.1543 35.5464 39.9106 40.5446 42.3251 .47.0780 47.9202 53.2400 58.0937 60.1854 65.1'688 \ - , 5 .'+' II 
............ , ..... ..... I,". ..., ....,. ;? 

P 

",. I 



BENZTETRAPHENE I R M  APPROXIMATIO N (cont.) - .- - 

36,74748 
2: if. 
t.& 4. 



( ATOMIC COORDINATES L - A -- . .. - 
- X b 2 r 6 3 4 6 m C  0.9036 0 . 9 < 3 6  0 . E 0 -  4 u -079~0-33-059 0 3 6 .I . . 

. . # - i. 

: (1 . PYRENE; 
I 1 

2 
I 

- i , - - -  . 
i 

TBX' , 
t i 



*a**#= A t- - 
- .  

J PYRENE X , .TBX APPROXIMATION 

- - - - .  - 
1 7 

TBX APPROXIMATION I 
L E S  AND E J G_N V ECCTTOR S rc"i-; . I F --- - ;. 

SS 2 AS 3 s ~ k  2'-.4' 5 AA 6 SS 1 8-7. .AS' 8 SA 9 AA f 10 SS 11 AS 12 SA 13 AS 14 15 SS *l6.y~ 
28.17381 24.41544 22 .1637 18.62975 16.69011 14-49?~78.~1,3~,"4~9-640 7L6556k9--b1797-21-07744-23.62592-30-06045z3366-998~~~-16663-69-889341~6_8 . L *LC*:-- 7 
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204r: 

e 

+ - _  - - - - -  + . *  ---.. - - --  ^ _  ̂ ^  - - ^  -___-I^ -- - I- __- - -  n-- A - .. - - . - ,,, , , , --- -.. - - - - - . - - -  
, --, 9 

P , > , a 7  
3 

1 \ a';-'': -/a c -*- 
I b .--- .ak:* A 

i I . ' .. *'q.$::7*ny- 
TBX TOPOLOGICAL BOND ORDERS . L 

8 9 10 
. .  . 

1 

T. 

I 

- - - .- ---, 4 1 
+ - -  

- 
I 





' 4 '  ' /1 ,I.. :,. ,?-w2:~ 
E _ N E S S ; I . E - S - E O - R P Y R . E B . E _ X - T B X - A . P _ P R . O . X 3 - M . ~ _ T ~ L O %  I-.-? . - .  . , +  I 

ONE ELECTRON EXCITATIONS OFSA SYMMETRY I--- f i  2 A ' , -4 -. P I 
' .- 

8 - ~ , 0 2 9 - ~ ; .  1 1 3 ,A0-6-,L2 t, 4 w_1_1225r,lS3311tt112 - 

0,01422 0.49558 0,03574~0--49729-0-24865 0.24981 0,00911 . \ f. ;,* 
Y M 0 M N T - Q - 0 fluOOQQO - OQ--OOOOOOOO0 0 .0 0 0 0_0~Q~~~Q9.QO,O~O~~O~O_0O~Qe~0,oQOOO~OOOO,OOOOOOOOOO~0~e~O~O~O~O~O~0~.~O~O~O~OO 

'**; ., . .:\ 
JUMP E 23,1344.28.7330 34,0334 40.3160 43.2450 44.5583 48,6903 53,6886 58.2344 

1 A U -  -3 3 -0 9 9 8. 3 7 . 8~558877447_-~7,9~8-0-5~22e~1~33991~5~~~0-7,4_4~552~7~7~8~6~3~6X~6~6~6~8~0~S~2 31t4X3---1-5-95 
D I A G  E 33,8008 37,1991 48,4317 52,5543 56.8).12 55,4159 62,8205 69,5371 73.0791 
C 0 RRS P 2 7 - 8  4 1 5 1  9 - 8 4 7 U S .  9 1 2 8 599e%6_7~5~e+~22553-5~e-~O338556,4,4.~2_1_1~dd77~O--775447774-edd~%5 
CORRSP 28.2207 39.7499 46,2593 51,0173'~56:0924 58.8011 63.5520 71.682'7 74,2743 

[,. - ,  



ENERGIES FOR pY&ENE X "b- .-TBX APPROX TMATJON] 1.7 
I ONE ELECTRON E X C I T A T I O N S ~ O ~ ~  AS SYMMETRY - + 

JUMP 3. 3 f . t7410. '1 6.11 11 11 2 , lO 5 &2 6,13 1.11. 4.13 
~ ~ ; 1 - 0 0 0 0 0 ~ 0 0 0 0 0 - 0 . 0 ~ 0 - 0 ~ 0 ~ * 0 0 0 - 0 . 0 0 0 0 0  0. ooooo 0.00000 -.?$? 8 . 

YROMNT 1.13636-0.0557J1 ~~.78'1" j '12~0,51807 0~04805-0~03~h0~0 /p : ' 2 ,503h-0 .04~44  0.01018 0.23106 :.- -* , 
JUMP E 17.2736 31.7855 34.5738-38.1237 42,2557 45.4~29~46~.7507~,51,74963 51079.9,7-5506283 - -  L.. 
D I A G  \E 30.70113 J+4 -9721 46.1102 52.6799 58.5342 60.2%4 5 9 . 4 6 $ f x ~ . 2 0 4 4  h6.321105..74~.8770 
'DIAGaE 3008202 45.4844 46.0357 52.7403 58.3105 60.0586 59.2559 67..8634 66.8659 75.*2519 * - 
CORnSP 28-53116 113-7JrS6 1r5,8lr00 52,9273 57.7403 40. 301 5 60.0-61'3 h_h, A331 h8.4A3.7-77h..~RR3~1,8 -. ,..- -. . , .%To  -,.." . 
CORRSP 28,6910 44,2141 45.9225 5300724 57,4391 60.1212 59,9634 69.0771 67.0388 77.1471 -- -. 

I 
FINAL E X C I T E D  STATES OF A$ SYMM.ETRY . . . . . . . . . . . . .  - - - - . .  - _ _  _ _I __I 

. ENERGY F X M 0 M NT Y M O ~ & . O l . P , Q C _ S J i ~ r Q N .  ...._.\ ..... ..... ,,,,. "" ........ ., .......I. .................. .....-. -..--. 

28.5346 1 0i81r.090-0.00000 0,83246 / /  0.9482 -0.0689 -0.2755 -0.0838 0.0442 . 0,0594 0,0709 -0*0.318 -0,0087 -0 ., Q . 4 1 1 .  .. _ . . . .  

r - " ' .7 ' '. 

144 ; . :  m .  
/ /  

'1 3r.487J3. / . 0 -9478 .. 0.0025 -0. 1100 0.2102 0-0.509 -0-0220 0,175-2 .-0..*0.417 0,0196 -0-*-,?974 . ,,.... .-...,.,,- 
P;:-:?.i.- ; A;<; . I / /  t.7 ; wh, P ,,+.> g: ..;+ 4:. T ' 

.....w. < 
i I 

+, - [ 
43.'74562 0L17444-0.00000-0.30622 / /  -0.0223 0.901 9 -0.3447 0,1499 0,0277 0.1142 -0.1:319 -0.0552 0.0979 -0.0307 

k ;' ':- / /  
. \ I 

I .  

31.58513 / /  -0.0015 0.6854 0.4613 0.4460 0.1184 0.0215 -0.2295 -0.1032 0.1249 0 ~ ~ 5 8 5  '.' I 
I .  
I. / /  . L . 

I 
; 

4 5 . 0 ~ ~ ~ 0 ~ 9 - 0  4 - 0 ,Rn0117784-' - QJ.0_8_8 1 0 .0 8 5 1 0 . 1 0 4 8 1 

-A  



ATOMIC COORDINATES . .- . . . .  

X - .  2.6346 1,7691 - .  0.9030 019>36 - O,.-~, 0.0 -, Ua303.6 -.-- O-Q030-. 



I 

( + 
P Y R E N E  # IRX APPROXIMATION 

OVERLAP ETGNVALUES AMl7 E - I G N V E C T C I R ~  L 

l h  Y A S  3 s  k ss S A A  .6 ss 7 AS 8 SA S A .1 AS 4 1 b A A  X~SS--~~-M-~--'- I I" 10 ss 33 As 1.743501&543-9-0.8 l,-42-4302 1,3J824-6 1 ..231471,J .J-&&-31 1 . 145341 1.046598 0. 31 596 0.748856 0. 8042 0 . 5 9 7 6 7  0,865307 . . - - 0 . 6 0 ~ , 3 9 ~ " ~ 6 3 . 2 6 - 0 - i ) $ $ 9 4 : 3 < 1 * ~ ~  -*- 
I 

. -- - - 
P Y R E N E  X 

_ - Z E R O T H  HAMILTONZAN-EIGNVALU~F-EIGQTEC~ Y.$ 
-*- - -- 

. 1.s~ 2 A S  3 SA B ss 5 AA 6 ss 7 AS 3 8  SA 9 A$ lo SS 1' 11 AS 12 SA 13 AS- TM . - is-ss - - L  16 AS; . 
32.004Q I 26.43923 23.08687 .18;)>806 1%. 10013 1 I .  36346 9.52356 :f ~ . 3 ~ 1 ~ 5 : l S . ~ ~ 9 ~ 7 - 9 J ~ Z S .  1~920~26.6~376-8-62.1995-2-3~54:d&%~S& 19-58, 19(5<r76177-; C .  

-4' ** '  *. G X . & J  -=\ 'r) -2- < . -?,>T.., - 
' 'i~;* - --. .>y 

'c~ '+- I 
0,141 586-0.248869 0. 127063"0.262594-0.280934 0.039759 0.15'5219"'0.367392-0.393-044-0.222171-0-030689 0.349375 '0. 382252-0.200236 0.389202-0.241687- -- 
0.119848-0.257360 0-000000 0.390270-0.000000 0.066039 0.383117 O 1 O O Q O O O - O ~ O O O O O U  0.495058 00032379 0.000000-0.561584-0.0~0300-0.389614 0.196225 

~ 0 ~ . _ 1 - 5 ~ ~ - 2 1 ~ 9 ~ 0 . - 3 ~ 6 ~ 7 _ 3 9 1  0~~~3~93~0~~-0~~~222J~7_0-a~~003300689-0.3193~75 0-0-302252 0.200237 '0 .389202-0 .241&8~~ 
' 

0.227236-0-224178-0-234116-0.045448 0.320686-0~033713-0~259101-0~172389-0~194823-0~295333 0-000957 0,446863 0-047395T0.388866-r~.401047 0.436129 ' 

0,150418-0.0'67041-0.319591-0,163779 0.145758 0.362307-0.127252 0.272350-02328917 0-133334-0-482430-0.1884~-0-I?5-~-5.6d 0:4%%604 0.112992-0.255563 
0.150418 0.067041-0.319591-0.163779-0.145758 0.362307 0.127252; 01272350 0,328917 0.133331 0-482431-0.188445 0.175356-0.469604 0,112992 0,255563 . 

IRX A P P R O X I M A T I O N  



, . .  4 -. --rL--- - -  - A,. - - -  . - . -  - -  A _ _  - .  * _ _ ^ _  - _  * . - a  - . _ - I - : :7 
-- 

L-&3.-Rc7*d . i . ' .  . . / ,._ ;+ + -- -i (I ... . . 
I 

.I 

, IRX AUGMENTED TOPOLOGICAL BOND ORDERS .- ,&\ ' - '.-::!.: ;-j- .* 

- - - fl ${!: p#- 
A. \v..4";'/ 

t .p 'ti, -. + A t  

5 f ' t ,> I  
-, 

8 ;<&?*?i+ 9 1-1 1-3 'r:, 2 '  ' 3 4 'y6,'  .' 7 1-0 1-2 14 . t rc :+$  15 v > a 6 -  , 

1 . - +g&2$y 

. .---- \;. ..q&:, ". ; --- -7 - 
a ~ 2 - 5 4 2  04254-0.02169-0.28268-0.00761 0 . 1 8  155 0.00081-0.12579 ' 0 ~ 0 0  156 0. 14378-0.00597-0.20444 0.00981 0..59810'0~0~0625.~'0?0384~1~-' 

1 *i&{h>?T ..'\.- - -.f@ P*-- L -- -- - 
*&2&69_54 1.00267 0.66954-0.00628-0.10767 0.00913 0.09219 0.00 156-0.07881 0.0'0156 0.09219 0.00913-0.10767-0.-00628-0.'23_82~ -o..~ooW~ 

1 TT 
-I v- -- -- 

13-0;&2l39 0-.66_9541.02542 0 . 5 9 8 1 0 ~ 0 . 0 0 9 8 1 - 0 . ~ 2 ~ 0 ~ ~ ~ 0 . ~ 0 ~ 0 5 ~ ~ 7  O.JX3-7-8 O0.-OO011556-02 125790,O-0>62S1 
1 L- --- 

1 - -  ~ = 0 ~ > ~ 8 - 0 . 0 0 6 3 8  - - - 0.59810 ,( 0.97096 0.46494-0.00918-0.15354-0.00597 0.09219 0.00081-0.08802-0.01464-0.00 102 0.02332. 0.551Sd .Oa9*> 
-- --.c- 

-0_0761-0.10767 0%0,098.1 0.46494 1.0 1259 0.80599-0.00918-0.20444 0.00913 0.18155-0.01464 0.01005 O.O(l734-0.00102 . - 0.00737L0;21669 
G 1 x, , ';,p; ,2\,; . i e- 60..8P5-5 0 . ~ ~ 0 0 9 1 3 5 ~ . ~ 2 0 d - 0 0 0 9 1 8  O O S  1.01259 09000981-0.10167-0.0-0-761-0.00102 0.0-0734 0 . 0 1 0 0 5 - 0 . 0 1 4 6 4 ~ 0 ~ 2 1 6 6 9 ~ ~ 0 ~ ? 3 ~ ~ ~  , . I s  - ---- 

1 -- I s ,  





-- 
v- . ENERGIES FOR -PYREME"X d , IRX - A P P R O X I M A T I O M  5 - 8  

ONE E L E C T R O N  E X C I T A T I O N S  OF,SA SYMMETRY u I e-, i 
JUMP ' '-\7, 9 8.10 1 1  2, 9 6.121. -3,lO 4 r 1-2 5 1-3 7.14 _ _  . &!.$+, - : 
XE10MNT20-67429-0,64260:O. 51_8_36- 0.03729 0.54786-0',03900. 0 -17  105-0.23096-0;02?39 L. , : . A * ~ ~ *  

~ ~ b n ~ ~ t t o . o o o o o  o.ooooo-oiooooo o.boooo o .oooo2 i~o~ooo+oo o.ooooo-o.ooooo-o?ooooo - +12.1v<.: t 

JUMP 'E '24-7215 28.5106 40.7441 41,6371 43.5630 48:2561 50.3176 51,8611 58.1058 .d ,  - i 
O I A G ~ E  34.4270 36,8433 52.4697 55.71411~ 511,9929 62.4719 64.6101 6 7 . 3 5 7 9  7n,-3607 

I 
7 1 

* 

O I A G  E 35-2106 36-2171-52-8646 56-3549 54.4459 62.2385 63.6539 68,3726 70,5687 , 
I 

CORRSP 28-5844 39,5817 45,3600 55,7937 58.1912 61,10436k.631870,166172,868_2 
CORRSP 28.7567 39.6093 48.4512 55.9760 58,2031 60,9820 64.1091 70.9350 72,9044 

1 7  I 
FI&AL .,EXCITED S T A T E S  OF SA SYMMETRY 

p2gy:;;.yr 
I &~&Ri;y F XHOMMT YMOMNT / /  . S T A T E  C-OMPOS I T I O N  
f , 



I 

ENERGIES FOR PYRENE X I- APPRO~IMI-O_M L 8  - I 
*- 

- L/ 
ONE ELECTRON EXCITATIONS OFAS ,SYMMETRY 

8 ,  9 ,j 1 lrq~:y+>.+. - 9 - ~ *  4. IJ 
t~ . 

7, l f l  8 *  14 ---.49-1-3- >%-- - - -  - 7 zLk* '%er.. : ? 5 td2,.cc6 1.1 1;,&,2 r 1 0 
XMOMNT 0.00000-0.00000 O . O O O O O ~ ~ O ~ O O ~ - ~ . ~ O O O O ~ ~ O ~ - O O O O O ~ O T O O , O O ~ O I I I O . ~ O O O O O  0 . 0 0 0 d 0 - 0 : 0 0 0 0 ~ ~ ~ ; ~ ~  r - _.~ i -- YMOMNT, 1.14749-0.81949 0 - 5  1255 0-;br1300-0.07384 0.261flR 0.0778 110<00202 0.05899 0.19263 - -, 
~ ~ ~ ' ~ : " € ? 1 8 . 5 3 9 4  34.6928 38.0011 38.2848 44.7557 46.3059 49.1181 51-6084 51.9236 55-8727 f 

F 0 1 ~ ~ ~ € ' 3 1 . 6 3 J r 9  46.3762 52,0218 51,8380 60.?800 58.6834 h5-4121 hh.6779 63.5049 75.4430 - 
O I A G  E 31.7546 46.4065 52.1829 52.3572 60.0318 58.3703 66.1928 66,5389 62.0503 75,8146 

c o n n s P 1 - 2 3 6 p , 3 2 3 3 - 5 - K . l b 2 _ 9 6 h 5 ,  5 C) 4 9 h 4 . 5 7 1 9 7-7-,h-R 89 I \ .--.- . .A,"... L .. - - .." --. ....I 
CORRSP 29.3163 45.8256 53.3147 51-2508 59.86818 56.8316 67.2490 65.6768 64,3725 78-0005 

t '% 

I I___ . _ FINAL..--&.XCITED STATES OF AS SYMMETRY ---. t . -.---- -...--..-- -.-. 
I I 
1 EBEBGY F XMOMNT YMOMNT / /  STATE C-OOfilfilP_QSI-TZ_ON 

' "  
.--?,%,-,.-. .... *,?-.....,,..%..?. ..-"-.,.., . ,. 

1 ! 



I '  
, I ...' AJ -" ** ;a ';" .- 

e*3ygq$; , ; .ii.!L.r_.~,. 
*-- , , Y \zw,* ,. 

. . d /  1 P"' ; b,--. p: k; ,?. , / ".-:L 1 
j ,-*a* * .: + - 

'-.. 
I 



Q 
- . b. 

- - - - - 215' 
I 

- \  ts, ,+ - - PYRENE TBM APPROX I M A T  ION 
\ OVERLAP E T G N V A L U E S ~ A N D  EIGNVECTORS 4':;;;*.\: -. ----L -- - 4 7  ,&$, 13 AS e4-14 AA ss - - ?  

l,!SS 2 AS 3 SA 4 SS 5NL 6 SS 8 3 A  9-AA 10 SS 11 AS 72 SA 7.16 A*--.- AS 1 1 .p249i9 1.499617 1.444728 1.332528 1.307760 1.246799 1 .22!7050 1 .109830 .890  168 0.787948 0.753206 0.692239 0.667471 0.555270 :0.506182-0.-,375059"". . -. v 

'M $3 ---- 



f . .  .a - 
1 .OOOOO 0.52351-0.0 

,-__ ..._.._... ^ ...,,. " ..-,., ... .._. _ .. . , .. .- 
0.52351 1.00OOO 0. 

/$?j*>. .L 

-13<0?;21&7', 0.00000~0.59434 0.50328 0.00000-0.00000 0.08861 .O. 00000-0.00000 0 .0200~3~0S00000 0.52351 1.0 
C -  ..&<T- . T 

_i. ... .-'* . , .. - - - . . . .. . . . . - - . - 
L1'4 O A ~ Q ~ O  0.088y-.O.OOOOO 0.00OOO 0.50348 0.59434-0.00000-0.27677 0 .02003-0 .00000~0~08063 0.00000-0.16690 1.00000 - 

,-;:>,$ y.*p$ ~. 

. 1 - 8 - o 6 Q 0 0  . - @";. + * C;; . - ..+. * , .) - -, -.R!$<;-~.., ., ,ei; 
. ,  . .0.53442 0.0 -- 

' I  -- 6?0?00000 0 . 0 _ 8 8 6 1 . ~ - o o ; 2 7 6 7 7 - 0 ; 0 0 0 0 0 ' ~ 0 . 5 9 4 3 4  i~ C 0.50348-0.00000-0: \ 16690 0.00000-0.0 
1 &,<. . ! 5 1 :', , h 

ic.- -. I . i r 

I \ 

. - .  - - - - . --  
' 'r.-' - 
. - 1 



A -  - . 

- .  - -  . -  - - _ - _I I - a__-- - _ - _ ---- - _ A - - - _ .  - ^ a -^-  - - - -  - - - a - . - - - - - -  - - - - - - -  ,--- -- -L, 

4 
-- 1 - 1  - 

,- * . I  C'. +'- . ./ - - - ; L  /c= . 
8 .#.X., , - = -  . . 

t '" 95'"' .%+,:; cp.. . . '?-v.. > . - I. T .2  f -Jc;  a *: <@% 
,--a ? ;&i *. :%(.2;7 t ...L;.-- .C> ...ys v " ..... * ' - .  7 , *  . 

TBM DENSITY BOND ORDERS b 

- . .. . . . . - 

. , 



JUMP E 22-6441 28,2323 340.0623 42.2528 43.9076 .48.2216 52,0941 SSoOSOS 1 O l A G  E 32.0995 36.8184 47.1258 53.7570 57.5886 59.2124 66.8883 69.8906 
D I A G  E 32-7834 36.2089 47.8044 54.1260 57-4268 5 8 - 6 5 8 0  66.0286 70.8918 
CORRSP 26e8176 '39-0236 46-1128 52,9445 56.8751 61-7071 67-6923 72.2073 

I CORRSP 27.2007 38,9466 46.5449 52,9347 56.9131 61,3620 66,9344 73.0913 I 
I 1 

F I N A L  E X C I T E 0  STATES OF SA SYMMETRY 

ENERGY F XMOMNT YMOMNT / I  STATE COMPOSITION 

26.81761 0.03402 0.17270 0.00000 / /  . 0.8168 -0.5338 .-Om 1170 0.0177 0.0609 0.0468 -0.1150 -0.1216 
23,86716' I /  @ 4 5 7 &  ' 0.2108 -0.0656 OeO890 -0.0284 -0.0378 



I / - %  
.\, . . -'- 1 f ,, Y5:2, -,, . A 

t ->.~w$p~;yi3 m y ,,. 

~ * j ~ $ i i ~ N E R G I E S  F O R  PYRENE q!!yL-' 
' a 
'ONE~~.I~:GECTROM EXCITATI'ONS OFAPPS, SYMMETRY. - 
JUW:P<~ 89 9 39 9 79 10 6 9 1 1 .  4 9 1 1 :  2910 59 12 6913 1.11 4 r 1 3  
XPSOMMT 0*00000 0.00000-0,00000-0.00000 O.OOOOO 0*00000 0~00000-Q~00000-0~00000.0~0~000 
~ ~ 0 ~ ~ ; ~ - 1 - 1 6 0 3 9  0.07393 0.79630-0,51596 0.00000-0-04221.0.21989-0.00000-0.00000 0.22095 
JUMP iE 1h*hBh8 3 2 - 3 h 2 0  34-  189'7 39.4469 43 -3  1,95 4-5- ...6..0 79  5 1-a-0275 ,52.,&4t4. .53-<4-545---56. 1111771 -_l_l--_l_l_l 

D I A G  :E 29-8491 44.9483 45.7020 53.5766 59.1176 60.0546 63.7420 6'7.550'7 67.5358 75,0844' 
n I A G  !k 29,9684 45.5154 4,.5s,T665J0 53,62u04 58.8563 60.0043 632-5J2P_-6a8,,-2g,9,6,6&8.0276 7.5.4554 

-. 

1 CORRS.7 27.4080 43,8771 45,6128 53.9325 58,4449 60.1485 64,2409 67.1495 69.3260 77,0197 
CORRSI? 27-5620 44.4111 45.7093 54.0366 .58-1497 60.0418 64-0842.67-65.18 69..8515 7703463 \ 

9 _ . _ I_-- - - 
'If ..; 

/* ,4,%. .& 
, I~.I~N;~I~;~$XCITED STATES OF AS SYMMETRY. . 

! g&- . .J &A >? ,! - .. 
XMOMNT YMOMNT / /  

- 
E N E P ~  STATE .COMPOSITION i F 

?; ., 



- -*  - -.we--- 

i - 

I - 
P Y R E N E ,  IRM I_. 

I i 

. ATOMIC COORDINATES 



PYRENE_L I R M  APPROXIMATION k-2 .I 

OVERLAP -- E IGNVALVESI- AND EIGNVECTOI?-S .-, .sl X- 

i---- &- -, 
1-33 $&AS &&SA - -mlb5GS 5 -  - &$'-ss- - i7 .AS- 8 - S A  . . A -*9-AA- , i l0.SS - - - A S  - . . Q.2 3 A  z13 j ~ ~ -  i@h*Z 15 ss 16 -AS - - i. - 

( 1 . 7 8 0 3 2 3  1-555898 1.475669 1.318542 1.252553 1.177971 1.136972 1.037719 Ok829620 0;748032 0.727607 0 ~ 6 7 9 4 5 2  0 ~ 6 6 1 2 5 5 - ~ ~ 6 ~ 1 7  1 0.5535,80 0.478622 %& nr, -T. -*. 
: % 

I I. I 
- - -  - i s . .  - r  





. . 
.-me;, 

-- ~ 

E&!E I R M  AUGMENTED DENSITY BOND ORDERS - - - -*- *TI+ 

. . 
. -, 

2 %  a 
. - . . . . 

7; 
. . 7-. .... '2 .--; 3 . n  9 10 

- F a + .  -+ 1 ' 4  5 6 7 . ,, .. 8 1.  12 13.;. . 14 : 1 5 -. -F?-* 



- . -  
I 

. ..-- 
-9.. -. 4 

{ ~ ~ A P P R O X - I M A T I O N  ' .-.. fl.h-E@E$GIFA-EOR PYRENE f*r.*4&<$hG.f - 4 5 ;  + I 
I 

V .J - n<6K %Z-. . ONE-~E&E,C-T_RON- E.X_C_IJA_T_I_ONSTO~$A-SYMMETRY ' j2&j ,$ %;z$g, 
2 5, 1 1 - " -4-f % I .  .IIIMP +*-..-'7 f 9 8s.10 6 *  12  3 Pel 0 4,12 5T13k,{  '-. -&$$*,. I 

X M 0 M N T 0 . 6 8 7 4 3- 0~~66228~0O.~0O334~777~05~0~544880O.~553~7_4_4660O~~0O223322550O.~116-~-16~10~~::_2 2 2 2-7 ,, F;, I 

YMOMNT-0,00000 0.00000 0 -00000-0~00000  0.00000-0-00000-0.00000-0~00000- 
I 

J U M P E 2 4 .4 5 4 1 2 8 . 0 0 77554422--222266774433.-2 2-8_1-4O66.-7-44448844~,_4_4T110O5533,-533771_5_53-._tj_tji-U-O 
O I A G  E 3304554 3518346 55,6432 54,5097 57,7893 6307673 67.4810 69-3473 
DlAG E 34.2240 35---2255665 5-6-.2_92_1 54-.-8279 5-7,24-6-3 63.453-8 6-6..~4952 70-.-3-65-2 
CORRSP 2707003 38.8065 56,5280 5007496 60,3735 62.7848 68,4087 72,4762 

i 
I 

CORRSP 2709416 38,8329 56.8302 5008713 60.3~660-6-27074 47-58-2-3-7-3-3792 I 
d 

$4 .; I 

FINAL EXCITED STATES O F ' S A  SYMMETRY 
- 

t - 
\.; . 

ENERGY F XMOMNT YMOMNT / /  STATE COMPOSITION /f:\+\ 
" -  

,f \?% *$.<?-r 1 



'. 
i, 

FI~NAL E X C I T E D  STATES OF AS SYMMETRY 
A?-#.k : I 
?.'..' '. - 8 .  . " ! * A " 3 I \.:.(ENERGY F xMoMNT YMoMNT / /  STATE coMPosxTIoN 

\ I 
I 



ATOMIC COORDINATES 



.*,y,+ ?:#. 8 '; .:kc{ ,i .\T . 2k&-v  - . .  ,- I 
-;9 

. .,;;;-y' -X TBX APPR . . 
, . OVERLAP EIGNWALUES AND E I G N V E C m S  - - 

. . 
-*..!:.{$$. 

1: S S:35g42 S A 3 . A  S 4 S S 5 . A  A 9 S A 1.0 A A 11;A S 12 S S 
1.602067':~15531379 -. i--. 1,440300 1 .'3,91656 1,368259 1.257796 1 .'238198 1.225367 1.224004 1 . lo4327 0.895671, :0;775994 

0.321966-0-272872-0~000000~0m120212 0.000000 0.271R16 0 ~ 0 0 0 0 0 0 - 0 , 3 0 8 8 0 6 - 0 ~ 3 7 1 7 2 9 - ~ ~ ~ ~ 0 0 0 ~ ~ 0  Oo000000-0o3.71702-00308838 , 
OVERLAP EIGNVALUES AND EIGNVECTORS 



I r\ t.- 

+ b C - ;  - 3  - - 
t- US,. 

' -%: 1 .*: 4 

PERYLEME X . i 
(; A- /;:-"!Y- .. 

.b:vQ... ZEROTH HAMILTONIAN EIGNVALUES ANQ,AF,T,GNVECTORS 
I 

1 .'S S 2 S A 3 A S  4 S S .  5d'p~k." A 6 S A 7 A S 8 S S  9 S ' A  1 0 A A  1 l C A S S '  1 2 S S  ' 1 3 S A  
I 

28,12751 25,97102 22,88035 21,06394 20,14431 15'034027 14.39841,:13-76549 13,69745 3 7,07077 -8,71816;21.60573-21-77551 
d I 

r Z E R O ~ H A W I L T O M ~ A N  ~ I ~ N V A L U E S  AND EIGNVECTORS I 

14 A A  , 15 S S 16 A S  1 7 s - - A  18 A A  19 S S 2 0 S ' A  . -. , 

i 
I 

,-?" - 
%--23 ,4028 -25 -997 1 -432430 1 .-48- 1866 -58,8795. -84,8700-1'13-2416 . a  . . .i I 

jr09.04J.965-0.286954 0,355290 0.112970 0.391282-0,206403-0-274810. 
- 
A, ' - 1  

1 --i - 5 ,  

i'0~32,1608-0,017672-0.408512 0.185062-0.297163 0.272344 0.214270 -- '..,+ * \ i 

-0m34,0010 0,273250 0,280010-0-387613 Oe170361-0-389759-0266671 
0-000001-O~259S28-0~000000 0,413382-0.000000 0,544232 0,418771 
0-340809 0~273251-0~280010-0~387b13-0~17.0360-0,389759-0~266671 

-0+321609-0-017673 0-408512 0,185062 0,297163 0.272344 0*214270 ----- 
4 

-0,041963-0,286954-0,3S5290 .Oo112970-0-391283-0,206404-0-274810, 
0-326841.0-309941 0~15561100~341143  Om419808 0,193021.0,466656 
OeOOOOOO-0,315511 0,000000 *Om154126 OoOOOOOO-0,398611-0,510395 

4 

-01326842 0 - 3 0 9 9 4 1 ~ 0 ~ 1 5 5 6 1 1 ~ 0 ~ 3 4 1 1 4 3 - 0 , 4 1 9 8 0 8  0,193021 01466655 ----.--.- - ------ w ,..--"-.. 
0 -3 2 - 3 0 - 9 - 9 2  I ' 

-0.041964-0,286954 0,355289-0,112971-0,391283-0.206403 0,274810 -------- --- --. - -  -- --.-- 
, -0132~16~8-0~017672-0,108512-01185062 0,297163 0,272344-0,214270 

0,340809 0,273251 0,280010 0,387613-9-170361-0,389759 01266671 -- -- -. - - - - . . . . - -  - -  
-0,QOOOOO-0,259529-0.000000-0.4133821 O*OOOOOO 0,544232-0m418771 
-fl.3408 10 0-273250-0,280010 0.387613-.0.17,0340-0-389759 - - 0-266671,,. - _ ...- -..- ..----".--.-..--..---..* .--. 

0,32-1%-r9-0~01076771 0,408512-0-1850627$;'297163 0,272344-0,214270 *"*I 
0 . 0 4 1 9 ~ 6 4 - 0 ~ 2 8 6 9 5 4 - 0 ~ 3 5 ~ 2 9 0 - 0 ~ 1 1 2 9 7 ~ * 0 ~ $ 9 1 2 8 3 - ~ ~ 2 0 6 4 0 3  01274810 ---.--...- ..- - - - -- - -- - -----" . - ".-- --L, - -..-I 

-013268,32 Om309940 0,155611.0-3.41144-0-419800 0-193021-0,466656 4 

,OL.o$J).~b~ 1-0a3.155 11-0.000000-0,154126 K0;000000-0039861 1 0,510395 -- . - .-.- a 

5- 
- - - . -.-*: * * 

I 
-- -1 

1 *> ' -- 3- - - - A 
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I 

2 0.42718 0,76541 0.54916-0.'0457.1~0.15356 0.00616 0.14524 0.012if-O.24U64-U.U4352-0a04529 8.00835 0.01356L0.60397 . -- 0.00215 - 
0.00218-0.01081-OoO0476'0o02856 Oo00330 

- - - - . ,---- - - ,t - * --- ---- . - m . . - -  ,. .--- - - .  . ---- - * .  . P. ,. ,.-. --... . - - - - " --,. . - 
* 

-* , t b\ 

- - --. - 

!, . b  .,' 

!\ 1 
f 

2 3 4 5 6 7 R _j-1 1 2 .  13 14 15 
PI6 - ' 17 18 20  ?..'ire - ' 1\19 CI -- q$.gt.. 

1 0:27445 0.42718-0.05140-0.22195 0.01977 0.14524-0.00243-0.11998-0.03905 0!51556-0.04395-0.18346 0.00835 0.13010 0.00291 
-0.07791-0.00476 0-  10879 OiO1.342-0.07087 

- 
PERYLENE X TBX DENSITY BOND ORDERS 



ENERGIES 'FOR P E R Y ~ E N E  x T ~ A P P R O X I M A T I O N  -rWr . 
ONE ELECTRON EXCITATIONS OF SA .SYMf$,ETRY -. +?P ?-*?" ,/ 

'"6~ .; , 1 jiq #gat, JUHP i i  8;11~T:?9r-11 l o t  144 J~ 1 ~ 1 ~ l ~ L - - 9 ~ i 3  7 ' ~  12 P- h v 1 3  ~ ~ 1 s  , 1 s~.. , , , .~ - 
~IOI~~<0.7632.$~0: .14447-0i7*19d 9.20q04w045=0.3 1653-0 .47536 '+~6~2$~~2=0.3416S 0.24200-02072~'$$$$ I 
Y H O F I N T - ~ . ~ ~ ~ Q ~ - O ~ O O O O ~  o . ~ o o o o ~ o ? o o o o I - o . ~ ~ I ~ I - o ~ o ' ~ ~ ~ . ~ ~ o ~ ~ ~ ~ ~ o ~  0.23239 0 .45878~0;00002~~:~~>~S .I 

JUMP E 21.8334 28.1457 30.4360 30.1934 39.3398 39.3400 39.3414--39.3435 39-3451 4 5 - 0 6 2 7 r ~ ' ~  
D I A G  E 33,0787 40.8563 40.1883 4808528 53.2936.53-7990 52,7968 52.9510 52.7553 63,1034 

I 

- I  

D I A G  E 33-4881-41.4487 39.7978 49.7599 53.0569 5 3 - 9 6 4 l d 5 3 o 0 1 9 0  52.4453 5209085 6206060 
CORRSP,129,IJO2 39,6566 41,9368 49,5119 55.6252 52.6284 53.1164 5107699 54--1627 64.1370 

I C O R R S P ~ ' ~ ~ . ~ " J ~ ~  40.3281.41.8610 50.1420 55,6435, 52.9070 54.5702 51.4256 S2.7036 63,6992 : f * .< L+ I I 

I * I  

ENERGY F XHQMNT YMBMNT. / I .  STATE CQWPOSITION 



ENERGIES FOR PERYLENE X T B ~ A P P R O X I M A T I O N  c,%, -- 
ONE ELECTRON EXCITATIONS OF AS SYMHETRY $ .ti! i\ .' 

'? *,,,*. :&: ).,, R:? 
JUNP 1081~I, . 5 1  1 1  . 0 1 1 2  7,13 A t  17 8.~1.4 L -7.15 ,3* 14 3*J? <, , 

3 , 1 rj L..;, ,zr *;yg .+*> 

>: tf*p:Wx$+r - 
XYIOKNT-0.0000.1-0.00010 0- 12307-0.327 17-0.07588~0~~'07,36\0.16260-0. 00006-0.00550-0.02450 .,; 'G&$.-GY ,? ~'p$.. 
Y~C~~T-I~ZI9SU-O~I22O1-O~I43IZ-O.OOS~? 0.38893Q~,IPD-0.00632 0~00004-0~01874-0~01652\.;~*.j~ - 
JUMP. E 12:927,5 27.5543 39.339 1 .39.3407. 39.3407. 39.34 18: 39.3444 456654 1 48.2409 48.2446 \-Y 
DIAG.E~~~.':M~S 42.5872 54.7467 54.2569 51.7466 52.3100,53.8342. 61.2809 64.5951 64.2405 
DIAG,'E';-24.3805 42,5554 54,8566 54,0754 52,3154 52.2539- 53.5837 61-4078 64.5635 64,1399 
~0~~~$~:2,:23.2057 41.7083 56.5288 55.1531 49.9949 50.9572 52.0576 .., 63.1795 67.176,,7 4-3.9417 . . . . ., --- . 
CORRSPY23.3057 41.6578 56.6030 55.4849 5004772 50.9628 51,8574 63,3350 67,1552 6302930 

' l  2 
"1 . . - .  

...I 

FINAL EXCITED STATES OF AS'SYMHEJRy, -" - - - ---- - - - -.-- - 

ENERGY F .  XMOMNT YMOMNT / /  ---..-,-- %.-*---....,..--, STATE - COMPOSITION _- ._ __.._--. __._ . -..--.. 1 





_- - - - ,- -- -.------LA--_----̂  - .. - - - .. . k c - -  - .L 
. . . . . - _ - - - - .^__I- - ... ^--: . - - 

I a \  : .  p-.. 
.. >.af - - -  

r t.;-' PERYCENE X IRX  APPROXIMATION 
9.r p- 

-. - , . . . . , . . . . . - . . - . .. - 
P Q'? 

( 4 -  

1 .S  S 2 S A  3 A S '  4 A . A  5 S S  6 S A  7 A S  9 S A  ~ o ~ A A  1 1 . A S  1 2 5 s  1 3 S 2  , 8 S S  
1-17472.59 1.619605 10483752 .1 .379,,811 .I-.378752 1 188589 1 .I181615 1 l 1,71128 1- 153014 .le'026933 0;840426 0.756799 0.743845 . - 8' 
0.180358 0.151330-0,297189: 0,2771T7-0.084898-0.283662-0.062547. 0.283559-0~177808-0.29624.9:-0.285591+0,255487+0~282~50 

0.290608 0,133913 0.295951-0, 126210-0.268780-0.243983 0-292704-0.020876 0. 112169 0.228101~0.242317-0.028850-0,010691 1 
0,317474 0.266600 O.0O0000-0~0O000O-O~125111-O1199471.0,00OOO2-Om3lO835 0.414102 0.000000-0-000000 0-332640 0-311813 I 
00290608 0 ~ 1 3 3 ~ 1 3 - 0 ~ 2 9 5 9 5 0 - 0 ~ 1 2 6 2 0 8 - 0 ~ 2 6 8 7 8 1 ~ 0 ~ 2 4 3 9 9 1 - 0 ~ 2 9 2 6 9 7 - 0 ~ 0 2 0 8 7 5  0.112168-0-228101 0.242317-0~028851-0-010690 ----- 
0.29060~8-O,l33913-0.295950-0~126210-0.268781~.0;243983-0~~92703-0.02~873-0.112169 0.228101.0.242317-0.028850 0.010690 

I 0~1803$7.~0~151330-0.297189-0-277178-0.084897 0-283660-0-062555 0.283558 0.177811 0.296249-0-285591-0.255483: 0.282153 , 
0.14,1~9°13-0,1g5345-0.232121~0+325357 0.150723 0.036012 0.274840 0.286051.0.298861-0.127228-0.129920 0.303790-0-2934749;; ' 
0: 172.123-0.247429-0.142 167-0.226684 0.303712-0.234470 0.291339-0.003055 0.087398-0.306625 0.304697-0~046227. 0.028582;rL- 
0~256349-0.3S76~3-0~000000 - 0 ~ 0 0 0 0 0  1 .00309080-Oo260144 0~000003-0.279337-01214971 0 .000000-0~000000-0~261319*-0~243~I  1 "-- 
jO',172123-0.267429 Om142167 0-226686+0m303710-0.234477-0.291333-0,003051 0.087397 0.306625-0,304697-OL046228 0-028583 . ----- 

~ ~ ~ 1 4 1 ~ 9 ~ 1 ~ 3 ~ 0 ~ 1 0 5 3 ~ 5 0 1 2 3 " ~ 1 ~ 1 ~ 3 ~ 5 3 ~ 8  0.150721 ,O.036005-0.274840 0.286052 0,298860 0.127229 0.129920 O.30379OT0~Z93475 
0.180357-0.15.1330 0.297189. 0-277177-0-084898 0,283662 0,062548 0-283558 0-177811-0-296249. 0.285591+0;255483~ 0.282153 --. - 
0 . 2 9 0 6 0 8 T l W l 3  0.295951-OO126208-0,268781..0~243991 0~292697-0 .020874-0~112168-0~228101-0~242317, -0~028851 0.010691 
0,317474-0,266401 ~ , Q 0 0 0 ~ 0 - 0 ~ 0 0 0 ~ 0 Q - ~ ~ 1 2 5 1 1 1 , 0 ~ 1 9 9 4 7 2 - 0 ~ 0 0 0 0 ~ 3 - 0 ~ 3 1 0 8 3 0 - 0 ~ 4 1 4 1 0 S - 0 . 0 0 0 0 0 0 - 0 . 0 0 0 0 0 0  0.332636-0.311817 ---- -..-.-a -.- .- -.---- 

OVERLAP EIGNVALUES AND EIGNVECTORS - 



! <</.- 
- ' I  ;$ : -. .*.. W R t ;  

\ J-- :'T--- 
.23.5-: - t , ,  *. *&, : <+ . :* 

t ' 6 '.. y' - , .r: .' - . .,. *>;;. - *i ,% '. .. 
- .  :.;;:.<L%$:,: ' . ': . : I ,  ' - + >:. ::,2v.;. , -y>*;,;. , 

.C(; {. ZEROTH HAWILTONIAN .EIGNVALUES AN i 
ste, , 

4,q+ ' 
, 1 ,S'*S 2 S A  3 A S  4 A A  ;5 - S .S 6 5 8  7 A S '  8 S S  9 s ' ~  1 0 . ~ : ~ '  1 1 : ' ~ s  1 2 s ~  1 ' 3 7 s ~  *,.. f; 

ZEROTH. HAMILTQ~TAN EXGMVALUES AND E I G ~ V E C T Q R S  , 
, .  A - . w- 

s - - 
1 4 A A  I S S S  1 6 A e S  1 7 S A  1 8 A A  1 9 h S  2 0 S A  - . e*:* % - ' 
0.0413 10' 01253697: 0.344431 0,109604-0-37Xl94 0.1.86553 0.237834 .* 

~O~33z~85-OTO~~1~0~4~~8D~22O~1~7-1727~OT228~5339~OT22F~Oo1~~OT1~88F72~5 
1 

-0-34G255;-0,284577' 0-284718.-0.375866-0;.172332 0,357598 0,236944 .,yP$ ; 3 t  

~ O ~ O ~ O ~ O ~ O ~ O ~ ~ ~ O ~ ~ ~ ~ ~ Z ~ ~ ~ O T O ~ O ~ O ~ O ~ O ~ O ~ O T C ~ ~ F ~ ~ ~ ~ O T O B ~ O ~ O ~ O ~ ~ O . ~ ~ B ~ O ~ ~ ~ O , ~ ~ ~ ' ~ ~ ~  --.- . 
7 

~-3442$.5-0.284577-0,284718-0,375866 0,122332 0,357598 0.236944 
- 0232-9 4 3 O T - 4 J m n  8.03-0'. 117 1T2T2610-5-2BDDS3P=OT2~F~F~~~4~'2Tj-- 

-. "'" ̂ "" ..'..,."- " '."' ....m... .,..,,.,-... " ,-...... .-. ." ,..-.." I 
*.'r , 

-0-0.11'3 12 0-253697-0-3444,31 .O. 109604 ,0.377,.144 0, 186553 .0,237,834 /:FF y'!; b - < .<{,!,*& . - ' . - I .  

0 ~ 3 3 - 0 7 ' 1 ~ ~ 0 . j 5 1 7 ~ 0 ~ 6 0 ~ 1 ~ ~ 7 5 D - l ~ 0 ~ 3 ~ ~ ~ 2 ~ 0 ~ 0 ~ ~ l ~ 4 7 ~ ~ ~ 0 ~ l ~ 8 ~ 0 ~ ~ ~ ~ ~ 1 ~ 8 3 ~ 7  A g-:$$2p& 
0.00000 i';~, 3619577. .Q,O00000 . O m  1.~.6393-0-00.0000 0.38421 1 .O-$6542.7 ,..A: , 

t~ +"~ra  * - - - . - - - . &.>-' -. 
, 2;:. . . .  I., &.{?;--J . , 

?yipr:W~:.,. . . f,+ir::*. / 3 d . , ~ f .  . . . I 
.;- .2y.5p;? u.4, . - \ 

-- . * \  . 
- - -  -- - 

#.'PC ' 3 '  



0.04357 0,Q1157-Q*29456-Q1Q0705 0-69532,0097679 0,52639 0.01191-0-07643-0-00784.c 0.03426 0.00304-0.02256 

0.00607 0.52639 0*99981'0-,52_6_39 0-00311-Om08711.0.00356 0,05852-0.00586 -- - 
0-01 157 fl-04357,-0-00022-0- 13995 0.01 19 1 0-52639 0,97679 0-34478 0~00698~0~06091~0~00443~0~02256 '... - 

0100311 1 

0.00304 0.03426-0.00784:0.07443 0.003 1 1  :0.34478 0.97679 0. 69532L0.00705-0.29456 . 0.0,1157- , , .,* 
I 

- - - --- - - - - .- -+.---A -- _W_- . - - -  L - - -- - .  r -- 
/*q@23 I * - &' :- - 

.d 4'. * . TOPOLOGICAL BOND ORDERS >.-9' ?dl m , -L - -I 

+ - 
1 2 3 Jt 6 -5 6 8 - 9 10 - 1.1 1-2 1.3 14.~- - 1'- .--. . - --" .-... ..-I 
16 17 18 19 20 lrcc +I.; .. . ., - ./ 

1 

7 ' 
1 .1.02390 0.58222-0.02017-0.23422-0.00426 0- 16509-0ib034'1-0.13995 0.00607 0.69532 '0-00698-0- lI+439 00.0060 00.338S,L0.002$4 
-0.07428 0-00339 0.11504-0.00784-0.08711 
2&58222 1.00983 0~7301~-Q~0013~-0.173~8 0.00399 0.16509-0.00822-0.25443-Or0O7O5-0-06091 -- - 0.00060 0~00657-0~00057'0~01_3q2 
-O;iOO1179-0,02293 0,00339 0-03426 0-00356 w $, 3y&02017 0.73016 1-01301 0.55340 0.01 104-0. 17318-07.~0042-4 0.9113-57 0.01 
0;05612-0,00179-0,07428 0.00304 0,05852 

4-0i23422-0.00138 0,55340 0,96213 0.55340-0.08138-0.23422 0.01157 0.52403 0~01157-0~02256-0 -00264A 0.01362' 0 -- 00199-0.00503 I 
1 0.00199 0,01362-0-0026~-0~02256-O~00586 I 

S-0.00426-0.17318 0.01 104 .0.55340 1.01301 .0.73016-0.02017-0.29456 0.01 186 0.04357 0.00304d0.07428-0.0017.9. 0.05612 .0.00<9t~;-_ 
,0.10515-0.00057 0.13385-0-00443 0,05852 -. I 
6~0,16509 0.00399-9.17318-0.00138 (3-7jfl16 1-00983 0~SR222-0~00705-0~2544B33-03-8800882~ 0-03426 0-00339-0-02293-0.00179 0.01362 L , 
-0.00057 0.00657 0.00060-0-06091.0-00356 





IRSQPPROXIP~ATION :ti I ENERGIES FOR PERYLENE X \ ;3r 3. ,-, 
GNE EL$CTRON EXCITATIONS "OF S A  SYHMETRY 5 2 . 8  p, *, I -  

& .+-.. . ?  4-? 1.5 *c, . - $ . :  

XMOMN~~~0.85455 0.81229 0.09588-0.62656 0:4$06$~~0.41824 0-20566-0;~0~802-0-15188 0.08294 . - 
YMGI(NT-O.OOOO 1-0.00000 $0.00 144-0.00010 0.002g8~01-002.16.0.00055-01'h0900 0.00010-0.00000 4%) f ' 

r .-- 
JUMP E 24.7065 29,3794 33.7253 38,5546 39oY7'QO 39,9560 40.1970 4622'310-.46;6578 .50;0222 
DIAG E 36.4992 39,8067 4604724 53.2991.53.8333r 5309622 52.3660 60.2435;56.6787 67.9211 
01~GfE:336.8443 39.5712 47.0316 53.5134.54.4067 53.9985 51.7585 61.0477 55.8512 67,6528 

. . . -  
I 

FINAL EXCITED STATES OF SA SYMMETRY ' I - 
E N E R ~ Y  XMOMNT Y#O#NT I /  1 F b STATE CQWPQSITION .- .-a",..--- 

&q 
29.971'28 0.02303-0.13441.0.00029 / /  0.7536 0.5821..0.0014 -0.2236 -0.0476 -0.1976 -0.0161 -0.0333.~0.0,196 

1 
- 8  .* -G I * \ ,  fi  



ENERGIES FOR PERYLENE x IRX~PPROXIMATION 

J U H P ~ ~ ' 1 3 . 1 3 1 6  33.7745-37-4132 36.0963 39.0556 39.7327 40.4204 40.9543 43.6747 49.9730 
C I A G  E 23.6608 4800943 50.4687 52.9195 5204336 50.8900 55-8059 53.7181 57.1110 65.6516 
D I A G  E 23.6465 48,0392 51-1142 5300280 52.2574 5001767 55-9480 53.8500 5707022 65,9976 
CORRSP22-2909 %3333 48,4894 4 ~ * 5 6 ' 1 0 ~ _ 5 _ 4 * 1 9 8 8 5 2 ~ 6 4 6 ~  54--9886 v e 7 0 - 9 9  POe1901 4704303 - 

C O R R S P  22.2456 44.2891 48.7642 48.5894 54.1312 52,1732 55.3091 57.8360 60.6376 67.7843 
- 

F I N A L  EXCITED STATES O F  AS SYMMETRY 
-31 

ENERGY --- F -- XMOMNT ---- YHOMNT / /  STATE COflPOSiTION - - -2- -= 
:*;3 

- - - - -- --- - - - - r - -  * I?, 

22.29095 0.97672 0.00035 1.01507 11 0.9793 -0.0245 -0.0334 -0.1083 -0.0873 0.0140 0.1099 -0.0666 0.0530 0.020~~'  



r l  I -- I__/ 

ATOMIC COORDINATES \ . ,  I -- n t * . ,- 



" . - -. % -- -- n L ::7 , 4'. - . Ir 

TBM APPROXIMAT ION . ?  PERYUENE , - a N' "- 4 . . 
4 

OVERLAP EIGNVALUES ANC EXGNVECTORS 
-*$. * . w:A$x;,&* - - .  



. . , . '?,,. -: \ 
L 

$* ,'3'.'_. h c '  . - I  :- 

T -$& * %,., ;$ *' PERYLENE j:  . . c r re * L a  , 7: T + + ~  

u, ~ ? + Z E R ~ T H  nan ILToNr AN= EIcNvEcTo-~s 4.  , _ .  p." ,:i.yt. .. : , ; , 
{.'; .+ -. ..<a 

-- , , .  

1 S'. S 2 A S  3 S . A  4 S S  S A A  6 A S  7 5 4&G?$:,,,.:8 S S 9 A S l o  A %  1.19S-*$$i-12-~ S 1% A ,A %? *, I. . t:; . I 

29.17542 26.19779 - - - - .- .- 23.71620 .21.12773 20.53632 .14.81674 14.8;1;4$J2%~$.81540 14.81515 5.90958 2~~d$$&8'?.24.5239~9-2452469 \ 
c- 

&-f> ':$zJ. \. !:" \+Y - - s ? ~ t - ~ r ~ ,  * f 

. I ' * ~ I ;  ZERGTH HAMILTONIAN EIGMVALUES AND, EIGWWECTORS -.- ., .,.-.-... - - *  , 
1 4 A S  I S A A  1 6 S A a 1 7 A S  1 8 A A  1 9 S S  2 0 A S  
-24.5364 -24.5284 -45.5112 -48..5217 -64-7521 -87,3405-132-3847 1 . .-. \ 
-0.240308-0.191450-0.366047 0.061831-0.394226 0.218083,-0.282191 I I $7- 



PERYLENE . T B M  TOPOLOGICAL BOND ORDERS 
li 

C 



5 'I - 1 ' PFiyLTE 
TBM DENSITY BOND ORDERS 1 ""-. 

. . .,- m '6 . :  
J 

$ 9;- w+r. A '.- ( 5 ~  \ , ,', . 
3 . 4  ' 5 6 , .:-a; .yA7 8 9 10 11 ". 13- 13  14 Ci\;.li&;.+ - 

I - 17 18 19 20 ex$py 
0,45268-0,05758-0.21946 0-02209 0 ~ 4 1 2 9 ~ S , ~ 1 - O ~ O 0 5 3 8 - ~ ~ 1 0 8 1 2 - 0 ~ 0 3 6 2 0  0,47425-Om04877-0,19927.0~00952 0,16059 - .  0,00382 

0.12192 0.01568-0.07734 J -  
2 0-45268 0,75737 0 ~ 5 3 0 3 1 ~ 0 ~ 0 4 0 7 5 - 0 ~ ~ 4 S 8 ~ 1 . 0 ~ 0 0 3 9 3  0.12992 0.Q1279-0-21942-0.04374-0.05607 0-00952 0.01751+0.00503 0-00288 

I 

0-00290-0-01462-Om00570=0-03770 0-00382 -+ 
3-0-05750 0.53031 0,77420 0-384'16-0,05889,-0-14580 0.02209 0+0563fl-0*03S49-0,29697.0.01837 0,16064-0.00503-0-14026-0-00214 

7 

0,08707 0-00290-0,09881-0-00477 0-06185 
4-0-21946-0;04075 0-38446 0,72000 0.38445-0.04073-0,21943-0-03096 0,36324-0-03095-0.01837 0.00382 0-00288-0.00214 0-00577 
-0T60Tl14-OTOm9-0-00382-01838 0000764 

5 0002209-0m14S84~0-058893~0-38445 0.77424 0.53033-0-05758-0-29700-0.03548 0,05633-0-00477-0,09881; 0.00290 0-08709-0-00214 . . - - - - . - - - - 
- 0 1 0 0 0 5 3 0 1 6 0 6 9  0001837 0,06185 -- - 

6 0.12991 0,00393-0-111580-0,04873 0,53033 0.75738 Q.k5269-0-04374-0,21.941 0,01279 0 * 0 3 7 7 0 ~ , - 0 0 5 7 0 - 0 , 0 1 4 6 2  0-00290 0-00289 ...- --- --..- 
-0-00503 0-01751 0-00952-Om05607 0-00382 L .) 



& 

E N E R G I E S  F@R P E R Y L E N E  T B ) I @ P P R O X I M A T I O N  +,dF -. , ,. :,:T, 
* .. -. ' C  .'r 

ONE E L E C T R O N  h X C l T A T I O N S  OF .SA .SYMMETRY r,  . z , 4 i - 
( 9.15 '6 .  +*,'I"-.,,-= 

J U M P  .$~<{10;11,~,,:5;'1~1~\ 9.12-  -;0;13 6.12 6.15 4.13 . 3;14 i)tr.:fr‘i\ie,:;:, ,, 
XM(3MNT-~r0100~00~0 .~00000~;0~00000~0 j00000 -0~00000 -0~00000 -0~00000  0 ~ 0 0 0 0 0 - 0 ~ 0 0 0 0 0 ~ ~ 0 ~ ~ 0 0 ~ ~ 0  
~ # 0 ~ ~ ~ < 1 , 0 6 2 3 2  6~~7~50-0 ; .467 .76~0 .53~1~6 'y0 .27295~0 .07243 ,  047352-0  -62330 0.03533"kQ-01466 
JUMP E $15.7889 28.8625. 35.3032.*35%%~0: 36.9460 37.80-1.2ri39.6946 41 ;3374 42.8395 46;2831 
O I A G  E 2J.3440 45.0076 49.0971 48.1925 50.2190 53.6786 52.7784.54.9897 58.0446 61i.3300 
G I A G  E 27 4208 44.9168 49,0865 48.2441.50-4020 5307540 5204374 54,8423 50.3577 6405186 i 'b' CORRSP,26,1030 41.9347 52.3546 44.6727:47.8030 53.9199 55-2771.54.9884 60.7932.65.9247 

1 CORRSP 2&k2037 4 1.8038 52.1292 44.7401 47.9650 54.2637, 55.1546 58..'8 129 61 -0390 -65.8679 ,.,<', \* ! ;*3$j . - 
'k: :T 

F I N A L  E.!ITED S ~ A T E S  O F  s A . s v M M E T R Y .  , .  f r  &$ 
ENERG$% F XMOHNT YHOMNT //. S T A T E  COMPOSITION 

'"a 
26. 102$8'p0.90514 0.00000-0.90300. / /  0.9742 . 0.061 1 ;-0.0847 .-0.10 13 -0.0751 0.1331 1 0.0695 -0.0039 

7 ? i f l q  r ,' p ;:&:y' 
z ;!- 

14.6592?,f 11 0.9497 0.0315 -0.0903 -0.0933 -0.0,117 0.2151 0.0144 :. 0.1823 0.0026, d;~;183' . 



. - 
ENERGIES'FOR PERYLENE TB~PPROXIMATION 

ONE ELECTRON EXCITATIONS OF'AS SYMMETRY. . I 

i JUHP ' .  8.11 23193.,13 4.11 7.12 : 11 11 . P2-14 6 - 7.15- - a 5.. 13 3,12 - $;,?-- 
; XM0MNT.O.8357.6~0;: .8386l~O~I5470 0.669,~~.Zj~~0k468-0.67.02~,~0~.0,0125-0.~001~~ 0- IOO87.~O; I I487~~, .  

' r ~ o n ~ ~  o . o o o ~ ~ ~ ~ o o o o - o . o o o o - o . ' b o ~ o o ~ ~ ~ ~ o o ~ o o - o .  ooooo.+d. ooooo-O.OOOOO O.OOOOO ;o. OOOOO-k,. 
JUMP E 22.48.33":28.8463 29,7821. 30.0041..36~8457. 37.1002. 38,7430 40,3955 41..-9198 44.4861 

. . -,G - - * 
FINAL - EXCITED S T A T E S  OF AS SYMMETRY - 

, 
ENERGY. F XMOPIINT YMOMNT - / /  STATE COMPOSITION d':; , 

3 6x9 
29.028~1'0.05091 0.20307 0.00000 //. 0.7886 0.5091.-0.0094 -0.2335 -0.0864 -0.2022 -0.0903. 0,0738':'-0.0039 -0.04'76 E j  ld; 
25.68640 / /  0.9135 -0,2149 0.0092. 0.1263 -0-0520 -0,3069 Oi0024 . 0 - 0 7 6 2  OL0155 0-0376 

1 
x- 

43.18042 1.57390-0.92581-0.00000 / /  -0.5332 0.7896 . -02006  0,0334 . 0. 1801 -0,1863 -0L0123 0.0825 0-0202---0.0805 

1 
30.81480 / /  0.2487 0.8577 -0.1037 -0.3993 -0.0552.-0,0222 -0.1559 0.0085 -0.0254'-0.0605 

! 

* -. . I 
I 

I a. 
: ,a' 

41.00~12330.09569-0.23202 0.00000 / / .  -0.0822 0.0767 0.9246 -0;0398".0.1756 -0.1235 0.2673 0.0813 0.0432 -0:070-3- >/ 
33.54214 / /  -0.0445 0.1702 0.8245 0.0076 -0o1481 -0.1195 0,3933 0.3063 0.0496 -0,0456A- 

. . 
.L&k 

49.590~0 0.22569 0.327-14-0.00000 / /  0.2096 0.1774 0.1045 0.8082 -0.0 165 . 0.3930 .-0.0977 0.1584 0.2 142 -0.~1591 '-'if 4 ,  
A.--" 2 .*.:. L - 

49.67744 / /  0.0926 0.2339 -0.0891 0.5913 -0.3182 0,5009 -0.0825 0.3173 -O0O659..f 0.3394 
P ------A 

- \:-- 3 
51.66803 0.01529 0.08341 -0.00000 / /  0.1849. -0.0121 0.11.63 -0.0312 0.8883 0.1241 0.3483 -0.1580 -0.0070 -.- .- --- 0Y0184 - A 

5 . - . - .  fd, =[ 
el' C -- 1 

-4P.6 -- 
*.-- c':.$$ . ,,i+pi:j ;y: 

4 5 ? . ? 7 ~ i 1 ~ . ~ , ~ ~ ~ ~ 6 7 , 9 ~ ~ ~ ~ ~ ; ~ 2 5 ? 1 - 0 . 0 q 0 ~ 0 ~ ~ ~ , ~ ~ 0 . 0 7 4 2 . ~ ~ ~ @ ~ ~ ~ !  ,:;: :;?Asa+ - :>:&$i'i' . . ..... 0,0381. -2288 *--0*2lQt) ?;. go5890 . -'0..-.&1!5'0 i : .  . 
- ,. ?* . -- - . - L z % - 5 q . < , ~ , j ~ * g f 3 7 d  ,.$ %<, .,. ,:*,?,:<&.\**' +?,% &$- 

I%*$: ;& .,., . 
' 

'3  43'.4 1.683 / /  . -0.1572 -'%~~%50. -0.1 174 ,0863,. -0'C0560. 0.5821 .:-00.3046 
b 





I R M  APPROXIMATION 

12 S S 13 S '5 
57 01735520. 0,723837 ' 

0-312018 0.134822 0.301891-0.111276-0-254567-0-008771-0.300378 0-129905-0-220794 0,202994 .0.228846-0,038094-0,253494 1 
0-312019-0-134758 0.301915 0~117018-0~252018-0~008527-0~300080-0~130187~0-220980-0~203024.0~228~B~"0~038083~-0~256069 
0.177721-0-156846 Om297509 0-282047-0-042118 0~295571-0~036344-0~332705-0~001266-0~299042~0~282001 :O-305313 0,122260 
0-129722-0-196452 00229823 0-328281'0,176620 0.278258 0.277358-0-196396-0-227113 0,105466-0-120849.-0,286514 0-121961 
0-146826-0-257944 0-,132355 0-216978 0-316825-0-023516 0.285536 0+160864-0.213794 .O-328998 0;32lT09-0,021262-0-269127 
0-236711-0-355672 0-000049-0,003511 0,312408-0-293251-0.000199 0-335987 0-038230 0-000000 O~OOO001 0-304130.0-162603 
0-146825-0-257951-0-132273-0-224027 0-311881-0.023461-0,285858 0~160573-0~213619-0 ,329005-0 i321718-01021241-0~266541 - 
0-129720-0-196464-0,229768-0-332167 0-169230 0 , 2 7 8 3 1 1 - 0 , 2 7 7 2 5 6 - 0 A 9 6 6 7 0 - 0 , 2 2 6 9 5 4 - 0 d 4 6  Oe1208S0-0.286534 0,119257 
0 - 1 7 7 7 1 8 - 0 ~ 1 5 6 8 6 7 - 0 ~ 2 9 7 4 9 1 - 0 ~ 2 8 1 0 5 7 - 0 ~ 0 4 8 3 8 1 . 0 ~ 2 9 5 S 6 6  0.036746-0-332654-0-001309 0-299048 0 ~ 2 8 2 0 0 9  0-305310 00122330 
0-312014-0~134788-0~301939-0~1.1 .1367-0-254500-0~008584 '0~300375-0-129876 '0-220788~*  0-203O27-0-228873-0-03806l-(P,253434 
0-330660-0-278727 0-000013 0,0.01231-0,1.11922-0.288820 ,Oa00OO93 0.051026 '0-45461.0 0-000006 ;0.000008-0.230356 0.376152 

0VERLAP.EIGNVALUES AND EIGNVECTORS 1 
L 



- - - 

'7  
i 

I - 
I S ' S -  2 A S  3 S A  4 A A  S S S  6 S S  7 S A  ~ ' A L s  1 0 A A  1 1 S ' A  1 2 S S  1 3 S S  

33-34878 28,91863 25-18742 20.89226 20.84304 11082428 11;64140 1 50002 0-24938-12-88222-26-9 1321-28-55558 
,/ I 

01132335 0.122913 0-242320-0-238562-0,041118 0,270928-0,033769 0-307104 0-0~01030 0-29856140-305323 0-355997 0-145028 I 

I 

I 

I 

0 -096601 0-153940 0-187197-0,282000 0,143778 0.255263 01254783 0-181625 0-210285-0;105258-0,130805-0,334071 0-139016 
0-109320 01202083 0*103804-0.190216 O1261932-O1Q21317 0-262650-0.148128 0.198080-0-328395 0-348-222=0,Q~L4_817-0.313250 . . .- -"-, 
0-176240 01278597 0-000005-0-002970 0-265346-0-268838 0.000107-0,310188-0,035323-0-000003 0-000037 0.354703 0.192186 
0.109305 0-202020-0-107796 0-184251 Om26Y1U4-0.021293-0-262445-0-148421 0-198238 0.328459-0-348310-0.024822-KO-316287 - 
0-096578 0-153867-0,187212 0,278742 0-150068 0.255298-0-254833 0-181341 0.210454 O i l 0 5 2 7 3  0-130829-0.334050 0-142268 
0.132322 0-122858-0-242367 0-239469-0-035693 00270912 0-033492 Oo307101 0 ~ 0 0 1 0 5 1 - ' 0 ~ 2 9 8 5 5 4  0 ~ 3 0 5 3 1 8 ' 0 ~ 3 5 6 0 0 6  0-144802 
0.232321 0-105573-0-245975 0.099337-0,213986-0-008101.0,275803 0 ~ 1 2 0 0 8 0 - ~ ~ 2 0 4 8 6 6 - 0 ~ 2 0 2 6 7 2 - 0 ~ 2 4 7 7 8 1 - 0 ~ 0 4 4 4 4 1 - 0 ~ 3 0 0 9 6 5  
0.246202 0-218349-0,000038 0 ~ 0 0 1 0 9 5 - 0 . 0 9 5 0 6 3 - 0 ~ 2 6 5 2 1 2 - 0 ~ 0 0 0 1 3 1 ' t 0 ~ 0 b ? 3 2 - 0 4 1 - 0 0 0 0 0 0 8  9-00QOQ-6-440963 
01232330 0-105611 0-245902-0-094477-01216235-OoO08048-0,27603 0-119814-0-204721 0.202656 0-2G7759-0.044419-0.297952 
0-232330-0-105562 0-245922 0.099353-0-214070-0,007825-0-275758-0-120074 0-204894-0-202685, 0-247784,-0-044405-0-300979 
0-132332-0-122864 0.242333 0-239468-0-035776 0 , 2 7 1 2 2 ~ - 0 ~ 0 3 3 3 9 9 - 0 ~ 8 5 9 - 0 1 0 0 0 1 1 7 4 - . 0 ~ 2 9 8 S 4 3 - 0 3 0 S 3 0 7  0.355998 0-143702 

I 

0-096591-0-153889 0,187200 0,278722 0.150025 0.255334 0.'254877-0~181139-0~210581~~0~105290-0,130837-0,334078 0.143351 
0-109327-0-20205-8 0,107809 0-184222 0-269118-0.021579 0-262392 0-148367-0-198231 0,328449 0,348297-0-024792-0,315327 
0.176256s0.2186 13 0.0000CO-0.002981. 0.265367-0.269092-0 .OOOIR3- 0.3098RO 0.0354117 0.000000 O.OQOOwO-l 0.334619 0.1.9 1120 . -- 
0-10-9327-0-202063-0.107142-0-190207 0,264919-0-021528-0-262688' 0 ~ 1 4 8 0 9 9 - 0 ~ 1 9 8 0 6 9 - 0 ~ 3 2 8 4 5 6 - 0 ~ 3 4 8 3 0 6 - 0 ~ 0 2 4 7 6 7 - 0 ~ 3 1 3 2 8 8  
0 - 0 9 6 5 9 0 ~ 0 ; 1 5 3 8 9 8 - 0 , 1 8 7 1 5 5 - 0 - 2 8 2 0 2 2  0-143748 0.255383-Oe254783-Oo18,1392-0,210433-0,20292 0-130838-0-334102 0-140172 
0 ~ 1 3 2 3 2 9 - 0 ~ 1 2 2 8 8 0 - 0 ~ 2 4 2 3 1 8 - 0 ~ 2 3 8 6 2 8 - 0 1 0 4 1 0 9 6 ~ 0 ~ 2 7 1 2 1 6  0~033767-0~306812-0,0001214 0-298549 0-305315 00355995 0.143784 
0-232327-0 -105585-0 ,215941-0 .094554-0 ,2180007877  0.276029-0-119787 0-204z16 0.202688-0-247788"O-044379-0-297882 
0-2462110-0-218339 0-000011 0-001045-0,095069-0,265026 00000085 0-047062 0-421517 0-000006 0-000009-0,268597 0.442123 

ZEROTH HAHILTONIAM EIGNVALUES AND EIGNVECTORS .--. w " -  .- .- 
1 4 A A  1 5 A . S  1 6 S . A  1 7 A S  1 8 A A .  1 9 S . S  2 0 A S  
-28.7790 -29-1300 -43.4253. -46-4085 -56-2441 -67.4591 -84, 1474 
-0-013876 0 . 3 4 7 0 1 8 - 0 ~ 3 5 6 9 0 7 - 0 ~ 0 5 0 8 3 0 - 0 ~ 3 7 6 9 7 7 - 0 1 1 9 ~ 9 7 4 ~ 0 ~ 2 3 5 9 2 2  

- 0-351038-0-341906 0,408581-0-203412 0,268245 01236183 0-157958 
-0,333972 0-01864S-0-273419 0-393444-01152285-0-3289050-0,185924 

0-000880 0 ~ 3 1 8 1 1 3 ~ 0 ~ 0 0 0 2 8 0 ~ 0 ~ 4 6 0 7 1 7 - 0 ~ 0 0 0 0 1 0  0-518382 ne3blA9O 
0-331208 0-018527 Om273832 0-393044 0,152254-0-328790-0-185847 

-0m349966-0-341772-0.408791-01202943-0.26823~ 0-236045 0-157907 
0,015390 0-T47035 0.356904-0-951119 0 .377023 -0 -198887 -0235897  
0,333950-0-005460-01160397 0-309522-0-447976 0-204855 0,476683 1 

0.0019-63-0-341087 0.000027-0.095183 0.000062-0-437087-0-510330 
-0-336675-0-005315 0,160633 0.309509 0-447868 01204899 0,476687 -.-" -- 

0,333870 01006332 0-160418-0-309694-0,417898 0-204807-0,476695 
0-015315-0-347535-0,356900 0.051248 0,376980-0 -198886*0 ,235915  

-0.349821 0-341463 0-408760 -0-202895-0-268220 0-236084-0-157936 
0.331127-0*017605-0,273795-n-3931~1 0-152279-0,328890 0.185913 --- - . - 
0,000850-0-318724 0 ~ 0 0 0 2 3 1 . 0 ~ 4 6 0 7 5 4 - 0 - 0 0 0 0 6 5  0-518436-0-341945 

-0a334071-0-017466 0-273379-0 -393366-0 -152185-0 -328895  Q,185913 -..-a-m--. 

O 1 3 5 1 2 6 0  0.341315-0-408559 0-203310 0,2628162 0-236094-0-157935 
-0-014099-0-347525 0,356992 0-050830-0.376961-0-198904 0-2333914 
-0,336673 0~006468-0~160786-01309407 0,447924 0-204832-0~c$%694 ( 1  

0-002103 00342588 0-000091.0-095508 OmOO0021-0-437060 0,5,10359. - 
e 

,.. ' - - 
f * ' . I , . ' '  

$ t.,? - - w -  
%. * ' I % . .  4 . 

.. - -.\ 1 
, ,A<:%:*$-:. -,, '-: 9 i  . .,!I : , , 
-%.I. .. ,..a- " I -- - ,?C&'.  3$T .d I, - ",.:I*- 1." 
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P ERVLENE ' I R M  AUGMENTED TOPOLOGICAL1 BOND ORDERS 
-- -- - - - -- 



- f ,M- 
A . -  

- ~ 

. ... -*. . -. - 
-. 

- \  - I .$f$3,c:+ ,+* ' , ,&k*>.. I 
': ,- . PERYLENE I R M  AUGMENTED DENSITY BOND ORDERS . r! ,,.. ', @;S:& "2, 

I f,* 7 ?, ' . . $ ,  .&j::+':- , , -:s:pih% ,,- ::,\, - ! $;iy$~$y;. 
1 2 . .3 4 $'s, 6 7 R I I  -1 Cz!2y+. - .,*r r . 1g , 14 -+.;5, .& 5 . -.  . 

, .+-c 16 17 1 8  19 20.5 



I 
L. 

ENER,GIES FOR PERYCENE I ~ ~ ~ P P R O X I M A T I O N  
, ONE ELECTRON EXCITATIONS OF ' S A  .:SYHMETRY . +,..n:~+. . .  - . . ,+?:*;%.- - 

JU#P r.1O9:1.l: 9912 49.1 1 . h , , 1 2  R ,:I 3at;?:>g7, 14 9 1 5 , $ j $  - 1 0 9.1 6 ,  5 r, 1 3 
xMOMNT-0.OG000 0.00000 0.00000 0 . 0 0 0 0 1 - 0 . 0 0 0 0 ~ ~ ~ ~ 0 0 0 0 0  0 ; 0 0 ~ ~ ~ ~ ~ ~ ~ ~ 0 0 0 - 0 ~ ~ 0 0 0 0 - 0 ~ 0 0 0 0 ~  

.0:41.39 0.48949-0.08841 0.31 122-0.48299-0;~~04945-0~36o"9~44~0~6I1;2~0-0~09749 0.03440 . 
34.81.34 35.9275. 36.7.1 10: 38..5801. 39.6367 4 1.5796 43.6369 46.3350 -51.4785 52.6854 57.2553."5'7,.7840 . . 5 8 ; 3 3 3 5  

.- , . . - ,  

CITED STATES OF SA.SYMPIETRY. 

XMQWMT YMOMNT / /  STATE COMPOSITION . . EMERGY . . F r  
I '. 



E N E R G I E S  'FOR P E R y L E N E  I R J J ~ A P P R Q X I M A T I O N  .r .ib 
<;sy 

ONE ELECTR.GP EXCITATIONS 'OF ' A S  S Y M M E T R Y .  
,<,',. 

v,,+22%3 I' ' g",;;&, JUHp , . ,10,,13 , 5 1 1 1 .  7 r12  0 ~ 1 ' 1  1 1.11 --  4.13 l . f l ; 3 7  I ....% ~. 
# , 4; @.,cr A-*<!::F'<. 

,.' -. XMOMNT- ,O; " ; ;~ ,~~@I~ ..0.84337 0.12443 0 70041 0,68627, 0. 13;4'3,7'?:,@.'02091-0 -058 10 -0. 09362 0,157 1 5  : j 
- l u  7 !, YMOMNT !g ' '~40~0000-0~000~~ :0100000-0-00000 0,00000-0~0000~0+0.00001 ~ 0 ~ 0 0 0 0 0  0.00000 0.00000 - ~- ! 

I JUWP E(25- 1478 '27-7.373- 34-.7.718.. 35.5559.. 37.0090. 38-95 18 .41.2079 46-22.08 '.46.3166 ;48.2:816 ' 

I ' ,  i 

ENERGY F XMGMNT. YWOMNT . 11- S T b T f  COWPOSITIQN 



ATOMIC COORDINATES ' I 

-- --- cat). - 'iF ,< a-  . 7 

, ~ Q : ~ ~ ~ ~ V " ~ ' O ' ~ O O S O  - I_L_. _ 0 . . 4 9 . 2 0 - + : . . ~ 1 . 5 0 9 0 ~  A -- --- a ; 3 . 5 8 7 0 4  
I 

- - -- - - - - 



- -  _1__1 

\/ 
. --- -A- - ._  - - -  - -A - - 

[ 

- - .- -1,,=1,2,&EBL.PE~RYL-E&~E,X,' TBX APPROXIMAT.lON 
" '\OVERLAP EIGNVALUES AND EIGMVECTORS - .  

- 
+. 

i. .&$$ $. 22A 3 s 4 A 5 5 '6 S 7 A ,., -,,, 8.b) 9 s 10 S 11 A 12 S 
6 4  .? -. . .",! . 1.528429 1.491921 1.386942 1.3825 10 1.322586 1.26&0>3?~~ 2 d 3 9 1  1.'236298 1.163393 1 

..37:[*$..:?,i ..--. . .., . .. re-- > .. "..+&i. <:;. ;5.*%,2 :: \I:< 

0.'"r'3~$j';l9~0,246146 0.148675-0.214661-0.276057 0 -  1151 11 0 . 1 0 ~ ~ ~ ~ ~ ~ 6 ~ 2 1 ~ 2 7 5 - 0 . 2 9 9 1 4 ~ - 0 . 0 6 1 0 8 3  



0 -  11 5446-0- 159041-0- 137476 0.269257-0,17068 1 0.0044_1r(0-0..062630 0-200564 0*2637_14 0-268603-0, 197328-0 ,220770-0,316749 I 

0.115159-0,206591-0.025073 0.147396-0.290390-0.050896 0.198811.0.170242 00249261 0.070421-0.290084 0.324545 0,083044 / 
0.178343-0.289696 0.091946-0.042871-0.285518-0.114570 0.286386-0,037443-0.029299-0.232196 0-,070527 0.078906 0.273816 , 
0.245583-0.231369 0~090471-0.030806 0.075128-0.207714 Oo025550-0.407689-0-003440-0.172713-01005910 0.006612-0,203671 8 

0.25781 1-0,113172-0*157620 0,097733 0.165810-0.235021-0- ~2~8~_h-9-186254-0~-2586_4-9-0~~-19_4_25_4 O,.J_4_3_1-5-0 0,160156-OL-229-072 . 
0.257811 0.113172-0.157620-0.097740 0.165806-0-235021 0-121816 0-186248-0.258654 0-194254-0-143150 0,160156 01229072 
0.245583 0.231369 0,090471 0.030803 0.075129-0.207715-0.025550 0,407688-0.003450-0.172713 0.005910 0.0-06611 0,2-03671 

ILTONIAN EIGNVALUES AND EIGNVECTORS 
16 S 17 A 18 A 19 S 20 A 2 1  S 22 A 

--I 
1 

-23~0RZ~~,25-23.72698-27,01984-35.43086-46.08976-46~96066-72.03667-83.37404122.25557 . C- . 

- ................... 

-- ....... -....... I,.. A. .-. ..... 



. . 
:; .-I -__ $1; ' > L 

f.ii12 B E N Z P E R y L E N E  X T BX TOPOLOGICAL . . BOND ORDERS . ~ .. - -  . - & .'I - - 
L,?;?' ! . * -- .... . &,*+?-,>;~ . ' 

'- .<q$ - 
1 2 3 5 .  6 7 8 r,,: 1 0 w 1 1 12 1 3.. *@*\, 15 

4 
9 .  . . ,  

l%-* 16 17 18 20 2 1 22 - L .. 
1.1.00000 0.67589.-0-00000-0.30766 0.00000 0.12577-0.00000-0.11295 0;OOOOO 0.05811 0-00000-0.07851-0.00000 0,10383 '@00000 4 





,41 4 \ 

p : s ;$. \ 

- \ 

1 i 3 
\ 

,TBX APPROXIMATION " 1 .  7;' , ' . ' 
I 

5112 7913 1 

I 
I 

I '. 

FINAL E X C I T E D  STATES OF S SYMMETRY 

ENERGY F XMOMNT YMOMNT / /  STATE COMPOSITION 

26.84702 0.00787-0~08301,0~00000 / /  0.7549 0,6142 -0.1705 -O1OO00 0.0394 -0-0000 0,0077 0-0619 -0.1353 0-0000 
23. 89089 

C 
* It.. d --*c+> .e ,I . 

' +**? 
/ /  Oi5383; 0.7055Y~O14035,T-0.0000 0.0644 0-0000 -0.0070 "10--063 1 70-2042 0-0000 ,# 26-23289 1' 

, 

--d 
I .  - ,- 

, - t - - * r  ,? IF 7 

35-~76734 0.16065-0-32499 0.00000 / /  0.1805 -0.0342 0.8568 0.0000 0,3120 -0.0000- Oe3496w*~~.013~"~-~,1113 -0-0000 
t <' I 

/ /  0,0_699 0.3588 . 0,8335 0.0000 0-21-71 -0.0000 0.0 1-820-._1-392 - 0 -  1914 -0-0000 3_1-31137 
-- - - . -- - 

I 
- - -  

-* - .  ' A ,  

1- - 1 
- . *  E 

- -  * 

36,45134 I---- r - - / /  -0-0853 0.0558 -0-0547 -0--000-0 0.3959 -0.0000_O-e8064 -0A21-6  0..0&28 -0.0000 ic ., , . - bb#-' - ' 44.736.2-0 0 : 0 9 6 3 6 : ~ b . 2 ~ 0 . 1 8 0 1 : ~ 0 . 0 ~ 1 3 8 5 _ = 0 . ~ 0 0 0 0  -0.0196 -0_1.0.0_00-0~~3-9-7& 0-'88~6=0~-0-0-~9 0-,000-0 . * .  + 
, 41.890,75 -. - _  - .- - - --o[ 'CZ-O.O3~9~O~hO9-02 ~'0.0651-.y0-0€?00 0**1968r.C0:0000 - 0.2285 0 37.'!26 -, 0.6227 4 - O I O O O O  .. ' - "5;":.& -- - - - - . e  :+; --- -- <cLgk7 &J *ck., -+ 

r ,3L. . . . - .  
I 45.$1&3+9!5 0- 1167650Z24648-0-00000 / /  0. 1357 0.0934 0.230% 0-0000 -0-2'520 0-0000 -0.1225 0.1903 0.867.2* - 0 ~ 0 0 0 0  

39-98011 \,rL +/ / /  0.0741 0-0749 0-0119 0.0000 0-5517 0-0000 -0.5141 - 0 - 4 2 2 1 .  0.4919 0--000000 4 
? 

- - - --- r -- - 
4 

-- - - I 

i 
i 
5 
& 

i 
! 

I 



I 

ENERGIES FOR 1 9 12 BENZPERYLENE X 9 TBX APPROXI MATIOM 1 - 7  IYu 
ONE ~LEL'ECTROM EXCITATIONS OF A SYMMETRY - a,,4++ f~$?~;$@ J.":~ 

JUMP : 11 1 2 . y  8912 1 0 ~ 1 3  17!~ 12 9.13 % &..~34 4, 12 ' l o 1  14 2,12 ~ ~ 1 3 ; ( - 2 ~  f+ 
\ # J*. - XMOMNT-0,.~Q0000-0.00000-0.00000 i0T00000-0.00000 0.00000~0.00000 0.00000 0.00091, 0.00000 %rV 

YMOMNT 1202559 +0.15937 0.77488-0C.ll9482-0.15751-0,00222 0.05192 0.15799-0.01808 0.03652L 1 
JUMP E 16.8447 23.8509 24.980'$~25,'*0155 28.7522 30.1213 32.6785 33-4707 35.0873 35.1169 - T I  \ '1 

* 
I D l A G  E 28.5829 32.6395 36.3368.37.9411 41.7204 45.9481 46.7863 46.0437 50.1750 50.7123 

D I A G  E 28.67 12 33.3083 36.4235 38.4558 41 ,8654 46.1595 46.92 19 46-0867 SOO.-7,5-0.5 5ff.-O058_5 
CORRSP 2700771 31.3926 37.6830 3602396 40,9258 45.9856 48,5403 4701988 5201339 4907093 
CORRSP 27.2434 32.1840 38.1454 36,3794 41.2753 46.0432 48.5414 47.3017 52.4780 50.1UYO 

i 
FINAL EXCITED STATES OF A SYMMETRY 

,L 
1 ENERGZi$$$ F 

f 

27.077;'1#0.52522-0.00000 .0.67538 / /  0.9284 -0.0392 -0.3521 -0.0415 0.0182 0.0951 . 0.001 1 -0.0135 -0.0232 
18.1i4'iZ 

.I 
/ /  0.9733 0.0055 -0-1692 0.0361 -0.1093 0.0245 0-.02.24 0.0977 -0.-0017 0.0110 , 



ATOMIC COORDINATES 
- .  . - -____ . _- ---̂  -1__--- --.- - - - - - - - -- 

x 0.8815 0 -  0 ,  0.8777 - 0.8777 -- 0,- uo .8.8813 - 



r I - .. . 
"4 

. i a z P E R Y L E N E  - IRx APPRoxlMATloN , 
OVERLAP.?-*E I ,GNVALUES AND E I G N V E C T O R S  ' Eeg ''* 

c$$~$~'?s> A? 5 $j [ l?<2 ,> @J , .- 2 - ~ * - . 3 -  
1.77&~~1,8-2 1,61572,1';1.557025 1.396032 1.376388pi1 ,297319 1 • 



k - 3  - 

.*<. - 7 
' I . > ." . $3 . . ..., , -. 

' i .('" 23. j. E\'.i:.\ &&3 , $ .w 
1 r:$; 1 .  12 &g.,**lt ? ?  

k :& . 
ZE@$H HAM1 LTONIAM EIGNVALUES'.AND- e:. 

b A  . 5 s  6 S 7 A 8 S 9 A .lo'sa' l l A  12 S 1 S -$*  2 A 3 S 
32.58401 28.35330 26.61737 21.10672 20.34609 17-0.5149 12.57915 11.22675 10.61078 6.19158 2.58716-14.89485-19.79537 

0-102584 0-199288-0-128672 0.183421 0.225424-0.131822-0.115926-0-273327 0-194361-0.044609 0-333'77.4 0,364627-0.050596 
0 , 0 8 7 0 1 1 ~ ; 1 5 1 6 5 5 - 0 1 1 6 4 1 3 9 0 4 0 , 0 7 3 8 6 9 - 0 , 2 7 1 8 5 6 8 - 0 ~ 2 5 6 5 8 3  

0.114545 0-123948-0.201431 0,227797-0.104531-0,226728 0.291252 0.103385 0.029733 0 .190093-0 ,295676-0 .320535  0.232350 - 1  I 

0.199239 0-109922-0.229616 0.103365-0.243361-0.008193 0.124995 0.278773-0.207070-0.120642-00205748 0.247631 0 .100946 '  
0 ~ 1 9 9 2 3 9 - 0 - 1 0 9 9 2 2 - 0 1 2 2 9 6 1 6 - 0 , 1 0 3 3 6 6 - 0 1 2 b 3 3 6 0 - 0 0 0 8 1 9 3 0 1 2 4 9 9 5  0.278770 0*207074-0.120642 0.205748 0-247631-0,180946 

I 

-__I_.- 

@ 



- - - - 

-4-+- 

I 

' 1 . 1 2  B E N Z P E R Y L E N E  X TOPOLOGICAL BOND ORDERS 
7 .-: - 





L!'. '* g; Y 4 :;> ,.*- '. 3* 
df.;+::-. ; : . '. : I fi - 5  > * ,  - ,' * 3 - i.%* . i~ . ENERGIES FOR 1.12 BENZPERYLENE x , IRXAPPF~&$~N:MTION .P F j. %*&~:s 19. %*Z.-* L:;? % - - AE. E LE-CIRON EX-C-I-'-A-TIDNS. O F . .  . S,SY.MMExmRY - I f f *  

7113 . z ,J  

, , L :  

i 
. i 

I I 
I 

r3 1 

./FINAL EXCITED STATES OF g S SYMMETRY C 
*! c ' C .  I 
&A- $ 
3:;' ENERGY . F XMOMNTLfk YMOMNT I /  STATE COMPOS1TION %??, 

t .  1:-. -<J-; 

,,.,.r4; .t. *:Ii \% I -.- 3.y , @V -- - * . . T  , , 
F'27.30132 0.00008 0 , ? 0 0 8 5 ~ ~ 0 . 0 0 0 0 0  -11 0.73873-0.6559 -0.0000 -0.0887 -0.0120 0'.~@$~0~~~,0.0~97..~0.1172 -0 .0273~~~0 ' ;0000 '  we.i,,-. . - 
~':2'6.,580 1 2  \ 7 $;& 1 / 0 7 0 9 3 - 0 . 6 3 5 4 - 0 . OQO 0' ' 0 ,210 5 - 0 034 2 ' 0~tt0~0OQ~~0~._Q_Q~115_z0_~~1~8_2.6_10_.10_4_464~.0o~~0O0O0O0.. 

- - I . - % , .:;"" --. . "L 4: 



ENERGIES FOR 1.12 BENZPERYLENE X V l R X  APPROXIMATION 5 - 8  
% I 

ONE ELECTRON EXCITATIONS OF PTSYMMETRY 3 h Gt;- i 
I JUMP . I1912 9912& 10913 7.12 89 13 10. 14 y . 2  4"t%2 6913 8. 14 5 .  13 4 i$jg$, 

XMOMNT-o~o0000 0:ooooq 0.00000-0.00000-0.00000-o.ooooo~o.~.ooo-o.ooooo 0.00000 0.00000 G$ .it-;3* I 
YMOMNT-l.01083-0.'18,l~1~3) 0.79018-0.22490-0.09408 0.1326630.~&~136-0.03481-0.00172-0.03813 h J -  
JUMP E 17.4820 25.50$% 25.9870 27.4740 31.0221 :33.0765 3x*z0016 36.8469 38.1117 40.1415 $I x .r' I"F 
D I A G  E 28.5931 34.48$5 36.6814 40.3532 43.4743 44.9761 51,7400 51.2436 53.6952 55.8111 2 '$.$ 
D I A G  E 28.6791 35,2219-36-8807 b0.9007 43.6639 45.1312 51.9170 51.3432 53.8406 56.1588 I 

I 
I 

CORRSP 26.8822 33.6512..37.3028 39.2514 43,1087 46.2575 50.4216 52.2469 55.1393 56,7908 
CORRSP 27.0101 34.2819 37.3800 39.8368 43,4148 46.4874 50,4936 52.3944 55,3075 57.1304 

Y 

FINAL EXCITED STATES OF &SYMMETRY 
I 

ENERGY t' 'F XMOMNT YMOMNT / /  STATE COMPOSITION A y;? 
&, I ,* 

26.88220 0-254924-0.00000-0.69315 / /  0,9381 -0.0174 0,3172 0.0260 OeO019 0.0380 -Oo048O -0.0020 -0.1199 -0-0147 
16. 8872od\':i / /  0.9513 0.0057 0.1623 -0.0389 0.0939 -0.0634 0.0325 0.0345 -0.2267 0.0262 ; 

\ - Y  I -0730 0.0326 -0.0582 
30.99520 1 / /  0.0142 0.8095 Oe2041. 0.3176 -0.1825 0.3842 -0,0391 0.1314 -0.0028 -0.0483 



I ATOMIC COORDINAT~) I 

6 ~T~O~S:.S~Z&C 7 -5.. 3 0 0 s 7 L 5  :3 0 0 8 . 4 .4~31-7.=~4- 5y-3 .- 
I a -, . 



- -- .d - 

\ 
/. 

\ CORONEME X I 
f OOSA 

- 
11-SSP 12-m-13-SA- _. O. . - -7269- 

L 

. -+'I'. w.. . . v 
C b - . > J' 

i , 
' 1 

I 

0-279339-0-172382 0-172441 
0.083643 0.188360-0.241015 00207950 0.149554 0.289439-0.214594-0,126204 0-009675-0.328363-0,328364 

-4 
I 
I 

. !!do 132432-0. 197481-0.175567-0.302142-0.043862 0.209055-0.148183-0.289314-0.218878 O.120_025 0,279134 0 -  172714-0- 172655 
'0.209627-0.173295-0.299904-0.311902 0.179743 0.106018-0.333978 0.000270 .O.005934-0.012602 0.144729-0-25014lt0~250172 
0.131964-0.052967-0.258183-0.113523 0.282199 0-210206-0.148511 0.287248 0.002849 0.252492-0-289552-Oo155701 0.155639 
0'131965 0.052963-0.258184 0.113527 0.282198 0.210206 0.148511 0.287249-0.002905 0.252491-0.289737 0.155356 0.155418 
0 ; 2 3 - _ ~ 4 2 7 0 ~ - - 2  505P_300-13S13z0 "-2 5-0-2 8 3 . . -- 
0.'132433 0.197477-0.175571 0.302142-0.043866 0.209056 0.148184-0.289310 0.218859 0.120069 0.279340-0. 172382-0- 172Cil 



- - 7 - 
a ' 

. . .  .- 
M ,<? *$ 

CORONENE x a TBX APPROXIMATION 1 - . .  * _  
, ?-$.. ' C -TF - -. 

. , ' Z C R ~ ~ ~ I  I IAfl I-LT-0 N-IAN. ECG-NLALUtSi 1ND E-IGNY-ECUIRS . - , . - - P- 

o s i  11 SS 12 hl fi' * <,3.. 

5SSw-. 6 S S  9 AS &+>y: ' 1 2 AS '3 SA li AA 7 AS 3 ,iF-$ SA on !..L -,+:.l;t@ 

: 2 
I L 28?lv6B.O&. 25.45628 25.44251 2 1. 15708 .?-17,.13820 19.927 13 16.298$f+111. ,7751 9 14.24046 14319962 8.584-1.2 ,, 8-.-57946- 1.1. 16814 +$$$h.i.r ' ! 

: -py!~*~&? a% * 4 , ' i ... . , ,:(<;., <+,r &-e"fgh;. +d&i+=$?@~ -...- . ~ < F . - T :  . -Gsc$d.z. -A 
\ I  +, t&fd:-v: J \ r .. e &L~?+I : , : 7 s - ~  - 3- . i 

a 0: 1~0,B8~~.'0.202710 0.067759-0.159 189-0\203120 0.177774-0.132070 0.25~,54 0.192872-0.1134 1'~'?0~~~0~0872.9 0..3087.60-0.352270 .-.. 1 
(0m&kd 0.159965 0.142235-0.255345-0.037075 0.178719 0.130858 0,258839 0.196704-0.1~07902fl. 262453 0.162398?. 185220 ! 

ZEROTH H A M 1  LTONIBN EIGNVALUES AND  E'TGNVECTORS -- - -- , -. . . . . . ,- 

-0-3 18675-0-289 119 0&&379 1-0-33154 1 0. 175303 00261r479 0-.3hii2_05-0- 14657.5 00374070 0,074.7,h.5. 0-~a2_1_15335_4 
0.310802 0.289119 0.003300 0.331540 0.175303-0.264479-0.364204-01146578-0,37067 0.076781-0,215354 

~ I s s o _ a 7 0 , 0 - - 1 - 3 3 . 3 Y s , ~ Q Q - . 3 , 3 3 1 1 9 9 7  1 0,. 4,0.2,7,1~ 1 Qm_4.3,4_!5_1.2 :0---22551 1-9-6 0-0-3 4-2-0-92~ .-.- -,-.-, --.....a,. -*.,-* .-... ..., .... --. --*- 

-0.299644 0.137466-0,250756-0.333923 0-174916-0.263031 Oo056613-0-390106-0.254364 0.286252.--0.216117 
O~-OJJQ305-0.144491 0,245869 0-334071 .0- 176535 0.261 640-00.3 11053 0-2,43200 0J21 175=0~.35?,7_309 0-.2_1_16g0_83 . .. - -.-.- 
0,310044-O,OOOOOO 0-0168.68 0~000000-0-394850-0,129896 00465455 0.000002 0.00OO'IO 0;5013'73-0,342317 
o.-o~-0-0-~-~0-1444-~302~-8-7 4- o .3-3~o-~i-o.-i-r~5-3-50.-2~-i-rg~~o- 0 ~ 3  1 1 n s 1 --n---7 4-3~~n-3- a=-1-7 12 -9-n -a-3 6 2 73-4 a-,;! i_~n-~,s 

-0.299503-0-137.458-0.250760 0,333922 0.174917-0.263031 0,-056610 0-390107 00254378 0-286241-0.216117 
I 

0,~1-55212-0-. 0144131-0 ... OOh796 60~0OQQ31~-51--39-~.~.0,0,-3l~3~,79973On-n7~_1-9,710~-,4,027_C)~-0~--4~~~~3,?~.~75_1,1,7-8 0-%3&2>(l,9_2 
0.310675-0.289119 0.003291-0~3.31541.0.1'75303-0.264479-0.364205 0-146575 0.374070 0,076765-0.215354 

-Of-l-O-$-Q2-02891 19 0.003-300 .03L3J-540 0 1743~-3-02-A447~0-364204 0-246578-0-5-7-4067 1)-0,7.hTA3. 0-2153-54 
-0,155007 0~014431-0,006796-0~000312-0,13332-02319710402711 0.434512-0.251196-0,342092 
0.299644 0- 137466-0.250756-0.333922 0*174916 0,25303 1-0-,05hh 13 0-3_9,0-195-0--~2~54366 0-28.62~5.2 0-rn~2 1-61 17 

-0.010305-0.144491 0.245869 0-334071.0.176535-0,261640 0.311053-0-243200 0.121175-0.362739-0,216085 





- -  

TBX DENSITY BOND ORDERS 

3 4 51."-  

6-0.03448 0.00668-0.00011 0.05517 0-01200 

I 

I 

1497-0,14806-0.05091 0.37151 
0.76969 0,57037-0.04721-0..22876 0,01200.0.05517-0.00011 0.00668-0.03448 i 

I 

. - - - 



ENERGIES FOR CORONENE X TBX APPROXIMATION 1.7 th~.  
ONE ELECTRO~' ,EXCITAT~ONS OF SA SYMME;T.R;y *.:A 

JUMP 11,lS 1 2 ~ 1 4  6s 13 5 ~ 1 3  .,L 4 r 1 4  9,15 101.3Cir 8 # l 6  8917 7.15 
XMOMNT 1.03902 1.01902 0.00013 0.04804 0.04752-0.41160 0.4"1$62-0.24118 0.24135-0.48941 
YMOMNT-0.00100-0~00100-0.00000-0.00002-000002 0.00005-0.00005-0,00001 0-00002-0.00001 
JUMP E 19-7$23 19,7555 31.0953 32.3063 32.3331 37,2773 3703442 37,9198 3808314 3903356 
O I A G  E 30.7317 30,7342 45.0475 4708707 47d9210 49.4360 49.4972 S b - 5 6 6 3  55e6971 51.6857 
DdAG 6 31.0461 3100599 4602786 48.9073 48.9639 4809328 4809850 49.9877 61.9276 51-8542 

34,6680 43*8559p49*5496 44.9352 45.9398 511-2653 55.2599 57.0818 5 3 , I % k %  
34.8299 45.1818 50.0357 45.7669 45.6772 53.9945 50.7362 62.8587 53,7303 

FINAL EXCITED STATES OF SA SYMMETRY 

ENERGY f XMOMNT YHOtIPiT / /  -- STATE COMPOSITION 



E.N.ER.G~I.ES~~QR~C~O~~O.N.E.M.E~X . - ~-T~-A.P_P_R.O.X1lMMAxIIO.N 1-0-7 41%. 

ONE;EL'ECTRONFEXGITAT Uw2i--- T::.; +-j IONS OF AS SYMMETRY .;$!% 
-- a + , . A @ L J L & ,  1 4 3 1 4 ' 1 '3$.13 1 OgJ-5 

X M O M ' N ~  2. -i. 0-o 001 00-0.00 100 O ~ O O O O O - O ~ O O O O ~ ~ . O ~ ~ ~ ~ O O ~ - O .  I 

~ ~ ~ 0 ~ ~ ~ & 1 ~ ~ ~ 0 1 ~ 1 7 1 0 1 6 9 0 . 0 0 1 9 ~ . 0 ,  0 4,6 9~7~OO~~W_4~7~OO~r44OI!8~643~OO~~2.3~663~O~OO~~223~6_4~88OO~~O~OO3323 
JUMPZE 1907476 19.7602 31.1032 32.3142 32.3252 37.2365 3703851 37.8121 38.7906 39.3661 

DOI-A-G~E,3,1,~d77&9JJ3L7,4188?9~.55 0 5 3 7- .4 8 l 2.9599774_8_8~~33665~0~~~85~22665~11~~0~3~0O2254_4~~4i5i58_4_4SS55~~665S0O226~0O~~88S5337 
O I A G  E 32.0289 32.0697 46.2913 49.3428 .49.3300 50..3469 50.5205 49.8863 61.8781 63.0152 
CU,H.K.SP 2A.-22-35 34o.6622 4-3-8-842 49.-5-389 464056 48-*~0444 ~4m17002-5.5~~0007755 57--0113_5 61u98.55 . . -- - ..,. ""..-, ,, . -,,. .. .... , .,.. ..,..,. ",."... 
CORRSP 2608035 34.8971 45,3407 50.3215 46.9147 48,5567 53-8921'51-2174 62.08109 6309551 

- -. - . .--- 

NER G Y f XM 0 N Yk-0 M.&J / / S T A TE C-0-rl PO-SSI-rI-ON 











-- - A- -- --- - - -- 

IRX A U G M E N T E D  DENSITY BOND ORDERS - 

- -  -- z79-- - 
! 

I h. 



I D I A G  E 31.1821 31,1814 50- 1362 118-7756 48,8330 53,7725 53.8312 5h.L810 51.4405 $5-29-9.6 - 4 

' O I A G  E 31,7570 31.7453 51.6498 48.4236 48,4708 54,7776 5!1.81167 43,01130 51,7301 50,6515 I 
I 

C-0 R RS P 3 5-• 02 7 0 2 4 .. 9 8-5J 4-8-,-2-7_1_5 11 5-- 11 7 11 11 S-3333885-660 54-& 9 6-8 5 54-• 3-50 7 , 5  8 -_L447__9-b8 - 8 zZ4-5 b -,9,2,9,(59*t5 . -. . -  
CORRSP 35-3096 25,6372 50oS620 45o1901.53.9125 55.8204 5605408 64L2287 4805769 51.3471 

FINAL E X C I T E D  STATES OF SA SYMMETRY .- ,. .. - .  -. - .", .- 

E-&ERGY F XMO-PlNT YMOMNT /I S T A~ T E C-0 M P OS-IITT1-O N ,...-- ".., \-.. . .,,. +.*,.. ..,. " ,  ..... * * -,--.- A 
I 



-% F%g&h 4.- . I  

E~E~,G,Gl.E-S3-0.R,GCCQRRO(PN EN E+&b,* 1 - rn -A  l2J.JRO.X-1.M c-,*c .* 1 A L I - O N 5 - 0 - 8  
od i -~ELECT~ON EXCITATIONS 

O ~ ! E T R Y  
.. ,, ., 7'3.' :-j. > ,. s 1. 

12VM 11314 &r 14 9 &6-Sit~ 14' -' 4-mJ-3 1~0-~&7~Zr15-8-1,1_6 
0.00104 0~00003~'w0.00002-0.00002-0~OOO02-0.00002 0>OOOO1 0-00001-0-00000 

Y M OMN T 1'1 - 0-3-5 9 8 1 . 003355-5~00--Q24 5 9 - O ~~O~6'I.~O~~357_9~O~O~14~9'1.~O~O~152~39O~~~2.2~6bS~5~O~~~1182b_63~OO-~5SOO6b7_2 
JUMP E 20.6625 20.6755 35.9819 36.8061 36.9609 38,1999 38,2220: 38.8939 3908702 39.9680 I - 
DIAG E 32.1683 32.2093 5001447 50o1218 50,3093 54.2286 5402337 56,4274 55,1957 51,7359 r 

DIAG E 32.7343 32,7820 51.66i2 49.7673 49.9496 55.2426 55.2403 62,9069 50.5853 51.8178 -4 
CORRSP 27.1438 35.0124 48.2391 48.3489 53.8-247 55.6939 54-35011 58--4-0-83 56-m-8-95-9 4-8-.-8-5-7_2 ..- *-. . . - 1 

CORRSP 27.7928 35.2978 50,5658 47.9570 53,8990 -56.6331 56,5574 6401842 51,3365 48,5495 I 

FINAL EXCITED STATES OF AS SYMMETRY 4 

I 
- - 

ENERGY F XMOMMT YMOMMT / /  STATE COMPOSITI-ON _ - _ . I  



I A T O M I C  COORDINATES I 



COROMENE -- 

11 SS 12 M 
- 

2 AS 8 AS 9 SA 10 SA 

. 1.1. 1. 



0.095693 0.15 1307 0.137698-'0.0279S8 0.249395 r0;:18166~-~- 131802 01200277 0,283203-0.001258-0.265979 0.170048-0. 304083 
r-~~2_9,1_3,48~0--~223366880000-L4~66336 

0.320388 
1 0 .-0-95-6-9-4=0.-04~3~5-9-9~0~.-1-~~8~8~7~0~~~2 2_9915~OO~JJO~O5~lO88OO~~118~1177O~77OO~~lt33118,4,43r.OO~~OOOOOO25~3~OO~~1_t_t2B4_42~O.~3_1~6_4O_744OO~~2~88OO24_4_4OO.~114 5-3-2 5=0---3.2-0-3-8-7 

0.160301-0.140137 0.242728 0.155229-0.268891 0.097979 0.291931-0-000049-0.000006 0~000001-0.129138 0.223680-0-147637 
0 .~0~~5~6~~3~0~.~15~1~3~8~7~8~~~13~7_6~9~0~~~0~23~5~9~0~~~2_4~9_3~9_4~0~~~1~8~1~6~6~0~0~~~1~3J~8~Q2~0~~~2~0~0~2 JJ88000-22883 220O3~0O~~010~0O~668~0O~~2266SS9~880~0O~~11770O0_4_4880O~~330_4_40O779 
0.095695-0.194908 0,062187-0,202054-0,1488883 0.181630-0,131869-0~200231 0,283205-0~000969-044269-0,315361-01016312 
bi3 1:6-0-3 0-0 - 0 .:28&215 - OOa-0 O,O,oOOOOO- 0 -3 1 0 5-0 4 0-.-0 OOOO0-0-0 0,09 0 qO~- OA2_9,1-Sl3 0 0 . OOO-OOOb-S~- 0 6-0 0 0 0 0 0 .- 0 . 0 00-&01-02582-8-7 - 0 . 0~0~0_0~O0~OO~~2~SS20 11 

\ 0;095695-0,194908-0.062187-0.202054 0.148884 0-181630-0.131868-0,200229-0.283206 0.001258-0.014269 01315361-0-016314 
:ri 

0 : 0 95-69 3~OO.~15S113-07O~l~3~7~6~9~~0~.~O~2~~5588OO~~244~3395~OIRIAA~O~O_1_31_88OO2~02~0~O~2~7~7~O~~2_8_83322OO2~O~~~O01~2~5O8~OO~~2~665S~88OOOO~_1~77O0O~4488OO~~33O~44Q88O - -0- 

0.160301-0.140137-0.242728 0.155229 0.26889 1 0.097979 0.291931-0.000050 0.000006 0.000001-0.129138-0.223680-0.127636 
0 00-9-56 9 4 - 0 .~0443~55~9~~~~119~8~8_7_70O~2.299915~0~~~1~0405~1~8~0~~1~8~11_~0~770O~~1133118I110O~~0O0O~220~440O~~1~442.84 2~0-~-3~1-6;_0074400~4208~0.2 _44~0_0_~_145_533236r0-~:332200338=8 
0.095694 0.043599-0.199887 0,229915-0.100518 0,181707-0.131843 00000253 0,142842 0.316074 0,280244 00145325 0C320387,:- 
0 . 1.60-30 1 0. 1 4 1 3 -2 4 2728 0 . 1552 29- 0 -26-8-8-9 1 0,4973-C9- 0 ,291-93-1 0,990-0 5-0 0.-0 09006 - 0--0 0 0 0 0-1 -0d2 9-1-3 8 0 .2 2 36 80 0.3 4?-6!3~9~ 
0.095693 0.151307-0,137698-0.027959-0.249395 0,181660-0,131802 0.200278-0,283203 Oo000968-0.265980-0,170047-0,304079 
0 .-0956 9 5 0 ~9~'l9~O~8~0~~~O~6~2_1~887~OO~~2~0~2~54~O~4858~84~O181~3~O~O~~31_8_6~~2~0bQ22331~O~~2~8~~2_O_O66OO~~O~0~O~669~~~~OO1_4_42277O~QO~~3~115O336_1~O~~~OJ~6 3-1-3 

I 0.160299 0.280275-0.000000-0.310504 0.000000 0.097898 0.291930-0.000046-0.000000 0.000001 0.258287-0.000000 0.295284 

3~0O880O7~0~.70O0O0O0O0O0=0O.~1~1166~225~0O.~0O0O0O0O0O0~0O.~2211255990~0~~~09075~8~0.4O0O0O5 2~6~0~~~0~0~0~0~0~0~0~.~0~00 2~900000~-106b7788001-0~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 = 0 ~ - ~ 1 9 _ 1 ~ 8 3 ~ 7 ~  
0.199887 0.058067 0.100518-0.212552-0.090855-0200013-0.140352 0,317332-0.083902-0.145325-0.095920 . , 

.EROIH-HAM.I_L-xONLAN-E_LGNULU.E.S-AND-E_I-G~N_V_EC-~ORS 
' 

I 15 AA 16 iiA 17 ss . 18 SS 19 As 20 SA 21 AS 22 SS 23 fi 24 AS 14 - sa 
~1-1~~336_5_5330-7 4 ~-25588~~2,4~~~~3366O~44a~2266O~8r3r311~~668@I33Z6-155w~3SS228~-5-52~l~8~l~~52~l'2~995~8~9~~_2_1_18~6 6_18-%. 22 0 2,1,1,b3,.89bb77bb7 - -  

54-2 8-7-0 2 J-1536 
I 

0 e-25 5-7 2 0 - 0~~~000~0~0~0~7~0~~~0~0~0~0~0~1~0~~~0~000~0~64 O-3-T77-05 0 , 14-6 1 5-6 0 ._4 1 74 0 3  O-o.24400!6666 0-0-2 5-8-7 TO- O,.,W 8 2 4-3 Q -354 3 5 5 
0.194407-0.363625-0.034314 0.256449-0~179558-0,270984-0~387139-0,043400-0279417 0.254287-0-211536 

-OA3-6-O-5-3-5-0 363629 0.034315-0.2_45-63B_8-U. 179648 0.270941 0.231 115 0.313652 UI~SYY3~-~1~4&4(5-O-o-2J_15~U . + 
C - - -  

- 
-0.000001 Q.000000-0,000000-0.000058 0~397704-0~146037-0~000000-0~482001~0~517580-0~000000-0~354352 
0.360535-0.361881-0.034314-0~2-!88b9-0,179648 0.270941-0.231114 0-313652 0,359934 0.114840 OO.2-1-1540 -- --- -- 

-0.194405 0.361877 0.034314 0.258910-0.179558-0.270985 0.387139-0~043400-0,279417-01254287-0,211536 
-Om255721 0.000008 0.000-00 1-0.000b64 O+-397705 0.146 1SS6-0-~41~74-0-3-O0.2kQQ9hh6. ,0,*2.,58,7,9,0 0-,4-4.82473 0--354355 ....,- y -*, ..- .*..... 
0~166142-0.143006-0.422729-0.000454-0.179612-0271054 0.156036 01356902-0.080514-0.369130-0.211538 
0166144 0.143006 0.4-2-2129 0.@00517-O0179612 Oo2710-54 0- 156036-Oo3S6902-0.0-80514 00369130 0.251_5-3-8 

0,397705-0.146156-0*417403 00240966 0.258790-0.448244-0.354355 - 0- 1 9 4 4 0 7 - 0-• 3 6 3 6 2~5r00.-003_4_4331L00.-2255644 9- 0 .~1~~9~5~5~8~O2ILOO~844OO~~3~88771~339~O~.~O~~3~O~O~O~27717O2~5_4_2~8877~~.,2,l~l2,55336 
C ----=,, C - - -  - - .- -" - ---- 

0.360535 0.363629 0.034315-0.256388-0,179648-0,270940-01231114-03365 0-359934-0-114840-0.2ll54O 
0.000-0-0-1 0.0~0~0~0000-0~000000000~0~00000558 01397704 0-0 1460-37-0-0_0_0000 O~.~~~820~O~1-Q~.15~~7758J~QQ~,00~00Q .0-,3543452 - 

-0~000~00~0.001748-0.000000 0.515322-0.123642 0.317123 0.000000-0.180108 0.426229 0~000000-0.524868 
~ 0 ~ ~ ~ 1 ~ ~ ~ ~ i 0 ~ ~ ~ 2 ~ ~ 8 ~ 8 ~ 6 ~ 0 ~ 0 ~ ~ ~ 3 ~ 8 ~ 8 4 ~ 1 ~ 6 ~ 0 ~ ~ ~ 2 ~ ~ 8 ~ 3 ~ 8 ~ 0 ~ 0 ~ ~ ~ 1 ~ 2 ~ 3 ~ ~ " 1 _ 3 ~ 0 ~ ~ ~ 3 d ~ 7 ~ 0 ~ 6 ~ 6 ~ 0 ~ . ~ 1 ~ 5 ~ 6 ~ ~ 3 ~ 6 ~ 0 ~ ~ ~ 0 ~ ~ 0 ~ 1 ~ 3 ~ 8 ~ 0 ~ ~ ~ 2 _ 1 ~ 3 ~ l ~ 2 ~ 0 ~ 0 ~ ~ ~ 3 ~ 6 ~ 9 ~ 1 ~ 3 ~ 0 ~ 0 ~ ~ ~ 5  24-8-6.7 

-0;1664$2 0,220608-0.388436-0,256889-0,123773 0.317066-0.156036 0~090138-0.213120 0-369130-0.524867 
0-.~0~0~0~0~11~ O ~ . ~ O ~ O ~ ~ ~ ~ _ ~ ~ ~ I O ~ . ~ O ~ O ~ O ~ O ~ O ~ O ~ O ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I O ~ ~ ~ ~ ~ ~ ~ ~ ~ Z _ O ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O ~ . ~ O ~ O ~ O ~ O ~ O ~ O ~ O ~ ~ ~ ~ ~ ~ ~ O ~ ~ O ~ ~ ~ Q ~ ~ ~ ~ ~ ~  229~08~~00000100000000~~5524 8-6-8 

v 
U 

0.1~6'14'3-0;~t'8860~~'0;388416-0.258380-0,1~23~7.3~0.317066 0.156036 0.090 138-0.213120-0.369130-0324867 
o..l'a1423*- ,:..;. ~ ~ 0 ~ 6 ~ 0 ~ ~ 0 ~ ~ 8 ~ @ ~ ~ ~ 6 ~ 0 ~ ~ 2 ~ ~ 6 ~ 8 ~ 8 9 ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ b 1 , 7 , 0 ~ 6 ~ 6 ~ 0 ~ . ~ 1 5 ~ 6 ~ Q 3 ~ 6 ~ 0 ~ ~ ~ 0 ~ ~ 0 ~ ~ 3  I .2 &-of.-2~-3-l 2 0_0,36-9J13-O0OO.5 24-8-63 

1 ,f - t.;.,$;$ .-, 
=@mv f." $? 

L t -  *.,,::.$3 \ , . - -- 
""-13 -I 

I 

7- - - > - - -  +- 





_L - -- _-_ - - -- - - 
C-O.RD.& E N E T B M  DENSITY  B O N D  O R D E R S  I - 286' 

I 



rC - ~ & $ 3 % *  
%Pi... I . . 

,I . * rn * . Ha*- 

~ ~.,&P-Ty$" * 
.d,," ,* 

- - 
- -__t/<p4J+e ."f;;Q+. \-$&>!.>, y-. . ,/ 

1 2  11.'14 & lti . ! ~ . z b r & W $  :+r 
XMOMNT 1.00476 1.00477-0.0000.2-0.0676.4-0.06763-0-40410 0.28417 0.24572-0..37805 0;01075 . -4 
YMUMNT-OoOOOOO-0 r 00000 0 -0- 00000 - - - -- 0 -0- 00000 - - - - - 0 -*- 0~O~O~O~O~0~O~O13~6~O~O~O~O)3~0~~O~_I)_I)-3~70~~Q00.3,S~0~0009Q - 
JUMP E 20,0578 20.0606 31.7466 33.0183 33.0201.38.9135 38.9147 38.9148 38.9152 40.8065 I- --- D 1 A G E 3 1 e-2 0 1 4 5 -22 2 6 ,,I& 88~-33Q~2~5-4-8-3-0445k7z~3-~-U5 9 6-0 5 1 9 7 3 2 .5 4 -7 9 6 3 S * 7 S 73. 

. • I 

D I A G  E 31.5083 31.5112 47.1137 4907713 49.7736 5902623 50.5279 5301163 51.0968 58,9774" 
C O K R S P 2 4 8 8 8 4 3 5,0 4 9 6 4 3 i 8_5_2S-(ll- 7 6.3 6 4-8 5SS~.,2,25 9 1, 7_, '1 1 48C;C;-~6XO005~6k4_8_4 I 

CORRSP 25.6322 35.3543 45.9622.50.9640 47.9312 62.9208 47.4310 55.4633 52.0812 58.9185 
/ I 



FINAL E X C I T E D  STATES-OF-AS-SVMMETRY ' 

-EIVE&G Y F XMOMNT YMOMNT /J S T A T E - C 9 E O D ~ Q &  



:- --"I- - - -- - - - . . . - . . . -- - 
C O R O N E N E  ' IRM I 

- ~ -  ~ ~ ~ 

' - - -- 

L 





Y 

1 

- ---_ _ -_ 
..-- - - - - -  A - 

k ,. ...-.. 3 CORONENE L ~ ~ R M  APPROXIMATION 1 ,.--.* 
, - *~E.R,O_T&J.hMd-LT-OB JA,AN~ddGGNYA.LLUUESSAANNOOEEIIG.MxEEC JJO.RzS 
f-5~ 2 AS +#gd 3 SA hss, . 5 AA 6 SS 7 AS 8 SA a 9 SA 

13 AS , - - -- mi-1 
33,~8~3~8~85~28~.~8.5~2.2~~88~~85.220O332211e~695~1~~11e~~6994t0O1~~.~~95_4_41I11133-~84~4~0i1I2~e~9_5_4 9 7 1 0_4~-338X00001 -5_6.5~777~1177-7660011006 . 

0-6 $*&5 {?+ wr--- - / { i y ~  4 
-L", - i4 

L,.&- e 5r$ +,+d&..dh+ - $  
0~.t0O~64_4~660O.~1~~6b115S550t.~0O666634_4~0O.220_4_4~881~0~.~142.2.5910O.~1_4779_4G113~,~o.~144_46677110O.~226~2.2JJ9~0O.~11116b0O 250;+0%-~8.3. -.? 
0.096595 0.155533 0; 136700-0.038085 0.258617 0.17944$%. 144587 0.262221-0.118543"O 41 0.283056 0.15530$~0.3115$~-~? 

- , -.- - - -.- - - --.. 3%- 0-J-5522885 7 0 1 3 4 4 56 0 2.%2&8-5,OAJIr,5_87 7 0..2_6.8_8,0~-0~2,7~& 0 --2 93 6 7 8- 0&0_QQ550~0_1~5-0-e-0~.1_1~2 6.1-0=. ,1,4 27760=9,e29.7,262i10-,2R 1 4-8-0B69> 
0.096496 0.040622 0,203049 0.242961 0.096363 0.179501 0.144637-0.262171-0.234701-0.001469-0.276009-0.167486] 0-342122~-~':3 
0- e - - - - - -  0 9 6 4 9 6=0- - - - -  0 4 0 6.224 01 - 2 - 0 - 3 - 0 4 9 0~e~2442~~2~Ob~~OO9~643~6~23OO~JJ779_55OO1~OO~J_L_4_46b337~OOe~226b2_1_17_2~OO~~23,4,477OO11OOe~OOO3_4_469~OO~~27766O~~99O.Oe,~1 57-4.8 6 ~ 0  ,3.!!~.j~j4$~&p 
0-152857-0.134455 0,232885 0..145873-0,252687 0.092714-0.293678-0-000006 0.019615-0.011261 0-142760-0-247272-0-148091 
0- 0 9 6 4 9 5 0- 1 5 5 5-3-3-0,-13-6-7-0-0=0-.-00338800883~0-.2~50886 1 7 ' 00.-1-779~44r0.-1~~8-8-0~362.2~0~00~ 1 18SA2-0--2_0_2 53-2-0-e-28.3.9 525=00.- J-5-53 0 6-9 . 3  .) b-7 - c ----- - .--A- 
0.096496-Oe19615.5 0,066344.-Oo204980~-0.162260 0,179414 0.144670 0.262219-Oe1160S8 0-203912-0.007039-0.322772-0-030582 
0 fi228__5__55- 0 e 2-6 8-9 1 0- 0--_0 0 0-0-0-0- 0~e~2~.72~3~0~0~00000 . 0-e-0Dq26633330,r~2i!993.hh771 0_--OOO~O9.0-O- O r 9 4 O O O O O O O - ~ e ~ 0 . 2 . 2 , 7 , 0 _ ! ~ 0 ~ ~ ~ 2  8,552 8,0,e~O~0.0,QDDO~QQ*-2X6J 9 4 
0.096496-Ow195155-.0.066344-0-204981 0,162259 0,179b13 0,10.4671-Oe262219 0,116057 0.20'3912-0.007039 0,322772-0-03058.5 
0 ~~0~9~64~~5~O~1~55555S3S3~0O~~1O3366770O0~0~~0~3~8~0~8~5~02OS5886 1 7 0---17_9_4 4 4- 0-• 1 4 4-5587-0---262z2_10--11-&5_4_433Q~2.Q 2.5 9 .I --O~ .2 8 3 0 5 5 -0 . -1.5 5- 3.9.5 -0.--3> J-5-6-8 
0.152857$0-134455-0.232885 0,145872 .0.252688 0.092714-0.293678 0,000005-OeO19615-0,011261 0.142760-0.247272-0,148009 
0 ~ ~ ~ 0 ~ 9 ~ 6 ~ ~ ~ ~ 0 ~ ~ ~ 0 4 ~ 0 ~ 6 ~ 2 . 2 ~ 0 ~ ~ ~ 2 ~ 0 ~ 3 ~ 0  4 9 0 ~~2_4O229~~11OO~~O9966336633OO~~117_~5SOO1~OO~~1_4_4~663377O~~~226b2337_1OO~~2234477O~11OOiiOOO~144669~OOe-22IbbOOO~9~OOe~11667_4_4886~OO~~3_4_42_1_4_4? 
0.096-@>& 00,040622-0,203049 0.242962-0.096362 Oil79501 0.144637 0,262171 Oe234701~0~001469-0276009 0.167486 0,342141 
0 -1  5-2.8-S57 0__1_3,4_4~.55-0~~~&8~~00i  1~ 4 5-8-7 3- 0-. 2-52.8 7 0-.-09_? 7 14 0---29_3.6_78. 0-~-09_OOOOOOO06- 0 0O1~6~5SOO~~OO11112661~Q-_1~~2~7166OOOO~~244~227,22O,.~1,4488OO9_1 

t 

0.220224 0.,106486 0,181i437 0,056204 0.097284-0,221582 0,086151-0.000041 0.363226 0.209697 0.082582-0.143044-0k.0;975881 
0-._22_0.2.24-0 . 1-0 64-8 6 0 . 1 8 44 3 7 0 .A5-6-2 0 4- 0 e-0~7,228,4=00e2.2.1~.8.2-.00~-0.88661 5J- 0-- 0_0DtO4-1 .. 0_.-3-6~3-2 25-0~~-0~~6~9~7~0.~~0.8~2.58 2,0-e,1~4~3~0_4_4-0-0~k7';-8 9, 
0e220225~-0,212968-0~000000-0.112287-0;000000-0221620 0.086029 0;OOOOOl-OeOOOOOO-0.419441-01165163-0~000000 0,195;1.,7@; 
0 . . 2 . 2 - 0 - 2 . 2 -A 4= 0 --- 1 - 0 - 644886-0-L844 3 7 0 O,Q5~62_04.0_4e~~~9~_9_7_2_8_4~0Oe~222~5~882~0~~~0~8~6151~0-~0~0~~041~Q~3~6~~2~2~6~02~9&~7~0~0~82.5~8~2~0~~~1_4_43S0_4_4~0~0~96,~8~8 . - 
0e22~224.~~e106486-0.184437 0.056204-0.097284-0.221582 0,086151.0.000041-0.363226 0.209697 0,082582 0.143044-0.0~9'9'7589\ ** 

z-E~-0 T H HA M I~LLO_NIANE~I~G~Y4~LLUUEESANNO~EEI-G_NyE_I:~TTOORR~ 
c - ---------- -.- - . - . .+.- - 

4 sA 15 16 AA 17 AA 18 SS . 19 AS 20 AS 21 SA Z&S- 23 AA 24 AS 
- 13 -6-0-3 0 4 - 2 8 . 0 23 6 7- 2.8 00002447 7-2.9, 000 0-64 9- 34 s-220-200 7- Srsr33s 8-7 ,3333_0.=kk88LL886 2 449~4488-~88662255~hh88-. 2.0 3-5.0 a 6.8.- 2-0-3-69 - 8Lrlr222 8 . . . .,.~.., . . . . , ,T. ...., ,. . - . . I ' 

0;377419-0.27.5241-0.140138-0.340636 0.180285 0.267034-Oe300761-0.218253-0-315851 0.102732-0.167062 5 1 

-0-215-220-0000~-2.5599139 0-16-8-08? 0.340-640 0- 18O231~O~2b7OO5522Oi038hhA-O-369563~O~.24~6.8.~~9-0.~~222_L~22OO~~116677OO55888 _, ...-.. I-". .-,. -. . - : 1 .s4 
-01256510-01015789-0,02727275-0.000003-0,404478 0,173851 0.243910 0,422484-0-245911 0-425936-0-300954 >5. I 
0- a- 1 - 6 -L-L-._ 9 3 3 - 0 -w- 0 - 1 6 - 1 - 5 - 8 - 0 -r_ 3 - 0 - 8 - 6 - 8 - 9- 0-.-3 0 O l  11 0---1188002 6 1 4 4  0 --2-6-7-0 9 1 * 0 u-3-3-~35-0~O~551.322-&.-0~4-89525~O-~-3-248~66OO~A1~CI_r7..Q558~; 
0.162226 0.016159-0,308689 0.340414 0.180265 0.267091.0;3393.50-0-151322 0,068955 0.324896-0,167058 I 

-0.a-2-565-09-0-w-01-5789 Oo0272_75 0~~~O0OQ03-0~4Ob4~78~C3~~17733R5~~2OO~L22h~39OOO99OO-,,4,4~2i!4484-Q,-~~,4,4S5991,1-Q~-42.5~93~6. O-r~31000LS,4 .,..-,.. .,.-,. ......,,. . .4,......., - 1  I 

-0.215203 01259138-0,168082-0.340641.0.180231 0,267053-0.038668-0-369562 0,246889 0-222162-0-167058 
0- .I---- 377419-0 275240 - - 0, 140138 03406-37 0 l~~O~285-0~2_bL_O35~O~OOO~6~238~2~~3-O~31585.1~Q-~1~0.?7~3.2~O~-L~L~62 ---- . -- .  .. .. .- 

O,OOU001 U.031466-0,000000-0,0000000-0.404478 0.173790-8.487857 0.000000 0,491827-0.000000~0.300953 - 0-.-3-7-71-1.199 00.1-2_7_52_4_42~OJ'I-0-L3-8~0-34-0-6-3 6 0 . l~8~O2O8Z6~OO~~2~6~~O~34~O30~~6~O~O~o2~25,3~~23~1~5L8C;1~Q~l~Q3,~3333OO~~116~OQhh2 .. . .. . . -. .-..., . .. . . . 

0.215200 0,259139 0.168082' 0.340640 0,180231 0.267052-0.038668 0.369563 0.246889-0.222162-Oe167058 k --.-..,- ... ? ...,. %..,., ..,. -*<- *...,.... 

..-. -. ", . - .". -.---- *-... .-. . 

-- - -  - - _._r--z . - .-_ -L--,_.-. 

0~c2~1~52~0~3~0~.~2.5~9~11338~0~~~J~66880O881~0O.I3_4O0~6 4 1 OOOO1188O22331~OOe~226677OO5533OO~~OO33886b668~O76~~SX2~0~~~2~6b888LOO~~22222dd6b~~e~l~hh77OSS8 . - . . . , . ?  , - - . - . . . . - , .  
-0.377419-Oe275241.0e140138 0.340637.0.180285 0,267035-0~300761-0~218252-0~315851-0~102733-0~167062 - [) -0 W-O_O 0 I Qe-Oo3J 4 6-6- (d ,0-Q-OO(J-~-~ Q-* OC30-00~O~UQ- -4 CI 4 4 7 8- 0 . 1,7,3J 9 - 0 - 0 . e , k . 8 ~ ~ B ~ 0 ~ O O O ~  --.-.-.. . . ..-. .. ....-,.-,,... . \ ..- ....- ... -... 
0.000001 0,517.332 0.000000-0.000001 O;l22725-0.~304291-O,197955-0,0OOOOOO-O~42~178O-O~OOOOOO-O.4652O1 
o9 169035-0,25865 1-0 A480 l60-.O. 000202 Q . 122803 0; 304253-0- fl99020.-0 -~1.17711446b7 0~._2,1.Oj394-0-- 345_2-76 0s446b520..0_ -. - .. . -.- . "- -+..-,-- .-..-.-. 
0..169034-0.,258651 0.448010 0.000203 0,122802-0.304253 0-099020-0-1.71468 0-210894 0.365276-0.465200 

i. -O~-OO-O-O-OJ 0 5 1 7.33-2 0 . 00 000 0-0 -0-0-0-00 1 0 . 122724 0 3-0429 1 0 - 1979.5.5. 0 -~O~O~O~0.0~O-O~=12;Z11778800 O_-_O.0.QOS)_O O~4t6b552.0_1. - . .  ...- . .. , . -. . .. . ,-. . -...,..--.- t 
I 

-0.169034-0..258651-0,448010-0.000202 0.122803-0.304254 0.099020 0.171467 0.210894-0.365276-0..465199 ,:@ I _ - --- 0 . 1 6-9-0-3.3=Q; 2558865,1"$.f 4.8-0~14 ;~~,090~.~g~3~-J 1ZW 7 - 0---3-011.2~3- Ql 0 99 020 - Q-~1J-1~4-4-8~7= 0,.2.1~0-S, Qo4~C1?..3~S_27~61 - OL..&65,19 9 - --  - -  - - - - - r 
% .  :-2+-tt.5 . I 

. * - ,, ; -':%-., 

' ;&?@p?f--: - - . : .. ~7q;~:.\>*~!&::.+*~ . 
t2 ;;&y+ ,.,, .!(-r--4--- - =-- -- - .k__ , ..-~.,..~,~,<~2~F --, 2q 2.;/ + - :, -t. 

&$+? 
U 0 .  ' >:;$;b 

-k,~:!i.,;~L22:,. ,,, ' ,. 15- .-y,". ' . .-• 
z e . ' > b ~ ~  c - 2 s - ,  - 

I G L "-' . -. .- ., I 





-- 
-- 1- 

#- - -29-3F IRM AUGMENTED DENSIT 
.*. 

3 3 7 8 9 1,O 
17 18 22 23 24 

0,03340-0,17093-0~08714-0~25052-0~0~I~~-OO0924 0-00656 0,07395 0,00836 

r --- 
-0,12262-0,00815 0.14175 0,00837-0,25052-0,05128-0,00927 0,00655 0,07396 
5 0 03340-0 17092-0.08714 05-6-376 0,80340 0.3-6760-006517-0-17092 0 ~ 0 ~ 5 _ 4 1 ~ ~ ~ 9 4 9 3 ~ 0 ~ ~ O ~ Q 8 ~ O ~ ~ O O 6 6 6 _ 1 . 9 - 0 ~ ~ ~ O O ~ 6 ~ 4 0 ~ ~ O 5 ~ 2 9 2 ~ O ~ O O O O I ~ 8 ~ ,  

I 

I 

9 ---- 0 0 0 ---------- 5 1 7 - 0 0 6 6 2Q- ---- 0 * 0 0-3 0 8 ---a-m 0 1 4 1 7 5 0 ,-001 5 4 1 - 0 -2-0-2 4 1 - 0-OB 7 1 4 0 3 6-7 59 O~~O7~5~3~7~O~~z3~6~7~5~OO~~0~8~~l,4~O~~2_2Q2~l~O~~O_1_5_4_1OOO~J,4,4l~5~O e-0-0-3 O08-, 
-0,06620 OeO0517 0-07909 0,00200-0,06988-0,03749 0,37022-0,03749-0.06988 I 

1~0~0O.~0O5~292~0O~~0O0O66113~0O.~0O66661~9~0O,~0O0~8 1 5 0-,-0-9_4 9 7 0~~0~1542z0~.~16770~3~0O~~0O665511770O~~3366775S990O~~880 3039?00e~5-6 3x8 -0 ~~0~887~1_4~OO~~1O7~OO922OO.~OO3334_4OOOO~~144117744 
-0,00815-0,12260 0-00517 0,07395 0,00655-0.00925-0.05128-0-25051 0,00837 

1 1 - 0 .-0-0~6~1-3-0-~-0-5 2-9_3-0-.-0~05~1~7~0~.-1~225 2~0~~0~0~8~14~0~,~1~4~1~7~6~0~,~0~3~3_4~0~0~~~1~7~0~9~3~0~~~0~8~7~1_4~0~~~5~6~3J~8~0~~~8~0~3_4~1~0~~3-6-~5~8~0~~~0~6 5~1~7r0_~~1~~OO92~OO~~OOl15_42 
0109492-0~00815-0,06620 0.00656 0,07395 0100836-0~25052-0,05129-0100924 

I 2- - 0~0-00666619 0 - 0105-13 --a- 0 03 - -  9 0-8 --a- 0 0-05 - = -  1 8- 01~~0O6b6~1b9~0O~~0O0~330~880O~~1,4,4UU660O~~0O15,4 2=0=-=20 2_4,1~_0--,0 8_7,1_4,0 - 3 625-8-0 e_7-15_537700_e3 6,7660~00_e,0088771A=0~ 20.24-l 
OeOil4542 0,14174-0100308-0,06987 0,00201-0,06989-0,03750 0.37023-0-03750 

1.3100,-O-0 8,!-5r0-.1.2 2.6 2-0-,-0-0 5-1-8-0-,-05. ~~E0~.~0~0~6~1_41-0~~~0~6~6~19~0~~~0~0~8~14~0~.~0~9~4~92~0~~~0~15_4~1~0,~1~~0~9_2~0~~~0~65~1~7~0~~~3~6~7~6~0~0~~~8~0~3_4~0~0~~~5~5,3~7~6~0~~~0~8~7~1~4 
-0,17092 0,03340 0,14175 0,00837 0,07396 0100655-0e00927-0e05128-0-25052 

-0;06517-0,17092 0,01541-0,00927 0100655 0,07396 0,00837-0.25052-0,05120 
1$-O 0 1 5 4 7 O-1&17 6 - 0-0-0-3 0 9 - 0 -0-6-6 1 9 0 ~0~0f~1P~0~~70~0~8~0~~~0~05_1_7r0~~~0h6~1~0~~0O0O3 0 8000-J-W74C\-0.1_5_42=0~-72 0 24-1~0=-JO-887,1,4-O--=336-7-6-O-O-*=7-1 3-7 

1 4400,-09_4_49_9_20-,-0-09_8 1 4- 0 .000666619=00~-00006 ~ 4 ~ 0 ~ , ~ 0 ~ 5 ~ 2 9 2 ~ 0 ~ ~ ~ 0 ~ 0 ~ 5 ~ 1 ~ 8 ~ Q ~ 1 2  2.6 2rO~,~0~O0881~S~O~~1J,4,4117_5000~OO03 3_4_40~0O~~1~z0O92~0O~~0O887I11440O~~556633776b0O~~880O3_4_40O0O~ 3-6-7_6-0-, 

0,36758-0,08714-0,20241-0103750-0.06989 0~00201-0,06987-0-03750 0137023 
1~6~0~~~1~7701~330Oe~0O333_4~0O0O.~14~11776~0O~~0O0O8 1 4- 0-,-1-2 2 ~ 6 2 ~ 0 ~ . ~ 0 ~ 0 5 ~ 1 ~ 7 ~ 0 ~ ~ ~ O ~ ~ 2 ~ 3 r . O ~ ~ ~ O ~ O ~ 6 ~ l ~ 3 ~ O ~ ~ ~ O ~ 6 ~ 6 2 ~ O ~ O ~ ~ ~ O ~ 0 ~ 8 J ~ 5 ~ O ~ ~ ~ 0 9 ~ 4 ~ 9 _ 2 ~ 0 ~ ~ ~ O ~ l ~ 5 ~ ~ 2 ~ O ~ ~ ~ 1 ~ ~ 0 ~ 9 ~ 2 ~ O ~ ~ ~ ~ ~ 6 3 ~ 1 ~ 7 ~ O ~ ~ ~ 3 ~ 6 ~ 7 ~ 5 ~ 8  

0,00836-0,00925-0,03749 0,36176 0.73237 0,36173-OeO5113-0.18236-0-05113 - 23 - 0 - • - 0 - 0-8 3 - f - - O -e- O a 0 9 7 4- 0~-0337550=00e=2560_5_52- 0 - 05_12.8~0~~7~033~OA0~~2~9~O2~5~0~5~1 - 0 -_0 ~7~9~0~~00~~25~0~~_0~0836~0~,069~8~9900~~00006 5 5~0-~,0073_3~6600~,0_0 2 0-1 
0,07395 0,00655-0,06908-0,05113 0,36173 0173237 0,36176-OeO5113-0-18236 

, 7 7 O~~U31~5~O~~~OOOO65~6r-O~~~O~6~~8~7~O~~0~O~8~3_7~OO.~OOOO0_2_7~OO.~~3~7~5SO~OO~2 S2O05-2=0-,-0 5-1-2 8-0-0-3-7-0 2 2=000-05-1.2 8~0-0-2 5200552=0. -0533775 0=0-.-0 0-92- 0-0 83=7=0---0-6-9-8.7- 
I 0,00656 0,07395 0.00200-0,18237-O,OS113 0,36176 0,73238 0,36176-Oe05113 

-0,00924 0,00837-0,06988-0.0511_3-OOJ8236-0,05113 0,36176 0.73237 0,36173 4 

2 3~00,~0000655~0.~0~~39~~0~0~0~2~0 1 ,0 e~017737~660Oe~0O0O65~5~0~~~0~698~9~0~~~0~0~8~3~6~0~~600~~2~5~O~-~~ 3-7.44-0~2 5-L1_CL5_1=OO--O05d29?OO~ 3-7-0 2 3 =0---0-5-J 2 8~0-- 2 5-0-5 2=0---0 3-75-0 
t 

7 ---- 4- 0 . 0009,225500,-060 8 3 6 - 0 . 0 6 9 8 9 0 , 0-0~6~5-5> 0 2 0 7 326600e~29_10,e 0 7 3 9 5 0~~-0_0_65~5 - 0---0_69_8 8 5 ~ ~ ~ ~ 8 ~ 7 ~ ~ O - ~ ~ O ~ 9 3 4 ~ ~ ~ _ 0 3 L 5 0 ~ O _ - - 2  5-0 ~2=oO--o-5-112 8-0--.)3&~ 2,:-1 - .  
-0i05129-0,25051-0.03749 + .. 0.36.176f0*.05113-0.18236-0.0S113 - 0.36173 0.73237~ LL * *  y I 

t /- 4 - f :  t \-'A- z +.-$/&$ 1 
L$=%pdr ' . .* $$@* +,.3$:<~* - - ( w.-f*,.~r e r .  1 



-, 
J~OO~~OOOOOOOOO~OO~~OOOOOOOOOOOO~~OOOOOOO~O~OOcCOOOOOOOOO~O~~OOOOOOOOOOOO~OOOOOOOOOOOOO~~OOOOOOOOO~OO~~OOO 0-OOO=OO.,O 0 0 OOQ~OO--OOOOOOO~O - -e - 

JUMP E 21.1668 21.1703 3703985 38.4106 38-4107.39.3923 39,5705 3905726 4009786 4108702 0 L -  

I- 
-- 

I 

F xMOMNT YMOMNT / /  ~J&+--&J~OM P 051 T T..QN 

O , O o o ~ ~  O . O O O ~ ~ _ ~ - ~ - O O O O O  -.- - - - a / /  - 0.7034 -0.-7-0-3-2 - o . o ~ o - o - o ~ o A ~ ~ - ~ ~  f i ~ f l s ~ - ~ n - ~ ! ~ ~ - ~ - ~ 4 - 3 - ~ ~ 0 - ~ - 0 - ~ 3 0 = 0 - 0 0 0 0  -OeOQQ1 
/ /  0.7010 -0.7018 -0.0001,-0.0592 0.0591 -0.0002 -0.0671 -0.0670 0.0001 -0-0001 

55.20667 0. l Z 9 ~ ~ i Z Y 0 ~ 2 9 0 0 4 - 0 .  ..r=;t?. , . . 00000 / /  0, 1371,- 0- 1370 fl.0216 rfl=$R7.8~~ 0 -3877 -0-0.6.11 .-0-m_2 1232.'+? 022 140 0.5L9-1!+.0.4851 , .44 - .  
56.93088 / /  0.03@$~$0.0306 -0.1628 . 0.0534 '0.0535 0.2675 0.312~4i~,10.3723 0.7373 -0.271 1 I .  say , 

,.,-:.Jc,d "1,. c: I .- ;.s Ih- . , q* it"?*: , 
! 

": - .., r ~ - 2 5 1 ~ 6 ~ ~ i 3 3 5  12 U.UU0Uil i i  -0j0247 ~ 7 0 .  0248 -0.581 0 <0;0440" 0.0437 -0. 1 ~ b 9 > 0 3 ~ ~ @ . $ ' : 0 . 3 5 0 0  - 0 ~ 2 3 7 2  ' 0. 5695 
7 r /  nln399 - n .  i nnn ,~..n-4.b~0...07 I 7 -aaa.~.~~~Q8LoD..o.2u 1 - o ~ ~ . ~ i i  0-. 1-9-2.5 Q..W 4 ., 0.. 7307 '> 



2:* t, 

fi E.N.ER.GfLES-F_O.Rt.O.R.O.M.EN.E r-lRM-&P+R.O.X 1 
hEj~ ,-, . ELECTRYON ,EXCITATIONS OF AS SYMMETRY ' r :  J 

y1 .." 
J~U4.P-1 Ja 33-l~&J~-6~,J-~~-O~J5-9~-1~6~~,J~7-4~,-13-5~,-1 ...-. ..-.. ., ", . ..-.,,-- -,. 

I 
XMOMNT 0.00000-0.00000 0-00000 0-00000 0.00000-0-00000 0-00000 0.00000-0~00000 0.00000. 

!~~~0.~~_~_1~~~0.23~8~1~~~0.23.8~8~0~~-0-2~0~0~0~_442.84~0~~_4_43~1.2~0~~~2~18.2.2~0~-0.3~1~1~6~0~~~0.3~1~1~6~0~~~1~7_1~13~0~~~5.0.2.0~9 I 

JUMP E 21,168'3 21,1688 37,3965 38.4095 38.4118 39.3935 39.5706 39.5724 40.9797 41.8691 
.<.2: ;,.,"> by@*. .! 

~1~~.~~~3.2~.~7~4~1~3~2..~7_4_1~5~5~1~.~7~4~05_5~1~.~8~0~75_5~1~.~8~~0~13~~.~0.5~1~5~5.5~._4_4~1~0_~5~._4-4-3~0~5.S~.~6.5~0.2~5.3~.~5~6.2.0 &< I 1 

DIAG E 33.4885 33.4888 53.,5394 51.6681 51.6707 63.5182 56.9292 56.9313 51.3485 53.8783 
,* - '<.g 

~ C ~ O ~ ~ . ~ . S ~ 2 ~ ~ ~ ~ 2 _ 4 5 ~ 3 ~ 5 ~ . S ~ S ~ ~ 4 9 ~ 4 ~ ~ ~ ~ 4 ~ ~ ~ Y _ P ~ 1 ~ S ~ 5 5 ~ ~ ~ 5 , 4 ~ 4 ~ 8 3 9 ~ ~ ~ 3 ~ 3 ~ 6 7 S ~ 6 ~ ~ ~ 8 ~ 6 ~ 8 ~ ~ S ~ 7 ~ ~ ~ O ~ 7 ~ 9 ~ O ~ ~ 5 ~ ~ ~ 2 ~ U ~ 6 ~ 6 ~ ~ O ~ ~ ~ 4 ~  56 ., .. .,. ,.,a, ,,. ., ,.,.-.- -7 
CORRSP 28,5582 3509984 5200275 49.8272.55.6824 6409304 58.27.55 58.3279 5000923 52-7.413 



C I 4 4 -I 

ATOMIC COORDINATES . . _ -  
X -5.0864 4.5936 5708-28 4.58-20-3%-63jd 







I - 
'% 

A* 6 

\ 

'. ' ,\,  

, . &'L 
1 SS 3 SA . - . . 3 . . ~  ....-.... L ss 7 AS 8 SA 10 AS 11 AA 12 S'S 

28.77052 26.95635 25.93782 23.75359 

. 

-- . . . . - -  - - -- - -  
* 





- 
7 

- 
L . -- A 

OVALENE X T - T B x  .- T o p o L O B I C A ~ ~  - A J \ - 
-. - - - - 

I 
... ",.>, :,% 

- - 3-01 
!?'z.~~ 2 3 4 5 6 , ~.; ,"~~~, , t7 .  8 9 10 11 12 13 14 .*, r : r1Av I 

I. 41'6 *CS 17 18 19 2-0 2 1 .yf . 2-25 2-3 29. 25 26  A = *  27 2 L 2  9 4'. -;3'0" +?:- 1 
1 31- 32 '\; i 1, 

fL5- + k.-&s !;I." 
aye*-:+ !i (- .* '5: ..p 

1 .',Y.00000 0.791 16-0.00000-0.17743 0.00000 O . ~ ~ ~ ~ ~ - O ~ ~ O O O O O - O ~  10311 0 . 0 1 ~ O ~ O ~ ~ ~ ~ . ~ 6 6 2 5  $ , ~ ~ ~ ~ ~ ~ ~ 9 ~ ~ ' o ~ ~ 2 6 ~ ~ ~ ~ ~ ~ ~  o.~~A-T~Lo-.-o-oJY~~ 1- -0i.04679-0.00000 0.05306 0.00000-0.11 155-0.00000 0.47903 0.00000-0.2334~:~0.00000~000~5~9-0.00000-0.05080 0.00000 0.62164 
I.--- -- -- 'k7"**J4- - 0 Q O ~ ~ , O _ ~ ~ O ~ . ~ O J ~ ~ ~ ~ ~  3t&:>,:" 

2 0.79 1 16 ' 1  .OOOOO 0.49269 0.00000-0.12915 0.00000 0.05496-0.00000-0.03708-0.00000 0%222 0.00000-0.0153 1 0.00000 0.05036 
0 . 0 0 0 0 0-0 0 5 5 2 3- 0 - 0  0 0 0 0 0 .0 5_hO 6 0 0 O ~ O _ ~ O ~ O J ~ ~ ~ ~ ~ ~ ~ O ~ O ~ O ~ O ~ O ~ O ~ _ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ O ~ O ~ ~ O ~ O ~ O ~ O ~ O ~ O ~ ~ ~ ~ ~ ~ ~ ~ O ~ O ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ O ~ O ~ O ~ - O ' ~ ' ~ - ~ _ ~ - O - - ~ ~ ~ O ~ O - O ~ O  
o:,i 1 ~ 6 ~ ; v o ~ o o o o o  

3- 0 , O,E),q.00 9'; 4 9 2-6-9 1 - 0  0 0 0 0 0 0-556bl 7 7- 0-a 0-0 0 0 0 - O ~ 2 ~ 3 ~ O ~ ~ 3 ~ O O ~ O ~ O ~ O ~ O ~ O ~ O ~ 1 ~ ~ ~ 9 7 _ 6 ~ 0 ~ e ~ O ~ ~ ~ O ~ ~ ~ O ~ 0 ~ O ~ 8 ~ 9 ~ O ~ O ~ O ~ O ~ O ~ O ~ ~ ~ O ~ O ~ O ~ 3 l l 9 A ~ O ~ ~ ~ O ~ O ~ O ~ O ~ O z 0 ~ O ' 1 A 4 ~ 8 ~ O ~ O ~ O ~ O ~ O ~ O  
0 ~ ~ 0 4 ' ~ ~ 2 , 0 ~ 0 ~ O ~ ~ - ~ ~ 0 3 5 2 3 - U . 0 0 0 0 0  0,09177 0.00000-0.1'1790 0-00000-0,54652-0.00000-0-04155 0-00000 0.06820 0.00000-0.00761 

- 0 f'0_00'0 0 - 0.0-83-3-8 
4-041 7 f 4 3  U;OOOUU 0.56 177 1.00006 0.52541 0.00000-0. 129 l ~ - U 1 O O O O O  0 -  10 199-0.00000-0-07215 0-06000 0e05036-0e00000-0~04541 
- 0 0 0 0 0 0 0 , 0 4 8 9 2 0 1 0 0 0 0 0- 0 0 4 6 7 9 0 . 0 0 0 0 0 0 1 1 5 2 0 - 0 . 0 0 0 0 0- 0 . 0 2 1 8 9- 0 - O ~ O ~ O ~ O ~ O ~ ~ ~ _ ~ _ ~ ~ ~ ~ O ~ O ~ O ~ O ~ O ~ O ~ O ~ - ~ O ~ ~ ~ ~ ~ ~ ~ O ~ O ~ O ~ O ~ O ~ O ~ O ~ O ~ O ~ O ~ ~ ~ ~ O ~ ~ ~ O ~ O ~ O ~ O ~ O  
-0. 05846-0.00000 

5 0.00000-0. 129 15-0-00000 0,72541 1e00000 0.56177-0.00000-0- 17743 0.00-000 0-  11520 O90_0~0~~e~04~~7~9-0~0&QOOOO0_~04892 0.00000 
-0.04541-0.00000 0.05036 0.00000-0,07215-0.00000 0.10199 0.00000-0.24858 0.00000-0.02189-0-00000-0.05846 0-00000 OeO0011 

0.00000 0.07922 - -- 
6 0.13976 0-UUUUU-0.25073 0.00000 0.561 77 1.00000 0.49269 0.0-0000-0. 17790-0.00000 0 ~09177-0e00000-0e05523-0e 00000 0.04892 -, 

0.00000-0.04648-0,00000 0.03496 0.00000-0.08900-0.00000-0.04155 0.00000 0.54652 0.00000-0---08338 0.00000r0.00761 0.00000 , 
0,06820-0- 00000 

7-0.00000 0.05496 0.00000-0.12915-0.00000 0.49269 1,00000 0.79116-0-00000-0-19296 0.00000 0~0!53_06~0~00~~00-0.0~3-0~00008_ 1 
0;05036 0.001iOO-C).0143I-U.UUUUU 0,02222 0.00000-0.03708 I 

0-0000-0 0003376 
8-0. I 0 3  I I-D.UUUUO 0.13V76-0.00000-0.17743 0.00000 0.791 16 
-0.00000 0.03496 0.00000-0.02646-0e00000 0,06625 0.00000 0 ~ 0 3 5 4 9 - 0 ~ 0 0 0 0 0 - 0 e 2 3 3 4 3  O-~-OOOOO,O,oO 0.0 1993-0.000000e 02 1 
-0,05080 vO.OOOOO I 

9 0:00000-0.03708-0.00000 0.70199 0.00000-0,17790-0.00000 
-0,07215 0.00000 0.02222 0.00000-0.03215 0.00000 0 . 0 4 6 4 1 ~ 0 e 0 0 0 0 0 - 0 ~ 0 6 3 7 7  0-00000 0.51556-0-00000-0.20797 0.00000 0 ~ 0 5 8 6 0  1 





- - I .- - -  - 
OvALENE X . TBX DENSITY BOND ORDERS \ 

I r i I 



I 
TBX DENSITY BOND OR DERS (cont,) : .d$yF1. . s  , --a . \ 

\ - bTg4w$iw H ,  -:c--- '-.-; ' - \ _ C -i,- * - 7  - - - ' -*--.i,&;*-- *.- 
t! c i #.\+$!+~ -+ . -+ 

\ 

19b0-01007 0.05184-0.00599-0.04613 0;00310 0.03289-0.00130-0.02&-46 0.06606-0.00067-0.10 152-0.00549 0:if!13605 010090? - 
-0: 1'6772-0.04994 0.40165 0176866 0,32400-0.053-80-0. 10-382 0 . 0 1 3 , 5 9 ~ ~ ' 0 ~ ~ 0 2 ~ 0 ~ 3 ~ 0 ~ 0 ~ ~ ~ 0 ~ 3 ~ 3 2 ~ 8  0-.-01'190-0,21750 -..-.---- *+ - I 
-0.02997 O102410 wz5;u 4 

20-0- 10382 0.00625 0.08882-0.00368-0.07084-0.00166 0.02223 0.00 146-0.03 197-0.00320 
OeOI462-0-16326-0.04636 0,32400 0,73400-0,44682-0.04113-0,19334 0.00992 0,05636 



2 q* 
$;!<+ k*, 'A x 

FIN.AL,EXCIT&D S T A T E S  OF$.'& SYMMETRY 
"-4 1 \s , - 

ENERGY .,-F XMOMNT YMOMNT / /  S T A T E  C O M P O S I T I O N  



I f _C__ - A - - - 

ENERGIES FOR OVALENE X-, . TBX APPROXIMATION @ 
-3 N_E_EL_LEECIRO_O_N E X U - T  A T  1-0 M S 0 F i . 3  S Y-k4 M EIR-Y  - 7 

7 * - - -  
JUMP 16.17 15918 l 0 , 1 7 ~  7.17 14.19 9,18? 8.18 11.19 13420' ' 3.17 \ I 

). f XMOMNT. 1.21758 0.91260-0.00463 0.02 100 0.70470 .0;04>40 0. 038711-Odd3?488 0 ~ 0 - 1 ~ 2 ~ ~ 0 ~ 0 ~ . - 0 ~ ~ 5 ~ 1  ---&; . - -' 

YMOMNT 0.00000 0.00000-0.09000-0.00000 0.00000 0.00000-0.00000 0.00000 0<60000-0.00000 
. J U M P, E 1 33 25 8 8 2 2 - 0  6 6 5 7 2 276 96 2 6 - 6  9 3 55228L8~7-830&8373-2,087~223322. 4 4 3 7-32>3-8-753-3.JA-O-3 

D I A G  E 2 ~ 5 ~ 1 8 3 0  34.3269.33.8435 42,6056 44.t201 46.5'949 49,1999 47.1979 51.7893 49,1597 
D I A G E 2-5-0 2 6 3 1 3  4 3 7 1 7 34-0-5-3 4-5 4_3_50-12> 44--4-3-0-6 4-6 <-5-6 3 1 4-'-0.2 6-0 6 4 7 1-6 2 6-5. 5 29-0 8 3--3 S 
CORRSP 22?7273 35-2805 32.1829 40,9495 4h.0989 4576139 50.7931.47,9170 53.1529 49.6046 
C 0 R R S P 2 2 ! 9 3 1 2 3 5 a 5 3 5 7 3 2 .-72005 4 1 - 3  5 4 0 4 6-.L'8 9 4 5_7_1-0_4_5-0-7-7A-6-4-8-2-3-9l-5-33-6-6-6-5-0-0-55-1 

\ 
i 

FINAL EXCI'TED STATES OF i fi $1 .:;r;k.q , 
*:. ,$-" 

ENERGY. ~C.F XMOMNT YMOMNT / / .  STATE COMPOSITION &q 4, -.. \ 



.Y 

L . - -- - - - - 
-- OV.ALE_NE- IRX I 

- ----L/- . . - -- 

-------- -- - I 4 5 - 4  1 - -- 
I - - - -- - I 

1 ATOMIC COORDINATES - 1- - -- . - -  I . ,  
- - - - - - --- & - - - -  - - -  

X -0-,0036--- 0~-5044-~-~!5231 2.0446 3.04-18 3.5633 4.5820 5;0828- -4.5936- 5.0864 4.5936 5.0828 4.5820 3 . 5 6 5 3  
\ 

I - - - - - -- 0.3281.5231- 2.0360 3.0-504 3.5633-_-3,0569 3,5633 3.0418 2.0496 1.1231 0.-5w 1 0.00360.~92". - -  * 

I 
- - 

3-0504 2.0360 1-5231 2-0295 



. . 

IRX APPROXIMATION ( I 
! 

I O V E R L A P  E I G M V A L U E S  AND E IGMVECTORS ; - - I . .  



I_ I R X  APR~OX - IMATION ---- (ton+.) -- - I 
17 S6. 18 AA 19 SA 20 AS 21 AS 22 SA 23 SS 2b 25 AA 26 SS + O V E R L A P  E I G N V A L U E S  'AND E I G N V E C T O R S  

0,8475>8 0-801080 0,768197 0,748291 0.729489 0,34&992 0,712673 0-668176 0-641087 0.640187 28 SA 29 AS 30 SS 31 32AS 
OO8C%Q6 0.570391 0.563908 0.525074 0.50b828 0.472209 

0',&'1414 0~028638-0~268033-0e206341-0.056234 0 2 0 6 4 3 3  0.206079 0.271653-0.159776-0-091493 0-225405 0-223818 0-008099-0.176738 0.106980-0.095942 
-0%@!3032-0.218068 0.193290 0.281447 0.056867 O. 13 f6lY-U. 105205-0.247079 0 - 0  18284 0.257697 0. 1 ' m 7 T 0 . 2 3 9 6 7 9 - 0 .  1211 107 0.13bR77-fl. 14h55R O.O99=3. 
-0,215204 0,112262 0.128523-0.025414 0,002960-0-279229-0.093747 0,040405 0-159400-0.302823 0-O(IWaP2 0,233667 0-259926-0-124318 0-256703-0-159812 

0 -  149153 0,288625-0,062529-0- 1081 36-0-347343 0.132240 0-037985-0-07550 1-0-3 14555 0.1 16780 0 -  001328-0- 073869-0-254496 0-0343 11-0- 17561 0 0-09323% 
0-149153-0-288625-0-062530 0-108136 01347343 0.132240 0-037985 0,075502 0.314562 0-116760-OeOO1328-0-073870 01254495 0-034311 0-175610-0-092235 

i0.2 15204-0.1 12262 0.128523 0.025414-0.002960-0.279229-0.093747-0- 0 4 0 4 0 6 - 0  1 9 4 1 9 - 0 3 0 2 8 1 3  - 0 0 6 9 2  0.233668-0.259925-0- 12431 9-0-256703 0.15981 1 
'-0.153032 0.218068 0.193290-0.287448-0.056867 0.137679-0.105406 0.247079-0.018268 0.257698 0 -  142317-0.239680 0.124106 0.136878 0.146558-0.094977 1 0.24 16 14-0.628638-0.260033 0.2063QZ 0.056234 0.106433 0.206079-0.27!653 0.159770-0.091502 -0.225305 0.223R lR-I1.OOA099-0.176738-Q. 106980 0.095942 
10-069544-0.241732 0,008692 0-126815 0-026887-0-282614-0,124809 0,117044-0-232071-0-156143 0-256104-0-194082-0-136282 0,285952 0-104850-0-172469 
-0-348940 0.000000-0,000000-0,277690-0,073941 0-000002 0-218915 0 ~ 0 0 0 0 0 0  0-000007 0-212053-0-292156-0-000000 0-141792-0-246338 0-000000 0-126729 

0.069544 0-241732-0-008692 0-126816 0-026887 0-282612-0-1 17045 0-232060-0-156157 0-256104 0-194082-0-136282 0-285952-0-104850-0,172469 
0,241614 0,028637 0,268034 0-206341 0-056234-0-106430 0 - 2  71653-0~159776-0~091493-0~225306-0~223818-0 -008099-0~176738  0-106980 0,095942 

-0~953032-0~218067-0 ,193290-0 .287448-01056867-0~137681-0e1  47079 0,018284 0-257697 0-1423.17 0.239679 0-124106 0-136878-0-146558-0.094977 
- 0 - 2 1 5 a 4  0-112263-0,128523 0-025414-0-002V6U 0-279227-0-0 40405 0 ~ 1 5 9 4 0 0 ~ 0 ~ 3 0 2 8 2 4 - 0 ~ 0 0 6 ~ 2 - 0 ~ 2 3 3 6 6 7 - 0 . 2 5 9 9 6 - 0 - 1 2 4 1  0.256703 

0 -  1 4 f i 5 3  0-288625 0-062530 0-  108136 0-347343-0-132240 0 - 0  75502-0,314555 0,116780-0-0013~39 0-073869 0.254496 0-034311-0-175610- 
0-149153-0-288625 0,062529-0-108137-0-347342-0-132239 0.037987 0-075502 0-314562 0-116760 0-001329 0-073870-0-254496 0-034311 0-175610 

-0,215204-0.112262-0,128523-0,025414 0.002960 0.279227-0-093751-0-040406-0-159419-0-302813, 0-006292-0-233668 0-259925-0-124319-0-256703- 
-0-153032 0-218068-0,193290 0,287448 0.056867-0.137681-0.105403 0-247079-0.018267 0-257698-0-142317 0-239680-0-124106 01136878 0-146558 

0-2416-14-0-028638 0-26803k0,206342-0-056234-0-106430 0-206081-0,271653 0,159770-OeO~1503, 0-225305-0-223818 0-008099-0-176738-0-106980-0-095942 
0 - 0 6 9 5 4 4 - 0 ~ 2 4 1 7 3 2 - b ~ 6 0 8 6 9 3 - 0 4 ~ 1 2 6 8 1 5 - ~ - ~ 2 b 8 8 7  0,282612-8,124813 0e117044-0.232070-0e1fEt142-O-2~610J~ 0,194082 0*13h?R3 fl-?AS952 0-104850 0*172469 

- 0 ~ ~ 4 , 8 ~ 4 Q - 0 ~ 0 0 0 0 0 0  0,000000 02277690 0.073940 0,000002 0,218915 0.0OOOOO O,OOO007 0-212053 0-292156 0-000000-0-141992-0-246338 0-000000-01126729 
Og'0695b4 0.241732 0~008692-01126815-01026886-0.282614-011248O9-Oll7O45 0-232061-0,156157-O-2S61O4-0,194082 0-136281 0-285952-0-104850 0-172469 
0 - 1 1 7 ~ t ' 0 - 1 7 0 7 0 0  0,266774 01009208 0-003535 0-208282-0,284459-0,126272-0.202920290 0,107973-0-094671 0.161666-0-144834-0-226210 0-157879-0.250026 
0-0697-12-0-134708-0,221641-0-152232 0,289785 0,031751 0.172212 0.279605 0,068907 0-082048 00144628-0-136375-0,123694 0-104798-0-290553 0,239962 
0 - O 6 - 9 a  0-134708-0,221640 0-152232-0.289785 0.031751 0-172212-0-279605-0-068901 0.0-82053-0-144628-0-136376 0,123694 0-104799 0-290553-0-239962 
0-117557 0-170699 0-266774-0100Y20Y-U-UU3534 0-208282-0,284459 0,126272 0.202926 0-107960 0-0911671 0.161666 ~ - 1 ~ 4 ~ 3 5 - O ~ ? 2 6 2 1 ~ - 0 , 1 5 7 8 7 9  0-250026 

-0.174638 0-000008-0~000000-0 -26290 .8  0-7hh472 0.000002 0 . 2 ~ 8 4 1 1 - 0 - 0 0 0 0 0 0 - 0 e 0 0 0 0 0 3 - 0 ~ 6 2 3 3 - 0 . 2 8 6 4 0  0-000000-0-273130 0-135143-0-000000-0,282336 
0~117557-0~170699-0 ,266774-0~009209-01003535-0208287-028446-0126272-0202920  0-107973 0-OY4611-U- lb1666 0-144835-0-226210 0-157879 0-250026 
0-069712-0-134708 0.221641 0 - 1 ~ 2 2 3 i - 0 - 2 8 9 7 8 5 - 0 - 0 3 1 7 4 8  0.172212 0,279605 0,068907 0--0-8~048-0-144628 0-136375 0-123694 0-104799-0-290553-0-239962 
0-069712 0-134708 0,221641-01152232, 0-289785-0-031748 0.172213-0-279605-0.068902 0-082053 00144628 0-136376-0-123694 0-104799 0-290553 0-23_9962- 
0-117557 0-170700-0,266774 0,009209 0-003535-0.208287-0.284456 0,126272 0 ~ 2 0 2 9 2 6 , ~ Q r J 0 7 9 6 0 - ~ ~ 0 9 4 6 7 ~ - ~ ~ 1 6 1 6 6 6 - 0 ~ ~ 4 ~ 8 3 ~ ~ 0 ~ 2 2 6 2 1 0 ~ 0 ~ 1 5 7 8 7 9 ~ 0 ~ 2 5 b 0 2 ~  

-0-174634-0-000600 0,000000 0,262Y08-0,266472 0-000002 0,268611 0~000000-0e000003~0~096233 0-285640-0*000000 G-37-3130 O-135142-0,OQ0()0Q 0,282236 
- 7 - 

1 -  .. 
;yp? 



I 

1 0-V-AL~ENE X ! I R X  APPR O X l M A T l O N  / 
ZEROTH HAMI LTONIAN EIGNVALUES-AND EIGNVECTORS I Z E R ~ T H  H A M I  LTONIAN EIG 

1 SS! 2 SA d 3~ -. ;*lb;:qi-3 AS ~4 SS 5 AA . K . . . + + ~ ~ S S  7 SA 8ff3! 1 9 SA 10 AS-. -- 11 AA 12 SS ~ S S  ' 15;PAih .- L. 15 SA " 1 6 ; ~ ~  
33s063i12,30.27*3$0~~0~72140 -..+-.. g?;r:t,-7:; ,.., . a 

-25~35695 2b.8752.3'$?@57454 19.019121 1Bih 9.1% 16.22439 12.0.5844 1 1  -683 1 2  1 1  +48067 19.26474~ 74115,397 4.564 13 ..'1;0.3480 
L..J &#; +:> -~-**y' *.v A,. -x-;-; qs4, &ggpf ,.3,'J.F"_.F"_s j iP~- .2L?uF;r ' :  .$ 9 

p. * *! **, 1 .. - ,- - -- . - - - . A  

6~679035 0.08i)c33-0.149527-0-000873 0.195"8i8~0.197672 0 . 1 7 2 1 2 9 - 0 % ~ & 5 ~ ~ j - 0 . 2 2 ~ 5 8 2  0.1918 17-0.1 li312-0.122364 0. 14,8;1,99:-0..243290 0.005376 0.230389, 
0;0180680~121709-0.~16~6~~8.296370-0.703~~O~~223~~6~8,23_1483~~~~~2~2~~6~~~.~~~9~+~6~6~~~~~.J~29~~~2~0~.~O 1-84 0 .!3'0,.&3.6 - U-* I % 8 T 76 - 0,2 1.4 1 41,. - 0,12 0 0 7 5 

0.118205 0,194522-0.093975 0.200930 ~0.179051-0~004641-0~116093-0,244382-0.034540-0~10179.3 0.254855-0,024253-0.'000~'14 0-1302-IO~O.-I25818-0~220342 



IRX APR( O X I M A T I O N  (cont.) I ~ s  - 9 
17 SS'TAA- 19 SA 20 AS 2 1  AS 22 SA 23 SS 24 AA 25 AA 26 ss ZERIOTH HAMILTONIAN EIGNVALUES AND EIGNVECTORS 

-13~37777-18.25720-22~18592-24~73204-27~26460-29~30808-29.64278-36~51320-41~16274-41~32401 27 AS 26 SA 29 AS 30 SS 31 AA 32 AS 
- 4 6 ~ 8 8 7 7 6 - 5 5 ~ 3 7 7 4 2 - S 6 ~ 0 5 9 4 0 - 6 6 ~ 5 0 2 4 1 - 7 2 ~ 1 1 8 2 2 - 8 2 ~ 1 7 8 6 7  

n074?lr49 :0.031997-0.305810-0-238534-0.065840 0.125872 0.2441 12 0.332330-0.199551-0.114349 0.288331 0.296353 0-010786-0.243904 0.150567-0.139618 
-dff6622970e245645 UeZZU552 0-332294 0.066581 0-lb2824-0.124U5U Ue5U22b? 0.022835 0.322075-0.102127-n.317.7154 01115269 0.188895-0.206271 0.13821k 
-O,@w762: 0-125428 0-146638-0,029379 0-003466-0-330225-0.111048 0-049430 0-199081-0-378474 0-008052 0-309393 0-346135-0.171563 0.361293-0-232563 

O-l-B&&$ 0-322475-0.071 342-0.125007-0.406676 0-  15639 1 0.044995-0-092366-0.392860 0.145954 0 - 0 0  1700-0- 097808-0.338904 0.047350-0.247160 0.134224 
0.162015-0-322475-0,071343 0-125007 0.406676 0-156391 0-044995 00092366 0,392869 0,145929-0-001700-0-097809 00338903 0 -047351  0,247160-0.134224 

-0-233762-0-125429 0-146638 0.029379-0~003466-0,330225-0,111048-0.049431-0199105-03784610-008052 0,309394-0.346134-0-171564-0,361293 0.232563 
-0.166228 0-243643 0-220533-0,332295-01066581 0.162824-01124859 0-302267-0-022815 01322075 0-182128-Om317355 0-165268 0,188896 0-206270-0-138214 

0e262450 -0~031996 -O~305811  0-258535 0.065840 0-125871 0.244112-0-332330 0.199543-0.114361-0-288331 O-29~3Ci3-O-Q10785-O~243905-~-150567 0-139618 
0.075541-0-270082 0-009917 0-146601 0-031479-0-334228-0,147843 0-143187-0-289842-0-195150 0-327744-0-256980-0-181482 0.394624 0,147569-0,250983 

-0.379031 0~000000-0-000000-0-321014-0-086571 0-000002 01259317 0-000000 0-000009 0-265028-0.373881-0-000000 0-188819-0.339954 0-000000 0,184420 
0-075541 0.270082-0-009917 0-146601 0-031479 0-334225-0-147848-0.143188 0-289829-0-195168 01327745 0-256980-0-181482 0-394624-0-147570-0-250983 
0-262450 0.031996 0-305811 01238534 0-065840-0-125868 0-244114,O-332329-0.199550-0-114349-0-288331~ 

-0~166229-0~243642-0~220533-0-332295-0-066581-0-162826-0-124855~0-302266 0.022835 0-322075 0-18212EP. 
-0,233762 0-125429-U-146638 0-029380-0-003466 0-330223-0-111054 O.047430 0.199081-0-37847U-0-00805 - ~Ijr?O9Z93-0~346135-0~171564 0-361293 0.232563 . 

0.1620 15 0.322175 0.071 343 0.125008 0.406676-0.15639 I 0.044998-0.092366-0-392860 0.145954-0.00 1 7 O k k  808 0-338904 0-047350-0,247160-0-134224 
0-162015-0,322475 0.071342-0-125008-0-406676-0-156390 0,044997 0.092366 0.392869 0-145929 0-001700 97809-0.338904 0.047350 0,247160 0.134224 

-0-233762-0-125428-0,146638-0.029379 0-003466 0.330223-0-111053-0,049431-0.199105-0-378462 0-008052-0-309394 0-346134-0-171564-0-361293-0-232563 
-0.166329 0-243643-0-220532 0,332295 0.066581-0.162826-0-124856 0,302267-0.022815 0,322076-0-182127 0-317354-0-165268 0-188896 0-206270 0-138214 

50-0-031996 Oe30581O-0.238535-01065840-0-125867 0-244114-0.332BO 0,199543-0,114361 0-288331-0-296352 0,010785-0-243905-0,150567-0,139618 
41-0-270082-0-009918-0. 1466(31-0e031479 0-334225-0-147848 0-143107-01289842-0.195150-0.327745 0-25h979 Q-181482 0.394624 0-147569 0.250983 

-0.379031-0-000000 0-000000 0-321014 0-086571 0-000002 0-259317 01000000 0,000008 0,265027 0.373882 0-000000-0-188819-0-339954 0-000000-0,184420 
0-075541 0.270082 0~009918-0~146601-0 ,031479 -0~334228-0 ,147843 -0143188  0,289830-0,195167-01327744-0,256980 0-181481 0,394624-0,147570 0.250983 
0-127694-0-190719 0-304373 0.010645 0-004138 0.246321-0-336957-0,154477-0-253434 0,134946-0-121153 0-214059-0-192871-Oe312178 0-222205-0-363846 
0.075723-0.150506-0,252879-0.175983 0.339286 0-037550 0-203994 0,342058 0,086060 0,102545 0-185086-0-180572-0-164720 0-144625-0-408935 0,349200 
0.075723 0-150506-0,252879 0-175983-0.339287 0-037550 0.203995-0.342058-0.086054 0-102551-0-185085-0-180572 0.164719 0-144626 0,408935-0.349200 
0,127694 Oe190719 0-504314-0-010645-0-004138 0-216321-0-336950 0.154477 0.253443 0.13h930 0-121153 0-714058 0 ~ 1 9 2 8 7 2 - 0 ~ 3 1 2 1 7 8 - 0 1 2 2 2 2 2 0 4  0.363846 

-0.189693 0.000000-0~000000~0~30~26 0-311991 0-000003 0.318184-0.000000-0.000004-0.120274-0-365523 0.000000-0-363719 0-186501-0-000000-0-410864 
0 -  2 7 6 9 4 - 0 ~ 1 9 0 7 1 9 - 0 . 3 0 4 3 7 4 - 0 . 0 ~ ~ 4 5 - 0 ~ 0 0 4 1 3 9 - 0 ~ 2 4 6 3 2 7 - 0 ~ 3 3 6 9 5 3 - 0 . 1 5 4 4 7 7 - 0 ~ 2 5 3 4 3 4  0.134946 0-19ZB72-0e312178 0.222205 0.363846 , 
O i ,  b 75723-0.150506 0.252879 0.175982-0.339286-0.037546 0.203995 0.342058 0.08606 1 0 -  164720 0. 1 4 4 6 2 6 - 0 . 4 0 8 9 3 5 - 0 . 3 4 9 2 0 0 ~  . d  I 

0-075723 0-150506 0,252879-0-175983 0-339286-0-037546 0-203995-0.342058-0,086054 0-144626 0-408934 O034920O 
01127694 0-190719-0~304374 0-010645 0-004139-0-246326-0.336953 0.154477 0,253443 0.134930-0-121153-0-2~4058-0-192872-0,312178-0.222204-0~363846 

-0-189693-0-000000 0,00U000 0-303926-0-311991 0-000002 0-318104 0-000000-0,000004-0.120274 0-365543-0-000001 0.363719 Oe186501-0-000000 0-410864 



. *. -. . . * 

OVALENE X 
-- . - - -. - - - .? . . -- - 

,: 1 . 1 ~ ~  AUGMENT ED TOPOLOGICAL BOND ORDERS 
. - - .  * . -  - * -  * ---I'..LC,. - - ._. - .-*. ' I- 

,- 

3 6 7 8 10 11  12  13 i 
2 2 3 :  26  2-1 25 2-7 I 

0,12734-0;00959 

0.05270-0-00284.-0.06215 0.00404 0o01861 0.00124-0.17006 0.00779 0-54106 0.01190-0-05059-0-00908 0-06937 0-004.74-0.00552 



BOND ORDERS (cont.) a";- .* . 
-- - I-- 7 -- -- 7rq; .  

e ; 4. 
19-0.'00275 0.05679~~0~.00404~0.04965-0.00 162:~,0;03504 0.00588-0.02601-b.(~0~$5 0.06088 0,00477-0.11272 0.00 122 0.14724 0.01 808 



- 
I . .- A 

OVALENE X I R X  AUGMENTED DENSITY BOND 0 - -. 
(. 1- 



IRX AUGMENTED DENSITY BOND ORDERS (cont.) 
--- - - 

I f T  * ., &?x* 4 ,-' 
" 1  $ 0,00985 0,05933-0,00314-0,05327 0,00228 0,03762 0,00526-0, 02766-0,00524 0,06564 0,00385-0, 12063-0.00614 0, 15664 0,033 19 



ENERGIES FOR OVALENE X 9 APPROXIMATION -b- + 

 ONE^ ELECTRON EXC-I~TAIJ~J~~JJZSD SMMEJRY . 
JUMP 15r17 16,i18Y'-@+'69r17 10918 13,19 ,,d 4 r '  . Y 
XEIOMNT-0. 00000-0 . 0 0 0 _ ~ . 0 0 0 0 0 - 0 .  00000 0.00000 
YMOMNT-'1 z29.8 14 1 .253a'5~*0.01854 0.11 
JUMP E 17.7914 19.2920 29&516 30,3156 31.4-507 3 2 2 4 6 9  3-31-666-6-6-36-9'1134-4-3~5-~-~~~4-3-~5-6-~C; 
D I A G  E 28.9891 29,9327 4304521 44,3764 45o8411.48.3046 4906644 53.6478 61,2517 61,4312 
0 I A G E 2 9 44 1 7 2 9 7 4-2-5 4-33.-00337_1 43-0-8 0-6 5. 45 .%I 6-8 4-8 525-2A9 -3 1-8 8-5ZLL9903_6_1,_9_31r961 a 4-1-5-2 --. - - . -Aq4,vt--& 

CORRSP 23.5690 33.7882 b2-1553 44.2141 46.2308 47.6355 51.4524 54,1434 61.4827 62.2197 I 

C O R R S P 23 8 1 3 4 3 3 0 9 2 9 3 4 2 0 5-6-2-5 4 4 ~-0-6-0-4-62-6_7_2-4-8-.01_9.5J-~-1-6~5_4~54~--2_4~3~7~6 2~-0611001-6 2-*-l-8-lL2 -- . .- 7 
I 

-..,&. ~,~,,.,.",*--..-~..~.~--- 

] ENERGY. F XMOMNT YMOMNT / /  STATE COMPOSITION 1 



-- 2 -  
i 

I 
I 

' C .  I 
D I A G  E 25.4659 34.42'75 36.8202 44,2903 47.8309 48.1866 50.5783 50,3030 54,9959 54.7254 ' I 

I 0 I A G E 2-5-,5? 8 3 3 4-0-5 7_7 4 3-7-t-5-5-29 4~-~231.9-~1448~83,77b,1-YYkk88..~,9,?3b 5,1,,,3.?3.,7 $J)L 3.854 S,S-m-lil-! V .5_4_-3-1-34 +.I._..Inr, .... _....... .,..a ...-.- -----I 
CORRSP 23,1608 33,8906 36,4817 45.7138 44.8341-50,1520 53.7898 47,9091 57,1242 54 ,5674.  1 

C 0 R R S P 2 3 33 8 8 3 4 .2 25 2 3 6 9 7 7 3 4 5 9 7 88UU4-55~-2L'r~i'_6455;UU.-SS223366S_4_4--255OOOA&ez2,7A7 .5 7 1 3 6Q?A+5533&? ....-- .. . . .- . -... . -.-\. k-. . .. .. .. . . .. . - 4  
' 1 I 

t 

R. - - _.-. - .) . ,9 * ,4,'"CiT-.; -- 
FIN~L-EXCITED STATES 

V-' ' . I c e ,  
4 

. .. . ." 4 "54 fk:: .F . .- '1 

1 ENERGY' F XMOMNT YMOMNT / /  STATE COMPOSITION 
T -&' 

I 



A T O M I C  COOR DINATES i .  
. - - . -  - - - - - -. . - - . . . 2 . . a '  ,.. . -  

.,X 0 ---I---. 0- . - C -  95  1 1 -1 ,5388.-2- 5378--3- 1.958--3~0..1.72--2~-1366-1-~.2-1-7-1--~~.9.5.1-1- 
)/I-3090 003090 - 0 -  0.8090 0-7640 1.5170 2.5010 2,9750 2-5820 1.6180 



P-.': ; ., 
<;.+i!fl -- I .- 

AZULENE TBM APPROXIMATION I -- 
: :I u:-. >.- -;$:* i. O V f  RLAP E IGNVALUES AND -TOTS 

0 9. a s 3' A b s 5 A 6 S 7 A. 8 S 9 s 10 A 

0.467090 0.117981 0.299121-0.353630-0.2$9033-0.290361 0.220699 0.136398-0.199762-0,542913 
0.288640-0.190907 0-484076-0-218456 0.160168 0.469940 0.357056 0.084483 0.323250 0.335520 
0-199767-0.433234 0.357124 0.159862 0.335459 0.102236-0.484083-0.269794-0.404416-0,160140 
0.172905-0-524640 0.000051 0.360312-0.000066-0,510972 0-000049 0.341614 0.432712 0.000024 
0-199764-0-433321-0.357046 0.159757-0,335482 0.102335 0.484035-0-269748-0-404500 0.160086 
0.288615-0.191028-0-484047-0-218547-0,163 0.469890-0-357101 0.084398 0-323378-0.335437 
0.467039 0.117894-0.299151-U.353625 0.~59145-0.290454-0,220649 0,136504-0.19990S 0.542002 

t ric* 
-- - -  L . + * +  

-4. . AZULENt TBM APPROXIMATION 
; ZEROTH HAMILTONIAN E I G N m E S  AND E I G N ~ E C T O R S  
1 S 2) S 3 A 6 S 7 A 8 S 9 S 10 A . 

27.76940 22-14303 19.17148 13.73292 & . 5852 -8.38299-17.0 8-83609-65.48282-81.90087 
0.257987 0.225667-0.191056 0.234235 &513432-0.066570 0.33 ,558635 0-340747-0.372706 
0.223347 0,273314-0-000079 0.528022-0,000038 0.332581-0.000063 01707432-0~364549-0~000116 
0.258035 0.225712 0.190964 0.234095-0.513494-0.066565-0.330753*0.558537 0.340660 0.372980 
0,372757 0.099443 0-258925-0,320307-0.245005-0.305862 0,244024.0*174601-0.272168-0-781303 
0.230347-0.160911 0,419027-0.197871 0.151494 0.495029 0,394801 0.108145 0.448415 0.482845 
0.159422-0-365163 0,309134 0.144798 0.317292 0.107694-0.535256&0.345359-0,551001-0.230457- 
0.133985~-0.442207 0.000044 0.326360-0.000063-0-538250 0-000055 0.437295 0.589553 0-000034 
0,159A20-0,365236-01309067 0.144703-0.317314 0.107798 0.535202-0-345301-0.551115 0.230379 
0.230327-0.161013-0.419002-01197953-0,15137 0.494975-0.3948w. 0.108037 0.440590-0.482726' 
0,372716 0.099370-0,258951-0.320303 0-245109-0.305960-0.243974 0.174736-0.272363 0,781143 

~ Z U L E N E  TBM TOPOLOGICAL BOND ORDERS 1 
P - - . -- 

C V .  

1 2 3 4 5&~e 6 

* - A A - *  w 

AZULENE - TBM - DENSITY BOND ORDERS ' 



*, f' , . 

SL~.T_ELC.O.MP-O.S-I-T-I.O.N. . 
A .  

. -- 

30.41050 
.-. > ~ - - - -  - . . .. - - A - - = - -- * - - -~ - .  . .  L -- 

39.25076 - -. . -4. - - 
- -UI 

, - 
,. 

-- ~- - -  -. - - - -- . 

E.N.E.R.G.I. .E-S-EO.RA.LUL-ENE '' 
*. / G e  , % - ONE ELECTRON E X C I T ~ A ~  ONS-,Q?~A SYMMETRY . - -  =3 

. , ~ : u . ~ . ~ - 5 - , - 6 , 2 < - , 3 6 ~ ~ ~ 2 7 ~  
1 

. . 

: ~ ~ X ~ O M N T  0.21386 0.28007-0:3 c049 0.07383 0.00243 -0.13236 .-*.%? : I 

b ,  ~ M ' O  ~~1=0=,=29-4,231=;0~..3 85519-0.~k2-~3~=~~.~110O1=67~0O~~0O0O3332=0..-1~8 2-15 . .. . . *  

J U M P  E 16.441.5 27.5545 30.7553 39.1655 44.7918 56.8946 . . ,  1 

.I 
D~I-A.G-E-1-3..-0.7-0-9~-7-.D.80.8-33..-1-~~8-5-1-.-O.89-7-5.O-.S.O.44O-6b88.-1-8-1-5 

D I A G  E 13.0226 37.1190 33.4570 51.0959 51-0578 68.5986 L ', 

. t- C.OR.R.S.p-l-0..~9.0-1-9-3-9-,.26.2-2233OO..~d11O.8';.~..P7-7-l-8-4.6.,-91O59-6.8.~-89-7-1 - 4  

CORRSP 10.9532 39.1881 30.5546 56.7992 47..5234 69.3321 < ( i. . 
1 I , - .  I 

t EX--N A L-EX C-I-TII-D-S-T-ATES-O F-A-SXM W E-T-R-Y - - .  . . . - -  ----  
I 

EN E-RGY-F X M 0 W N J d - M  0 MN-T-/-I STA-T-E-C 0 W P O  S-I-T-I-ON 



* A T O M I C  COORDINATES . - - -  ,- - , 
X .Om - 0 -  -0.751 1.---1.5388.-.2. 
Y 1.3090 0.3090 0. 0.8090 0. 

, .  



" 1 - '- 
1 h..-f!!"+, AZULENE I R M  APPROXIMATION /3 . '+, I .  .G-?% 

e-2.'. . \ f ii2;;;i 0-V-E-RLAP-E--GNVAL~!JE'S-AND-EI GNVECTOR-S- . t &.+-:.* 
l--P=zy- I 
I 4 ;ips* 2 S 3 A b s  5 A 6 s ,._I 7 A  8s. . . ,-b . - > .  9 s 10 A $2y: - f 

- - .  -- - .,. - -  
I 

- 7  -- -.. - .  
.. . w - - .. . .  . , . - 

I 

AZUL EN€ L' :- ',- y 
Z.E.R.0-T-fl-H.AM.LLIBN.l.AN-EJ- -. 3 &% I 

2 S 3' A 8 S 
1-3-1. ~-9-7~0~4~21..1~7~4~8.6~1~8~.~0d~=4~5 

0.262599-0.223683-0.17.4749 0.220311 
0 

I - 
I LA;,\b , , 

.-.. ** 
I 

f 
I 

1 > 
1-0- 

-- 

. I sf"O-30676 0.47221 0-97679 0.44160-0.04598-0.26112 0-03901.0.22629-0.09591-0.28809 
k0-e.2.8.8-0.4=0-.-1-23 8.6-0-~.._4_4-1~6-0-0O~-772_4-6.0-.0~~-4.2.8_90.6.6.33~0.--2.2.0.2-9~0-~.0~.0.0.0-0 - -1.2.65.2-0-.-2-1-6-1-6 t '  

I- \/ 

5-0.09587-0.23963-0-04598 0.42893 0-66947 0.47532 0-02872-0.23893-0.13383 0.12656 

\I 
.IS 

it?.r. c, . ;>+ 
J 

.A . /;!5:d 
e.2.2.035=0-._0.6.63.~-0..Q.8;iS999-,09.-7_2_4.6.5 - I 

'I..,' I- . - -. . .  %zk . - - -  - 
I 

.- - --.- .- -- - .- ,*--. . . --I 



fl,?. * IPL FY* A 

3- - . .-.- . . - .ic&.'+*d a ‘. E-N E-R G-I-EJ-EORA EU L&-N E * - m - A  P P 8 6 X-I-M A-32.0 N 3.-Q 

ON: '-ELECTRON EXCITATIONS OF S" SYMMETRY 
I 

\ \ , r 



. . *-,_ 
E.M.E.W.GI.ES-m.RA.LU.CENE ,-~.M-A:~-P-R-O.X-I-M.A-T-I-O.N 5,-8 

-.  EXC'I,TAT!ONS, OF A SYMMETRY \i.,.. 
I 

1 ., 4 

J.UM.P2-t-6-4-t1-7-3-,-6-2-t-7-5-,-8-1-,"-7-5*-9 
-,- 

XMOMNT-0.18755 0.32435-0-28174 0-05327-0-14868 0-01188 0.1.8198 \ 

-YMQ MN;T-0=,=2-5 8~0,3r0.~4_4_4611r.3-0_4.~338189~0O.=07a4t0-220=~~20.4.63=0.~.0-I~639~0=~=255Oa(a(3 . . 

J U M P  E 16.9778 31..5393 . -? 32.0624 44.7160 47.479.5 52.7382 58.5048 
~.1.~.~-~-13~,-7-3.2~0~3.~..~~.8.4.4-4~8-~.6.,-4.6.03-~.8..-7-6.0~-~.0-.-2-3-1~-6~..-6.6~0.2 ,[ 

DIAG E 13.6292 35.9388 42.1495 56.4841 59.1067 60.7573 63.9760 
C . 0  R.R.S.P-l-~..3~7-~~~.~.,-~-7-7~2-43.,-~6664~-5.4-,-7-6-9--5.~~-0-9-0.0~.2-.-1-~~-1-~6~-.~.~~-9 

CORRSP 12.2914 33,3434 43.5748 55.1428 58.6006 62.3450 66.7436 I 

1: 



-.=- ., 

192  BENZAZULENE T B M  I I- 

\ ATOMIC COORDINATES 
! 1 I 



f -' - -- 
, I: I -- -- - -  - 

k!,ih::9;-k ' 1,2 BENZALULENE 1 TBM'APPROXIMATION I 
'.'?*;C,A , 

{; r ,., 5.. QV+R.~.PE~,G&VALUE~S_AN~LG_N~\~~ET~JD~~ I I 
. "y 

' ,a 

+$$&.& >P'R,.+& C" ei;< .r? 7 .  

-3 A . nf r. a>,E* i -, f*> .v + *-4<$$ -* 
i TBM APPROXIMATION 
l )  

, 



-4- . * -  
,273 

;A?=.:< 'i, 
.$i;: i 

1 -5 
*: ,&* -it 

TBM TOPOLOGICAL BOND ORDERS ., -*+ -3: - 8 %r< " ' %  ,,*& 
11 12 1 3~ lr*;;%.k 

I 
8 9 ;  1-0 fl bkci + - I 

65-0.06210-0.15104 0.01624 0.1222 1 0.00830-0. 1568 1-0.04877 0.54866~& fl 3 
I 

3 ~ 5 ~ 0 ~ ~ 0 ~ 5 1 ~ 5 ~ Q ~ 0 ~ 7 ~ 0 ~ 9 ~ 6 ~ 0 ~ 0 ~ 3 ~ A ~ 8 0 ~ ~ 0 9 6 4 ~ 2 0 - ~ - ~ - 2 ~ 5 5 8 ~ O ~ 5 4 9 , 4 ~  0 - 0 8 'C7A53L,4! , - 
64 0. 12234 0.00024-0.09675-0.01338 0.09629 0.03585-0. l4_51-6, ti-; '+ 

4- 0-.2-3 9 7 7- 0 . 0 4 4 3 9 0 .-6J-0-5-6 1 048 6 9 0 7 ~ 0 ~ 5 ~ 5 ~ O ~ 0 ~ O ~ 6 ~ O ~ 3 1 - 0 ~ ~ ~ 3 _ 1 ~ § ~ 1 ~ O ~ 0 3 6 ~ 2 ~ O ~ O ~ 9 ~ 6 ~ S ~ 5 ~ O ~ ~ Q 2 ~ 5 ~ 3 ~ 0 ~ O ~ ~ 4 ~ 8 ~ S ~ O ~ 0 ~ O ~ 7 1 ~ 2 ~ - J  3 7 7 3 0 --I-0 h 17- At. 
5 0.01602-0.34239-0.00207 0.70558 0.99055 0.58220 0.01159-0.15730-0-01499 0-09645 0.02779-0-07043-0-06831 0102859 

I 
, 

6 0 5 0-7 6-5 0 ,-0-5 8-3-3-0 24-74 1-0 -0-602 1 0 0 5-0-22-0 1 .-0 7-8-3-7 0-• 4-8-8-l-7 0---03.2 8 9-OL 1 5-7-3-9- 0-.-090088773 0 1 2 2 8 4 ~ 0  1-0 3 3 39-0-.J-S 2_9_7-0-.-15 8 4 5 \' I 
--/ 

I 

9 0.01624-0.07096 0.00024 0.09655-0.01499-0.15739 0.02290 0.62145 0097789 0.67281 0.03421-0.27094-0.07819 0.19949 1 

- 1  

I 



- , - 
I a- I. , -* \\\ 

.- 
ENERGIES FOR 192, BENIAZULENE TBM APPROXIMAT+IONa- ' -1-07 - - . - 

3 2 8 i  
,+2-F~b':' - . - I ONE ELECTRON EXCITATIONS OF NO SYMMETRY &.,p&.t *$+ ' i 

JUMP 7, 8 7, 9 69 A? 8 8 6, 9 33% 8,:' 5' 9 71- -2. 8 4. ? 31 9 1 . .  2 9 6110 1 
-7-69289-09-4263 0.1-47255-0.2~1 li3 0 . ~ 0 0 8 6 1  0.04826 0.2321 0-0.06751-0.00078-0.*01747 0.22873 I 

YMOMNT-0.19373 0,63870-0.42812 0.04793-0.41664-0.33447kO~10182-Oo15959 0.050-50 O.OS725-0.0059-8-0.11695 0.01368 OeP6503-$,103~7 I 

JUMP E 13.6347 20.5551 21.0666 24.3803 27.4489 2709870 28.5817 3103007 31.9696 3202501 3403693 35.5021 36-6707,L39-1705 39.4015 
D IAG-E 1 1 .3&8 2 6 . 1 1 2 3 2 6 . 1 2 9 0 3  . 6 3 2 4 3 6-.-9-8.1 1 3 3 -6 2 3 1 .~3~.,O00-8,3_3_? 9-.-7-72 2 4-0-. 7-353 4-3-.-8-43-6 4_4.1182 1 4 7-.-343 8-4 2,287 4,. 5 2 -5 4 7 0 5 2 - 2  3 1 4. . . - 

b I A G  E 11.595i-*6.3919 27.6743 31 .0015 37.5945 35.5612 38.9175 40.5340 41 .0204 43.9673 45.4883 47.6498 44.6989 53.0625;54.1705 1 

. 5 

\ ENERGY 

I 

F ~ O S I T I O N  --.... . .-- .. . .-.. "-. - .. 
I 



25- . - - - - . _ = . _ _ - - - . -  - - - - -  

1 
b 

@ 

BENZAZULENE TBM APPROXIMATION (cont.) 
4 
I 

- .  u 

-. I 
h: 
4-1-.-78658 0.13448-0--095-04 0,2.5816 I /  -0.1211 :'0:1534 -0.0106- 0.1179 -0,0369 - 0 . - 1 - 6 : g m 3 ~ 5 . 8  0-.-0-069 Or..91-9.30.1-0~06 . - *L.,./ I - ----. . .  . - r  ' 

i . k -- --t, ip-0. 0894 . . L.~-.:: ' * k  .: 

3 . 7  c93770-6 - .. _ _  / /  - L 0 0 . ~ 1 4 4 , ~ 0 . 0 2 1 8  -0.0158 0 0 . 1 9 7 7  0;0508 0'.0052 ;4 ,0~202~0- . . -4~~0 0~:5533006~00- -1 -573~,  
.C..r* .V -. :n-I2 - A - -  -, 

- 
I 

.-A 1 



ATOMIC COORDINATES 
. . - - . 

X 1.7320 0 ~ 8 6 6 0 0 - 0 - .  0-0 86.6-0-1 0 7320 - 20.6830- 
y 0.5000 0 -  0.5000: 1.5000 2-0000 1,5000 1-8090 



1,2 BENZAZUCENE I I R M  APPROXIMATION ) -ye $ 

- .-' 
,<Of% . +ti?y-.- 

,&%3:. - k:,: . I * 
W295564_411.-OOO4_4~6_4_4O~~~8~~t2.5S1133OO.-7~991~774~88OO.-77l 1.6-0..4-7-0 85~8~0~.~5~8~6~6~0~3~~0~.~~_4~5~22.5~~.0~.~~1~8~2~0~6 

4 
'..'..:&)-." <J yf - . - - 1 * -.* . 

I ' -0.-3-8.5.269~0-~-2 22698~OO.~15.3~OO7kOO.~UOO9_1_111OO.3388295.55OO.332_li88556~OO.~OO11OO882,~O.1~83~~O~7~OO~~1~667744877OO~~22OO6611OO2~O~~3~6 .8-7-9_4_400~-1-1-6.5X7=00-~335555_53 0, O 0 3 6 6 3 6 6 
0.225367-0.294793 0.139629-0.240735 0-432937-0-132072-01334227 0.127796 0.241315-0.486973-0.086686-0-141259 0~256221~0--2.5-188883 ' - Q A"- 1 6-8-15=5=OA32 = 0 --- 9 4 6 - 0~.33~~7L4~OO.t221dB_13-O3.~OO882,9~8~OO._L3~7336~OO.~O;7;7775533O~OO.~2,52,588662211OO.~OOOO1~3,7,22OO.~3 24-2 5,4,4OO.~447,877O.99OO~-1~3ddO_4_42~OO~~118822OO7744 0 ; 2 1, $5 1 3 ' 

0.17.1366-0,308267 0,374379-0,057535-0.339310-0.20773'7 0.326648-0.030426-0.251195 0.123200-0.549462-0.10303.3 0-l38LS1~OA&3~4B . 
0~~~2.38_1~39~.0~~~254~37_3~0~.~2.2~6_44~40~.~1~6~~1~0~0~.~45~1~2~64~0~~27~1~8_4~1~0~~~1~6~7~7~6~0~0~~~2.5~9~9~4~8~0~~~1~6~7~6~0~8~0~~.4~6~6~1~5~3~0~~~2~6 0 ~ 0 ~ ~ 8 ~ 0 ~ ~ ~ 0 ~ 6 . 2 ~ 6 ~ 0 ~ 7 ~ 0 ~ ~ ~ 0 ~ 9 ~ 6 ~ 7 , 0 ~ 8 .  0 : 525 8 1 9 

r0.410589-0.160979-0.05451 1 ,0.255391-0. j.51744 0.40'7097-0.256021-0.091439 0.130805 0.307836 0.207936-0.017Q73 0~070394;.0~~~~~6~-9~ 9.9.9.....9...9.. ' 

~O,~3~944547788OO~~1~661177666~OO._L4441166OOOO.~355774~3~OO._1~1~OO66227~OOii2ddOO77~3~OO.~2~6~77777~O0.~33~991_4_42~OO.~OO7442_4_43~OO.~O93318~6~O~~~1~7~l~7_4.2~OO.~1_4_488OO8888OO~ 3.27-9 2 6- 0 -;4'3 8 5'6'2 
0.213883 0.252291 0.168497 0.444958 0.1\55319-0.3034~9-0.078675 0.347419-0.416160-Oo153958 0.091107 0~346113-0~187886=0..~!Q4I6~6~5-8' 
0 1 3 0 6~2,4,4~O.1_1~~1~~33~O.~338_4_42~~~O~O.~2_3~82,6b~-t~9~~8~J8~~O.~~O1122~,1,1~~~O.~2~77333_4_4~O~~2551i33~S33~O.~3355~O338,4,4~Oii2~,4,4882288~O~~0O338~77~O4~~O~,4,47,5,4,42266~O~~~O66~O668 8.1 0 - 1 2 6 1 7 7 '- - -.-= .%.- & --- -. a', 1.0687 1 0.346888 0.4 1581 9-0.124225 0$!a2i3243 0.306828 0.148422-0.455098 0.167586-0432306-0.135555 0.512652 0.0661 35=Q.-0428-27 4 .  4 @f;.,-;-* 40 ~.l~2?c7~3~2~OO~~34_43311OO55~O.~~2488845~~O.44~O~O65~~~~~~~. ~~0O8~880O~~2.3~f_220=10O~~2,5t~663..1L0~~0O.5.88113~7~0O. _4_4771711999z0 ..-l;l16S 92-0-.-14-4-9-6.2 =0--4-5 04-6-0=0-~3-9-43 53- 0 0 3 3 6 1 7 
62'197243 0.305892-0.044386-0.42 1252-0~;~@~f936-0 1300890. 1986550.278750 0.162438 0$2,6:1956-0. 0491 81 0.300750 0.3412 16-0---1-1-3-9-3-7. I 

dl- 
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~0~~3~65I64488~O32~7~l~3~~O.332~O88771~~O.1628869~~O._146_8_866881~~O.3_311222 228800.-191118846~00.-1 -4-2.3 8.7-0~~~3-6.&~64-9~0-~1~5_4~3~8~2~0~.-0~~3. 558.2~00~~00889~5.2~00~dd2J~007781- 0 2 2 2 7 1 8 
0.31 5846 0. 007245-0.330568-0. 18 1872 0.1905 1 1 0.033082 0.577403-0.04048 1-0.303799-0-079063 OO353O69-0~010874 0.39801 3=0-~-0_6-006_4188' 
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1 ,2 BENZAZULENE ( I R M  APPROXIMATION 3.: ? A 
Z.E.B,O,T_M-H.AM1IIUU~U1AN111b~~~AA~i~E~SSAAN~DDEEIIGCNYYE CEiOORRS . - 

. ~> ,,,'+.F. T :,- ' ;+ 1 
. < 

12.4~2J.826-~-0.2.3~83~20AII11231881-88.-23_41_18 J33~~755OOO4488.~69~lt6.~.~33~~2.8~1~3~.~1~P28=1_9~.4!4!33OO9P4~33O...~337~~85.~3~.~1~7777331~5533.4~O..O9O~6.33.22O.~~336.~~~Pe~-t55OO6-8~ . .; p& - ! 



. ^  - . ---- a -  -- . . --. . . . - & - - - A -  - * - - a - 2  - - - - , - - '_I__ - - . 
I 

. -. - 
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I R M  AUGMENTED TOPOLOGICAL BOND ORDERS '1  , 
I 

34 6 L  8 d  

8- O--1-Z25200.-0_4_4717 1 0 .~1~33778~7~~.~~~3~8~~~~~~~~1~~~O~9P~O.~~O449~~~i,~O~~666b~2233~O~9~11663_4_4OO~~66~O556633OO~~OO88885SO.-1~9~l~~O~OO~~l~3O11559P~O.~1~226~l~5~~O~~1~886624 
9 0.00409-0-07056 0,01637 0.10724-0-03232-0.1'7024 0.02404 0160563 0.99357 0.68215 0-01371-0-27364-0-06010 Ow20445 

1 0-0---1-440 1 5-0 e-00277556=00._1_11-6 1 9 0O~~0_1_1335550_~~110_4~110~0O0~0O0~5555~0O~~2.6.633661~0~~~0188885~2~0~~6~8~2~1~580O~O9~11~88030O~~52881~530O~~0OQQ335S6~0O~~117_55338~0~-~0O~3S0~9 I 
1 1  0.01039 0.10925-0.02658-0.11239 0.04479 0.01371 0.59815 0.99633 0169534 0.01751-0.27097 

7'- 

- - - - . --- - - - - - I- ^ ---C_.-_- - - -  ..- - -  4/ a - - + " - - -  - - A , . - .  . . . 
I --  1. , - -- 

4 /J 
l-lf.2-0-EM.Z.Q.Z-uL-E.N.E I R M  AUGMENTED DENSITY BOND ORDERS :.., i. _ _- _ 

- - " - 3  .. &&g * 
, :&+;; ;>-, ?. 

A + /1 9 3 11 5. 6 '7 09!,ir& 1-1 . 1-2 -- 
-9835-0.06860-0.24608-0.02741 0.33948-0.08467-0.16583 0.0136 1 0. )?i?ll 0.02250-0.17459-0.09505 0.36709 

2 0 $3 9 8 3 5 0 8 4 8 6 0 0 . 5-2 9 1 0- 0 . 1 4 8 6~7~OO34422~O~0~.~O~3~2~62OO~~O_4O7,47,42aOO.~OO6622335~O~O~8~O~O~9~O~~~O~~~84~~OO~1~1.~,9 7 0.-_4333008 - Q~-17,4_3~0-~-1077887-5 
3-0406860 0.52910 0.77378 0,43294-0.08155-0.26209 0.01.376 0.14210 0-00992-0.11'927-0,02915 0.11738 0-05812-0-13583 
4- 0 e'2 4 6 0 8 - 0 - 1 4 8 6 7 O~332~~.844~33~0~~~51~~7~5~O~~~13~2.2~0~~~1~5~1~776t0O~~0O33332.230~~~1111833880O~~0,JJ55885~0O~~11244~6~~~.990O88370O-_1_15511SS880O~~11552233 6 A 

5-0.'02741-0,34f90-0.081555 0.51975 0.77735 0.42721-0.03306-0.15.035-0-01853 0*10602. 0.04014-0.07032-0=08069 0.00219 
I 6 0 1 3 3 9 4-8 0 4 Q31_2-6- 0 2&2O 9- 0 . 1 3 8 2 - 3 - 0 - . J ~ ? ? 8 ~ ~  0-~A2J_O_S&'1_1-0~88t0JO~99a-~03.0.R 0 - 1k83-7- n.--O 53-9-4- Q - a J . 2 j S  o=&. 2 1 S 2 4 __i 
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I 
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- - T r-mM A P P R-0-X-IRMA_ZIIO_N 5-.-8 
I ' Y ,- I - -  

7, 9 69 8 

CORRSP lOoL586 22.0847 36.1478 31*.306? 33.2755 3900296 43.6750 3907896 44.7436 4906706 50,3354 57.6044 52.4506 53-9510'59-.9!7S I 

L 

21.27863 0-04323 0,06123 0,20984 / /  0.1592 0,7527 0.6146 0.0446 -0.0716 0-1045 -0.0543 0,0166 -0.0422 0-0115 I 
\ L ~ ~ 0 O ~ ~ ~ 3 3 8 8 O O O ~ ~ ~ O k 5 _ 4 ~ O ~ O ~ 5 ~ ~ 3 ~ 0 ~ ~ ~ O ~ 2 ~ 3 ~ S ~ O ~ ~ ~ O ~ O ~ 8 _ 4  I 

/ /  -0.0214 0,9784 0.0266 -0.0001 -0,0303 0.0791 0,0794 0.0750 0.0082 -0.0857 13,39544 , 
t / / - Q ~ 0 3 _ 7 _ 2 ~ 0 ~ 0 ~ 2 _ 1 ~ 7 ~ 0 ~ 0 1 _ 3 ~ 3 ~ 0 ~ ~ ~ 0 7 5 ~ 0 ~ 0 ~ ~ ~ 0 ~ ~ 2 ~ 5  I 

', I t ) '  . - 
33--80318 1.9.5661-1 .08252-0.t3508 / /  0 -03 5 0 - 0-.52 8 1 0-a-64-0 1 0-,-2 5 1 3. 0-._4_4009P0 0-.-0_6_97 -0-.-0-4464 00-_1$.z7 -0_-,1-0_87 0 021 5- I 

I / /  0.1675 0.0506 -0.0495 0.0025 0.0215 I 
I 

18.28186 -- -- -- / / - 0 1 1 4 6 - 0 0 3 1 0 0 9 5 6 7 0 a 1 1 5 6 -0 ~ ~ ~ 0 ~ 0 ~ 0 ~ ~ 0 ~ 3 ~ 0 ~ 0 ~ 0 ~ 3 ~ 3 0 ~ ~ ~ 0 . 3 ~ 3 ~ 0 ~ ~ ~ 0 ~ & 0 ~ 5 O ~ 0 ~ 2 ~  9 1 

/ /  0.0612 0.0266 -0,0963 -0.0035 0.0681 
I 

32.47487 0.07574-0.01445-0.23375 / /  -0.0818 -0.0767 -0.0104 0.7919 -0.5199 0.1411 0.0799 -0.1745 -0.0339 -0.0162 
/ /  0.0-2.20 -0--1500 -0-a-0431 -0--0-5-64. 0.0319 4 i 1 

24,92725 , / /  -0.1057 -0.0380 -0.0509 0.7371 0.0903 0.5656 -0,0277 0.2129 0,0062 -0.0056 
/J -0.0711 0.1397 -0,0283 -0.0050 -02046 
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.I BENZAZULENE L--- I R M  APPROXIMATION (cont . )  
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h-i. 

I =.., MA-, 

-0-~-0025- 0-.-073=0 O-.-lj369 --O..l-l-62 _02?0 -n -J-,!A7_0.,8J&O . - -  :O .$21.8-. ,;,. :t' . ' - -.. e- +- - -. / /  Oi4838 -0.0125 -0.1322 -0.0684 0.0784 * . *  
.wJ&.+& 6 
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1.2 495 DIBENZAZ-U-LENE I . I R M  APPROXIMATION 1 A . :-;ir,& 

- .  
, \  OVERLAP EIGNVALUES AND E I G ~ ~ V E C T O R S  

'16 - 3 b 5 6 7 8 19 11 12 2 
1.6 11817 1.467740 1.375075 1.284616 1.227176 1.174794 1.105842 0.987332 0;882582 0.777334 0.728307 
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I 6 O ~ f l 7 ~ ~ 0 3 8 ~ ~ - ' 0 . ~ 2 3 1 ~ 0 .  14653 0.40920 0.81!106 0.37646--0.04588-0- 1 1  867-0.0229 0.10990 0.01 236-0.13209 0.0 1449 0.11 5 8 0 ' - 0 . ~ ~ $ ~ ~ ~  126-3&2@83-, 
I 

- - -  - - 
' I '  I , - -j 

~ : ~ ~ ~ ~ 0 ~ ~ ~ 5 ~ ~ ~ 0 & 6 ~ * 6 . - 0 ~ ~ . O ~ ~ ~ l Y Y ~ U . ~ i 8  . .. - _  - - - ,  I93'0.05193 0.37646 0.75809 0.37090 -0.07517-0.18723 0.022115 0 . ~ 0 5 7 4 5 - 0 . 0 2 7 ~ 4 - ~ . 7 5 4 5 9 ~ 0 ) 0 7 5 3 1 ~ ~ ~ ~ ~ ~ 0 . ~ ~ 1 ~ ~ 0 ~ 3 ~ ~ ~ , 3 ~ 7  . B,: A - -  . 1 
* L Z11-- . - . 
~ ~ 0 4 ~ 2 5 ~ 7 ~ ~ ~ ~ ~ 0 3 9 5 ~ ~ ~ 1 6 8 5 0 ~ 0 ~ . 0 1 5  ! & - . - - -  --. ,- -* 16-0.12779-0.045DO 0.37090 0.65942 0.38606-0.0222 1-0.22996-0.07407 0.31799 0.03399-"-0r.6~a.04428~O;~j@J-8 

, I  f . 1 -- - - '. 
e . 0 .  --- 025b4-0~03276~0.01632 - T - -  - - Ogp6126 0.02257-0.11867-0.07517 0.38606 0.80285 0.55154-0.09569-0.36286-0.03244 0.04551 0.03583G53:01:08.5?50. 12-73-7 

I-- - - - 7 v 
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ONE E ~ E C T ~ O E X C A I . O N S .  OF No,SyM_MExR-St ----- - - . 
JUMP 9 9-1 0 89 10 9911 7910 6910 59 10 8 1 1  4, 10 1 1  3r,1,Ov-* 6dJ~.lyy2 ,,2, 10 1.10 
XMOMNT 0 i33411  .0.76532-0.55450-0.1~050-0.~30~h-~.~23.40* 6. h , 0 ~ 4 ' 1 . . 0 . 0 1 ~ . , 8 0 - 0 ~ ~ 0 0 & ~ ~ ~ ~ ~ , 2 ~ 2 ~ ~ 0 * ~ 4 ~ 8 ~ ~ & d _ 0 ~ ~ ~ ~ _ 4 1 5  -0.01776 
YMOMNT-0.,227'33 0.56893-0;75558&05662 "0;396*18-0.42249-0.44 119 0.07684'=0'70b5~_8~0:P$~&k-3 0.00477-0.00025 0.00895 
JUMP E/  9,0623 17.2451 fi;bb2?is 21-3T5k 23.9854 26.7323 38.8102 30.5929 _...32_.920_5--51--0542 335.55500503388.bb45_4 42.9551 
D I A G  E 7 -0162 23-0393 24-2509 27.1341-33-9607 34-4756 37-3028 42-4701 42,3043 45-2179 47-4273 50-3463 50-9317 

1' 1 '% 
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I FINAL EXCITED STATES OF NO SYMMETRY 
. . A-; - 

I 1 , 1 . -.-. - .  --- .. .. ., ..... - . , - .. - .T.-,.. .----. "-...* - .. * - ----.{ 
I ENERGY F XMOMNT YMOMNT / /  STATE COMPOSITION I 
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A T O M I C  COORDINATES i -.-- - .- . .  - . - - .. - -- - --  . .  .. . - -. -- , . -- - . - . . - - . . . - -  .J - - 
. .  j_X-0.-.87.25-0-e- . -. -. . -.- 0-• O-a.85~0.O~l-o13.232.e-6-0-9_5-3~o-46.!, lA-.3- 464 1 



TBM APPROXIMATION 1 NAPTHYLAZULENE . -- 

O , V _ E R , L A = P 3 = G _ N Y A A L L U L L S S A A M M D O E E L G G N Y E _ C ; Z 9 R R S ~ ~  
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-- ~ - . - ~  ~ ~ - _= .= ., -. .; : { \ : - .  O-KE.R.L.A.P-E.&$~PY-A.LUES_A . . , . --A\ 

- 1 - 
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TBM APPRQX IMATION NAYTHYLAZULENE - - - -  -+ 
, - - -  - z EAO T H ,'HA M;ILZO_N-IAN -E_I__N~VAL-U 

L --a -------- - - . I  --- ----- Z~RDJ-J-J H A M ~  I LONOAN F I GNY_ALY~E~SAN~D-EJ,G,N-V_~I:<~P~- 
2 ' 2  -.. ,, >.*' 
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E.NER.GI.E-S-F_O.R-NAP_T_HYLAZYL.ENE S-TBMLA PS-R.0.Xl.M A L I . 0  N 1-03 
ONE E L E C T R O N  E X C I T A T I O N S  O F  No S Y M M E T R Y .  a /"+?*-,,, 
J U M P *  8 9 9  8 * 1 0 - . ~  7~ 9 63 9  7 ~ _ 1 4 6 t N - S - s U s L J  5- tU 4 sf_Op3-99.8-1 1-1 '-3 t 1-0 

JUMP E 

1 _. 

ENERGY F XMOMNT YMOMNT // S T A T E  C O N P O S I T l _ O N  
6 . .\. 

r . f  
I -.-...-̂ . . . -- ., 

I ?  
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NAPTHYLAZULENE . . TBM -. APP ROXlMATlON (con+.) ] 

_ _ _ _ . _ . - -  - - - , . - ..- 
ur *.-- 

+4,C.',065-8-7 0~4~-003366~~~447907-0.15-0051 / /  0.1212:--0~t!~8~66-0-0~3S 0.12700-0~3092-0.11.J3~0~1~2220 o'Z34.99 '1pPr0.61-6-3, 0.1192 
I 

' 6.. C - i  
, . -  

-**r. - 4 _*..-- = I  
,A, 

- -- . I /  - :o -2?~9_6. : .~o ig~C?99~9~o.4593  , p,J537. . .~.q~~s~2~~.rci; j ; i i * ,dte $,-*. A .  - . .LA. .,&%.- d - - . _  #&$+?b*: ! -,, , ; - . - +-,p;:*','if;3.;~ :? .. .u* 2 % . *  

:30L2 0 3 8 0 . . - , L. - - I /  -0.0829 'L0.0865 - -. - ~0;07~.~0 .0 ,016~~0.1255,~-0 . :2~1115~- .0 . .4572.~0;0: iT -22O~~0~.6896 ~ - . -. - - - - - -- --- - -0-,-d895*:* - 2 
I 
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L / O ~ 2 ~ O ~ ~ ~ ~ ~ ~ 2 6 6 O ~ ~ ~ O 5 _ 4 5 ~ 0 ~ - ~ 0 ~ 8 ~ 2 ~ 1 ~ 0 ~ - ~ 0 ~ 9 ~ 5 ~ 7  1 
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NAPTHYLAZULENE' I IRM 1 .. 
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ATOMIC COORDINATES ' -- -- - - . _ *  - .  - .  ? s- - .- . . ..- -- - - - . . .  - - 
. i,X.-0.- 8225-0--_ - . . . ---. 0 0 . ~ . 8 . 5 0 0 1 3 . 1 2 ~ ~ 6 ~ 0 ~ 9 5 ~ 3 . ~ . 4  64 I--3 4 6 4 1 
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NAPTHYCAZUtENE IRM APPROXIMATION 

OXULLA~P-E,IG_NY-~CU~ES-~N.D,E~~MY~E~C~Q~R.S ' 

/- : :d$-;! : 
+. >,;:'-"., NAPTHYLAZULENE,,il I RM APPROXIMATION 

, ir:q~94uHHa.KiLroN~a.u-E JJGG~xAALLuU~sSAMM~EEExgu:vEEcCTTo,?s v 
. - -.--. =.. 

' L  

r 32 i812B~&+d .B~1512~1~ .7 .1929  19.18754 
L 
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I R M  AUGMENTED DENSITY BOND ORDERS . 4 . - 
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2 3 _ I r 5 _ 6  7 0 1-0 1-1 ,. 1-2 1;s l ' 4 *  15 ;-: ---- 
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NAPTHYLAZULENE I R M  APPROXIM A T l O N  (cont . )  1 
d 

L - - - -- I 

-I - 
4- - 

'33244020 0.1~6~,4~Oa-2~009577007fU34 / /  O.i367.? -09.0962,70.2_150.~0003_4 0-0-1~806 -0-J72-6 0-.0-88500~0,6~8.10-~.&2&0r0.-3252 
. ---- .. I - ., ." 2.- - 2 & 4  

- -1 
-- / /  Oi5971 .. 0.21117' 0-0325 0.0239 - 0 - n n s L -  - i,, 4- 

3-6--7-0-54-1 "--I / / 0 k0-6-6 5 0 *-0-0-2 7 - 0 ~-0-0~8-8~0~~-07~5S0~Q5_4~3~ - 0 ~-~-~~0~i~25~-0-.11~6~3~4~0~*5~6~7~0~~I4-6~.3~ - 
V. ax 4.4 / J ~ 0 5 ~ 1 ~ ~ 8 ~ 0 ~ ~ ~ 2 5 ~ 6 b 0 O 0 ~ ~ ~ 1 ~ ~ 2 O 8 ~ 0 O ~ ~ 0 O 1 1 7 ~ 2 ~ 0 ~ ~ ~ 2 . 3 ~ 1 ~ 0  
i, -*, f*. c ----" 
46:8i~.1v u.48-227 o.058-60.0:4~-~70~-//- 0.014-3 OJ-Ofiio oAo8i-9 o-.-i98-6-o 02-2168. -.ol-08-05. -e:tnzL2 0...m9?:0.-6.1.64 
k; ' / /  -0. 13_1*1*7002475 0.4771 0.1479 -0. 1979 . . - n - I 

4 2x7-344 / / --0 0 1 1 4- 0~.~0~3~~5~0,~0~5~0~7~0,~058~0~2~0~.~010O7~0~O.~0~3~3~9~0 ,-04-2_6LO ,0-04-5500~~00669950-~;7_38_5 - 
/ /  -0.4792 -0.0816 0.3934 0.0053 -0.2125 \\-- ->$, > 

%%J$'> 

44.61073 0.81286-0.14463-0.63841 / /  -0.0806 -0.0776 -0.1829 -0.1153 -0.1340 0.1728 -001109 -0,3147 -0,2845 0-317?'kj 
-. -'* 

/ / 0 . 7 2 6-8~03-2_4_5OJtC-3~0~0_0_2_8~0-~-05 2 3 \ :+I* 4 ' + 

/ /  -0.0194 -0.0668 0.1360 0.0429 -0,0861 0.1983 -0.1920 0.1356 0.6439 0.1963 y, .. : 
_ _ -  /J~0O~~6~1O0O330O~O0O0~88880O~~1188888~0O~~04991~0~~~09~5~3 . t I t .  I 



, -. - -- 

ATOMIC CO'ORDINATES -... 



I OVERLAP EIGNVALUES AND EIGNVEC ORS L4 
I 

3 s  b- ,-- 

1 S 2 A 3 S 4 A 6 A I 

- *. -'--. ... - -  
TOLUENE, M XPIGNE, ~ I T - ,  I TBM TOPOLOGICAL BOND ORDERS I 

--r-- - 
. 5 . .  

A---F- 

i 

- 2 3 4 5 6 
1~1..00000~0.66667~0..00000~0.33332~0.00000~0.66667 I 

2 0.66667 1.00000 0,66666 O ~ O O O O O - U ~ 3 3 3 3 4 - O - O . O ~ O O O  

, I  TBM DENSITY BOND ORDERS ( 
b 
6 

i 
4 

- - - - -  - -- . - 1- -.--------: 1 TBX d TBM APPROXIMATION r BENZENE ------- 
. ~ ~ ~ z E R o T H - H ~ M ~ ~ T o ~ ~ n ~  .4-L\g-&~ EIGNvALuEs-nND EIGNvEcioRs -- 

2 AS ? SA 
b AA 5s 6 AS 

,---;-.25~<8;1p18.15.46010 5.45925-25. 59031-25.59264-76.12920 
* 0~~334049 0.517054 0.000194-0.000287-0.665253-0.573706 

- 0 - 3 3 4 0 4 3  0 . 2 5 8 6 9 9 - 0 - 4 4 7 6 9 0 ~ 0 . 5 7 5 9 7 9 -  0.332880-0.573697-- -- - 
0-334043-0.258363-0.447884 0.576266 0-332384z0.533697 

- --O-334O49-zO0 5 1~7.054~0~000.19~4rO~OOO287~0. 665253-0.573707- 1 ----. 0.334043- 0- 258363-0.-447.884-0.576266- U.33238_4-0.573697- 

! 
0.334043-0.250699 0.447690-0.575979 0.332880-0.573697 

I 
- I 

I 

I -- - -- 

- - - 
T G L U E N E  ; + TBM APPROXIMATION t- 

ZEROTE EARILTONIAN EIGNVALUES AND EIGNVECTCRS , 
1 2 3 4 5 6 

1 24.9145 14,9236 14.9228 -24.7822 -24.7045 -73.4873 
0.334049 0-517054 0-000194-0 -000287-0 ,655253-0 ,573706  
6.334043 0.258699-0.447690-0.575979 0.332880 (2.573697 
0.334043-C-258363-0.447884 0-57&266 0.332384-0.573697 

- - 0 . 3 3 4 0 4 9 - ~ ~ ~ ~ 1 ~ 7 0 5 4 - ~ . 0 0 0 1 9 4 - 0 . 0 0 C 2 8 7 - D ~ 6 6 5 2 5 3  0.573737 1 
0.334043~0~2586'95 0;5476~0--6~575979 -0i332880-0.573697 - - !  
0.334043 8.258363 0.447884 0.570266 0.352384 G-573697 

I 

7-- - - - - 
1 

c72 - 
.I --- --  

i .. +.M XYLENE -1 T B M  APPROXIMATION I C 

ZEROTH IIAMILTONIAN EIGNVALUES AND E T N v E C ~ ~ ~ ~  .- 1 S. 2 A 3 S 4 A 5 S -6 A 



. - -  - . - .- .+---. .  
- -. - -- . - -  . . 

-- - -I. 
- -- - - - - -  I I / 

BENZEm,-TOLmNB,+-ZLENE-,-MESIT=, 
7-357 

.. --:--. A ---' v- _ --- - ---- - - - --- --I .. - P ?, 
I - l. r 

---c -- - -' BENZENE , IRx  (L I R M  APPRoxIMATiJ- 
OVERLAP EIGNVALUES AND EIGNVECTORS H A M  ILT-ONIAN-E I G N V A L U E S - - A N D -  EIGNVEC.TORS .,-- 

1 S 2 A 3 S 5 3  6-A 2 AS 3 SA 4 s  5 AA 6 A S . 4  
1-578467 1-196670 1.196646 0,733948 0-733935 0-560333 ----- 28.62091 -12,83523 - 12,83394~28-31014~28,31205:61.-27982-- 

0-408250 0 ~ 5 7 7 3 4 6 - 0 ~ 0 0 0 ~ 4 ~ ~ 0 ~ - 0 . O 0 3 ~ 7 ~ 0 ~ 5 ~ 7 ~ 7 _ 3 _ 4 ~ 9 ~ 0 ~ 4 ~ 0 ~ 2 ~ ~  0-324944 0-527775 0,000000 0-673916-0,QOOOOO-01545391 
0-408247 0.288206-0-500273-0.500184 0-288358 0-408245 0,324942 0,263894-=0,45707~5-01336961:O-583635-0.545378 
0-408247-0-289152-0--4-9-9727 0--4-9-98_1_6 0-22888995r0-40_82_45 0,324942-0,263894-0.457075-01336960 0,583635-0,545378 , 

0-408250-0-577346 0-000546 0-000367;zD.577349 0-408254 - 0.- 324934-0. 527-7-7_5-0. ~ 0 0 0 0 0 ~ 0 - ~ 6 . 7 3 9 ~ 1 ~ 6 ~ 0 , ~ 0 0 0 0 0 0 ~ . 0 ~ , ~ 4 5 3 ? ~ 1  
0-408247-0-288206 0.500273-0- ~500001Ej4L~~288358-0-~~082~~ 5 -- A Q-324942-0-263894 0,457075-0-336961-0,583635-0,545378 , 

-' I 0,408247 0.289152 0,499727 0-49981'6".0-288995 0,408245 -..- - - 0 - 32 4 942 0 - 2  6 38-99--0 ,-45 ffO8Z5fU---j.3 6-Y-6-1-0 --583-6033SS00- 54 53-7-8--- 
L/' ' 

4- . . tA,  

- M F S I T Y L E N E , p M  AUGMENTED TOPOL OGKAL 
yfl.y'=J ZEROTH HAMILTONIAN EIGNVALUES AND EIGNVECTORS 

. I  + - -  L ---- * - -- - - 
M XYLENE IRJM APPROXIMATION 

Y 

J-ZEROTH. H A M I  LTONI AN E ~ G N V A L U E S  A D  - L -  EIGNVECTOR-S. 
* 2 A  3 S 4 A 5($:5-,] 6 A --? 

d - *  - -  
3 MESXTYLENE \ ~RIM APPROXIMATION (M 



- - " -  - - 
.a.C"-- 
:, -%= ( L . ENERGIES FOR T0,LUENE- --..15. ==-- b 'TBH~PPROXIMATION 

1.7 
I ; &E-ELECTRON E X C I T P I T ~ O N S ~ ~ ~ ~ - : ~ ~ - ~ ~ ~ ~ ~ : ~  

I JUMP , 3, 4 21 .4 /  3, 5 2, Sa- I 

XMOMNT 0,00042 0.51595 0-51595-0-00042 
*- 

I 
YMOMNT-0.51596 0.00042 0.00042 0.51595 . - 

JUMP E 48.7422 4827432 48.7450 48,746_0 ,+ 
O I A G  E-60.0836 55'.8720 55,8737 60.0873 

I 

O I A G  E 58,1851 . 5 3 . 9 7 . 3 2 ~ 3 - 9 7 5 0  5801886 1 

.' CORRSP 56.3523 47.9264 63.8193 63,8186. ' 

CORRSP 54,4537 46.0277 61.9207 61,9200 I 
-- - I, 

, -  ... - - -  - \ * # - \ 
*; ENERGIES FOR . .  APPROXIM XI MA-TION 5.8 

ONE ELECTRON - 
. JUMP- -+. ', 39 41 29 4 1,' 5..: .-- - 

- - 

1 

JUMP& 39;.7162-5-89:? 175 39.71 81 39.7'193 935-9553 54.9572 ' 
'l ".,% * 2.c;,..* L 

0 1 4 ~ '  E &5,0$8909 46.71140 46.7141 5358940 65.7.0b9 65.7089 * C pi:;;:. :. 
. A-4. - ': 1~ 

D I A G  E Siil,,.2433-~7.~6253 44 .1S52.508940 4 0 6 4  65.4970 * 
!.a: 

CORRSP 47*2~1~6'36 3 8 ~ 8 0 6 2  -54.6219 ' 54 i6212  65,7069 65.7088 . -  1 - / 

*-$ 'l _ 1 .- -. 4 

ENERGY F XMOMNT YMOMNT / /  STATE -COMPOSITION 

- 
CoRRSp 54,7962 54.826-6 38.9464 41.3323 66.4140 65-.-5.057 I- ,' 

I 

t' 
- 

- - -  A Lr - - - - . 
FINAL EXCITED STATES OF NO SYMMETRY 

1 

ENERGY F ,i XMQMNT YMOMNT ?;/I ,- STATE COMPOSITION 
re- 3 / *,! 



CORRSP 46.5225 38.0965 53.9895 53.9887 59.1131 59.1155 . . 
5 c 1 8 4 9  5 3 4  58.90-58- 

-- - - --. 
FINAL, EXClTED STATES OF SYMMETRY 

. ._ 

1 ' 

r -.I--.- 

XMOMNT YnOHNT /.'-:.;/ STATE C O M @ ~ S  ~'T.ION ENERGY F _ . - ,*+$\I , .-mi 

- - . I  - - - . ' , .r -*--: yc;"..;> + 

.-' I 

-+@ 
ENERGIES FOR M XYCENE I;.*- v 

- "  - TB'MAPtROXI MATI ON 
O ~ E : E L E C T R O N  EXCITATIONS G;T-;:= : *- - - m a  = ,+'.' I (  . - . .  • $%.:?, . ,- 
J U.M P 3, 4 ,2.;*4 3 T 5 -  - 7 5  1, 4 $ 1, 5 / 4 2 ? r  3,. 

s 9 5  0 . 5 1 5 9 5 - 0 . 0 - 0 0 ~ 0 0 0 0  0. 
*- 

j ,  -- -'&. 
YM~MNT-0.51596 d.00bb2 0.00042. 0.51595-0.00000L0.00000' \ --. 

t 
'iy 

- 
J$JMF? E 38.9127 '38.9135 38.9149 38.9157 48.7248 48.7270 
DIAG E 50.25'41 46.0424 46.0436 50.2571 59. 1' l i3f '59. 1155 

I 

/ - - -. 
DIAG E 50o5177 46,5738 45.8638 50.3451 59.5549 59.1140 - 

IR~~APPROXIMATION .%st . - . tCJ 
2, 4 

. I 

0.00000 
t 5.*. 

P 'J~td(P~'E?39.'0023 39.0035 39.,0*641 39.0053 53.9675 53.9693Ar- ,, -.' . 
.-. * .  

QIAGPE' :50.1770 46.0000 4.65,s~,002 50.1800 64.7191 64.7210- ,, , 

'DIAG Ec50.4413 46.5448 4 5 ~ 8 0 7 8  50.2681 65.1912 64.7364 . . 
cORRSP c6.4497 38.0923 53 i9079  53.9073 64.7191 64.721Oq'- x 
CORRSP 54.1126 54,0826 38.2319 46.61188 65.4275 - 64.5162 - --- - 
FINAL EXCITED STATES OF - SYMMETRY 

. . : r ' . L *  * f .**%.+eq -.*- , - -  -- 
F a 'XMOMNT Y M ~ T  / /  + S T A T E  COMPOSITION. - 0 

', IENERGY 
, - - . (4". - -,* +-- *we< + .. 4,. '&Y% 

46.4$&9 0.00000~0400000-0.00315 / I  wb~.7072 0.0002 -0.0002-0.7070 0.0000?-0.0000 
27.90156 / /  0.7073 0.0002 -0.0002 0.7069 0.00OOijO.-0000 

I 
I 1 

38.09228 0.00000 0.00001-0.00000 / /  -0.0002 0.7071 -0.7071 -0.0002 0.0000 -0;dOOO 
32.99682 // -0.0025 0.7071 0.7071 0.0025 0.0000 .._ ,.._. .* . _."- 0;'OOOO 

,..,./' 
53.90793 1.21603 0.72832 0.00016 / /  -0.0013 0.7071 0.7071 0.0013 -0.0000 :O!OOOO 
38.09228 / /  0.0002 -0.7071 0.7071 0.0002 0.0000 0.0000 

I r, 
53.9072'8 .1.21604-0,00016 0.72833 / /  -0.7070 -0.0013 -0.0013 0.7072 -0.0000 0-0000 
32 .99~03  / /  -0.7069 -0.0025 -0-0025 0.7073 0.0000 0-0000 -k;a;x-- . a .I:$ % 64"..719b9 <0iq00000-0.00000 0.00000 / /  -0.0000 -0.0000 0 0.0000 1.0000 ,-,6,0002 
5'2.96001 " . ~ ~ , - - b ; T ~ k  / /  - 0 . 0 0 ~ ~ ~ ~ ~ - 0 ~ 0 0 0 0 ~ ~ 0 ~ ~ ~ ~ ~ 0  '-0.0000 1.000,Q~$o;'~0004 

# - - ...-. ::: "% ,Ti: .r A*. - 3 *>, I -. . I * - ---. <,,4ft:fly , 5. 

64;.72b96 0.00000 0.00000-0.00000 11 o.;~o.o 0.0000 0.0000 -0.0000 0.0002 1.0000 
52.96168 / /  -o.o~,o@,--0.0000 -0 -0000 -0.0000 0.0004 1 .OOOO . .. L - - .. 



4 --- ENERGIES FOR MESITYL,EYP?.L - .. . .. . 

, ,,ONE. Ef'ECTRON EXCITATI m..* 

x:.-.- - - *-.*---= F -  . ., 
TBMAPPROXIMATIOM, 

I . .  

I . . .  . . 
D I A G  ~,;4;9.5419 45,3301 45.3313,49.5447 58.2212 58.2236 A 4' 
DIAG 'E 49.7177 45,5059 45.5071 69.7205 58.4414 58.4437 r 1 .  
CORRSP 45.8102 - 37,3842 53.2772 53.2764 58.2212 58.'2236 &zy- '-I+ . 
C O W P  45.9860 37) Y -- 
FINAL EXCITED STATES OF ' SYMMETRY - - r - 

7--- 7 + rx" - 'A . 
F XMOHNT YMOMNT / /  STATE COMPOSITION 453 ENERGY 

I 

ENERGIES FOR MESITYLENE- - ,: . - - -'-.* 7 IR~PPROXIMATIOM 
C - NE >ELECTRON EXCITATIONS-QL& r ." .zd 

3 9 - 4  
* 

21 4 -5 .. , . .'-- , --'\ ..-. 
~~~0~NT-0,0008~1~0.51500 Y O . ~ l  590 0. 00081-0.00000 0.00.000-L-" ---. ~ ~ ~ h . ~  
t f i a 6 ~ ~ ~ - o .  5150 1-0.0008,1~0~0008 1-0.5-1500 O~';'OOOOO-O.OOOOO \ s i  - +  
JGNP E 38.2884 38.289t9'38.2902 38,2914 52.9796 52.9814 Y 1 " * b  2, 

1 L -  

DIAG E 49,4631 45.2861-"45,2862 49.4660 63.7312 63:7331 
td.7 

I,"-. \ -r 
' D I A G  E 49,6393 45.4623'45>4624 49,6422 63,9750 6,3-9769 - f. 2 r/ 

CORRSP 45.7357 37,3783 53.1940 53,1933 63-73  12 63':7331 *.a . ..$, 

CORRSP 45.9119 3-7.5-545 53.3702 53.3695-63.9750 63.9769 - 
- --t -- - .- 

FINAL EXCITED STATES OF SYMMETRY 
73-T- -- 

,- 
\ ENERGY F XMOMNT YMOMNT- / /  STATE 'C~MPOSITION -74 . 



A'IUMIC COORDINATES I - 

- .  -- . .. - *  .+ i . - - - 
> ?.?.i,+' -- ...::'~4, STYRENE + ..3a-' - TBM A P P R O X ~ M A T ~ O N  

. - . - - -  
,, $?;? 7 -  - 

+lh: r O_V_E.R.LLAAP E-1 .JF_NMA LYLS AN O--s- ? . 4;4. ,.,--- - 
$* ? %. .. - :. 

,s- *., 
- . . I d  -b# ;/ 

S - - - - A**- 
.4; . ,::R 

1 STYRENE T B M  APPROXIMATION -- - [ r ~  -a-1 !$$ 
. :, 

kL&&LULTD N-1-AN I! I - G N U L U ! ! s ~ I B N Y  F-S- . . tj$ ,; I 

-& - % .*' . . - 
!I L 2 6 -9 5 7-S-3-299.-220-665522115 ,4455~223-1-03.-9O77OO779~11SS.-22SS774J=22S5~~5399OO332~4JJ.~8775591=8 7,. 0-5-84-:6__ 

0.318913 0.000011 01447787-0.285276-0,336423-0~576122-0,000016-0~5731O9 

I 

. 
. . 

-C1 

S . T - Y - R E N E ( ~ O L O G I C A L  --- BOND ~ R D E R ~  -- 1- .- .. - - .- - - 

3 c L i  A ......- 7--- a 8 -  
I 

2~O.~B~88669~~~OOOOOOOOOOOr)r).~6.S58862rOOOOOOOOOO0OO~0O~~SS2_113J~OO.~OOOOODDO~OLQ448_498~ fl - 0 0 0 0 0 
3-0-00000 0.65862 1~00000 0.65862-0-00000-0-30120 0100000 0.20422 

1 4~OO.~32~1~3~l~O~mOOOOOOOOOOOOO.~65588631~~8OOOOOOOOOOOO.O6x88699OO.~OOOOOOOOOr0r0.B~84_4R~O - 0 0 0 0 0 
5 0100000-0.32131-0.00000~0~47869 1.00000 0061014 0.00000-0.25272 
6 0 m.4-1.0~1,_4=Q~B-O~9~0 - 3 0-1~OsO3 0~0-00000~d64110J_41~DnOU. 4 fl 5 8 7 ,0 - 8 8 8 0 0 . - 
7 0;00060-0,04848 0.00000-0.04848 0~00000~0.40S87 1.00000 0.9.1135 

f S.2~2~0~~~OOOOOOOOOOOOz_9_1_S3SS1~~.Z) 0 O O 0 

1 , R N  TBM DENSITY BOND ORD F R S  1.. - - - . - -. -- 
S k * a , . f )  . ;&k, b 



- E-N,& G , I - E U O  R S T Y R E N E TBK APPROXIMATION 1 .'7 
' ONE EL'EC%%ON EXCITATIONS OF NO SYMMETRY : - - $3 

, , 
I 

! 
31 5 2, 5 ' I *  6 3, 6 1 r  5 21 6 1~. h 4. 7 31 7 -__ %. -1 

0.38847 0.00000-0.07765-0.31928-0~06031~0~~~1~8P_97-0.32250 
- 

0.00080-0.00000 - 0 ; 0 0 0 0 0 - 0 ~ ~ 1 ~ 2 ~ 9 4 ~ 0 . 0 0 0 0 0  - -- -- - - . 
4202149 45,7968 52.5478 52,8467 57,3351 

-.I--.. Y - I" ....* 

ENERGY F XHO-HNT YF40MJJT I / .  S3'AJJECCOMPOOSITIIO_N -.--.-. . .. ..- - -- i-,. l.,. ., , ..,,.- A I 



-- ---- - L- ---- -- -- 
I STYRENE'  IRM :I 

--+ - - . - -- . i 1 I 

. L- ATOMIC COORDINATES i .- -- -- .- . . -- - . -. . . - - - -. . - 



I STYRENE j IRM APPROXIMATIO N , T\ 

ONE R l ~ A P ? _ I = G - ~ V , A  LME~S-AN D-ELG~UY-EC-T-OR S '" 
V 

STYRENE IlW- IHM A P P H O X I M A T I O N ~  
Z.ER.O_TM-MA,MILJ-OMIAMII,G:~=VA.i.UES,A M.D,Ed,G~YE;CxOoRRS 

\ 

I ' ~ S T Y R E ~  d I R M  AUGMENTED D E N S I T Y  BOND ORDERS h -g, . 



- - .  - 1 
- - 

EN ER GIE-S-EOLS IT-YR EN E .I 

4 .  5 3, 7 1 *A. 
0 .31722 '0 -04453  - - 7  /. 

YMOAN-LO-.-774994_4~O0.-09_2 39_3-0O.~09-8859z0O~~1114~0O3~0O.5~0O859~0~~14~8~~0O.~~0~55660_9~~0~1_4_488990 .-0~0~8~6~S0~~~0~05_4~6- - 
JUMP E 26.5420 .32.0143 35.7251 39.20392.12-19L4548,?3-598-48.3869 49 .1483 5 3 . 8 3 2 P 5 8 - 3 3 1 3  , . 
01-8 ~f_E-3-9-..2 8_499443d~0O377664_4_4~-336S88~~3~~~39_23.2~~5~1-85-59-~9_667_3325_9-~~26-0O0O6_2,13&~-6 1. 5_4_16886dL05622 - - 
DI'AG E 40.1529 45.4697 42.7973 55.7956 52.5181 57.6507 58.8839 66 ,2307 63 .0836 70.6295 



- I - --- I- '  

, ; I ---.ATOMIC COORDINATES -- -. .. . .- _ ,  . . - - .- - -  - 



- - -  + - 
-----__ -- - * - -  

1 ,A .  - - ;- 
DI PHENYL x fi+d~- - T B X  APPROXIMATION j :.', c 

1 

OVERLAP EIGNVALUES AND EIGNVW~RS > -- -1 - .4 
1 .;&%+ :. " " k  

1 S S  2 A S  3 S S e 4 4 S A  5 A A  6 A s F f ; ? . S  S 8 S A  9tA)'A 10 A S 11 S !3 &%AS 
1.529817 l.lr49137 1,305407 1.236577 1.236577 1.172572'0.827427 9.763422 0.763422 0.694592 0.550862 0.470182 
0.29404 1 0.269755-0.0728,87'0.353553 0.353553 0.292334'0.292334-0.353553-0.353553-0.072886 0.269755 0 -29404 1 
0-21811119 0.319421 0.281.37h 0 - 3 5 - 3 S 5 3  0.353554-O*i45180 0-145180 0.353553 0.353553-0,281376-0.319421-0.218449 
0.195132 0,336581 0.436026-0.000000 0.000000-0.39811+4-01398144 0-000000 0.000000 0.436026 0,336581 0.195132 

m - 8 4 K 9  0.3-1942-1 0~2~8~1~3~7~7-0.3535~5~3-0.353~~55-0,145180 0 . 1 4 5 1 8 0 - 0 . 3 5 3 5 5 3 - 0 . 3 5 3 5 3 5 5 S - 0 , 3 1 4 4 9  
0-294041 0-269755-0-072886-0-353553-0.353553 0.292334 0.292334 0.353553 0.353553-0.072806 0.269755 0.294041 
0.439958 0.192658-0.375381-0.000000-0.000000 0.350341-0.358342 0.000000 0.000000 0-375381-0.192659-0.439958 
0.439958-0~192659-0~37(5381-0,0000000-0.000000-0358341-0358341 Oe0000O0 0.000000-0.375381-0.192659 0.439958 
0.2$4L042-0.269755-0.,$?$887-0.353553 0.353553-0.292334 0.292334 0.353523-0.353553 0.072887 0.269755-0.294041 1 
0 f218~49-0.31 9 4 2 ~ d ' 2 8 . 1 3 7 6 T 0 .  353553 0.353553 0 f i 4 5 1 8 0  0. 1451 80-0.353&3:;0!353553 0.281376-0.3 19421 0.-218449 
0 2 , l , 9 5 1 - 3 2 - 0 . 3 3 6 5 0 ~ 1 ~ ~ ~ 6 0 ~ 3 9 ~ 1 4 4 - 0 . 3 9 8 1 4 4  0 . 0 0 ~ 0 0 0 ~ ~ ~ ~ 0 0 0 0 0 0 - 0 . 4 3 6 0 2 6  . .-.<. 0.336581-0:l.i)5132 
0>218G49-0.319421 0-28~137.7'0.353554-0.353~5B~0~ 14.45180 0. 145180 0.35xS3>:07%3553 0-281376-0.319421 0,'2:18449 
0.294041-0.269755-0:072886 0.353553-0.353553-0.2923311 0-292334-0.3535rn01~353553 0.072887 0.269755-0.'2=42 

--- A - - 
a 

DIPHENYL X TBX APPROXIMATION 1 - .- - \  

.# $3 
H HAMILTONIAN E I G N  ND E I G N V E C T O R S T -  : . ,-J, rt, 

1 - S  S 2 A S 3 S S  6 A S ".E.7dLS9S 8 S A  9 A a \~Q,A$S 11 s s 12 A S ~ Z ?  i&. 
26.5782 23,7852 17.9544 2 1  11,2946 -16,0060 -23.7820 -23.7820 - 3 3 7 4 3 5  -62.571 3 -86.47,6'8. ' 

0.2977453 0.224086-0.063794 0.317939 0.317939 0,26996G 0.321377-0.404644-0.404644-0-007454 0.3631153 0.)12882.1. 



- *  - 
l': , . \&.. 1 TBX TOPOLOGICAL BOND ORDERS i 

%-  '20.1 PHENYL x 4 
1- .r - I 
I . -- \: 

I 2 3 4 5 6 7 9 11 12  I 

1 1.00000 0,67490-0-00000-0.32510-0-00000 0,62690 0-00000-0.13291 0-00000 0L010239 0-00000-0.13291 I 



-- - -- 

E N E R G I E S  FOR D I P H E N Y L  X  TB~(APPROXIMATIOM 
E X C I T A T I O N S  O F  SA SYMMETRY f .  -, . . 

CORRSP 35.1486 50.4529 55.4 149 60.7024 64.5229 '73.2483 
CORRSP 3500840 50.5967 55.9513 61.3786 64.0904 73.5415 - - 

, FINAL EXCTTTD STATES OF -SA SYMMETRY - - 
/ 

. .- * .-, . C ' .  - 
( E ~ E R G Y  XMOMNT YHOMNT / /  -rr S T A T E  COMPOSITION- + . P .  

F 
'4 '<. U. 

r 

- - - - *  v - - 
- 4-ENERGIES FOR D I P H E N Y L  X 1BXAJPROXI.MA'T:I OM 

7 3 2  7- O W E r E L E C T R O N  i . -, ... E X C I T A T I O N S  O F  A S  SYMMETRY'\, 
u 6 7 5, 8 k, - 4  9 2t 7 ' 3t  10 

XMOMNT,-o.ooooo o.ooooo,o.ooooo ~.~oooo~,,o.ooooo 
A K ~ ~ ~ ~ - O .  -TAz??-x- -- 87239-0 -52387--0.52387 0-05360:0,20675 .' 

JutjP.&E\ 27.300538.4641 38.4641 39.7912 51 -6979 
DIA'G"E 3'813913 53.2935 52 i4288  54.8270 67.8811 t 

t 
' , 

-- - - . T -- . 
F I N A L  E x c m T -  

'I I 
I - * 

I 

I. - 
S T A T E  C O M P O S I T I O N  1 

. *  . ' 

0.9697 -0.1378 -0.1241. 0.1078 '0'1168 
22.90460 ' / /  0.8741 -0 ,2829  -0,2812 0,0269 ';0.'2759 



, . 
P . .- - - - 

0 I PHENYL, IRX 

1 -- ATOMIC COORDINATES . - I - -- -- - - - - - 



C - -- - 
! 0 

.@.? 
D I P H E F  IRX APP RO X I M A T I O N  -'. -w& - 

OVERLAP EIGNVALUES AND .EIGNVEGWRS-' k. , <$;%&tt 

* - Y.," - . ?  - f1729- > ' *  - - p" 

3 S S  4 S A  5 A A  6 A S  7 S S  8 S A  9 A A  1Ou.AS 1 1 S S  1 2 A S  
1.63-1833 1.507697 1.275942 1.197211 1.185123 1-103222 0*791150 0-751549 0.739461 0.687587 0-590001 0,539214 

/ t  1 L ', CI 

lRX-4=ii 4 n  

& -- , 
DIPHENYL X [ .. .-. - - .  :. C. Ir* -t. ILTONIAN E I G N V A L U E S . ; A M D ~ E C  ORS > & I  , - : @&dip 

3 S S  4 S A \ .  . . 5 ' A  A 6 A S 7 S S  : < 8 S A  9 A A  1 0 . A S  1 1  S S 12,<A?.SW- I 



I - . r l  -y& >,, 
t ,. - ,  

D'I PHEMYL x I IRx AUGMENTED ToPoLoGlcAL BOND ORDERS I A?+.. '.rx2,, 
4 - - . r  2 ' . * I .  

j .  --. 2 \ . , ' % ?  

DIPHENYL X 
s .. -- -- / 

I 

f Cbf @. 

8 11 
z* I 

. 1 '  pi-- - 2 5 f9 ;*. ye 6 7 12 " ' :.> 
,1 '0<796?8 O - S L U ~ V ; L - ~ % ' 0 ~ ~  12-0-33530-0.0426'4 0.461 58-0.04845-0- 14495 0 ,00771~0.11485 0.00345-0.12611l1-- 

I 



- I~APPROXIMATION - Ji** ~J,EN_ERJGIES FOR , DIPHENYL X * Q  
v- :.. O~JE~%CECTRON EXC.I.TAT~IONS OF- S A  ~ Y M M E T R Y  c+, 'I --? . -I f i  2 d ,  y4 cT 

. I  I  JUMP 4, 7 f b > ~ i  2, Y.+ . 1 1  8 d-. L . - * g . < : y ,  
-:&! 3 5- -,4-0.557,8,3* O~4.7.d 53-0.45335-0.0408.2 '0'.08 182 --,.bt2 I , 

Y.MO$$T{ o.ooooo-O.OQOOO-~o+.'b.booo 0.000oo ~ . o , ~ ~ o o ~ ~ o o o o o  ., J 

JUMP.ZE- 32 i9003  34.2t9.8fi4 -9669.46.8567 52.i8836p55.0844 - .a:*: L #, 

~ 1 ~ ~ & % ~ . ~ 4 3 1  45:96.@?:56,4'47-2 60.7748 70f '60%1~1,$66 '16~ 
A- 

$ ,:t,'-- y 
Dl'A'pm €24' 201158 46.5$@< 37.0978 60.1555 70&29259 '2223310 %-- '<a ,*,' I 

~ f ; . ' .  4 /' C ~ R R S F  50.7678' 35.6964.S6'.455~ 62.9938 66 ib877  77-9797 r ,  +> 
COR-RSP 50.8545 35.6755 56.9886 62.4950 66..7362 - 78.3241 - -- 

XMOEZMT YWOMNT l/ STATE CObIPOSITI ON 

- 

:+- -ENERGIES FOR DIPHENYL X I R ~ ~ A P P R O X I  MATIOM 
4,PMf .&CLECTRQN EXCITATIONS OFex!>-,SYMMETRY r '+ dq \ .- w 

3 ,  1 <.: '. . ! $ u ~ ~ v ~ ~ $ $ ~ ,  7 5 r  8 dsC9 ' , ' . :  2, 7 , .  . . 1 ,  

i 4 ~ ~ ~ 0 . 0 ~ 0 ~ 0 ~ - 0  0.000-00-0.000-00 ~ . o o ~ . o o o o o .  .; I -++- . .- ... 
~ ~ 0 ~ i ; d ~ - ~ 0 . 8 9 3 6 1  0.565j5-'=48062 0if1h317 0.178 lo\: .. ) - -  

JUMP ,E.\27.4392 37.3578 39.680,9. 46.10 10 51,4659 ' ! i * . 

: &.* , 
* ;. 1 f,? 

TED STATES OF AS SYMMETRY \[. . '. 
t la8-: 7 I 

' E ME R-G-Y F XMOMNT YMOMNT / /  STATE COMPOSITION 1 
1 

37.26526 0.85266-0.00000 0.73352 / /  0.9682 -0,1677 0.1152 -0.0688~J0.1281 
I 22.72202 / /  0.8790 -0.2813 0.2618 -0.004~~y0.2823 ! 

%'-A 



D-1-WNYL L-JT I TBM 

J 

i ATOMIC COORDJDJATES . '- -- - - - - . .  - -- ----- . - L .̂ -:r - ;-i K - 0 . 0, 0,8660--1,7321 1.7325 0 - 8 6 6 0  ; 



I 

t \ ,  ' i  2 s - r -  \. -t 8 
\ .  . *  L 5 +  OIPHEMYC TBM A P P R O X I M A T I O N  7 

OVERLAP EIGNVALUES AN0 EIGNVECTORS ' .  
- 

: . 

- - + - - -  - -  - -i - - ' - e & ~ ~  

' ,*:* t 4'' 
, $t,:>,< $ +py*r:f.P, **sL . ~ i -- - -  - -  

.I 
-- - I 

t - 2 ~  .*-.> . * \ DIPHENYL T B M  A P R O X I M A T I O N  
ZEROTH HAMILTONIAN EIGNVALUES~ANO EIGNV'ETORS 

' 1-ss 2-6 33s 21-3 A 5% 6 s  7 ss 8 SA 9 AA 30s USS 12 AS 
27,62100 24,42070 18,82927 15.19098 15.19097 1 1 ~ 3 6 7 7 4 - 1 6 ~ 1 5 3 3 6 - 2 5 ~ 1 4 6 3 0 ~ 2 5 ~ 1 4 6 3 0 - 3 6 ~ 9 7 1 8 1 - 6 7 ~ 1 6 9 2 5 - 9 8 ~ 5 8 7 6 S  
0,233726 0-221257-0,050391-01316601 0,316601-0,276178 01329217~0~407339-0~407339-0,070611 0,366947-0,441568 
01166875 0,265390 0,251137-0,316601 0,316601 0,129430 0.154286 0,407339 0.407339-0.351907-0,440139 0,315270 

0 , 1 4 6 4 6 6 0 0  0-067350-0-437898 0 000000-0-000000 0 -534176 0~46~5,4,4000-0,2767_1_1 - - -" -- -- 
0,166841 0,265336 0.251086 0.316665-0,316666 0,129403 01154255-0.407421-0e407421-0.3S1836-0,440049 0,315206 
0,233678 0,221213-0.050381 0,316666-0,316665-0,276122 0.329150 Oe4O7421 0,407421-0,070596 0,3~6188773-0,4414_78 
0,365614 0-153035-0,317504 0,000000 0~000000-0e323997-01386220 O e O O O O O O - O e O O O O O O  0,444905-0,253803 0,690738 
0.365614-01153035-Ue317S~4-0,000000-OeOOOOO 0e323997~0~386219-010000000 O*OOOOOO-0.444905-0.253803-0.690738 
00233725-0e221257-01050391-0.316601-0,316601 0.276178 0,329217-0.407339 0,407339 0,070611 0,366947 0,441568 
0, 166875-0-265390 0,251 137-0,316~401-0e31660 1-0- 1-29430 0.1542-86 0-407339-O,L07339 0-351907-0,44_0,11339L0315270 . - 
0-146466-0-280621 01381212 0,000000 0,000000-0~367350-01C37898-010000000 0-000000-01534176 0,465490 0,276711 
0-166841-0,265336 0.251086 0.316665 0.316665-01129403 0-154255-0-407421 0-4074-21 0,351836-0,440050-0-315206 
0.233678-0.221213-0,050381 0,316665 0.316665 0,276123 0,329150 0 ~ 4 0 7 4 2 1 ~ 0 ~ 4 0 7 4 2 1  0,070596 01366873 0,441478 



CI; " # & *  I 
"J 

-- ' J a '  ' ,  
#- % - - ~ =  . . 

I- 
d - -  *- '7.' * . . (pk, . .' 1 

I"< ;. *. I 1 !;:.,,& 9 .'..L & ,  ,.*s , 

.,I.. . 

TBM TOPOLOGICAL BOND ORDERS 
\';; ;: ,A 

. -- DIPHENYt *$Tt.' ' - 
".,, \, - 

1 2 3 4 5 6 7 8 10 1 1  12 -..,\g 

- C 

TBM DENSITY BOND ORDERS 
a. - !- 

-v' i \ 1 2 3 4 5 6 7 8 9 10 1 1  * 12 
I kl 0.76574 0.49959-0.04868-0.30240-0.03631 0 . 4 4 9 5 d - 0 3 2 0 ~ ~ 3 ~ 6 ~ 1 ~ 2 ~ 0 A 0 ~ 0 ~ 6 ~ ~ 5 ~ 0 ~ e 1 0 ~ ~ ~ 0 ~ e ~ ~ 0 ~ 6 ~ ~ 5 ~ 0 ~ e ~ 1 ~ 3 ~ 6 ~ 1 ~ 0  
I ' 112 0.49959 0.75715 0.48440-0.04490-0,30240-0.04009-0.03481 0.00675 0-00747-0-00368 0.00746 0.00675 

E, 3-0.04868 0,48440 0,76094 0.48430-0,04867-0-28712 0.01718 OJJO878-0-00368-0-09384-0-00368 0- 10381_5 
I 
k 

4-0.30240-0.04490 0,48430 0,75716 0,49971-0104008-0.03480 0-00675 0-00746-0-00368 0-00746 0-00675 I 
5-0.03631-0.30240-0.04867 0.49971 0,76575 0.44950-0-04377-0-13610 0.00615 0.10875 0.0-0-6-7-5z0-~J-~6-07 
6 0~44959-0~04009-0~28712-0e04008 0.44950 0,72575 0.21218-0.04378-0-03481 OeO1718-0.03480-0.04377 
7-0.04378-0.03481 0.01718-0.03480-0.04377 0.21218 0 .42595  0144959-0e04009-0~28712-0~04008 0.44950 
8-0.13612 0,00675 0.10878 0.00675-0.13610-0.04378 0.44959 0,76574 01499S9-0104868-0.30240-0~03631 

g 9- 9 0.00675 0.00747-0.00368 0.00746 0,00675-0.03481-0.04009 0.49959 0.75715 0-48-0-0.0444!0-0.30240 
i lO,O.l0878-0.00368-OiO9384-0.00368 s..". .+ 0.10875 0.01718-0.28712-0.04868 0.48440 0.76094 0-48430-0-04867 r (  .@.-, 

"'% -%&0.000-- 
.12"Oi 13610 0.00675 0: 10,87;5 0.00675-0.13607-0.04377 0~4~95i~~00.03631-0~30240-0.04867 0.4997 1 0.76575 \ ' -  '- 

, wg- 
--- . . " "..- -*... -- -.- * I 



B - . 
-- 

ENERGIES FOR OIPZENYL , 9 TBM APPROXIMAT ION I a 7 
EXCITAT+IONSLOF,S S-Y-MM_ETR,Y,,.- 

6 

- .., 
6r 9 - 3, 8 Z p  Y e\.. 53 10 1,  8 

-' - 

D I A G  E!42.9893 47.8417 58.4977 66.8401 66.0835 67.8895 ' O I A G  E 162-rn5212 4-8--4-2.21 5990939 67-9-1501 6-5-5161, 6-8.6-5-60 . -  

CORRSP r36-0889 51.2934 57,1367 62.8359 67.8906 74.8962 \ '  ,' 

p, ;..id:.:$ ---.. -.- .---.. 
FINA~"E'X%ITED STATES OF SA SYMMETRY 

S - . C I  I r  

ENERGY! F XMOMNT YMOMNT / /  STATE COMPOSITION 

f I 
ENERGIES  FOR DIPHENYC rTBH APPROXIMATION l o x f /  I 

-X M 0 M N T 0 .0 0 0 0 0 0 ...- 0 0-0-0-0 O-.-O-O-O-O 0 0 . 0 0 0 0 Q = o ~ o ~ < o ~ o $ ~ ~ ~  - . ' J  

YMOMNT 0.88307~~.;" .51596 0,51596 0.0627-3--0..18'42'7 1 
JUMP E 27,5=-1 4-0-:3373 40.3-3.73 40*-5-7-4_1155*8Q11 
O I A G  E 38.3185 54,9556 53.9949 55.1455 72.0516 

,O_I-A-G-E 3.,8_-2-6 1-1 % 5-5-* 13-14 54--J-7-03 5 4 * 8-1 7 7--Zl- .90a5Q.-- ----.-...,.~.,--,.. ,--.. ..-..*, "... ~...-_~.-._--,....I......I-I-I..-......I..-I-.....I.---....I...I,. 
CORRSP 37,3122 59o.1707 49.9423 54,8449 73,1960 

i 
C O R R s P  37,2981 .... 5.9--3433 5_0.099_7S4*-Z5,5,9,9,9_7-33-_9.34.8..- .-.-. .- - .. .- , ., . . . . . . . 

I 
-1 

"-- -- --- . -." -- ---- ( FINAL EXCITED S T A T E S  OF As SYMMETRY t 
! -- 1 

36.08887 0.01041 0.08237-0.00000 / /  0,7587 0.5419 0,2853 0 ~ 0 1 2 5  0,2166 -0-0480 I 

3 1, 56.9j.l --- / / 0 8-53 6 - 0 4 1 9 9 - 0.219-3-02-0113-0,2704'.0,-0-866- 

'2:; -..-.*-..---.-. I .-,..!..l_..--._"~*. .----.----- ....-...--. *-" --.,-..,.---, f F. -. - -- . , 1 
' ENERGY .r F XMOMNT YMOMNT - / /  STATE COMPOSITION 

k '. f t! . t xi{ I 
i-,+:, 1 



! .; 

I ; , 
ATOMIC COORDJNATES ' 'i- .,- - - - -. - - -- . - - -  . - . . . . L _  

lid 
.- 

X 0. 0, 0,8660--9,7321 1,732; 0,8660 
)/ 1 . -  .~.QO_00~~5S0_&10-~ . 0 .-~sOOPPQQ1--..s-~oO~2-~P 0 9 0- - .  

! 



I 4) 
58' 

rr 
* -.% D-1.PH E NXC IRM APPROXIMATION , $5i'<&, *. / - J - 

I .  OVERLAP EIGNVALUE MD EIGNVECTORS \ .  . - I  I , . ,  
I, ' .. 

-lcS3-:.b , - 2-AS 3 SS 4 - a  6 AS 7 SS 8 SA* 9 AA 10 - 11;SS f2 kt ( 
1.b77828 1.529210 1.294085 1.204513 1.189065 1.094215 0.784531 0.741549 0,726100 0.667946 0.575f-87 0,515763 
0 -2 9 6 7 0 9 - 0 2 6 5 0 0 1 - 0 . 0x8-3 6 T 0 3-5 ~ ~ 3 ~ 6 ~ 7 ~ 0 3 ~ 7 5 ~ 7 ~ 0 ~ 0 ~ 3 ~ 0 ~ 6 R ~ 8 4 ~ 0 ~ ~ ~ 2 ~ 8 ~ ~ 2 ~ 3 ~ 5 ~ 0 ~ ~ ~ 3 4 ~ 7 ~ 5 ~ 6 ~ 5 ~ 0 ~ ~ ~ 3 ~ 5 ~ 9 _ 3 ~ 6 ~ 2 ~ 0 ~ ~ ~ 0 ~ 1 ~ 0 ~ 1 ~ 5 ~ 6 ~ 0 ~ ~ ~ 2 ~ 7 ~ 0 ~ 8 ~ 7 _ 2 ~ 0 ~ ~ ~ 2 8 ~ ~ 8 ~ 9 _ 2  

; 0.221524-0.323966 0.279708 0.347578-0.359377 0.130990 0.147243 0.359361-0.347560-0.297412-0.317897 0.198705 
3 0- 0-~-00000~0 2 0 0 -4 0 4 9 9 5- 0 4 0 4-0 4 7 0 .~0~0~0~0~1~0~0-O~0~0~0~0J~2_0~443~S~~0_t~~3 7 4 flS- (i- 1-ZiS 094 
29 0.359432 0.130980 0.147203-0.359448 0.347647-0.297334-0,317816 0.i98652 
3-9900.-3_4_4776 4 1 - O.~31OO66881~O~O~.~21887~1~7_22OO.~3_4~776_L_L5~OO~~3359~44~b-OO.~O44OO115_4_4OO~~2277OO8OO.2~OO~~2288~88118 
2-0.000002-0.336681-01358365-0-000004 0~000004 0.363287-0.201829 0.471214 

2~O~.~3.3~6666881~O~~315588336_4~OO~OOOOOOOOOOO5~O~O~O~O~O~O'1-O7/.3.~.~-~~~-~-~-~-l-8.2-~~O-~~-~-1-Z~-~ 

tr : 7 3  ,> 

C .  

" 

- - -  -- 

I 9 0.347560 0.30,6885 03287235-0.347564-039364 0.040157 0.270872 01289893 
020~-33SS993 7 66- OO. JJ3=Oo9 9 0 0,"~~&~7~2,4~3~0~,-35~~3~6~0~0~~-3_4~7~5~6 3_0-.~2%b4$~2=0_~~~3~1~7~8~~710~~-1~8~7~05~ 

0-0~404995~~.404046 0.000010 0.000012-0.433515 Oi332406 0,1:76006 
~3~OO~88OOOO~~l_4~7_22OO32-OO~~33559944446~OO~~3_4336_4b99OO~2~773334~O-~-3-1-7-8-116~O-~-l~~8-6-5 2 - 
06810 0.287172 01347643 00359445 0-040154 -0~270802 0-289818 

- - - - 
T 

- 
I 

- f - - - 

D,I.P,H_EMXL IR M APPR OXlMATlON 1 d I 

' ; 
8-SA 

- - ---G 

0 1 7 1 0 2 0 0 1 2 6 1 9 7 9 0 . 24-5-8~8J-0.-3-1-6-7-0-0-0,3 29-5-6-9- 0-0 1 2 5 2 24 0-0 1-6-6 2 3-8 0 4-l-7-31-1. 01-4400778888,1 0 0-3-6 3-%04- 0--4-19J-6-3- O-*-2Xbb6-84 
0.155544 0.276681 0.378772 0.000019 0.000019-0.387167-0.456169 0.000011 0.000014-0-530437 0.438292~0;245077 1 
0 ;-17 0 9 9 5 0 . 2 6 1 9 4 1 0 . 2 4-5 84 9' OA3 1 6 7 4 7- 0- 3 2 9 6 1 9- 0- 1 2 5 23 4 0 1 6~6_1_19_3~0~.441t7441~1~0~0_4-0_4779~883~0~~~3~6~3~81~0~0O~~~~0OS56~0O~~2776b6~_1~1~ 
0.229028 0.214267-0.068860-0.327507-0.318806 0.293304 0,324217*0.403705 0!421827 0.049132 0.357066 0.403553 . . < ,  

L 



- ~ - -- 

'2.%cP.g"*. ,-:.a -- -- > 
-. - -  -- Qppp ,fr9, 

t My- 
'.-*I D I P H E N Y L  I I R M  AUGMENTED TOPOLOGICAL BON D ORDERS' 2) . 

' 
- - 

.;.:i,:r~ 
f-Gr 



- -1 b. I 
ENERGIES FOR DIPHENYL + .  /'\, t IRM APPROXIMATION 

'?;$:, . 5.8 ' '4- p.. e 

ONE ELECTRON EXCITATIO~.N_S -O&AV S Y M E ~ E ~ T R Y  - t.:;i 'a' - I - . - --- - -- --- - - - - - -  P. :.-! , 1 

I 
ENERGY F XMOMMT YMUMNT // STATE COMPOSITION 

I a, 

' FINAL EXCITED STATES OF AS SYMMETRY < '------I 
36,92313 / /  0.6752 0.6295 -0.2998 0.2383 -0.0136 1 0.03241 ENERGY F XMOMMT YMOMNT / /  STATE COMPOSITION I 

' JUMP 4, 7 6, V,+ 3,  'il 5 .10  . 29 9 11 8 I - 

xMOMNT-0.54720 0~55,1'1 S-r0~45984-O~43612-0.06439 0-08836 
I -- ENERGIES FOR DlPHENYL 9 HZPI APPROXIMATION 

~~0~~~;0.0000~~.0~~~0-0.00000-0~00000-0~00000~0~00000 . 0 N-E EC E CXR 0 M E X-CI,T~_T_P -0fl.s n F AS-s Y M RF T_R Y 
JUMP E 34.1073 35.5567 44.1872 50.3533 55.5072 57.7506 JUHP - 6, 7 59 8 4 t  9 2, #,7 31 10 
DIAG'E - 45 i2918  46.8584 SB.6092 64.2084 72.9416 73.9707 I \ x KQHN T - o - o Q o o ~ o ~ ~ ~ o ~ ~ ~ o ~ ~ ~ ~ o ~ ~ o ~ o ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~  -3 a 0-fin 
DIAG'E 44.7835 47.429 1 59.2533 63.63-5J 73.2692 74-.-6-6-54 , 'YMOMNT 0.90819 0.56545 0.46443-0.0,7393-0.15042 
CORRSP 51.6911 36.9259 58,3235 66.1624 68.7401 80.0374 2~.d.85~0~3~8~.-9l1~9_1+4~1~.3-7~9~14-~._6-3 5 ~ 3 5 ~ ~ 5 K l n  - 
CORRSP 36.9021 51.7930 58,8604 65.6817 69,4030 80.3953 DIAG E 38,3309 53.5600 55o4530 61.9278 71.7053 

'. :; *.\ ' 0 I A-G E 3-8 --2 1-04 5-3-& Z297 15-,-6-3 5 9 6,12.5-4L 1 7 1 --A7I)b,1 
' ,I-+ ', CORRSP 37.3034 50.0880 59.1014 61.3306 73.1535 

FINAL EXCITED STATES OF SA S Y M M E I K Y  ~-C-ORRSF3L2B~2LSSOO.-225555bbSS~.-2_1_1T776611.-O-3377447733~-Q2U 



' i --- - 4, 
FLUCRENE, TBX 

ATOMIC COORDINATES - -.- . -- . -- . - .  
X 1-kb87 0.6352.-0, 0,3244 1,3059 1-9338 
y 0-6360 G-4480 1-20702-1440- 2-3740' 1,6000 - .  - - . - - . . 



&$$,$?--> 

FLUGRENE 5 &+- 
"'<,* c"; y- g4.: / 

HAHILTONIAN, E I G ~ V A L U E S  l. C . 4  1 . - .  
'i2 A 3 "SLk 4 S S A 6 A .  -7 .S 8 S 9 CA 1 1  S .I2 A V.- I 110 A 

1 
FLUORENE X TBX Y\  APPROXIMATION , 

*.; 
'-5 - - s ?  4 .?$?: O V E R L A P  EIGNVALUES ANG E I G N V ~  . I c 



- -  - - - - ----- - - 4 - -  - i 
& 

I 
F L U O R E N €  x TBX TOPOLOGICAL BOND ORDERS C*CC 
P 

,*isb -A/.<, e- I 8 ' 3  ; ?.* I I 

"1 2 3 4 5 6 7 8 ~,::..~'1:.?9 10 11 
1 1,00000 0 ~ 6 ~ 8 2 1 ~ 0 ~ 0 0 0 0 0 - 0 , 3 3 3 0 5  0-00000 0-64078-0~00000-0~13082~0~00000~0,09759 O ~ O O O O O - O ~ ' ~ ~ ~ ~ ~  
2 0 -65021 1,00000 0,67471-0.00000--0-33218 0-00000-Q-03325-0.00000 0.00639 O-Ooflflo 0-00593 0-OOOOQ 
3-0.00000 0.67471 1.00000 0.65599-0.00000-0-30070 0-00000 0-09314-0-00000-0-07631-0~00000~0~09759 
4-,0*33305-0.00000 0.65599 1-000GO 0.67631. Oo00000-0-03570-0-00OOQ 0-00689. 0.00000 0.09639-QL00000 
5 0-00000-0-33218-0-00000 -0 -67631 1-00000 0-62508-0-00000-0-12552 0-00000 0-09314 0-00000-0,13082 
6 0064078 0.00000-0-30070 0-00000 0-62508 1-00000 0.32539 0.00000-0-03570-0-00000-0-03325 0-00000 
7-0-00000-0.03325 0-00000-0.03570-0-00000 0-32539 1-00000 0-62508 0-00000-0-30070 0-00000 0-64078 
8-0,13082-0,00000 0-09314-0-00000-0-12552 0-00000 0-62508 1mOOOOO 0167631 0-00000-0.33218-OeOOOOO 
9 0.00000 0 .00639-0 .00000-0 .00609:0 .00000-0 .03570  -0.00000 0.67631 1.00000 0.65599 0;OOOOO-0.33305 \ , . I  

id- b i 0 9 7 5 9  0-00000-0.07631.0~00000 0.09314-0;00000-0.30070 0.00000 0.65599 1-00000 0.67471 0.00000 --- - ! 

11  0:;00000 0,00593-0.00000 0-00639 0-00000-0-03325 0-00000-0.33218 0 ~ 0 0 ~ 0 0 ~ 0 ~ 6 7 4 7 1  1 ~ 0 0 0 0 0 ~ 0 ~ 6 5 8 2 1  
I h-7 6 

1 12-,0$13638 0.00000 0-09759-0.00000-0~13082' 0;OOOOO 0164078-0e00000-0~33305 0,00000 0-65821 1.'&0'000 

Y - W' 
- r - -  

- -  - -- - 
- - t 

- - - -  - -- ---, 
- *  ca 

: 
- -- - I- - _ _ - -  . , . -  3 , -  - - 

2 0-49228 0-76203 0.49443-0~04907-0,31129-0~03931-0~O2801.0~00537 0-00582-0-00282fO-00537 0-00549"' 
3-0-04586 0.49443 0175481- 0-47757-0-04775-0-28121, 0-01466 0-09034-0.00304-0-07483-0.00282'0-09471 
4-0-31220-0-04907 Om47757 0.75815 0-50234-O-0398z-0~03011 .O-00574 0 - 0 0 6 2 5 - 0 ~ 0 0 3 0 4  0-00582'  0 -00592 
5-0.03842-0-31129-0.04775 0050234 0-76803 0-45696-0-03832-0-11767. 0-00574 0-09034 0-00537-0-12283 

- 

6 0 - 4 7 ? 3 1 ) - 0 ~ 0 3 7 3 1 - 0 ~ 2 8 1 2 4 - 0 ~ 0 3 9 8 ~ / ~ ~ ~ ~ ~ ~ 9 ~  0.73632. 0-18891-0-03832-0-03011 0-01466-0-02801-0-03899 
7-0103899-0~02801.0~01466-0~03011-0 .03832 0-18891 '0.73632 0145696-0-03987--0~-28124-0~03731 0,47230 
8-0-12283 0 -00537 '0 -09034  0-00574-0,11767-0-03832 0ob5696 0.76803 0 ~ 5 0 2 3 4 - 0 ~ Q 4 7 7 5 - 0 ~ 3 1 1 2 9 ~ 0 i 0 3 8 4 2  
9 0-005,92,0-00582-0~00304,0~00625 0 ~ 0 0 5 7 4 - 0 , 0 3 0 1 1 - 0 ~ 0 3 9 8 ~ 7 ~ O ~ 5 0 2 3 4  0-75815 0-47757-0-04907-0-31220 

10 0110947 1~0~00282'-0~07483-0~e0~0304 0-09034 .O-0 1466-0.28124-0104775 0-47757 0-75481. 0-49443-0-04586 b 

11 '0,00549 0.00537-0-00282'.0-00582 0-00537-0-0280 1-0.03731-0-31129-0-04907 0,49443 0-76203 0.49228 , * 
I 

-12-0-12828 - 0-00549 0~09471-r0-00592-0-  12283-0-03899 0-47230<0,03842-0,31220-0.04586' .. 0-49228 0.77345' .#.;<, I 
. , La--'- 

, % .% -3. ' , r 



F I N A L . E X C I T E G  S T A T E S  OF S S Y M M E T R Y .  
i 

-- - . ,. , 

I 
EN'ERGY F XMOMNT YMOMNT 11 . S T A T E  COMPOSTTION . . 

li  . R 



FIXAL EXCITED STATES OF A SYHMETRY I 

L - - . ---- 

ENERGIES FOR FLUORENE X '  TE~JAPPROXIMATION- 
ONE ELECTRON EXCITATIONS OF A SYMMETRY + 

<.:pa - +y"?*sj 
.,,g,.. ."";'% . . -.-> -*- , ; >  b -  a (I- . . . 

JUMIJ ' 6, 7 5, 7 6,. 8 5 :  8 4 , 9 - ~ 3 J " 2  ,!+~l,.lL7 3 ,  9-'k2~.i-f3-1' 1, 9 t;i:&90 c 1 , l O  
XMGptNT 0.79580-0.15123-0.15159-0.50289-0~51085-0~06267-0~10021'0.02827.'0.01025-0'.10093 0.20238 

* 3861 
YR~~NT-0.00000-0.00000 0.00000-0.00000 0.00000 0;00000-0.00000 0;00000-0.00000 0.00000 0.00000 

ENERGY F XMONNT . YPIOWNT / /  STATE COWPOSITlON d---.--..--- 

P' 
JUMP E 28.7150 31o4039 34.9859 3706448.37-6507 40.9288 41.5770 47.1697 49.6508 49.9997 53,9261 
O I A G  E 39.3050 41.8600 45.2420 52.1919 51.2529 56.0160 54.6972.64.8189 64.2766 62.4369 69.7363 

--A- 

-2849 51-3351 55.4926 54,8854 64.8737 64.7457 62,3567 69-7620 
,3864 47,5348 55.3870 54,7284 72,5496 5900715 64,3534 71;0312 

6.3269 47-626l7S4.7268 55.3004 72.5383 59.5042,64.2732 70.9657 



ATOMIC COORDINATES 





f- 

.' '. . 7 ,  , 4% 
. -- -. .- -- Y3rx ! -< L ? i  

I ..., 
</,'. , + i I ,;$ ?* + ;:.', 

FLUORENE x J BOND ORDERS ,;.;. . -. - 
7 --- - 

st,+ .I.. , 
..l' 

e ' 



I 
FINAL,  EXCITED STATES OF S S Y M M E T R Y  - % .. -. -------- - 

1 
ENERGY F XWOWNT YWOWMT / /  STATE COMPOSITION -.-..- -*. .. -- .- - - . -  ----- 



ENERGIES FOR FLuORENE X '  IR)(APPROXIMATXON 
ONE ELECTRON EXCITATIONS OF A SYMMETRY ,~t-Fc- M,,qy? . - 

JUMP. : 6, 7 6s.' 8 5 1  7 S t  8 4 t  9 -3; .9 2 ,  7 4,10/C;'2~:8, -'-- 3i.10. ..'1. 9 -4 . . - ,  
XMGMNT 0.72445-OC.40643 0.35050 0.49186-0.43424 0.07042 0.06515-0.10387&0:.0'3'715-0.1723610;00627- 

7 

YMOMNT-0.00000 %.00000 0.00000 0.00000 0.00000 .0.00000-0.00000 0.000'00 0 ~ 0 0 0 0 O ~ 0 ~ 0 0 0 0 0 - 0 - 0 0 0 0 0  
JUrtP-E 28,2262 31-2836.32.8043 35.8616-39.9211 44.3375 47.2432 49,2456 5003006 53.6620 57,1591 
O X A G  E 30.0012 41.4531 42.6877 50.38.lS253o2948 57.4877 62o0926,61.5017 68.0106 69,2589 72,6037 
D I A G  E 37,8410 42.1921 41.9282 50.5212 53,2953 57.6348 61.4053 61,4083 68,2224 69,3121 72L9784 

wr 
I 

CORRSP 36-9270.35o l810 45.1565 470-4935.5603885 57.2603 61o0489 63.4875 64,8826 71o1056*77o8420 
I 

CORRSP 36.8349 45.1995.35o1267 47.m6117 56,4174 57o3998-.60-o5510 6304703 65.2005 71,0482 77,8787 1 
L 

- 

I 
I 
I 
1 

1 I 

I F,INAL EXCITED S T A T E S  OF. A SYMMETRY i* I 1 

I 

I 

I 

P $ i 

,ENERGY I F XMOMNT YHOHNT / /  STATE COMPOSITIOM-v $. > 
2 ',f ; p 

36,92699 0.44415 0.53183-0.00000 / /  0.9662 0.1129 -0.0339 -0-1650 0.0910.-0.0241 1-0.0782 0.0071 *-000124 -0:-10'08 
-0.0025 

23031260 
I '  

/ /  0.0414 0.0601 -0.0140 -0-3500 0.3175 -0.0609 -0.0319 -0.0004 -0.0092 -0.2493 
. . 0.0212 'r 

1 1 
1 E 




