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Abstract

Atomic properties are central to discussions of bonding and reactivity, and topological electron
density analysis provides a powerful framework for their rigorous determination . Whereas the
topological method can be applied routinely to comparatively small molecules, its application to
large molecules is somewhat impeded by the rather considerable amounts of computer time re-
quired. Here, we describe two new methods for the determination of integrated atomic properties
that greatly reduce the integration times while maintaining the generality, the rigor, and the
accuracy of the topological partitioning method . The principle of the methods consists in reducing
the total molecular electron density function to atom-specific electron density functions that ac-
curately describe the electron density distribution in the basin of the atom whose properties are
being determined. It is shown that this task can be accomplished either by a reduction of the space
of the primitives in which the wave function is expanded or via electron density functions defined
by atom-specific subsets of selected localized molecular orbitals . With the current integration
algorithm the latter method is more efficient . The two methods can be combined . The theoretical
principles and the computational implementation of the methods are discussed . Their perform-
ances have been tested for a series of polyines C2rH2 and polynitriles C„N„H i+2 (n=1-5 and 10)
and the topological characteristics and the integrated properties are found to be in excellent agree-
ment with results obtained by the conventional technique . Importantly, it is shown that with the
subset selection, integration time requirements approach an upper limit as the size of the molecule
increases. The methods perform equally well for all kinds of basis sets, allowing for the analysis of
large molecules described by spliced basis sets . The rigorous electron density analysis of very large
molecular systems becomes feasible .
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INTRODUCTION

A ic e ie a e ce al di cu i f b di g a d f i a- a d
i e lecula i e ac i , ex lai he eac ivi y f lecule , a d di -
cu eac i echa i . F a ece di cu i f va i u ula i a al-
y i e h d ee ef. 1 . Ba i e a i i i g a d elec de i y i eg a i
ech i ue have e e ged a he w fu da e ally diffe e a ache
de ivi g a ic e ie . A g he ula i a aly e ba ed ba i e
a i i i g a e he Mullike ula i a aly i [ 2 ] , he SEN e h d [ 3 ],

a d he a u al ula i e h d [4], a e a few. De i y i eg a i
ech i ue diffe fu da e ally f he ba i e a i i i g e h d , i
ha hey c ide ly he (ex e i e ally b e vable) elec de i y.
P ble a i i g i he ba i e a i i i g ech i ue ela ed he a ig -

e f de i y he ba i fu c i ce e d ccu . The ble f
a i i i g he elec de i y be wee he uclei e ai , a d diffe e
e h d have bee ed e lve i [5-71 . F la a lecule i e-

g a ed ula i de ived f elec de i y jec i fu c i a x-
i a e he Bade ula i i a efficie way. Bade ' he y f a i

lecule defi e he ig u a i i i g che e ba ed exclu ively
he l gy f he elec de i y di ibu i [ 8,9 ] .
The l gical e h d ha w aj adva age c a ed all he
e h d . Fi , i i he ly e h d i which he a i i i g f he lecula
y e i a ic egi i d e i a ig u way ha i ba ed he axi
f ua u echa ic [8] . All he e h d i v lve fu he a u i .

Sec dly, he l gical e h d all w f he de e i a i f a va ie y f
a ic e ie . Wi h he a ic egi i he lecule defi ed, he cha ge,
f exa le, ca be de ived by u e ical i eg a i f he elec de i y
wi hi ha ace. O he i e e i g e ie ha ca be de ived i clude he
a ic e , he a ic ki e ic e e gy a d e hi y he e ie .
The e li i i g di adva age f he l gical e h d ela e i ex e e
e ui e e f c u e i e. The i e e ui ed f he de e i a i f he

i eg a ed a ic e ie f a lecule g ea ly exceed he i e e ui ed
f he de e i a i f he wave fu c i . The de e i a i f he e i e-
g a ed a ic e ie e e ially i v lve h ee e [ 10 ] . We ha k P -
fe Bade f he g a EXTREME a d PROAIM. EXTREME a d PROAIM
we e ed he Silic G a hic Pe al I i by R. Gla e . I he fi e ,
he c i ical i - he ex e a- f he elec de i y di ibu i a e l -
ca ed a d hei cha ac e i ic value - he -called l gical e ie i -
cludi g value, g adie , cu va u e , a d i ila e ie - a e de e i ed.
Thi e i fa , eve f ve y la ge lecula y e . F a e he
de e i a i f lecula g a h a d l gical e ie f a he la ge
y e , ee, f exa le, ef. 11 . Nex , he a i i i g u face a e de e -
i ed by aci g he a h f ee e de ce i he elec de i y di i-
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Fig. 1 . M lecula del f he i ized uc u e f he lyi e H- (CC )„-H ( =1-5 a d 10)
exa i ed.

bu i . The u face defi i i a a he b d c i ical i a d i a va ie y
f di ec i e e dicula he b d a h . Wi h he a i i i g u face

de e i ed, he i eg a ed a ic e ie ca he be de e i ed by u-
e ical i eg a i wi hi he a ic egi , he ba i . Thi i eg a i i
he c u e i e i e ive e . Eve f a lecule f de a e ize,
he i e e ui ed f he de e i a i f he i eg a ed a ic e ie f
each a i f he a e de a he i e e ui ed f he ge e y i i-
za i f he lecule. I i hi fea u e ha li i he a lica i f hi w-
e ful e h d c a a ively all lecule , a d e e ially hibi he
elec de i y a aly i f la ge y e . I ab i i i ua u che i y,
eve a lecule wi h a few a e -hyd ge a ha be c ide ed
a "la ge" a d i bec e hu ui e bvi u ha he i e li i a i i i deed
a e i u di adva age, e ecially wi h a view wa d a lica i i QSAR .

I hi a icle we e e w ew e h d ha all w f a efficie de e -
i a i f i eg a ed a ic e ie . Wi h he e e h d , he i eg a i

i e e ui ed f he de e i a i f i eg a ed a ic e ie ca be
d a ically educed, while ai ai i g he ge e ali y, he ig , a d he accu-
acy f he l gical e h d. The i ci le f he e e h d c i i e-
duci g he al lecula elec de i y fu c i a ecific fu c i
ha accu a ely de c ibe he elec de i y di ibu i i he ba i f he
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Fig. 2 ( i e a d ab ve ),The i ized uc u e f he la a all-E ly i ile H- (HCN )
H ( =1-5, a d 10) .

a wh e e ie a e bei g de e i ed. The he e ical i ci le a d
he c u a i al i le e a i a e di cu ed. Wi h he e e h d , ly
will he a aly i f he elec ic uc u e , he a ic e ie a d he
eac ivi ie f la ge lecule be g ea ly facili a ed bu , e ve , i will al
be ig ifica i exa i i g a d judgi g i a c ce i lecula d-
eli g. Qua i a ive uc u e-ac ivi y ela i hi f a u al duc , bi -
l gically a d/ ha aceu ically i a lecule , a d he e ie f

ly e a e u ually a ached wi h lecula echa ic wi h e i-e -
i ical cedu e , bu a ely a he ab i i i level. I i h ed ha efficie

de i y i eg a i ech i ue will ake i ible de ive ig u a ic
e ie f la ge lecule a he ab i i i level a d, i d i g, will ake
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i ible evalua e a d efi e he ca abili ie f de lecula deli g
ech i ue .
A e ie f lyi e H- (CC)KH a d a e ie f N- ub i u ed lyace yl-

e e , he ly i ile H-(HCN)RH, we e exa i ed e he ew e h d .
I hi a icle we e ic he di cu i f he e y e exclu ively he
e h d l gical a ec . The la ge lecule i he e e ie have i exce f

120 elec a d a e l ge ha 23 A. All f he e ly e we e i ized
a he e ic ed Ha ee-F ck (RHF) level wi h he i i al ba i e STO-
3G [12] . The e ul i g uc u e a e h w i Fig . 1 a d 2 a d uc u al
a a e e a e d cu e ed i Table 1 a d 2. Thi he e ical level wa ch -
e wi h a view wa d udie f a he la ge y e a d, e ve , hi level

i e fec ly ade ua e f y e a ically e i g he cedu e, wi h he lea
i ve e f c u e i e. A few y e we e al exa i ed wi h la ge ,
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TABLE 1

B d le g h (i A) f lyi e '

'All uc u e i ized wi h D~h y e y wi h he i i al ba i e .

li -vale ce a d la ized ba i e [ 13 ] , i cludi g he ba i e [ 14-16 ] 3-
21G [14] a d 3-21G*, 6-31G [15] a d 6-31G*, a d 6-311G [16] a d 6-311G*.
Se f ix Ca e ia i gle d fu c i wi h ex e 0.8 we e added all
fi w a i he - a da d 3-21G* ba i e . The ucce f he e h-
d g ea ly de e d he accu acy f he a i i i g u face i he b di g
egi . The elec ed ly e e e excelle e ca e i hi ega d be-
cau e hey i clude i gle, d uble, a d i le b d i addi i la a d
u la b d . The lyi e a e f a icula value becau e f ve y ub le fea-
u e i he b di g egi f he i le b d . I i k w ha he elec
de i y di ibu i i i le b d a e a he fla [ 17,18 ] a d, i e ca e ,
uch b d exhibi all axi a i he elec de i y i he b di g e-

gi . Such - uclea a ac have al bee f u d i he y e [ 19 ] .
We e he l gical e ie f he c i ical i a d a all elec i
f i eg a ed a ic e ie , de a e he uali y f he e ul b-
ai ed wi h he ew e h d . The l gical a a e e elec ed i clude he

di a ce f he b d c i ical i f he adjace a , a d he value
f he elec de i y a d f he i ci al cu va u e f he elec de i y

a he l ca i f he b d c i ical i . The h ee i eg a ed e ie di -
cu ed h ugh u a e he a ula i , he a ic di le e , a d
he a ic ki e ic e e gy. Becau e f hei defi i i , he e e ie exhibi
diffe e de e de cie he accu acy f he a i i i g e h d a d hey
hu vide excelle a a e e f he e e a k. M e ve , he e ua -
i ie we e elec ed becau e we fi d he he u eful i eg a ed e ie

i u udie [ 20-23 ] f dea i a i eac i a d hei le i he alkyla i
che i y f bi ly e .

Pa a e e C2H2 C4112 C6112 C8H2 C 10H2 C2 H2

Cl-C2 1 .1684 1 .4083 1 .1816 1 .3979 1.1839 1.3956
Cl-C3 1 .1746 1 .4034 1 .1827 1.3968 1.1846
C3-C5 1 .7156 1 .4027 1.1829 1.3956
C5-C7 1 .1758 1.4028 1.1845
C7-C9 1.1759 1 .3959
C9-C11 1.1843
C11-C13 1.3968
C13-C15 1.1831
C15-C17 1.4025
C17-C19 1.1760
C-H 1 .0654 1 .0660 1 .0665 1 .0667 1.0666 1.0669
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S uc u e f N- ub i u ed lyace yle e : he ly i ile H-(HCN)„-H'
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'All uc u e i ized i C8 y e y. B d le g h i A a d a gle i Deg.
'See A e dix f a c le e e f uc u al a a e e .
`H a wi h N3.
dH ci wi h N3.
'The e i al i i e hyd ge a .

BASIC PRINCIPLES

The lecula elec de i y fu c i i eal Ca e ia ace, (x,y,z), i
he duc f he wave fu c i a d i c lex c juga e . If he wave fu c-

Pa a e e =1 =2 =3 =4 =5 =206

B d le g h
C1-N2 1 .2727 1 .2765 1 .2777 1 .2781 1 .2782 1 .2784
N2-C3 1 .4644 1.4598 1 .4588 1 .4585 1 .4582
C3-N4 1 .2752 1 .2798 1 .2813 1 .2817 1 .2821
N4-C5 1.4603 1 .4549 1 .4537 1 .4530
C5-N6 1 .2762 1 .2806 1 .2822 1 .2830
N6-C7 1.4601 1 .4545 1 .4525
C7-N8 1 .2760 1 .2807 1 .2830
N8-C9 1 .4601 1 .4526
C9-N10 1 .2760 1 .2830
HC-Cl 1 .0888 1.0917 1 .0883 1.0883 1 .0883 1 .2830
Hd-C1 1 .0907 1.0881 1 .0919 1 .0919 1 .0920 1 .0884
H-C3 1.0966 1 .0976 1.0977 1 .0977 1 .0920
H-C5 1 .0964 1 .0973 1 .0974 1 .0979
H-C7 1.0963 1 .0972 1 .0976
H-C9 1 .0963 1 .0974
He-N 1 .0483 1.0475 1 .0478 1.0479 1 .0479 1 .0479

B d a gle
C1-N2-C3 114.299 114.300 114.274 114.264 114.257
N2-C3-N4 118.770 119.041 118.955 118.945 118.911
C3-N4-C5 114.208 114.170 114.156 114.147
N4-C5-N6 118.648 118.944 118.892 118.858
C5-N6-C7 114.179 114.157 114.128
N6-C7-N8 118.654 118.910 118.796
C7-N8-C9 114.199 114.138
N8-C9-N10 118.629 118.811
H`-C1-N2 119 .118 119.217 119.083 119.070 119.059 119.058
Hd-C 1-N2 125.396 124.725 124.690 124.694 124.694 124.706
H-C3-N2 116.243 116.900 116.967 117.003 117.042
H-C5-N4 116.444 117.038 117.141 117.223
H-C7-N6 116.490 117.057 117.218
H-C9-N8 116.493 117.241
He-N-C 109 .102 108.536 108.507 108.524 108.540 108.549
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i f he y e i give by he elf-c i e e f eal lecula bi al
Ti, he elec de i y di ibu i i defi ed a

P , (x,y,z) = 21i 'Pi '1'i

The fac f 2 acc u f d uble ccu a cy a d he u a i i ve he
ccu ied bi al ly. He e we a e di cu i g RHF wave fu c i ly, bu
he e h d a e al all a licable ca e wi h bi al ccu a cie he ha
2. The lecula bi al (MO ) 'I' a e ex e ed a li ea c bi a i f
Sla e - y e, a -ce e ed a ic bi al . Each a ic bi al i u ually de-
c ibed by eve al ba i fu c i , wi h he a ia e ec d ua u u -
be a d wi h he a ia e ex e , a d he a ic bi al he elve a e
(fixed) c ac i f i i ive fu c i O,,. The MO ca hu be ex e ed
a ei he a li ea c bi a i f he ba i fu c i 0', wi h c efficie c ;, i
a a

Ti = F, C 'Vi 0 ;,

	

(ba i fu c i ex a i )
P

'~i = F,Cvi0v
V

( i i ive fu c i ex a i )

li ea c bi a i f he i i ive fu c i whe e he cvi e ul f he
c bi a i f he c efficie c ,,j a d he c ac i c efficie . Thi yield
f he lecula elec de i y fu c i a ex e ed i he i i ive

P i (x,Y,z) = E EP,,„O,,O„
K v

whe e P,,,, i he e-elec de i y a ix

Pµv = 2Ec ci,i
i

The de e i a i f he a ic e ie by he de i y i eg a i ech-
i ue e ui e hi fu c i be evalua ed f all v lu e ele e wi hi
he a ic ba i . The i e e ui ed f he evalua i f , ( x,y,z) will i -
c ea e wi h he ize f he lecule f h ee ea : (a) The u be f MO
i c ea e , (b) he u be f ba i fu c i i c ea e , a d (c) he u be f

i i ive i c ea e . F he de e i a i f he wave fu c i , he u be
f MO ca be educed, f c u e, a d he u be f ba i fu c i a d
he a cia ed u be f i i ive h uld defi i ely be educed gua -
a ee he de e i a i f e ie f excelle uali y. H weve , af e he
wave fu c i i de e i ed, he i eg a i ble ca be educed i w
way . Thi e ua i f ,(x,y,z) ugge w e h d f a e efficie
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u e ical i eg a i wi hi he ba i f a give a . F he de e i a i
f he e ie f a ecific a , all ha i e ui ed i a elec de i y

fu c i ha i he a e a &,., wi hi he ba i f ha a , bu hi fu c i
igh diffe u ide he ba i wi h u c e ue ce f he accu acy f he

c u ed a ic e ie . The e w e h d c i i he educ i f
he u be f i i ive c ide ed (v educ i ) a d i he educ i f he
u be f MO c ide ed (i educ i ) .

SELECTION AND REDUCTION OF PRIMITIVE FUNCTIONS

The e ical i ci le

I he ex e i f he lecula elec de i y fu c i , (x,y,z) he
i dex v de e e i i ive fu c i a g all f he i i ive fu c i ,
wi h u ega d he l ca i a

l (x,y,z) = 2F, [ E Cvi `v 2
i

	

v

which he fu c i i ce e ed. I ead f i dexi g all he i i ive fu c i
i hi way, we ay c llec he i i ive ha a e ce e ed a a give ucleu
N i N e a d u e k i dex he i i ive wi hi each f he e e
defi e he fu c i 'PEN. The u a i f all TiN yield f c u e he lec-
ula bi al W1 . The i dex k de e d he a y e a d he ba i e elec ed
f a N.

'Pi = F,Cvi
V

TiN= E,CNkiONk
k

_i = E, -iN
N

(k=f(N) )

We hu b ai f he lecula elec de i y fu c i
,~,

	

1 a
l (x,y,z) = 2 >2 [ E { E CNki Y Nk J

i N k

The i i ive fu c i dec ea e wi h he di a ce f he a a which
hey a e ce e ed. If he a M i fa away f a K, he he elec
de i y f a K will affec he elec de i y fu c i a he l ca i
f a M. F he c ec de c i i f he elec de i y di ibu i i
he ba i f a M, he c ibu i ade by he i i ive f a K a e
egligible. Thu , he de e i a i f he a ic e ie f a a M ay

be ca ied u wi h a a - ecific elec de i y fu c i ' (x,y,z) de-
fi ed by
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(x,y,z)=2E [E{YcNkjONk}]2

	

w NE {K c M}
N k

a c a y c u c y u
a x y a M. E c y u a

x y a M ca c y a MO c a
y v c c a x y a M. T a
a c va ua u c

x v u c a a c w a
a a M. F y x y c , c

a ca y a c c v y. M a y,
c acc y a c a uc a a c . Ba
c c v y, w ca a y x a M a

c - x M ( x ) a .
W u a {K c M} a c a a

c u - x a NNN= . T c c NNN w c u
a c a c c c y u c ' a w u w

M(x,y,z,NNN)=2Y. [ E{>CNk `N }] 2

	

w N {K c M}
N k

P a c

T u ua a a a c -
a xa y a u a C10H2 a

cu a a u a v xa . T a - c c c y u c-
M (x,y,z,0) av a u c M (0,0,z,0) a -

c a ca y F . 3. T cu a w z ax a
v c ca a . A a c ca u a-
z a u c M . I c c ca c ,
u a u c M c a 10 -4 a.u. -3 a a c

uc u M c a a 4 A. I a , a -
u c w a a cu a y . M cu
a u u u c c w a uc

u c M a x u away uc M.
I a v a K a a w 4 A a M a

c c u a a c c c y u c
M (x,y,z,NNN), a a a c
a M u a xac . T u c C9 (0,0,z,NNN) w

F . 4 w w NNN va u 1 ( ), 2 ( a ), a
3 ( a ) . T cu a c y u c u a a

. T a v a w a, a M a x c ccu
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F . 3. T c y u c M (0,0,z,0) a c a w v u c ac
a C 10H2 a ca y v u a c a a w c y a c .

F . 4. T , cu a c y u c C70H2 w w c -
c y u c c9(NNN) a u x a wav u c-

v a H-C9-C7 (NNN=1, ), H-C9-C7-C5 (NNN=2,
a ), a H-C9-C7-C5 (NNN=3, a ) y. B , -0.6< < -0.4
w a x a a . S a v a w c y u c x a
a v u v c a a . T ccu c

- uc a a ac a c a y w .

T
. M
1v
A

W

2.5

1 .5 -

OS .

0

-1.5
NNN=\\ NNN=\ NNN=3

-15 -10 0

-0.4

N
u
G

0 -0.5

u
W

660

-0 .6
NNN=1 j NNN=2 NNN=3

-15 -10 0
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TABLE 3

E a v u c : ca C9 C10112 y

aE y u c Ta 4 ( a x a a y N . x ) . F
C9-C7 , c ca c a ac z a c ca a C9,
- uc a a ac C9-C7 , a c ca a C7,

.
D a c ( A) c ca a A a B.
E c y a c ca ( a.u . -3 ) .
Cu va u y cu a (A1 a A 2 ) a a a (A 3 ) cu a ax (
a.u.) .
T a c y.

(C v u c a H-C9-C7-C5 y.
C v u c a H-C9-C7 y.

a w a F . 4 a z
c ' NNN . N a - uc a a -

ac a c a y a . C y
x ca cu a C9 uc a c y

u c C-H xc y, u a v a ccu
C9-C7 . W c NNN= 2, a u c C9

a a c y a c a c y u c -
cu ; u c a NNN a c .
T c a ac c va u c ca C9-H a C9-C7 -

a w a ua a v c a u c , a
c9 . I Ta 3, ca a -

. Eac c ca c a ac z y a c a jac
a ac A ( A ) a B ( B ), y va u c y a a ,
a y c a cu va u c y cu a (A 1=A2 )
a a a (A 3 ) a . T C9-C7 c a w

c ca a - uc a a ac a c a ac c va -
u a c ca a v Ta 3 . T a a c -

E y N ' A-B B A B
C A1= A2 3

C9-C7 0.4468 0.7291 0.3602 -0.2976 0.4901
0.6054 0.5705 0.3641 -0.2896 -0.1381
0.7253 0.4506 0.3621 -0.2834 0.3863

H11-C9 0.4210 0.6456 0.2640 -0.5906 0.4636
9 C9-C7 0.4468 0.7291 0.3602 -0.2976 0.4899

0.6053 0.5706 0.3640 -0.2896 -0.1382
0.7253 0.4505 0.3621 -0.2833 0.3870

H11-C9 0.4210 0.6456 0.2640 -0.5906 0.4636
109 C9-C7 0.4426 0.7334 0 .3623 -0.3056 0.5629

0.6390 0.5369 0 .3680 -0.2979 -0.0925
0.7002 0.4757 0.3677 -0.2970 0.1570

H11-C9 0.4210 0.6456 0.2640 -0.5906 0.4635



TABLE 4

E a v u c : a u C9 C10112 y
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'I a a a C9, u a MO a a a v
a w c u 2 ( F . 1 a u ) .
1'I a u a ( .) .
`I a ( a.u.
'I a k c (a.u.), C10H2 E(RHF/STO-3G)=-374 .819358 a.u. w -
V/T=2 .00664975. T k c a c c v a c wav u c .
'T ak a ( .) .
'Va u u a ca z a .

u a , , a k c C9, v w u c-
C9 , a v Ta 4, w y u .

T u v y 1 a w cu a c
y u c , a a E y N . c a , v

a a , w a v u c c -
a H12. E y N . 10 u C9 w NNN= 1 a E y N . 9

P C' 9 w NNN=2 a . Ta 4 a F . 5 w a a
a xac y uc a 1-8. T a u

ca . F E y 9 (NNN=2) u a
a a uc v ua y xac , w a k c

y y (0.033 kca -1 ) . M ca c
ccu a x c , y x a c . T c ca

x y C9 ccu c C9 a u a a k c
y C9 a c u y u a . N a [ C9 (NNN) ]

a a [„,0, ] cau c a NNN w a
" a " c y, w c [ ] < 0 .
T u c a y a a u ca y xac a a c

ca v a c c c y u c
c9 (NNN) a NNN u c y ( NNN> 2) . Ev w

E y N . E a
v `

IP /22 T

1 N 5.375 0.745 36.984703 3 .50
1 N ' 5.375 0.745 36.984702 3.49
2 H12 5.375 0.745 36.984701 3 .49
3 C10-12 5.375 0.745 36.984702 3.47
4 C8-12 5.375 0.745 36.984702 3 .43
5 C6-12 5.375 0.745 36.984702 3.43
6 C4-12 5.375 0.745 36.984701 3 .44
7 C2-12 5.375 0.745 36.984702 3 .43
8 C1-12 5.375 0.745 36.984702 3 .37
9 C3-12 5.376 0.745 36.984754 3 .23

10 C5-12 5.352 0.764 36.968049 2 .87
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Nu E a S P v

F . 6. I a C9 C10H2 v u x a a - c c
v u c ( E y N . Ta 4) .

NNN= 2, u a a ca uc a xc
a . T u a C9 a w
u c C9 (NNN) a v Ta 4 a y a w a ca y
F . 6. I u a v a a y a v y

av c u a w cu a a . W

F . 5. P a u a , , a k c C9 C10H2
v u x a a - c c v u c ( E y N .
Ta 4) .

5320
C

7
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u a c a uc u v
c a a a a y u -

a a c a a c a a a
a a . P ay u u c c u [ 24 ] .

SELECTION OF SUBSETS OF LOCALIZED MOLECULAR ORBITALS

T ca c

T -c cu a a a u a c a
a c a (LCAO) a LCAO c u y a ca z

a MO . I a a MO a ca z , a
y v v c u a y a a cu . I F .

7, a c u a ca z a- y a u a w . I
v u a a c u c y ac a ;

a c a a c -
ac a cu . T a ua ccu w a

ca z MO .
W a u a u ay a a ca z MO

a ca z MO (LMO ) w u a y v a c a c
y u cu . I F . 8, a c u w

F . 7. C u a ca z cu a a u a .

F . 8 . C u a ca z cu a a u a .
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u LMO . I c a y y c a LMO c -
u c y y a w a cu .
T u : W a a c u LMO a u -
c u y c c y u x y a
v a , a a c c u a y
c .
Su ca za wa . T cu a c y
v y

P ,(x,y,z)=2~ [Lw Y v]

w c c c,j a w LMO . W a
a c y u c 'M a c c y

u a a M a a a u c ,
. T cu a a a w ca z , c a a w

a y LMO a c u a y cu a c -
y u c a a M. I LMO c u ,
y c u a a a

M. T acc a k, w a - c c LMO . T
a - c c LMO a M c a a LMO w c av
ca c u a u c c a a M. T
av w a c a a xa c -

c LMO a c w. T a a -
c c LMO a a a cu a u N

LMO . T a w a a
M w u a c y u c a accu a y c

c y a a , a a c y u c x
a LMO a c u , a M. W
LMO u y va ua a M a

u LMO a M, SSLMO(M) . T a c c va u
SSLMO (M) u c a a LMO a ccu
a - c c LMO a M a x . I c a accu acy ca

ac v SSLMO (M) a c a LMO a av
a a - . W NNN v
a v , w u a a - c c c y u c

'M (x,y,z,NNN) =2 ~ `Y cV`

	

(w SSLMO (M,NNN)

a ay u a a c a M.
N a u SSLMO (M,0) c a y a - c c LMO
a M, a 'M (x,y,z,0) a c a c y u c .
T va ua a c M v a u c " (xyzNNN)

a a a a ac v cau u LMO a c -



y uc u , v y a y, w a u
u LMO u SSLMO (M), a w a z

cu a y .

G a ca u a

T c ca c v y w a ca y. W
w a c a - c c LMO . I F . 9, u

c y u c '11,1 (0,0,z,O) a w C10H2. T u c
c5 (0,0,z,0) a z F . 9 a a a y y ca . T u c
a a a ax u a C5 uc u (> 70 a.u.-3 ), x-

v x , x -
ca ax a a uc x w , a -
c a a y a a u a w away C5.
N a C5 (0,0,z,0) a C7 (O,O,z,O), xa , a y c c

C5-C7 . T c u a c u c c u
cau a LMO w c a SSLMO

a . I F . 10, a c y C 10H2
w a ca y, w v a c y u c

1 .

0

C
C3
C
C7
C9
H11

A A _-A ,
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F . 9 . E c y u c M (0,0,z,NNN= 0) a c a w a - c c ca z
cu a a a C,0H2. T v c C,0H2 a , a
cu z ax ( A) . Va u a a.u . -3 ( F . 1 a u ) .
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F . 10. T c y u c C9 (0,0,z,NNN) C,01-12 w a a u c NNN.
T cu a c y u c , ( 0,0,z) u a a ( F . 9
u a cu a a ) .

C9 (0,0,z,NNN) a c a w u c ca z cu a
a a C9, a u a a a u c NNN. F u 10 w

a c a a c y u a
C9 a ca xc y c y c y u c

y M . W a a ca v a a a C9
a F . 10, c , a

y w xa ua a v y w. P a y
a ca a a u a F .

11 . O F . 11, a 3- a c u w cu a
c y u c (x,y,z) C4H2. T wa a w

a PSICON a PS12/88 [25], w c w a y a a c u c-
y u c c y a 3- a a x (x,y,z) va -

u c u w a NETZ3D [ 26 ] . A ca za a -
a u c ca z MO , w ca a -

c c c y u c " (x,y,z,NNN) . T u c
y u c y , H (x,y,z,1), w

F . 11. N a c y u a y-
a CH a cu a w v u v a

(x,y,z) . Qua a v c a w 'M (x,y,z,NNN) a
1 (x,y,z,) w a x c , y a y .



F . 11 . T , a - a c u c y u c u a . B -
, c y u c y a a u a c

ca z cu a a w NNN= 1 c u . I ca , c u a aw
=0.01 a.u . -3.

C u a a a

I Sc 1, c u a a
u SSLMO (M) a a a c a
M c a ca y u . I , cu a a a ca -
z . W av y B y ca za [ 27 ] . T u c c

a BOYLOC a PRPLIB ua u -c y a GAMESS

a a c a cu a c c uc u y [ 28 ] w
a MO c c a u c a v
LMO w w u GAMESSDAT . T a EXTRACT-

LOCWFN wa w c c a a a a
cu a y a w , w wav u c c
LMO a x a v a -ca WFN , a

a u a c y a a y a . Ou a LO-
CALMOID wa u c LMO a uc a -

C	 H
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Wav Fu c
D ca z MO

A I a
U A MO

I MO L ca za I

I O a S c A I

I a P
- A P u a
- A M
- A E
- 33 O P

A I a
U S c
L ca z MO

Wav Fu c
L ca z MO

Wav Fu c
S c

L ca z MO

Sc 1 . P a a za a a a w wav u c a a y .

c c LMO ac a . T a LOCALMOID w c
a w [29 ] . I , a c a a

wav u c x a a u c . F , ac ccu
LMO a c c a c . S c y, a a u c c -
c a a u a a c a LMO a

a a a a a c a w a u c c -
c a a u . A a LMO av xa way a
a a - c c LMO a , a LOCALMOID

u M v a a a NNN
( a a c c ) . T N a - c c u LMO SSLMO (M)
a a a a LMO a ccu
a - c c LMO a M a y , w -

yNNN. T a w u a -ca MID . T
a SELECT-MO-WFN u u y u u c a

c a MID , w cu a wav u c
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WFN LMO , uc WFN ac a a
c y u c 'M (x,y,z,NNN) . W a - c c c-

y u c M (x,y,z,NNN) way, ca
a a y a u ca a a w EXTREME a
PROAIM .

P a c

T ca
I Ta 5, ca a y , a

w wav u c a w u c LMO u a
a , a v . Exc ac y , -

ca a v ac . T y v va u -
w , a c y a w -
w 'M u c w a , c v y, a ca

c u 2. T y y y ca y u a cu -
va u A 1 a 22 w a c y u c a -
ca . T u c ay u M u c a a -
c y y c a . F a ca w A I a A 2 ,

va u a v Ta 5 a u a uc v a a -
a y . N - uc a a ac ccu a a v

a ca a a w c y a y a
c a ac . D v y a a
c y , a w -

ca w wav u c a -
w u LMO xc .

I a
R u a w a w u w a w Ta

6. I F . 12, a a c w a
c y u c a w c y u c u

a u c w NNN= 1, a v u ac . T a -
xc . S a a wa a u a u-

a a k c a . L a u
c z (± 0.004) a u y (± 0.01) . T av a

a u a u a 1% a a a
a 0.1% a a c u (0 .6275 kca -1 ) . T a u

a u va y x , a u a F . 13 . I F . 13
a u a u a a k c a w . A
ca , a y a uc a
xc a , v y x a c ' u c-

. F avy a , u a ay v a y u 0.06 kca -1
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TABLE 5

T ca y °

A-B B A A B P 2 1 22 23

C2H2 H-C,=--C2-H
C-C A 0.4486 0.7198 0.3651 -0.2853 0.4359
BCP C 0.4486 0.7198 0.3651 -0.2853 0.4359
C-C A 0.5842 0.5842 0.3678 -0.2826 -0.1415
NNA C 0.5842 0.5842 0.3678 -0.2826 -0.1415
C-H A 0.4279 0.6374 0.2643 -0.5806 0.4549

C4H2 H-C3=-C,-C2 C4-H
C -C2 A 0.7041 0.7041 0.2714 -0.4088 0.0531

C1 0.7019 0.7064 0.2713 -0.4083 0.5284
C3-C1 A 0.4462 0.7285 0.3607 -0.2921 0.4963
BCP a C3 C1 0.4462 0.7285 0.3607 -0.2921 0.4964

C3 0.4461 0.7285 0.3606 -0.2986 -0.2942 0.4975
C3-C1 A 0.6049 0.5698 0.3646 -0.2874 -0.1391
NNA C1 0.6049 0.5698 0.3646 -0.2873 -0.1391

C3 0.6050 0.5697 0.3646 -0.2879 -0.1393
C3-C1 A 0.7239 0.4508 0.3626 -0.2836 0.3847
BCP a C1 C1 0.7239 0.4507 0.3626 -0.2835 0.3850

C3 0.7240 0.4507 0.3626 -0.2833 0.3852
H5-C3 A 0.4236 0.6424 0.2641 -0.5861 0.4600

C3 0.4236 0.6424 0.2641 -0.5889 0.4600
H 0.3938 0.6722 0.0567 -0.0746 0.0106

CJH2
C -C2

H-C5_C3-C,°C2-C4-C6-H
0.3582 -0.2913 0.4454A 0.4482 0.7334

BCP a C1 C1 0.4480 0.7336 0.3581 -0.2967 0.4475
C1-C2 A 0.5908 0.5908 0.3611 -0.2946 -0.1368
NNA C 0.5911 0.5905 0.3611 -0.2950 -0.1372
C3-C1 A 0.6730 0.7304 0.2731 -0.4081 0.0510

C 0.6751 0.7283 0.2730 -0.4096 0.0506
C3 0.6709 0.7325 0.2729 -0.4095 0.0511

C5-C3 A 0.4465 0.7291 0.3603 -0.2955 0.4936
BCP a C5 C3 0.4465 0.7291 0.3603 -0.2962 0.4937

C5 0.4464 0.7292 0.3602 -0.3035 0.4947
C5-C3 A 0.6056 0.5700 0.3642 -0.2890 -0.1383
NNA C3 0.6056 0.5699 0.3642 -0.2891 -0.1383

C5 0.6058 0.5699 0.3642 -0.2899 -0.1385
C5-C3 A 0.7248 0.4508 0.3622 -0.2839 0.3838
BCP a C3 C3 0.7248 0.4508 0.3622 -0.2838 0.3840

C5 0.7249 0.4508 0.3622 -0.2836 0.3842
H7-C5 A 0.4221 0.6444 0.2640 -0.5885 0.4621

C5 0.4221 0.6444 0.2640 -0.5917 0.4621
H7 0.4219 0.6446 0.2639 -0.5916 0.4618



TABLE 5 (c u )
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A-B B A A B P 22 23

C8H2 H-C7--C5-C3-C,-
C1-C2 A 0 .6989 0.6989 0.2751 -0.4089 0.0465

C1 0 .6968 0.7011 0.2750 -0.4131 0.0463
C3-C1 A 0 .4486 0.7341 0.3577 -0.2947 0.4411
BCP a C3 C1 0 .4486 0.7341 0.3577 -0.2954 0.4413

C3 0.4485 0.7342 0.3577 -0.3015 -0.2973 0.4424
C3-C1 A 0.5913 0.5915 0.3607 -0.2966 -0.1357
NNA C1 0 .5909 0.5918 0.3606 -0.2969 -0.1360

C3 0 .5914 0.5913 0.3606 -0.2973 -0.1360
C3-C1 A 0 .7345 0.4482 0.3577 -0.2916 0.4498
BCP a C1 C1 0 .7347 0.4481 0.3576 -0.2967 0.4471

C3 0 .7346 0.4482 0.3577 -0.2915 -0.2914 0.4455
C5-C3 A 0 .6631 0.7396 0.2733 -0.4076 0.0514

C3 0 .6652 0.7376 0.2732 -0.4094 0.0508
C5 0 .6611 0.7417 0.2731 -0.4092 0.0515

C7-C5 A 0 .4467 0.7291 0.3602 -0.2969 0.4914
BCP a C7 C5 0 .4467 0.7292 0.3602 -0.2978 -0.2973 0.4915

C7 0 .4466 0.7292 0.3601 -0.3053 -0.3002 0.4925
C7-C5 A 0 .6055 0.5703 0.3641 -0.2895 -0.1381
NNA C5 0 .6055 0.5703 0.3641 -0.2896 -0.1382

C7 0 .6056 0.5702 0.3641 -0.2905 -0.1384
C7-C5 A 0 .7251 0.4507 0.3621 -0.2836 0.3851
BCP a C5 C5 0 .7251 0.4507 0.3621 -0.2836 0.3854

C7 0 .7252 0.4506 0.3621 -0.2833 0.3856
H9-C7 A 0 .4214 0.6453 0.2640 -0.5898 0.4631

C7 0 .4213 0.6453 0.2640 -0.5931 0.4631
H9 0.4211 0.6455 0.2639 -0.5930 0.4628

C1 H2
C1-C2

H-C9MC7-C5=C3-C7=
0.7352 0.3573 -0.2951 0.4404A 0.4487

BCP C1 0.4486 0.7353 0.3572 -0.3016 -0.2975 0.4418
C1-C2 A 0.5919 0.5919 0.3602 -0.2987 -0.1344
NNA C 0.5921 0.5918 0.3602 -0.2993 -0.2989 -0.1347
C3-C1 A 0.6880 0.7088 0.2755 -0.4091 0.0460

C1 0.6902 0.7066 0.2754 -0.4139 -0.4122 0.0457
C3 0.6858 0.7110 0.2754 -0.4138 -0.4122 0.0459

C5-C3 A 0.4489 0.7341 0.3577 -0.2961 0.4385
BCP a C5 C3 0.4488 0.7341 0.3577 -0.2971 -0.2966 0.4388
C5-C3 A 0.5910 0.5919 0.3606 -0.2971 -0.1355
NNA C3 0.5907 0.5923 0.3606 -0.2975 -0.1358
C5-C3 A 0.7348 0.4481 0.3576 -0.2914 0.4466
BCP a C3 C3 0.4480 0.7349 0.3575 -0.2964 0.4487
H11-C9 A 0.4210 0.6456 0.2640 -0.5906 0.4636

H11 0.4208 0.6458 0.2639 -0.5938 -0.5918 0.4632



68

TABLE 5 (c u )

aF a x a a a Ta 3.
'F ac A-B, c a ac c c ca a - uc a a ac a
v , a w wav u c (a ) a w u MO -

c a .

a a k c y u 45 kca 1-1 . Suc v a -
u a ay acc a a y y ua a v a ca . N
a v a a a a u a a y ca -

c w a u a a a a u a-
. W w w a a uc a v ua y xac a ca

a a a NNN c a .
IP 1 =0.991IPau +0.0017 (R 2 =1.000)

µ , = 1 .002µ „ +0.0013 (R2 =1.000)

T , =0.999Ta11 +0.0036

	

(R2 =1.000)

T u
I F . 14, u a a a u c u

( z a a ), w u ( ) a w (u a k )
ca z a c a , C1, C3, a H a

y . C , xa , u C1 a .
W a u a u c LMO a
u a cu , a va a w c u c a a a

c a . I a cu a , a a u y v u a u -
c a a y w z y . I a u

a ak a cu a y w u u c y
a a y a a cu . T a va a u c

A-B B A A B P A1 22 23

CWH2 H-C79-C17- C153OC13-C 1--C9-C7!--C5-C3--C -
C1-C2 A 0.6978 0.6978 0.2760 -0.4098 0.0451

C1 0.6978 0.6978 0.2760 -0.4102 0.0451
C -C3 A 0.7358 0.4488 0.3569 -0.2960 0.4397
BCP a C1 C1 0.7358 0.4488 0.3569 -0.2968 -0.2963 0.4397
C -C3 A 0.5922 0.5925 0.3599 -0.2998 -0.1337
NNA C3 0.5922 0.5925 0.3599 -0.3000 -0.1337

C1 0.5922 0.5925 0.3599 -0.3000 -0.1337
C -C3 A 0.4490 0.7357 0.3570 -0.2965 0.4381
BCP a C3 C3 0.4490 0.7357 0.3570 -0.2974 -0.2969 0.4381
C5-C3 A 0.6930 0.7026 0.2760 -0.4097 0.0452

C3 0.6930 0.7026 0.2760 -0.4103 -0.4099 0.0452
H-C19 A 0.4205 0.6464 0.2639 -0.5913 0.4643

H 0.4205 0.6464 0.2639 -0.5917 -0.5915 0.4643
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A c D D T a E c D y

F . 12. A c y a c y u c u -
a a u ca z cu a a (NNN= 1), c a a a
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TABLE 7

T ca C3N3H6 a C5N5H76

75

A-B B A A B . , 22 A3

C3N3H5
C -N2 A 0.4216 0.8574 0.3273 -0.6424 -0.4056 1 .3347

C1 0.4214 0.8576 0.3267 -0.6414 -0.4154 1 .3430
N2 0.4216 0.8574 0.3272 -0.6423 -0.4064 1 .3350

N2-C3 A 0.9164 0.5442 0.2572 -0.4474 -0.3923 0.3143
N2 0.9165 0.5441 0.2572 -0.4478 -0.3970 0.3141

C3 0.9165 0.5442 0.2572 -0.4478 -0.3972 0.3142
C3-N4 A 0.4234 0.8573 0.3286 -0.6864 -0.4017 1 .2811

C3 0.4232 0.8575 0.3281 -0.6857 -0.4088 1.2892
N4 0.4233 0.8573 0.3285 -0.6912 -0.4053 1.2812

N4-C5 A 0.9253 0.5360 0.2542 -0.4356 -0.3789 0.3268
N4 0.9257 0.5355 0.2541 -0.4353 -0.3793 0.3272
C5 0.9286 0.5327 0.2532 -0.4317 -0.3752 0.3301

C5-N6 A 0.4232 0.8537 0.3337 -0.7147 -0.4057 1.2699
C5 0.4231 0.8537 0.3337 -0.7157 -0.4055 1.2699
N6 0.4231 0.8537 0.3336 -0.7195 -0.4076 1.2699

H8-C1 A 0.4423 0.6460 0.2631 -0.5930 -0.5726 0.4857
H8 0.4422 0.6461 0.2631 -0.5932 -0.5756 0.4854
C1 0.4422 0.6461 0.2631 -0.5932 -0.5757 0.4855

H7-C1 A 0.4496 0.6423 0.2605 -0.5711 -0.5562 0.4819
H7 0.4502 0.6417 0.2603 -0 .5697 -0.5580 0.4795
C1 0.4497 0.6423 0.2604 -0 .5711 -0.5592 0.4817

H9-C3 A 0.4492 0.6485 0.2585 -0.5721 -0.5467 0.4935
H9 0.4503 0.6472 0.2581 -0.5697 -0.5489 0.4884
C3 0.4492 0.6484 0.2585 -0.5720 -0.5490 0.4933

H10-C5 A 0.4503 0.6462 0.2586 -0 .5712 -0.5447 0.4871
H10 0.4509 0.6455 0.2584 -0.5701 -0.5453 0.4843
C5 0.4504 0.6461 0.2586 -0.5712 -0.5446 0.4867

N6-H11 A 0.7076 0.3402 0.3082 -0.9508 -0.9212 0.7951
N6 0.7078 0.3401 0.3082 -0 .9534 -0.9215 0.7940
1111 0.7090 0.3387 0.3078 -0.9544 -0.9229 0.7871

C5N5H7
C1-N2 A 0.4218 0.8577 0.3270 -0 .6408 -0.4083 1 .3301

C1 0.4218 0.8577 0.3270 -0 .6408 -0.4095 1 .3304
N2 0.4218 0.8577 0.3270 -0 .6408 -0.4084 1.3302

N2-C3 A 0.9144 0.5449 0.2583 -0.4506 -0.3969 0.3128
N2 0.9144 0.5449 0.2583 -0 .4506 -0.3975 0.3128
C3 0.9144 0.5449 0.2583 -0 .4506 -0.3975 0.3128

C3-N4 A 0.4241 0.8586 0.3276 -0.6818 -0.4054 1.2678
C3 0.4241 0.8586 0.3276 -0.6818 -0.4065 1.2680
N4 0.4241 0.8586 0.3276 -0 .6818 -0.4055 1 .2678

N4-C5 A 0.9214 0.5331 0.2578 -0 .4458 -0.3846 0.3260
N4 0.9214 0.5331 0.2578 -0.4459 -0.3851 0.3260
C5 0.9214 0.5331 0.2578 -0.4459 -0.3851 0.3261

C5-N6 A 0.4243 0.8588 0.3275 -0 .6836 -0.3995 1 .2596
C5 0.4243 0.8588 0.3275 -0 .6836 -0.4003 1 .2598
N6 0.4243 0.8588 0.3275 -0.6838 -0.3997 1 .2596
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TABLE 7 (c u )

aNNN-1 C3N3H5 .
NNN=3 C5N5H7 .
`F a x a a c u a Ta 3.

a c a y v c a
c c NNN= 4 a a a a y.
S a u a a y , a cu C3N3H5

a C5N5H7 ay v a a xa . I Ta 8, a a c -
a w w c y u c 'M (NNN= 1)

C3N3H5 a 'M (NNN= 3) C5N5H7 a a w ac ca , a
w . A u u a a k c a c a

a ca y F . 17 . W a c a v a w -

A-B B A A B P A1 22 23

N6-C7 A 0.9239 0.5316 0.2568 -0.4426 -0.3794 0.3295

N6 0.9239 0.5316 0.2567 -0.4426 -0.3794 0.3295

C7 0.9239 0.5315 0.2567 -0.4425 -0.3794 0.3296

C7-N8 A 0.4238 0.8577 0.3284 -0.6875 -0.3962 1 .2696

C7 0.4238 0.8577 0.3284 -0.6875 -0.3962 1 .2696

N8 0.4238 0.8577 0.3284 -0.6877 -0.3964 1 .2696

N8-C9 A 0.9270 0.5342 0.2538 -0.4340 -0.3758 0.3297

N8 0.9270 0.5341 0.2538 -0.4340 -0.3759 0.3297

C9 0.9271 0.5340 0.2538 -0.4339 -0.3758 0.3298

C9-N10 A 0.4231 0.8536 0.3337 -0.7156 -0.4042 1.2727

C9 0.4230 0.8536 0.3337 -0.7156 -0.4042 1.2727

N10 0.4230 0.8536 0.3337 -0.7158 -0.4043 1 .2727

H11-C1 A 0.4492 0.6428 0.2605 -0.5716 -0.5575 0.4827

H11 0.4492 0.6428 0.2605 -0 .5716 -0.5579 0.4827

C1 0.4492 0.6428 0.2605 -0 .5716 -0.5579 0.4827

H12-C1 A 0.4413 0.6470 0.2632 -0 .5944 -0.5748 0.4872

H12 0.4413 0.6471 0.2632 -0 .5944 -0.5751 0.4872

C1 0.4413 0.6471 0.2632 -0.5944 -0.5751 0.4872

H13-C3 A 0.4485 0.6493 0 .2585 -0.5727 -0.5487 0.4947

H13 0.4485 0.6493 0 .2585 -0.5727 -0.5490 0 .4947

C3 0.4485 0.6493 0 .2585 -0.5727 -0.5490 0 .4947

H14-C5 A 0.4487 0.6487 0.2587 -0.5735 -0.5473 0.4941

H14 0.4487 0.6487 0.2587 -0.5736 -0 .5476 0.4941

C5 0.4487 0 .6487 0.2587 -0.5735 -0 .5475 0.4941

H15-C7 A 0.4491 0 .6481 0.2587 -0.5733 -0 .5458 0.4933

H15 0.4491 0 .6481 0.2587 -0.5734 -0.5459 0.4933

C7 0.4491 0 .6481 0.2587 -0.5733 -0.5458 0.4933

H16-C9 A 0.4502 0.6461 0.2587 -0.5716 -0.5444 0.4870

H16 0.4502 0.6461 0.2587 -0.5716 -0.5445 0.4870

C9 0.4502 0.6461 0.2587 -0.5716 -0.5444 0.4870

N10-H17 A 0 .7084 0.3396 0.3081 -0.9523 -0.9224 0.7942

N10 0 .7084 0.3396 0.3081 -0.9526 -0.9224 0.7941

H17 0 .7084 0.3395 0.3081 -0.9526 -0.9225 0.7940



TABLE 8

I a N- u u yac y : y '
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'F a x a a c u a Ta 4.
°I a u a w a ca z MO (IP) w c ca z a (IPSLO )
a ( ) .
`T a k c a c c v a c .
A a a SGI 4D/25S.

A IP M T`

A MO S . MO A MO S . MO A MO S . MO A MO S . MO

C3N3H5, E(RHF/STO-3G)=-276.212573 a.u. w -V/T=2.00959478; NNN=1
C1 5.159 5.131 0.7610 0.7617 36.452260 36.413355 2.75 1.55
N2 8.166 8.167 0.3287 0.3278 53.874839 53.874097 2.81 2.02
C3 4.823 4.800 0.6783 0.6804 36.234604 36.201772 3.33 2.53
N4 8.170 8.161 0.3215 0.3376 53.878349 53.837887 2.96 2.29
C5 4.806 4.796 0.6797 0.6813 36.215551 36.201322 3.46 2.23
N6 8.003 7.988 0.4774 0 .4925 53.769448 53.718654 2.88 1.43
H7 1 .036 1.046 0.0978 0 .1096 0.658552 0.667192 2.55 1.11
H8 1 .010 1.011 0.0989 0 .0983 0.636098 0.635839 2.20 0.95
H9 1 .036 1.058 0.1010 0 .1128 0.664721 0.685464 3.04 1.38
H10 1 .038 1.048 0.0994 0 .1093 0.664447 0.675895 2.86 1.30
H11 0.757 0.751 0.1640 0 .1632 0.537657 0.531462 2.14 0.92
E 44.004 43.957 273.586526 273.442939 30.95 17.71

C5N5H7, E(RHF/STO-3G)=-459.601827a.u. w -V/T=2.01000174; NNN=3
C 5.159 5.156 0.763 0.763 36.450795 36.447092 4.99 2.35
N2 8.165 8.165 0.330 0.330 53.871187 53.871187 5.06 2.92
C3 4.823 4.820 0.678 0.678 36.231696 36.228133 6.11 3.85
N4 8.170 8.170 0.318 0.318 53.867777 53.867764 5.68 4.34
C5 4.811 4.809 0.680 0.680 36.220408 36.217663 6.41 5.18
N6 8.162 8.161 0.311 0.312 53.859890 53.856524 5.75 4.57
C7 4.811 4.811 0.678 0.678 36.221402 36.220986 6.31 4.69
N8 8.160 8.158 0.313 0.314 53.864441 53.860130 5.50 3.48
C9 4.805 4.805 0.682 0.682 36.214067 36.213659 5.61 3.18
N10 8.000 7.998 0.476 0.477 53.764191 53.759559 4.65 2.21
H11 1.034 1 .034 0.098 0.098 0.664014 0.664026 4.12 1 .63
H12 1.007 1 .007 0 .099 0.099 0.640052 0.640053 3.67 1 .48
H13 1.034 1 .034 0 .101 0.101 0.669629 0.669640 4.83 2.74
H14 1.035 1 .035 0 .101 0.101 0.670548 0.670561 5.15 3.06
H15 1.037 1 .037 0 .101 0.101 0.671583 0.671588 4.96 2.99
H16 1.038 1 .038 0 .099 0.099 0.670893 0.670896 4.42 2.04
H17 0.755 0.754 0 .164 0.164 0.541363 0.541221 3.85 1 .43
1 72.006 71 .992 455.093936 455.070682 87.07 52.14
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TABLE 9

N c c C8H2 a H- (HCN) 5-H a '

'F a x a a c u a Ta 4.
T u x c c ca z cu a a .
°T va u a c c v a c .
I a CPU a SGI P a I 4D/25S.
°E (RHF/STO-3G) = -300.078097 a .u. w - V/T= 2 .00643103.
"T a a VaxS a 3 100 .
9(CN) 5H7, E(RHF/STO-3G) = -459 .601827 a .u . w - V/T=2 .01000174.

a c , c u w NNN= 3 a-
a ca y uc acc a va u a ca (< 0.03 u-

a a < 2 kca -1 k c y) .
T c a accu acy a w c a NNN a c u

a u , a w a w a F . 18 .
F u 14 w a a u a c a

y a a w y a v y w c a a z
y c a . T u va ay a a ax u

u LMO a c a v a . W c a
NNN, ax u u LMO c a , a a va a

u c c a a y a cu . F -

A NNN IP '2 T `

C8H2
C3 1 5.396 0.632 36.931893 1 .72

2 5.434 0.707 36.954243 2.45
3 5.434 0.707 36.954313 2.67
4 5.439 0.706 36.960321 3.11
A 5.439 0.706 36.960321 3.14

H 1 0.915 0.108 0.563154 1 .22E
2 0.916 0.108 0.564092 0.94
3 0.915 0.108 0.563905 1 .17
4 0.915 0.108 0.563908 1.25
A 0.915 0.108 0.563885 2.30

C v5H7$
C3 1 4.794 0.681 36.553362 2.89

2 4.820 0.678 36.590448 3.65
3 4.820 0.678 36.590477 3.85
4 4.823 0.678 36.593768 4.80
A 4.823 0.678 36.594076 6.11

N10 1 7.984 0.491 54.249227 1.68
2 7.998 0.477 54.296635 2.01
3 7.998 0.476 54.297248 2.21
4 8.000 0 .476 54.301285 2.73
A 8.000 0 .476 54.301926 4.65
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Nu N x N , NNN

F . 16. E c u x a k c y a C3 a
H C3H2 a a C3 a N10 C5N5H7 . E y v a v va u
w a c y u c ( kca - ' ) .

u 18 w ca av C5N5H7 u y
C8H2. T c y a y c a a -
u C1 y C N H +2 ( =1-5 a 10) w a NNN

va u 4 (F . 19) . T c NNN u xc a
w va u v , a 'M (NNN=4) . T ca -

C1 a a cu Ta 10 a a -
a Ta 11 .

A ca y a a

H xa wa u a c a c a -
a a ca y a a . M a (STO-3G ),

-va c ( . . 3-21G, 6-31G), a -C y a ( . . 6-311G),
a v a a z a (3-21G*, 6-31G*, 6-311G*) w c -

. I ac ca , c y u c ca cu a -
z uc u (Ta 12) wa a a yz . T ca a c-

u Ta 13; Ta 14 a a c C1 a
H a u a z . I a a c w w
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a w c y u c 'M (NNN= 1) a 'M (NNN= 3) . A
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a c y u ., a w c y u c-
" a 'H, u a a ac u c .

T c a ac c va u c ca a xc y uc
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S z Pa a , H-(CHN) -H

F . 19. I a u C1 a y CRN„H„ +2 ( =1-5
a 10), u c y u c , a c, (NNN=4) .

(Ta 13) a a ca v . T ca a a a
y a w u a , a c a w u ca accu acy

y w c a c u . A u a -
u a , a c , a a k c y a c a a -
ca y F . 20 a . T a u v a -
u a a a a v y a a a a u

a c va u cu y w -
a a (v a) . A u v a u a a

± 0.05 a a c y a ± 0.015 a.u. D c
k c ay c a a a 20 kca -1 w -

va a c a , u v a a y a ca y a
ca -va c a , c a a a u .
T accu a a k c y w u u c u

c - a (v u a) . A u u
a c u c a w z a (Ta 14)

u F . 21 w a a v av c a a v y
c c a . T a c a w ua

c cy a k a .
T a y xa a a cy u a -
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TABLE 10

T ca C a H-(HCN) H°

aA a c w NNN=4. F a x a a c u a
Ta 3.

A-B A 3 P A, 22 A3

=1
C-N1 A 0.4208 0.6148 0.3330 -0.6707 -0.4096 1 .3391
H C1 A 0.4471 0.6417 0.2630 -0.5857 -0.5649 0.4804
H~-C A 0.4526 0.6382 0.2605 -0.5669 -0.5517 0.4730

=2
C-N1 A 0.4213 0.8565 0.3280 -0.6456 -0.4033 1 .3404
H C A 0.4503 0.6415 0.2605 -0.5704 -0.5546 0.4808
H~-C1 A 0.4436 0.6445 0.2631 -0.5912 -0.5700 0.4837

=3
C -N2 A 0.4216 0.8574 0.3273 -0.6424 -0.4056 1.3347

C1 0.4216 0.8574 0.3273 -0.6424 -0.4056 1.3347
H C A 0.4496 0.6423 0.2605 -0.5711 -0.5562 0.4819

C1 0.4496 0.6423 0.2605 -0.5711 -0.5562 0.4819
HC-C1 A 0.4423 0.6460 0.2631 -0.5930 -0.5726 0.4857

C1 0.4423 0.6460 0.2631 -0.5930 -0.5726 0.4857

=4
C1-N2 A 0.4217 0.8576 0.3271 -0.6413 -0.4074 1.3315

C1 0.4217 0.8576 0.3271 -0.6413 -0.4074 1.3315
H C1 A 0.4493 0.6426 0.2605 -0.5715 -0.5571 0.4824

C1 0.4493 0.6426 0.2605 -0.5715 -0.5571 0.4824
H,-C1 A 0.4417 0.6467 0 .2632 -0 .5939 -0.5740 0.4866

C1 0.4417 0.6467 0.2632 -0 .5939 -0.5740 0.4866

=5
C1-N2 A 0.4218 0.8577 0.3270 -0 .6408 -0.4083 1 .3301

C1 0.4218 0.8577 0.3270 -0 .6408 -0.4084 1.3302
H C1 A 0.4492 0.6428 0 .2605 -0 .5716 -0.5575 0.4827

C1 0.4492 0.6428 0 .2605 -0.5716 -0.5576 0.4827
H,-C1 A 0.4413 0.6470 0.2632 -0.5944 -0.5748 0.4872

C1 0.4413 0.6470 0.2632 -0 .5944 -0.5748 0.4872

=10
C -N2 A 0.4219 0.8579 0.3269 -0.6402 -0.4097 1 .3284

C1 0.8579 0.4219 0.3269 -0.6402 -0.4099 1 .3284
HLC A 0.4490 0.6431 0.2605 -0.5718 -0.5581 0.4831

C1 0.4490 0.6431 0.2605 -0.5718 -0.5582 0.4831
H~-C A 0.4408 0.6477 0.2633 -0.5952 -0.5759 0.4881

C1 0.4408 0.6477 0.2633 -0.5952 -0.5760 0.4881



TABLE 11

I a u C 1 y H- (HCN ) H, w a w u a
c a

'A a c w NNN=4. F a x a a c u a
Ta 4.
K c a c c v a c wav u c .

TABLE 12

G y a y xa a va u ca v '

'D a c A a y a.u .

a ca v a u c ca z -
cu a a a y w a a . T -

va c a a a y u " a " LMO ( w a
x v u c ) a , a a c u c , a -

c c LMO c u a a u MO . M a u
a u a .
I y, ca y a a y C6H2 w a - uc a

a ac u a RHF/STO-3G v va w va c a
3-21G, 6-31G, a 6-311G a y . H w v , w a -

uc a a ac ccu w -va c a a u
y a za u c . N - uc a a ac w a y a
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Ba H-C C5-C3 C3-C1 C1-C2 E y -V/T

STO-3G 1.0665 1.1756 1 .4034 1.1816 -225.336835 2 .00606962
3-21G 1 .0515 1 .1908 1.3690 1 .1923 -226.914828 2.00367761
3-21G* 1 .0598 1 .1877 1.3863 1 .1909 -227.108734 2.02221608
6-31G 1 .0535 1 .1966 1.3766 1 .1985 -225.336835 2.00606962
6-31G* 1 .0573 1 .1881 1.3851 1 .1915 -228.178357 2.00119659
6-311G 1 .0507 1 .1898 1.3750 1 .1921 -228.154910 1 .99988710
6-311G* 1 .0562 1 .1848 1.3803 1 .1872 -228.228444 2.00031764

IP ,u T

A MO S .
MO

A MO S . MO A MO S . MO A MO S . MO

1 5.141 0.749 36.727055 1.03
2 5.157 0.758 36.785493 2 .02
3 5.159 5.159 0.761 0.761 36.802011 36 .802011 2.75 2.63
4 5.159 5.159 0.762 0.767 36.810299 36.809932 3 .75 2.73
5 5.159 5.158 0.763 0.763 36.815366 36.814869 4.99 2.91
10 5.158 5.157 0.762 0.762 36.826510 36 .825972 13.62 3.46
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TABLE 13

Ba c ca CBH2°

A-B B MO A B P I 1
~

3

STO-3G
C -C2 A 0.4482 0.7334 0.3582 -0.2913 0.4454
BCP a C1 C1 0.4480 0.7336 0.3581 -0.2967 0.4475
C -C2 A 0.5908 0.5908 0.3611 -0.2946 -0.1368
NNA C 0.5911 0.5905 0.3611 -0 .2950 -0.1372
C3-C1 A 0.6730 0.7304 0.2731 -0 .4081 0.0510

C1 0.6751 0.7283 0.2730 -0.4096 0.0506
C3 0.6709 0.7325 0.2729 -0.4095 0.0511

H7-C5 A 0.4221 0.6444 0.2640 -0.5885 0.4621
C5 0.4221 0.6444 0.2640 -0.5917 0.4621
H7 0.4219 0.6446 0.2639 -0.5916 0.4618

3-21G
C -C2 A 0.5941 0.5962 0.4036 -0.6598 0.1084
BCP a C1 C 0.5962 0.5961 0.4036 -0.6597 0.1083
C1-C2` A
NNA° C1
C3-C1 A 0.6745 0.6945 0.2964 -0.5532 0.1639

C1 0.6745 0.6945 0.2964 -0.5531 0.1639
H7-C5 A 0.3584 0.6931 0.2782 -0.7424 0.6043

H7 0.3584 0.6931 0.2781 -0.7446 0.6043

3-21G*
C -C2 A 0 .4541 0.7368 0.4135 -0.6065 0 .3472
BCP a C1 C1 0.4540 0.7369 0.4135 -0.6592 0.3476
C -C2 A 0.5954 0.5954 0.4154 -0.5560 -0.0787
NNA C 0.5954 0.5954 0.4154 -0.6072 -0.7879
C3-C1 A 0.5697 0 .8166 0.3201 -0.6392 0.7157

C1 0.5694 0 .8167 0.3200 -0.6352 0.7019
H7-C5 A 0.3447 0.7152 -0.2925 -0.8314 0.5598

H7 0.3445 0.7153 0.2924 -0.8268 0.5601

6-31G
C -C2 A 0.5992 0.5992 0.3938 -0.6227 0.0341
BCP a C1 C1 0.5995 0.5990 0.3938 -0.6226 0.0340
C1-C2c
NNA°

A
C1

C3-C1 A 0.6841 0.6925 0 .2912 -0.5339 0.3160
C1 0.6841 0.6925 0 .2912 -0.5339 0.3159

H7-C5 A 0.3647 0.6888 0 .2782 -0.7498 0.5015
H7 0.3647 0.6888 0.2781 -0.7515 0.5007



aF a x a a c u a Ta 3 .
A2 -R 3 a ca .
`N - uc a a ac .

c a ac c ccu a a RHF v w 3-21G*,
6-31G*, a 6-311G* a . T ca a a za
u c ay a a c c c a
c - a za u c , - y u c , c uc a .

C a y, a - v u , w a a c u -
c a c c , a u v a u a u

a ca y . W c ,
w ca w c ack w v c-

y u y a c way, v a x-
y .

TABLE 13 (c u )
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A-B B MO A B P A, 2 3

6-31G*
C -C2 A 0.4403 0.7511 0.4119 -0.5969 0.4799
BCP a C C 0.4403 0.7512 0.4119 -0.6467 0.4805
C1-C2 A 0.5958 0.5958 0.4147 -0.5964 -0.8459
NNA C1 0.5957 0.5958 0.4147 -0.6445 -0.8465
C3-C1 A 0.6851 0.7001 0.3134 -0.6235 0.2221

C 0.6851 0.7001 0.3134 -0.6220 0.2221
H7-C5 A 0.3456 0.7117 0.2952 -0.8531 0.4273

H7 0.3456 0.7117 0.29519 -0.8490 0.4273

6-311G
C1-C2 A 0.5961 0.5960 0.3987 -0.6522 0.0818
BCP a C C 0.5961 0.5960 0.3987 -0.6522 0.0818
C1-C2 A

C1
C3-C1 A 0.6813 0.6938 0.2945 -0.5464 0.2741

C 0.6813 0.6938 0.2945 -0.5464 0.2741
H7-C5 A 0.3556 0.6952 0.2819 -0.7765 0.5896

H7 0.3556 0.6952 0.2819 -0.7786 0.5896

6-311G*
C -C2 A 0.4976 0.6896 0.4187 -0.6449 0.0755
BCP a C C 0.4976 0.6896 0.4187 -0.6921 0.0754
C1-C2 A 0.5936 0.5936 0.4189 -0.6425 -0 .2174
NNA C1 0.5934 0.5938 0.4189 -0.6893 -0 .2177
C3-C1 A 0.6783 0.7020 0.3145 -0.6243 0 .1917

C 0.6783 0.7020 0.3145 -0.6253 0.1916
H7-C5 A 0.3444 0.7118 0.2984 -0.8660 0 .5323

H7 0.3444 0.7118 0.2983 -0.8626 0 .5322
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a a a - c c c y u c a accu a y c

c y u a a w a
.

T a a uc u v u c-
c a a a c c c y u c-
' (x,y,z,NNN) a uc ac v a . T c
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a a c c a . T u c v v MO ca za ,
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c a . C a a a , a
, y a a ac y va u u a a a c -

. K c y va u a u c c NNN. A
NNN va u 4 uc a a a y xac y.
T a c u LMO a w

ca y uc a u . I a cu a , w av
a z a av c a w z y cau
x a u u LMO a c

ac a . T v a , c a , a y
c a c cy w cu a a . N v -

, a u a a a c a a
a a a .
T a y u y a c ca a u c
c u ua y w a k a . T u -
ca cau u a ca ucc u y a
cu a a c y " x " a [30,31 ] . E c a y

u y v y a cu , uc a a ac u ca y u
y ca y ac v y , xa , " c " a

v a a c y a c u [32] a
c u a .
U a y, c a a - c c
c y u c w a u ca z cu a a

x a a u v . T u -
a a a a a c c u ca -
u a c y w uc c y u c a w a

a a c c . G a y uc a ca
ac v w a a a y, , a accu acy

ca . I a z a a a u a a a
u c ' a " a a wav u c av

. T u c y a a y v y a cu a -
a a .
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APPENDIX: Z-MATRIX OF C, N, H 12

C\N,1, CN1\C, 2, CN2,1, A1\N, 3, CN3, 2, A2,1,180 ., 0\C, 4, CN4, 3,
A3, 2, 180., 0 \ N, 5, CN5, 4, A4, 3, 180 ., 0 \ C, 6, CN6, 5, A5, 4, 180 ., 0 \ N, 7,
CN7, 6, A6, 5, 180., 0\C, 8, CN8, 7, A71 6, 180., 0\N, 9, CN9, 8, A8, 7 1 180 . 1
0\C,10, CN10, 9, A9, 8 1 180.1 0\N,11, CN11,10, A10, 9 180, 0\C,12, CN12,
11, A , 10, 180., 0\N, 13, CN13, 12, A12, 11, 180 ., 0\C, 14, CN14, 13, A13,
12, 180., 0\N, 15, CN15, 14, A14, 13, 180., 0\C, 16, CN16, 15, A15, 14, 180.,
0 \ N, 17, CN17, 16, A16, 15, 180 ., 0\C, 18, CN18, 17, A17, 16, 180 ., 0\N7 19,
CN19,18, A18,17,180 ., 0\H,1, H , 2, AH1, 3, 0., 0\H,1, H2, 2, AH2, 3 1 180,

91

0\H, 3, H3, 2, AH3, 1, 0 ., 0\H, 5, H41 49 AH4, 3, 0 .,
0\H, 9, H6, 8, AH6, 7, 0 ., 0\H2 11, H7, 10, AH7, 9,

0\H, 7, H5, 6, AH5, 5, 0.,
0., 0\H,13, H8, 12, AH8,

11, 0., 0\H, 15, H91 14, AH9, 13, 0 ., 0\H, 17, H10 2 16, AH10, 15, 0., 0\H, 19,
H12, 19, AH12, 18, 180., 0\ \AH1 =H11, 18, AH11, 17,

124.706262 \AH2
=117.222819\AH5
117.22364 \AH8
=117.069291 \ AH11

0., 0\H, 20,
=

	

119.058347 \AH3 =

	

117.041922 \AH4
= 117.218103\AH6 = 117.241256\AH7 =

=

	

117.196499 \AH9

	

=

	

117.159884 \ AH10
= 116.459942 \ AH12 = 108.549184 \ A =

114.256748\A2 =
114.128474\A6 =
114.204265 \ A10 =

118.910588\A3 =
118.796024\A7 =

114.147033\A4 = 118.858381\A5 =
114.137551\A8 = 118.81138\A9 =
114.193688\A12 = 118 .782361\A13118.795881 \A =

114.210306\A14 = 118.784794\A15 = 114.233486\A16 =
118.851862\A17 =

	

114.262205\A18

	

= 118.545731\H1

	

=
1.092026 \ H2 =1 .088401 \ H3 = 1.097887\H4 = 1.097596\H5 =
1.097519\H6 = 1.097393\H7 = 1.097308\H8 = 1.097255\H9 =
1.097146\H10 = 1.097026\H11 = 1.096217\H12 = 1.04789\CN1 =
1.278391 \ CN2 = 1.458152 \CN3 = 1.282117 \CN4 = 1.452962 \CN5 =
1.283024 \CN6 = 1.452547 \CN7 = 1.282953 \CN8 = 1.452609 \CN9 =
1.28303 \ CN10 = 1.453041 \ CN11 = 1.282845 \ CN12 = 1.453102 \ CN13 =
1.28263\CN14 = 1.453527\CN15 = 1.282193\CN16 = 1.454818\CN17 =
1.28073 \ CN18 = 1.460393 \ CN19 = 1.275951




