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&x o (8m) -->o(ep n - ooaaa,mu (°p>—->a(asn =0 264,
Al o(B) —>x (2p )} = 0.226 4. Thess. va.luea ‘are i,atemalhv cowsiatent

t

and sdditive B0 that (for example) Cm[a (Qp ) >»o (29)] '-n er{x (2p ) —>

K

oA =

O (Qp )J + o] © (2p ) ~fe>~o (23)} = 0.052 + O 0&8 - O lOO A (This

bR 1‘

nay. be verified by couparing the 1ntarndclepr distancea of the DH (1) state :

- s
B ,~.‘- K4 “J.-\
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and 3:: stato) _ . e o, e e ’a
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Since hybrid.iaatton modiﬁes the bcnding povqr of a m}.ecular oz-bicax, ‘

v

S _ ’
ve také the above observazicna ag’ indicaticns that\the triplet staxea -{;' Y
; oy

and the ln state and the ln state nawe the sama‘aesree 6? by%ridizationf~

for the game moleculsr orbitals. By ;he aame reaaonina, we cbnclude that

the lz + and the 12 stata have a degree of hybridizaxion d fferent rrnn |

that of the triplet states, since the Ar o for thoge statea are difrerant

o
L - .. 4 A L.

from the corresponding ar's. of the, triplet statcs. O

. Tre very small differenee 1n r for the pelrs ot atates 3? o nh and
BH end H (l) are interpreted es due to difference 1n electronic . e

correlation between triplets and singleto. If instead those ditferenees
in r, ghould be~1ﬁterpreted &s dne to & difference 4in hybridization, it
ig clear thet suuh B diffcrence is very amall, hmd conaequently the \

. approximation of the same hybridization in the triplats “and- 1n the ln e
3 ik .

Ve will assume 1n addition (see Ref (9)) tbat’ there ‘'8 no hybridizatlon

-(a
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4n the o (28)‘molecular orbital. ‘ : C T :,"’3ﬁ
The hybridization in the o (25) end in the o (2p ) may be such

as to- 1ncreaee or decrease tho bonding charncter of the originad non- i
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peatively. The B 1nt@grals are taken pmp@rtiom to the m'erlap m‘tegml
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The constant “J Yiag the effect of dpereaeing the: bond;ng p@wex of ;éu
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where the veliue i_;t:) = 2¥ 5 again obtained from Mulliken'a v{m;k.l,'??' In the";-;' ,
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following the asstmpt.ion is mde tha.t‘. the core emrg' (1 e. ,the t_ n

«'- 4.
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elactrons of hhe o (25), o (28), ‘_qu(aan) (2;5{) u (ap ) az\e ' a,:\‘

q LA

consi:d.ered en ’s)'a.lenqy e:usctrons i hybriéizatim :s pn-oen; in sm
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of the valency mleculax orbd.tala 'bhen S ogs iﬂ mpleced by 5‘1 bn,u .

By

cmputed by usins ‘bydrid molecular Orbitais ‘i’he hybrid m‘bitala fqr

o (9]? 3) a.nd g (25) are . ,‘ : 1" :?-?:; ,r; T e -éij*-f}..".:x.:',
. 4 -x"t,:' t L ot . s‘-’. : : 7:3"4
Yu.g (l‘g)"[z(HS [Q. zn)m (73)1- b(l&n 2'53)] o (7)“{
where - - R A R - patent o AT
. . . v \ S .. 5‘;1' ‘_N ...‘ ..:‘. - :
\’3_'-’,'. o {
AR & A
3 h_ a‘JZ)%)Jt +. Lj‘zsn)(zse)"['f t 20-» S(ZS:A}{ZO ’:' T
) ) - -T‘ ,' - -.;."-‘{; 3 (:’.;',_ ) :" . .
' PR PRI A
fn@ Voo 2s) = [1 |- S )} L[,a.t(zs,,) ,Qt(zsa)f R(zo) Hza)} " (6)
- ' . 'S IR & " ' ’
vhere Sf = mij(zs)(zs,,)duu(z,w.)olr+2q,-,blf (sal(zs)ele (atr

B \d’here ene Bupex seript h ‘indtcates thnt t‘he omrmp integtal ek B‘ﬁ”;‘ .
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' ,Rers the 2p atomiﬂ crbitals are bhosen so tha.t the ponitwe 3.obn poim;s : s g

tovarﬁ ’ohe other atom. The coefficient 4 e.n@ b are related by the ' .

. equation e.f + % a22 +5,% = 1. Let us mazcate with mo x bf ong

'.’100 X baé the perﬁent of hy‘bridizataan in tpe g, (ap ) end (25)

mlﬂmlﬁ&‘ m’bitals By mkins & system or Eq. {6) fbr the' 3 . andg

a (epg) molecu.}.ar orbital and we find that al aad‘ b ame oypomw ‘in‘ )

siga. Analog@usly f‘rom the uee. of Eq. (6) for the 3}1 atate« wﬂ";the 5" S

e:
- S’Gate m Obtain 1 0 percent ﬁybrialzation for t.he vg )(gg) ’moleénlm- 1:--;:' .

R oz‘bita.}. and. again &2 and b, ere opnosi’c.e m @f},gn. : '. i
h Pf‘c;eé&dmg 1n analugava way from tha l E.’ &ad "‘R atates waﬁ' SR

(btsa.n 8 5 percen'b of hybridization for - tha o {2&) moiéawar mi'm;al in

__bhe 2 state. , The sign ‘of trec coefﬁcient ’ca ia u‘pposiba 't@ that of ,32

-~ Final?.y ‘Pre the l“g" and 1): + states we's obtam 0. 5 paréent m’ hybr&aia&‘tion

£6r the o (Ep ) mplecular carbi‘m}. c\f the l * stateu ‘I‘he l va&ue i‘s 7"~'.f"

"--:,-j_:,obf,ainsd by assuming tm the hybrmuatmn of- the o (Qs) mzacular "_‘".-}

oz‘bital ‘ln the E‘. . state is tha‘b of‘ the 1 ; ste.te. f ‘ :?‘;:7 |
’I‘his la.tst a.ssumption m scmwha.?r ar‘oitz‘az'y and; 1:f kmorrec%, 1t vi}.l '

affect tﬁn resmtmg f values eﬁly for bhe: cgyse ci‘ t&m ilulﬁk_n‘ tmﬂsi%mn.

Let us comant brieﬂy on me requ:ts hera 6%&11;5& 'i‘he s;ig:x oi‘ o
the coeﬁic:.ent mf hybridim*bion is .'m agremnt mm what ona ﬁbtil&
expoet by conaidermg ’che iuuernuclcar &iataﬂces ‘nﬁ ﬁ‘ﬁuilibnm for
the varioué a‘ta’cee. The &mcunt of the hybriﬁimion ia aomé#hai %maiieaz

v

then that prekusly sug,gested by [: Shull . i‘he hi@ez‘ hy’brida«atien @f

e YR
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PR

(23) vith raspect to @ (Pp ) is in accordance with H. Shull findings.u*_iguf‘?aﬁ

- For tna difxerent hybridization in 12&* we may note that if tnat state L;}”
. - ¢ amdt " Ugtates v
would hﬁVE the ﬁame hybridxzation as the tripl&ts &nﬂhgu'£ lH;Athen onﬂ

"ﬁ'wauld expect fo& fﬁe 1zg* én\internuclaar equilihrium distaﬁce (s%arting

,,‘;"

. N ;.fOr example fram H ) ef L 322 ‘_.052 & 1 2?0 A. Qﬁi””x@e &ﬁental fact

© that for tne 2 state the internuclear &1atan e ig 1.2,5 may pe \?_v;é“?g?;j

‘,explained by the above resultﬂ whare &n a&ditiénal c@atractioﬁ ia expected

h;: e 'as & result ef~a lese wntibonding characff“

| orbltals in the lZ state &s eompared wi%h tne %ﬁ s%axe. ‘;gﬂjfi-

v

Con ‘%. Results of the Calsulations for the f ﬁumbers.

(. “of funutions ware usnd 1n the construetioa of the moleculér ofbitals, s
aad a1 eff@etive Z value of 5 25 Was used. (A&ditional discuasiom an.éhe ﬁ};?;
;JQA;‘ ;nffective Z value 4s given in the Appendlx I >} r;};:;' :_-Z”igi;f:'J;
- For the ccmputatlon of the 1ntegrals, the usuai trdnﬁformatiom 1nto
.yccfocal elliptlc coordin&tes R ¢ is made. The prﬁb&em is then
reduced to the evaxuation of 1nﬁegrals of thL form ' ”-" " "
Am SN d)~

Bn{/i) S ),te‘@/"d/»«

Tne arguments o and ﬁ of theee functaons are givea 1n tenms éf the Z 33?t031 ‘

efféctivs gnd.the:internuclgarﬂdistanqes. %he integrl,jAAn(a) aﬁd;;ﬂ(é)“
- =é
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Table III
o8¢ 1.Lhtor Strength for ‘rmnaitions m C

LR I

Transgtio'n' . V1o (cm ) ' Calculated f - Expeiiﬁenﬁal

- PR

Swan ~ ' - ',_‘ \19,506‘26 | o' ohaﬁ - ;;_ - o osh

Deslandres-&'Aranbua. 25,870.2h % 0.0650 ':'r' L

. i , . & T
Moulliken ha,aho 23 0.1025 -

Fox-Herzberg . ,lo0,080.h1‘ ., 0.8184 e

Phillips 8301.66.  ° o.0a8. - .03

Bailik-Remsey : 5,656. L 00661 Lt

Bl — e (emn q.vsao_ e
. ,‘ . . .\ o.o'o. ._,0 *' .

l;'fu —> lzs"' (r) . (8,87%) . ovedst . .- -
. . " « N o

iy V.o ) e  0.0048 ' . .

3 _;ﬂu ——> 1A . (116]){) SR osaokgr - . O

& . _ :
' - . . . " - a o LM
: ' - . - % FE I LN 3
L e, . - L oy v
" ', PR
o 4 - +
h ] "

Exyeriment&l ,FTTOr-may. be 43 la.rge 5 ¢ factor of two,
Experimenta.l error may be ns la.rge as a t’m:tor ot threc (t;he reported
velue is for the (2-0) bond.) . a - K
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The last three revorted f values of Table III belong to yet unknown
transitions. The Value for 12

of these transitions is obtained. from
\ . . S g . o
the above-mentioned previous calculations” and estlmateo5

From the above results it appears that +he abundance of C? molecules
iy 8
in the solar reverssl lavnr should not be very different from what Lyddane
computed by using a value of 0.027 for the oscillabor strength of the Swan

transition. This prob]em will be analyzed in mere detail in future- work,

Aopendix I
. -
In the course of this work several values for the Z effective were

taken into-consideraticn. - We have attempted to devise an emniricel relation

such that the Zerf for the bynding orbitals,would result higher than the
Z for the antibonding orkitals for the cases where Slater's rule gives
—eff -

‘the same value for both bonding and antibonding orbitals., The relation we

Z effective goes aver the Slater's 724 effsctive of

have used is such to ensure that at infinite ana zero distances the moleculsr
f £ '

" or united atoms. The relation has the fona

). Z(f-:;) A= (Z Ze#) exP[ r(%A)/r nl] +Zef+‘

e

o ¥ L
L1 3 =ff L =81

N Z, . ana A
ata) AA £
©

IA
for the unit

8]

where- 72

—~~ (D

are the 2 effsctive for the molecule {(a+a),
: b4

4 atom (Ad,  ara for vas infiritely separated atoms , where
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l'.}'-‘ - * A‘-'; ‘ . ) . ' o .. - l‘ “A . f,f';': '
‘ﬁ"’. T(A+A) rzé’ are tqe“ 1nternuclear &istam.e for the mﬁhcule r&nd the T

T z;féan radius for vh@ ele\,trnn with quantm numbero n and é 113 the &tm &«“

A ) Por the case.of h the screening ctmstant ’b‘btained 'wii‘.h the' ahcv'e e .

: ,"‘ P éguation is 1. 175 wmcn may be comPe.red vith thé i?e:’mbaxm ] z & 3_.1931?‘
i . "' 4 ) \‘.}, P’ - ' ' ,,‘\' . e. l:.
SR ‘W, * B. Weinbaum, J. Chem. PHys. 1, 593 (1935). . - . .0
. . e . ’ s . .' . <t (N “ _.( - ' . ' ‘ . hd ’.'._., N o ) - “
o OF the Vaug s z A 1 166 : P S o L
.. 15.- 8,,C. Vong, Phys. Bev: 21, S79 (1928) e T
R s C e v , s s :.'4: A ". ‘;\" .::‘ p - “
: i ) . ) . ;‘;".; . ~ /.\ . ,, 3 - o
'Ene uSe of . this equation introduces & miation of y |
the calculated*d’ values o:i' Cy Since the abm equation is nﬁt provéh o e
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