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I.DEFINITIONS«
W, consider @ square matrix ¥ - (mi*’ YeItis eigenvalues are
% ,yﬁ ,...yr pe++The eigenvectors asgsociated to these eigen-
values are X, ,.I’l ,...IP e The components of the eigenvector Xp.
are x‘r ,x'},‘, 35 "I;f" sase
K* ,transpose of M have the same eigenvalues.Its eigenvectors are

Za ,Zﬁ geeed 3...'21“: components of Zp are z—ﬂ" ,zw,...z‘.f‘,..

r1.xmemper! 1) (2
i‘;ﬁmction of variable y and matrix elem ents LAY is the charac~
teristic: polynomial of M and M',

Y being an non degenerate eigemralue,we ha.ve

() ezie® = |
i%’ 37t
If v is a double degenerate eigenvelue,the e:.gemrac-tors agso-

ciated to y are respe Xt’ ’Xt"'. ,;md. Zf" ’Zt" and we have the
relation '

?) B [JNIEJJ’J# tq( Bip %y 3.,‘] =-1

ftit
THe double degenerate yt, being root of —f and 9 F .2(7'

we consider 7F[} k]f and we have Drin e
@) P_‘f » F ofpgu)d€
s s
LA

J;le
o) (2] = 157 )y
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In the same way we show

F sispp) | s
(9) 11-—.. = { ¥ ;
Y IO AV A RY T e »
Considering (5) 2nd(6),relation (2) becomes 2 TP
i . s T NT u] = -

L‘H Pl‘" U’n,)rp [a*f" 7”‘ e G L gy "’,F{
IIT,DETERMINATION OF PATRS OF EIGINVECTOR:3 ASSOCIATED WITH THE ;:;f‘
DEGENERATE EIGENVALUES.

a)Principle. We explain 2 computational method of deter—
mination of eigenvectors X,/ and 2 ';we obtain the matrix

@] TP"' = [umJ fj.‘f"’]}z}'&.-:: )(ra Zrd

The matrix Pp" =Pr,, - Pf.,“ determines the eigenvectors
X " and Zp' .

b)Determinetion of eigenvectors Xgh‘ and Zg: -
Substituting in I the diagonel element my, by My, + Qp.,
we obtein matrix H.F being the charzcteristic polymomial
of M,this polynomizl for N is F+ A 5 i
yy being = doubly degenerc te eigenvalue of ].,ue ha ve

b)) e

vy mmw b yr' b7 5o

ytn," an eigenvalue of Ne

The relation between eigenvectors Ug of N ond Ve(, of Nv,

transpose of N,associal‘ted to Ve is 2%F
AF

—
(19) Ay Vi ™ ~| Ty * T "'““'“Dm
3 %
%; + T’b"‘lﬂ fe
yf"' being a doubly dcgeneratc e:.gemr':.lue of M,'DF being
equel to zero ’F My‘h‘

= Jmm
m /u: ° . 2m,
@1) Bp )??Tﬂm Ya

U[_,_ and Vf.t being independ~nt of g, ,are eigen~

vectors of M res p.M' yagsociated with eigenvalue Ypo
= Nyt Ve = 2
(12) W = Xprj Yo

Comparing relation (11) to relation (1),we see that
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3 2 -i,-t' -2 l;

M = 23 :4 X = s X = o

| laiE AL i P

|

' =4z -4 4
Loyt double deginonay, - =

| éTw'& 25| 11 % 3\

J (‘Ip,;z 2 -3/2
]f P TaBE&fl

T |

«Je crn choce I rs

in K of =11

the chroreateristic polynomisl of W is
the matriz obtiined by annulrtion

elements in line -nd colwmn index r.

IVLIUMERIC:L BX JPL4i. Ye conaider the matri- M 42ble 1.

['Dz?ny ;ﬁﬂ[_“)} fg& 3:( < } z
* [%ﬂ%j
) [%%3 a8y 8y 3%\5 4

P 3 Mon-A3], .
B T

Our method cnn be apnlied to indices 1,2 ~nd 3,but not to

»)e have

2
index 4,relation (11) not being =pplicrble if DYF =0

b)Oper~tion index 3 /f 20 3 /‘3}§mh,ﬂ/
e " o
Ak P L 1 2 03
o Amg, Y g 0 Q0
3 g o 00

golumns ~rTe quT slines are k Z“I' .

We chose X,(’ on Z,(' in menner thot X0 Z“' = Z‘_! an — 4



TR

We have
" B
(15) Xd‘ * “i ZoT o
0 3
Applying rel-~tion (2) to Jg = lswe obtrin
4 12
/ . 1 1 1%
V{é/ fo{’ % o0 0 1 -1
o ¢ ¢ o
T L.
- s = = = /f "y
() Do Du-To " Kol o o 1 E
o ¢
2 \ o \
Choosing X" = -1 sWe hove Z o= _2
g\ "%
Sets of eigenvectors of M are gi ven in toble 2.
r JI 2 & f-ﬁ 0
f - -1 s s X2 %2
i X P 1] ’El-r' —1\ Xﬁ— 1 / 4
i o P o 2 Z
| -4 ¢ il i
| - 271 ¢ 5 | AL o \
‘ Z;(a:: " | —1 Z[Q i & 41 ‘
3 “f z ~34 |
‘TLbot <

' '
These sets verify the relation .{r’ Z.’ = -1"' XV = D{‘y
Ty

being Kroneckers symbol.
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c)Operation indices 1 and2.Results see table 3

D 7
= "‘! .-;:.. ’4
g" 1 )f(’f" 0
0 o }ru[b(/{
0 ~4
40\ o .= 1
-.,‘/L ‘f
« 1
X ’: —0 &":
i % 3 2. ds :}
f o 2 %
P B Y
“ |4\ Tatled Eh
et ©

T.APPLICATION TO THE DOUBLE DEGENERATE EIGENVALYES OF
SYMMETRIC MATRICES USED IN THE HUGKEL'S METHOD s APPLIED
70 ALTERNANT HYDROCARBONS.,

We shall recall the relations for symmetric matrices.

= 1 =
In most casesfthe symmetry of the molecule permits the decomposition
of the matrix in several matrices,(:orresponding to the

irreductible representations of the symmetric group of the
molecule.f two different representations correspond to the

the degenerateeigenvalue yu jthe eigenvestors X ' and x‘u"are
eigenvectors of non-degenerate eigenvalue 3?, of two different
matrices.But if yp is a doubly degenerate eigenvalue of a
matrix corresponding to a samefirreductible representation,

our computational method (as others " )may be used.

Exampl es1/3Naphtoquinodimethane.

Application of Huckel's HaM.Oe.pethod leads to matrix represented

by graph fig.l.Vertex index i represents diagonal element m,’
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of the matrix.Edge ij represents the

element m,_g_ and m.J"J; +All diagonal
elements of M are equal to zero.
Non diagonal elements m, =Y ,if
ij is an edge of the graph;m,-j =0
in the other case.Table 4 gives
eigenvalues and eigenvectors of

this matrix.HWe cons:i.dex)‘the eigenvalue |v ¢ ¥

Y =0,phich is doubly degenerate. Fiz ‘

Our method gives no results,if we
operate fo indiees I1,3,5,T or 9 = 0

if v =l4345,7 o1 9.

Table 5 gives graphs of paips of eigenvectors,associated
to the degenerate eigenvalue Vg =0

A)Pair of eigenvectors corresponding table 4

B)Pair obtained by operation index 2

(i # - " v INDICES 4,6,8,10
) - - “ Yndex 1Y
E)" - @ index 12
4 3 . L él .
o 2315 LTTE LSWIE L2 L8RHI LS00 |00t -3
o | - > o - T
1 R BRI C LIPS TIT SN LU - LR o B IR
2| s o 1597 28020 -.20634 51820 §-.20263
3| L2930 -aasedl 32910 29688 10336 .00000 | .0000*
4| L2995 -.17822 38925 17087 16829 35518 |-.46551
5| M7 L1365 25608 -.i88eY L0639 00000 |-.c000s
b | .22 G577 =470 - A - 07053 | L2 -uiaE
1| g2 AR LI - AuTSE 0000 f-ME 4074
3| .18950  LIBUT  -.0160 L51843 0568 17759 |-.2%206 L1058
9 | .2%80 29008 -.20799 23831 .49566  .00000 J-.00008 -.49566
10 | 4068 .I3166  -.30095 -.2452 L3072 -a7rse | .mme 3072
M| 05403 -.li2s6 33059 -.02386 -39 .83579 A 03907 -.3NT
12

2366 -.25838 L216e2 26408 12867 16702 34 12382

Lew oS 9, 104 andBnon astdeamoves Shndy are
e 509
Tal'te i
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The eigenvector of e-ch prir (t=ble 5)is orthogon~l to its rssoci-te
and also to the others eigenvector: of the matrix.
TC L,3CTRON DENSITY (H.ki,0,1STIHOD)

We consider on rlternent hydrocrrbonycont ining 2n corbon atems.

z z
We recrll thot x",‘wl and x;,t“' sdirgonnl elements of pﬁ" resp.Pr«"

gre depending of the choice of pnir of eigenvectors (sce chap.Jll

T
and IV),x;FI + x;r“,di:n.gonr.l elenent of Ptc- is indencndrnt of this choia
Four ground state =2nd closed shell molecules ,each of the lower

levels contains 2 electrons;the Tlelectron density [.i.0.ilethod

of atom i is given by (18) r 2
vowd
1) g= 2%
] ped

If the lg:.rel Y with # < n is doubly degenerata,the sum
x,'L.,‘+ x;tg.ﬂ is independ~nt of the choice of pmir of eigenvectors;
But if the highest occupied level yg is doubly degenernte
(see our exemple y = @ )} the relntion (18) is vslid only, if
each of the two levels cont.:.ins 1 electron.
Humericnl exemple:itom 2 (see table 4)
The sum of the electron dencities of levels 1 to 5 is
2((%277691 + 0?3711f10,11597 + 0,24023z+ 0,2063423 =0,65713¢¢
2 £ =2.0,5182¥ = 0,5370624
2 x2pe = 2.0,27:63" = 0,1486542
X;E" + x:‘t‘v =0,34285E3 )

0,6371366  +0,3428563 =1
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