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FOUR NEW BOUND, LOW—LYING STATES OF CN:
~ Timothy G. Heil and Henry F Schaefer IIT
Nuclear Chemlstry Division, Lawrence Radlatlon Laboratory
and Department of Chemistry, University of California .
S Berkeley, California 9h720

July 1970

Abstract
Simple molecular orbital theory predicts the"eﬁiStence of -four low=-
lying, bound,.qﬁartet states of CN. Ab initio configuration interaction cal-

culations have been carried out on these and other states of CN. The four

b+ hﬁ' L4

states, X , . II, A, and hZf are calculated to lie at H.bé, 5.33,:5.91, and
- . o+ 2. 2+ . '
6.67 eV. Only the X <Z , A "I, and B "X states of CN appear to lie below

vthese four new states:
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The CN'raaicél is of considerable astrophysic@l and spectroscopic
_interest (see He?éberg 1950; Davis and Phillips 1963, énd-GaYdén 1968) and
at least eight low-lying bound states have been identifiédi(boﬁglas and
Routly 1955; Caﬁroil 1956; Lutz 1970). The lowest fourésta£es canvbé:reﬁre-

sented by the'molegular orbital (MO) configurations

X 2Z+; '  102 26° 30° Ug® 50 17 (1)
aln hiioz 26° 30° Mo 50° 1m0 N - (2)
B 2Z+ | .:;02 2Q2 302 ho 502 lﬂh | “:: ’ ' B (3)
D21 102 2% 3% 4?1t or S W)

while the othef.fOur known states arise from the two configurations
) ,,F:EA, J A 16° 207 302 ko 50 1 on (5)
Kemo 16° 20° 302,h02 502 112 on (6)
Although all the known states of CN are doublets, by simple symmetry

i +' h -

arguments (see_Herzberg 1950) we readily £ind that I s and-hA states can_'

arise from MQ'éonfiguratiqn,(S), and a uH staté can arise from MO conflgura-
tion (6). Fﬁrtﬁéf, Hund'é rulés (see Herzberg 1950).indicate that these'four
quartef stateslshould lie below the four known bound étatés of CN arising from
c?nfigurations-(S) and (6). |

In ordef‘to test these simple empirical prediétions of MQ theory, we
have carried'out’ég initio configuration interaction (CI) calcuiafionS'on
several states of CN. The calculations employ ls Har%rée—Fock atomic orbitals,
plus 2s and 2p Slater- type orbitals for C and N, with orbltal exponents
optlmlzed for the X Z ground state at its experlmental internuclear separa-
tion. Holding_the ls atomic orbitals QOubly occﬁpied, full CI calculations

were carried out for each state at ten internuclear separations. The number
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Of'cOnfigufatiéhs;thus included were 320 (2Z+), 16k (ng);'196 (MZ—), 292‘(hn);vf

and 152 ( A);f The computatiocnal -procedures used have been described elsewhere

(Schaefer 1970 .a, b).
The.uséfﬁlness of the sbove theoretical approagh{has been demonstrated
by studies on]02 (schaefer and Harris 1968), NH (Kouba and Ohrn 1970), Si0 -

(Heil and Schaefer 1970), N, (Michels 1970), and CO (O'Neil and Schaefer 1970).

'~ The above studiés all yielded potential curves in godd”qﬁélitative agreement

with‘experiméntf,'ln hearly every case the calculatedhofdéring of,étates
agreed with tﬁg.ayilable experimental daté."Typically,:TO% of the.diésocia; .
tion energy'§;é 5btained, and thé spectroscopic cbnsténts're,tne, and Be.dif—
fered from exﬁéfiment in a ?ery consistént manner.

Figufe’l’%hows the caléﬁlated potenfial-cufvés for the ibwestvthree

L ho- 4

j S Lo+ S '
-2 states and the lowest X , Z , I, and %Astates.t:Table 1 indicates the

predicted spectroscopic constants.

Figure?i.indicates clearly that all four qﬁartét states are bound and .

lie more than 1 eV below the E 22 state. From the experimental data on

doublet states (Douglas and Routly 1955; Carroll 19563 Lutz 1970) we conclude
hz+ vhH 4

‘that the ,» 1, A, and 437 are the 3rd, bth, 5th, and 6th excited states

of CN. And the hZ+ state is seen to lie only slightly above the very well—:v

characterized B 22 ‘state.

Although ‘the B 22+’state dissociates to °s + hS-in’the preseht cal- 1 

‘ éulations, ffom the atomic dissociation -limits and the non—crossing_rule, the

2+ L .
B 22 must, ‘in fact dissociate to 3PC + 2DN. This discrepancy arises from the
inability of our small basis to adequatelyﬁrepfoduCe the splittings‘between'

the low-lying'atomic states of C and N.
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Figure 1 caption.” Potential curves for the three lowest,?z ‘states and the

lowest hz_,_hﬁ, %A, and hZ states of CN. Arrows-near the right margin .=~ =

indicate dissociation limits.

i
I -
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Table I. Spectroscopic constants for low lying gquartet and three reference 22 states of the CN molecgle,

State ? (ev) D (e¥V) 1 (R) w (em™) w x (em™™) B (em™) @« (em™!) minimum pt. dissoc. limit
e e e e e - e
: (Hartrees) (Hartrees)
:‘X 2Z+ Qalé L0 '6;178..~1:236'; 1939;2._fj'1u.54ﬁ- 1;610 » o ,0151 : -92.13L438 . - -91.9073k - -
CExp - O ».'777510.2b‘1.1723- 2068.7% 13.14% . 1.900% . o.o173% . . R

B 25" Ccale 3.765  h.335 1.206 1765.2 32.53 1.636 L0262  -91.99603 -91.83672

_ Exp  3.193% 1.151%  2164.1%  20.25% 1.970% .0222%
“* ' cale 4.016  2.162  1.4L8 1249. 4 14.82 1.17k 0152 -91.98679 -91.9073k
Y Gale 5.326 0.853 1.629 873.0  13.15 0.927 0154  -91.93867 -91.9073kL
MA_ Cale 5.913 2.187 1.km 127k ih,hz 1.184 .01hT -91.91709  -91.83672
Y cale 6.666 mi'fgzc 1446 1286.0  15.36 1.177 .0138  -91.889k2 -91.83672
gt Calec 7.856 1.745  1.36L 1717.1 30.57 1.322 .0151 -91.8L4567 -91.78154

EXp 7.33hd 1.320% 168144 3.60% 1.u87% .0064¢

a) Herzberg (1950).

b) Gaydon (1968).

¢) This state has a maximum. Upper figure
tion limit . '

a) Lﬁtz (1970).

is well depth from maximum.

Lower figuré'is'depth from dissoéia= °

:§€66T~TH5H
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tion contained in this report, or that the use of any information,
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