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Aburncf--Lwng the dclo41xd bond orb&it method. obtw-4 PI .I lmcJr comhmrtlon of the tp’ 

hybrid orbttak on Ihe carbon and II orbItal\ on the hydrogcnx. uc habe cal~~latd rhc energ? of 

methane ;LI the dlrtrnccs 0 9. I I and I 3 A JI l function of the orbltal cxponcnls A dwzu\%lon I\ 

gwcn of the rcwltr In rclatlon IL, the method of uwg a monoccnwc waw function on the carbon 

The energy JI I I A I\ 40 I22 & u JnJ IX In J rather good .cgrccmcnt \* Ilh the rcwltr obtJlncd hy 

VIII\ Jnd rcxcnth h) Wurno and Parr 

7hc error u~th rmpxt IO the crpcrlmrntJl \JIUC (0 4 J u I IX of rhc or&r of the corrcl3t1cw energy 

AI ~IIOIK,II the hond bctwccn carbon itnd hydrogen 15 qu~tc Important in chcmistr). 

rwcrthclc\\ UC hnow bcry l~ttlc about II. The rcason that the bond IS rather peculiar 

i\ the \m;lll WC of the hyhrogcn atom and the short length of the bond. If UC’ look. 

for instance. at the ccntrc of the charge-cloud of the .$ hybrid orbttal of the carbon 

;Ilonc. UC find that it IC rclthcr claw IO the posItton of the proton In the C l-4 bond. 

Of coure In the <ltuatton the o\crlap hctwccn such it hyhrld and the ;ttomtc’ orbital 
of the hydrogen IS big and the hybrid Itszlf it aIrcad\ 3 pood approxlmtitton to the 

bond orbltal. 

The purpose of the precnt work I\ IO study how ucll the usu;ll approxinratton of 
the L C’.A.O. method applies to thrs hind of hind uherc one of the orhlt;lls ha\ the 

_erc;ltc\t role and IO see uhat I\ the improvcmcnt compared wtth one of the other 

mcthoJ\ \omctlmc\ u\cd 10 dc\crlhc tt. In which UC uw only monoccntrtc orhlt;tl\ on 
the c;lrhon.’ ’ 

<‘ALC’l’I ATION 

In .~lmo~t rll previous work on mcthanc the ~CIOCIIILC~ molccul;lr orhttal mcthotl 

ha\ hen uvd utth the four balcncc-%hcll atomic orhttltls of carbon and thr four I r 
orbttals of the hydrogcns as basic.’ ‘, 

In this C;IW the chcmtcvl plcturc of a C- -H bond IOSCS bomc of IIS mcdnln_e 
Thcrcforc. with the \pccltic purpots of rctsimng the chcmlc;ll signihcancc ofa bond. 

w tntroducc four Ioc~l~wl mnlcculrr orbItal bond orbItsI\ &. 6:. &,,. 4,. cwc for 
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each C-H bond, and wc wruc the molecular orbttals of mcthanc as lmcar combtna- 

(tons of thcx bond orbttals. vvtth the correct symmetry of the tetrahedral group: 

‘0, IS non-degcncratc and of symmetry A; CD,, (0,. 0,. arc dcgcnerate wtth symmetry 

7: and S is the bond orbital overlap j&jr dT. The total molecular wave’ functton is: 

whcrc the symbol .d dcnotcs an antisymmctrical product. Now each normaliscd 

bond orbital $ IS written as a lmcar combmatton of a spa hybrid orhttal of the carbon 

and the corrcspondtng Is atomic orbttal of a hydrogen: 

4 = ;V(q,. I.(/ ,,) 

The .$ hybrid orbitals of carbon arc obtamcd from Zc and 2p Slatcr orbitals, tn 

which the 2s function IS orthogonalizcd to the IX,. orbital. In this way all the molecular 

orbttals arc orthogonal to each other. cxccpt for the non-orthogonaltty of the i.0 ,, 

terms In 0, wtth the 13,. of carbon; but the latter cffcct is ncgltgablc bccausc thts 

overlap I< very small. The cncrgy ): associated with the wdvc functron ‘I’ I\ a functton 

only of one paramctcr i. (bcstdcs the exponents of the atomic orbttals i,. and i,,) and 

must bc minimized with rerpcct to II. 

The calculations have been done for three bond lengths (0 9. I.1 and I.3 A) and 

for scvcral values of the orbttal exponents <,. and <,, m the followtng ranges: 

{,. from I to 2 (The Slatcr tsolatcd-atom value is 1.625) 

i,, from 0 to 2 (ths Isolated-atom value ic I ) 
cl, and clu have been tdkcn to bc equal. 

For the cxponcnt of the carbon orbttal Is,. WC have taken the Slatcr value of 5.7. 

Ths complcts dcscrrptton of the cncrgy surface as a function of i,. and (,, at 

R 1.1 A I\ gtvcn in FIN. I. For the other bond lengths the situation is analogous. 

The best bond orbrtal uavc functtons at the scvcral distances arc the followmg: 

N 0.9 A d -- t-t.8682 (qt. .i- 0.321 I q,,) 

R 1.1 A 4 = 0.1512 (v~ 7 0.2876 v ,,) 

R I.,A Q 0.7664 (qc. i, 0.4224 y ,,) 

The corrcspondtng cncrgrcr arc rcportcd in Table 1. vvhilc tn Table 2 we give the 

best cncrgio and cxponcnts for monoccntric bond orbttals (These arc obtatncd by 

putting i. 0 in’!‘). All the btcentric tntcgrals and pcnetratton thrccccntrc mtcgrals 
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have hen cvaluarcd exactly. The other polyccntric mtcgrals ha\c been cv~lua~cd by 

the Mulllkcn approximation: 

‘i.91 - + S,a.,h.,2 ’ ‘Jr?] 

In this uork (/a and qb are clthcr SF hybrid orbital% of carbon atorn or pure IX Jtonltc 

orbital\ of hydrogen atom\ 

C 

I 

FN. I The tncrp.y ulrl~cc ., R I I A .\ 4 runcllon of ;‘. and ;a 

The cqullibrlum bond length was calculated usmg the followmg !vlor\c cxprc\\lon: 

E p . o(l (’ 41’ “I)’ 

uhcrc k.‘O 40.1262 a.~. u 2.0379 A ’ 

D - 0.63 a.u. I, :: 1.0575 A 

I) IS the dlssoclatton cncrgy. * The values for E”. u and r, arc those which satisfy the 
~rlcula~cd cncrgies. The bond length calculated in this way is I.058 A. 
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DISCUSSION 

The cncrgy \urfxc regarded 35 a function of <,. and (,, has the shape of a mthcr 

long and n3rrow b3sm in such a way that the cncrgy IS very scnrltl\c to the \arlationc 

of 5,. and much Ic,\ scn\lti\e to i,,. The bottom of the bacon IS rather flat due to 3 

certain compcnwtlon bctwcen the variations of i,, and i in such 3 u3y that the energy 

dot\ not change very r3pldIy. Of particular slgmficance IS the part of the surface 
. 

CIOW IO 4,, 0.2 uherc the slope IS great dnd shows that the impro\cmcnt of the 

bond W;IVC function due to the contrlbutlon of the hydrogen orbital I\ rcmark3hlc. 

R(A) ic il t. (3 ” I101~1 
_-_ - - -- 

09 1 59 03 JOO36 
I I I J! OJI a I?? 
I3 I 57 0 78 J0O.M 

Drawing a lint through ths mlmmum pomts at scvcral wlucs of <,, HC ha\c the 

lint A-B-C. The part 8. C IS rather straight with <,. constant tn 3grccmcnt with 

the fact that the grc3tc\t contrtbution to the bond orbital comes from the sp” hybrid 

and thcrcforc IS Inscncltl\c to the vari3tlons of the hydrogen orbltals. Hut the p3rt 

A-B has 3 certain curvature in \uch 3 wry that the hc~t <,. for the monoccntrtc 

orbltdls i\ different from the hcst i,. in the bond orbitals. hcq always smaller than 

when bond orbitals arc uwd. 

The mean\ that when WC USC monoccntrlc .$ orhltclls 3\ bond orhttals. UC ;Irc 

forced IO compromise bctwccn the dcslrc to plwc some ch;lrgc around the II nuclcu\ 

and alw some other charge at ths Jl\tnncc from the C nuclcu\ which I\ dpproprldtc 

to 3 normal carbon stem. Thic makes the monoccntrlc orblt31\ more dlfiu\c (smaller 

<,.) thsn for 3 norm31 c3rbon alom. IIouc\cr. 3\ soon a\ WC find an 3ltcrnatitc \r;ly 

of pl;lcmg ch3rgc clo\c to the H nuclcuc. by Introducq the term it/,, In the bond 

orbit;rl d5. the J/T’ hybrid\ arc free IO rckumc thclr norm;lI SIX. so [hat <,. Incrcaws. 

hll thl\ I\ \cry clc;rr from FIN. I. 

It ;LIW \IWUS u> uhy. If WC inert on uvng a montwntric cxpan\ion. UC can only 

cxpcct 10 pt 3 pod cncrgy by lntrtduclnc con\ldcr;tblc conti~uratwn Intcrclctmn. 

1 hc values of the cncrgy arc quite good and arc slightly bcttcr than the rcccnt 

\JIUC\ of Suturno and Par? obt3mcd ulth a \cry flcxlblc monoccntric w3vc functton 
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l From I horna\ and Wcl\h ’ 
T Thar \JIUC. l ~cordlng A F Srturno and R (i Parr. a%wmc\ 

I~C hcJt of whllmatlon of carbon IO hc 16Y W kcrl:molc. 

(Table 2). tiowcber. the dllfrrcncc IS small and WC cannot say whcthcr II I\ due to a 

bcttcr wabe function or to the use of Mulllkcn’\ approximations In ths c\aluatlon of 

rhc polyccntrlc Intcpral\. The diflcrcncc with the cxpcrimcntal \aluc I\ small (0.4 a.u.1 
Ltnd IS of the order of the correlation cncrg 

Grateful acknoulctlgcmcnl II m&z JIXO IO ~hc X\;Jtwn.tI Council of Kcuarch (C X R Iraly~ for 

the JuJrd of a fcllou,hlp 

l M A ‘rhomar and II L W&h. (UM~ J Phtc 38. I?91 (IwOj 


