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Abrtrwt-The combined ckt of conjugatwn and van der Waals’ mtenctlon has been cakulatcd 
for carbon spp’ + smglc bonds of dltTerrnt lengths and for dlffcrcnt molecular cunfomxttlonr. The 
bond shortcnmg ctTect of conppon IS found IO be comparable to that of hybndvatlon. The 
rttnctive van der W&s’ intcmctlon. on the other hand, is always found IO be small. It seems thus 
most improbable that thu mtcrrctlon should be the C;IUSC of the plananty of butadtcoc. 

IT wcms lo bc fairly gcncrally recogntzcd that the distance hctwccn bonded atoms i\ 

govcrncd by scvcral factors: clcctron dclocaltzation. hybridization. clcctroncgativity. 

stcric effects, etc. Especially for bonds hctwccn carbon atoms, the clcctroncgativrty 

diffcrcnccs should bc of minor importance. In a rcccnt paper Bak and Hanscn- 
Nygaardt (see this paper for rcfcrcnccs IO other rcccnt publications in this field) have 

discussed the comhincd effect of changes tn hybridization SUIUS and clccfron dclocali- 
xation on the length of bonds bctuccn carbon atoms. From cxpcrimcntal data fnr 

such molcculcs. whcrc the bond distance is essentially determined by hyhridizatton. 

atomic covalent radii can bc dcrivcd. Bak CI ol.* suggest the following v3lucs of 

single bond, covalent radti of carbon: r,:($) = 0.7723. r,.(.rp’) - 0.7587. r,(q) - 
0.7333. In the prcunt note 3 few data in support of this assignment will bc discussed 

and the combined cticct of electron dclocaliration. i.c. conjugation, and stcric rc- 

pulsion will bc constdcrcd. 
Table I g~rcs the cxpcrimcnlal values of the Icngth of the s~-.t~ single bond, 

connecting IWO n-clccfron cystcms. and of the twist angle around this bond. 
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It has been suggested previously by Adrian’ that expcrtmcntal values of the twist 
angle in similar moltculcs dcpcnd on 3 minimum of the potential curve (encre vs. 
angle), obtained from the combined cffcct of conjugation and steric repulsion bctwccn 
the IWO parts of the molcculc. connccfcd by the single C-C bond. The present 
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author would hkc 10 modify thi, suggcsilon slightly by consldcrmg the combined 

cffcct of conjugation and a more general van dcr Waals’ interaction. Moreover. it is 

suggcstcd that a correlation could hc found between the depth of this potential 
minimum and the lcngrh of the bond around which the molcculc IS twisted. 

In order 10 find this correlation one must know the angular dcpcndcnce of the 

ban dcr Waal\’ lntcractlon and of the cncrgy of conjugation across the alnglc bond. 

The ban dcr Waals’ mtcracrion between molcculcs has been cxtcnslvcly mbcstigatcd 
and can bc computed according to dlffercnt. more or less accurate formulae.’ Thcsc 

formulae may bc modified to bc applictiblc lo intra-molecular van dcr Waals’ inter- 

action, givmg at lcast the correct order of magnitude. Hill: has. howcvcr. dcrivcd 3 

spcclal formula for the inrra-molecular cast, which seems 10 give the most accurate 
csllrna1e of this effect. In the prcxnt study only the van dcr W33l\’ interaction berwccn 
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the hydrogen atoms of the IWO parts of the molecule has been imcstlgatcd. In the 

cases of butadicnc and biphcnyl it is obvious from 3 study of stcric models of thcsc 

molecule\ that the H- H intcractlons arc the only important ones. In the case of 
hcxaphcnyl benrcnc this is also true for the “antipropellcr” model ((1.‘) but not so 

for the “propeller” model. whcrc stcric interaction between the carbon rings is 

Important. Because of the difficulty in obtaining paramctcr values for this kmd of 

Interaction. only the “antipropcller” model has been studied at present. 
The cstimatc of the angular dcpcndcncc of the conjugation cncrgy is concidcrably 

more difficult. This question has hecn diccusscd in detail by Adrian.s wha has 
dcbcloped 3 method for this estimate, based on the valence bond trcatmcnt. He has 
al\o applied his method IO a number of molcculcs. includmg biphcnyl. Furthermore, 

the gcncral interaction of IWO conJugatcd systems has been invcstigatcd by Longuet- 
Hiptins and Murrcll’ on the ham\ of the molecular orbIN mclhod. They have 
applied thclr .mcthoJ itttc*r oliu 10 butadienc and biphcnyl, but only 10 the cxtrcme 
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casts of either coplanar or perpendicular conjugated systems. On the basis of their 
method the present author has made a rough estim3tc of the energy in intcrmcdiatc 

casts. The dcl3ils of this method and a comparrson with hdrran’s method will bc 
published in a forthcoming paper, whcrc all details of the prcscnt calculations WIII be 

given. Ths results of these calculations arc li\tcd in Table 2. 

A few comments should bc made on the value\ of Table 2. The values of con- 
jugatron energy arc taken from thcorctical calculations of clecfronic spcctrs.” Thcsc 

value\ 3rc not always in accord3ncc with conjugatton cncrgy values dctcrmined more 

dnectly from cmpin’cal data. * In the cast of hufadtsns for in%mcc. the “empirical” 
value is only half as large as the theoretical enc. Hcncc. it IS not advisable to try to 

find 3 correl3tion bclwccn bond length 3nd potcntull mimmum by aid of the values of 

Table 2 only. Ncvcrthclcss, thcsc two quantitrcc 3rc hstcd togcthcr in Table 3. 
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T3ble 2 shows unqucstronably that the v3n dcr Waals’ intcractton c3nnot be the 
cause of the planarrty of butadienc, since this interaction has almost the same value 

for the pcrpcndlcular conformation 35 for the rrons-conformation. Moreover, Table 2 
indicates that biphcnyl is most likely non-planar, 3lthough the ptcntial hill of the 
planar conformation IF very low (0.6 kcal/molc). All conformations between 0’ and 

40’ seem IO hc comparatively easy of access 31 room tcmpcraturc. As for hcxaphcnyl 
bcnzcne. finally, the most stable conformation should hc close to the pcrpcndicular 
one. Thcsc results agree rcstonably well with the cxpcrimcntally dctcrmmcd twist 

angles of T3hlc I. 

The only comment that 31 prcscnt could bc made on the values of Table 3 IS that 
the dccpcr potcntral minima corrcrpond IO the shorter bond distances and that the 

bond shortening cffcct of conjugatron seems IO hc of 3 m3gnitudc comparable ro that 

of hyhridiration. 
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