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Am -The purpose of this paper 15 10 prcscnr. u-t a simple WJY. wnc rauk rwmtty obumcd at 
I~C “Ccntre de M&amquc Ondulatocrc Apphqutc” In studymg the cffcc~ of cnwronmcnt on CC and 

CO bonds. 

RtLATlON BETWtEN NOTATION AND LENGTtt OV AROMATIC CC BONDS 

THE cffcct of the environment of a bond can be divided into two classes: 

(a) that which comes from ncarcst ncighbours. 

(b) that which comes from other parts of the molcculc. 
The latter is only important if the molcculc contains dclocalircd bonds. arising 

cithcr from conjugation or hypcrconjugation. 

The cffccts of the ncighhourhood of the bond are very often classified as follow: 

(I) Influence of the number and the organization of electrons surrounding the cores 

of the atoms of the bond (roughly the hybridization cffcct). 
(2) Effect due to the charges of other cores surrounding the bond (inductive cffcct). 

(3) lntcraction bctwccn non-bon&d atoms. 

Until now it has not been possible to aportion satisfactorily the role of each individual 

cffcct. 
Following Pauling. Mullikcn and others it has become customary to explain in 

terms of conjugation and hypcrconjugation the various CC bondlength which are 
found in molecules containing dclocalizcd bonds. 

Marc rcccntly Dcwar and Schmcising’ have found that all cvidcncc for the cxist- 

cncc of apprcciablc cffccts of n-clcctron rcsonancc in the ground states of conjugated 
and hypcrconjugatcd molcculcs is inconclusive and that all obscrvcd cffccts can bc 

explained as a rssult of differcnccs in hybridization in carbon n bond orbitals. Mul- 

liken* h;ls discussed Dewar’s arguments and has shown that if the cffcct of rcsonancc 

is probably not as great as has hccn usually supposed, it is noncthelcss. not entirely 

ncgligiblc. 
On the other hand BartclP believes that the interaction between non-bonded atoms 

(which is the most ncglectcd factor) gives promise of becoming one of the most 

important. Hc has shown that if a plausible set of potential functions describing 

interactions bctwccn non-bonded atoms arc used, carbon*rbon bond lengths in 
non-aromatic hydrocarbons can bc closely computed without invoking hybridiwtion. 
conjugation or hypcrconjugation. 

Howcvcr. Wilson’ hat strong objections against this point of view. 
In such 3 confused situation it has sccmcd dcsirahlc IO rcconsidcr the notion of 

’ M. 1. S Dcwv~r and A. N Schmwng. 7ifrahrdmn 5. 166 (1939). 
’ R S. Mull~kcn. Tttrahrdron 6. 68 (1959) 
’ L. S Rartcll. 1. Chrm. Phys. 32. 827 (IY60) 
* Thor ~ympwm L t) Walton. Jr. Ttwahtdron II. 191 (1962) 
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“bond notation” introduced several years ago’ to rcprcsent the cffcct of environment 

on the length of an aromatic CC bond. It will bc perhaps useful to recall that rn an 

alternant conjugated hydrocarbon “bond notation” has been given to the set of the 

types of the CC bonds adjacent to a given bond; a hond type refers to the number of 
CC bonds which arc adjacent to a given bond. 

Fig. I shows, for cxamplc. the typss of the CC bonds in naphthalcnc. 

k-10. I. 

From thus figure, II IS obvious that, for example. the notatron of the central bond 

will bc (3.3.3.3) and that the notation of an x - 6 bond will bc (2.3). 
It has been shownb that both ‘from the thcorctical and from the cxpcrimcntal 

point of view the length of a CC bond only dcpcnds on its notation at least in a first 

approximation. IARlk I 

KotJrl<>n &md length (A) 
.- - 

(2.3) I !U? 0010 
(2.2) I ?)7 * 0013 
(2.44) I !W 0010 

(2.3.4) I 425 f 0025 

r\.J.l.Z) 1415 ’ 0021 
- 

TAnIf 2 
--_- -. --. --___, 

Bond Icngh (h) 

Ntutwn -_ 

B 9 f’ <’ b 
__ __ --. ..- -. - - - 

tZ.1) I 365 I 361 I 376 I 36’4 000X 
(2.2) I 397 1415 , 

1~~ ; 
I4IY , I 392 I405 0014 

(2.4.4) I 405 I 423 1416 0009 

(2.3.4) 1421 I 136 I 427 1418 I427 OOOY 

(J.3.J.J) 1418 I 128 I 421 0005 

R L knrrnc. N naphthrlcnc. A anlhrr.cnc. C rhryunc. V cWl1ral v&X 

Using cxpcrimcntal measurements made before 1955 the lengths that can bc 
assc.xiateJ with some bond notations arc gircn in Table I.’ The r.m.s. deviation from 

the central values is 0016 A. 
Since that time important rcfincments h3v.c hccn introduced’ in the cxpcrimcntal 

evaluation of bond Icngth. and Table 2 gives the new Icngths associated to the same 

set of bond notations. 
The r.m.s. dcvution is now only 0409 A and shows that the bonds possessing the 

same notation have the same Icngth. the dcvialion from that rule being of the order 
of magnitude of the cxpcrimcnlal unccrlainty. 

’ C. Vralrnr rnd R I)auJJ. Bull SCM Chm tr 16. 16 (1919) !kc JI\O R. I~uudcl. R Lcfcbrrc and 
(‘. Hour. yuntvm Chrmirrrv. Airrho& ad Appbrutron~ p I28 Inrrrsc WIUI. New York (1939). 

’ R Daudcl. A&mu Chrm Phr I, 1’7 (1~~8). 
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It is of interest to note that the USC of bond notation to predict bond lengths is as 

prccisc as the ccrlculations based on MO or VB theory. Cruickshank and Sparks: 

have shown that rcccnt X-ray results for the bond lengths in some altcrnant hydro- 

tirbons agree to about 0.01 A with MO and VB thcorics. 
The consistent results of bond notation might be considered to be a proof of the 

cffcct of conjugatton in dctcrmining the bond lengths m aromatic molecules. as the 

dcmonstrattorP of the rclatton bctwccn notation and length is based on resonance 

theory. 
Howcvcr the concirtcncy may also bc considcrcd as only an empirical rule, a 

rcfincmcnt in a scnsc of the law observed by Costain anf StoichefP that state that the 

C-C. C .C and C H bond lengths tncrease hnearly with increase in the number of 

adjacent bonds. 

In concltuton WE can sa! rhat. even in conjtqared molecules, the lcng~h of a bond onl) 
depends on IIS enuironmenr hut this includes a larger pan of the mnleculc rhan in molecules 
containing only locaked bonds. 

This cxtcnsioo of the “cffcctivc” cnvironmcnt gives. in a sense. a measure of the 

conjugation effect. Refinements of the structures of many altcrnant hydrocarbons 

would bc helpful to mcasurc the generality of the above statements. 

Ll-FLCT 01. l.NVIROIG;MF.NT ON THE I.OHCt CONSTANT OF THF 
CARRONYL GROUP 

A< for bond drstancc. the force constant of a bond may also bc considcrcd as a 

mcacurc of Its strength. The force constant of a bond is corrclatcd with its stretching 

vibration frequency which may be detcrmincd from the study of the corresponding 
infra-red apcctrum. This is why chemists very commonly use infrared data to ascertain 

the cffcct of cm ironment on a given bond. Forexamplc. the fact that the vc __,, stretching 

frcqucncy is I775 cm-’ for cyclohutanone and about I71 5 cm-’ for non-cychc wturatcd 
kctoncs has been considcrcd as cvidcncc of the “unsaturated character” of small rings. 

As,Bratoz and Bcsnainou have shown. gomg directly from the stretching frequency 
to the structure of the C 0 bond is dangerous. It is bcttcr to USC the force constant 
as intcrmcdiatc quantity. 

Using Wilson’s matrices, or more exactly a pcrturbatton proccduree giving more 

intermediate results, Bratoz and Bcsnainou*” have calculated the force constant of the 

C -0 bond in various compounds, lake saturated and unsaturated ketones, aldehydes, 
carbocylic acids, cstcrs and quinoncs. 

Tahlc 3 gives some of their results. 

TAM? 3. Force (?osw~r=rs (IO’ dyne/cm) 

SaturatcJ kcwnc% 1610 3 
UnururacJ tc10nc5 9 9x 
Halogenarc lwoncs 10 \ I09 
~‘yclc~buww~ IO 3 
Orrhoquuwvttx 9 ?-IO I 
Paraquu-wne\ 95-99 

’ D. W J C’NKt,hant and R A Spark*. hoc Ror So<. A 250. 270 (1960) 
l (’ <’ (‘o<ta~n and R P Srolchrll. J Chrm fh.br 30, 777 (1959). 
’ S Hnto~. 1. C’hrm. Ph,vr 2.8. I59 (1955, 

‘* S Brrtor and S Rcsnunou. J C’h~rn Phs# 56. 533 (1959) 
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It IS mtcrcstlng to point out that the force constant in cyclobutanonc has about 
the same value as that in non-cyclic saturated ketone. The use of the perturbation 

method has clearly shown that the increase of the frcqucncy is mainly due to the fact 

that in cyclobutanonc the angle bctwccn the C’ ,O and the adjacent C- C bonds is 
smaller than in an ordinary ketone; this change of gcomctry incrcascs the coupling 

bctwccn the C-O and the adjacent C -C vibrators. The change of v~_.~ is finally 

mainly due to a mechanical factor and not to an electronic one. Again. evldcncc of 

conjugation disappears. 
The most striking cffcct of the environment shown by Table 3 is the low value 

(9.l@ dync/cm)of the forts constant in some unsaturated ketones and its high value 

(IO.9 IO’ dyne/cm) in some halogenated kctoncs. To understand the origin of each 
variation observed on Table 3. Bratoz and Bcsnainoull have dctcrmincd the n- 

electronic wave function corresponding to the various molcculcs conccrncd using the 

Pariser and Parr approximation and have given a general formula for the force 

constant of a bond in that approximation. 
To rcprcscnt the inductive effect of the adjacent atoms of the carbonyl group they 

have cstimatcd the penetration integrals from the ionization cncrgy of some free 
radicals. The other ncccssary paramctcrs used arc those of Sldman coming from the 

ultra-violet spectrum of formaldchydc. 
Table 4 compares the force constants calculated using that way and those coming 

from the ctrctchmg frcqucncie,. 

hamu 
Formaldchydc 
Orthobcnwqumonc 
Pafrhcrwxpmonc 

From clcctromc I ram wctchlng 
ware funclwn frcqucfwcs 

..-- _ 
IO.ZY IV3 
10 58 108 
IO 15 100 
10 II 9R 

I“. Jm cm ‘) 
I 

..- - _ _ ----. .- -- 

sa~urrtcd hcto~v3 170&172!, 

Unutuatcd kctorw 1650 17% mesomcr1c cffcct 
Chlorm&xl kclnm 1725-1765 mductlrc cfTcct 
CyclobutJnanc 1775 couplmg hctwcen vlbrrton 

Sltwatcd aldchyder 1720 1740 couplq bctwccn whton 

. mducmc ctkt 

Qumoncs I6&Llh90 wuplmg bctwan vlbratorr 
f l7w3onurlc ctkt 
. mductl\c cffca 

The quantitative agreement obtained girts confidcncc in the final conclusions of 
the author5 which arc given in Table 5 and lists the effects on the v~._,, stretching 
frcqucncy due to various kind of environment. 

” S Rr~oz dnd S &rnrlnou. J C’hrm M,rs. 34. II42 (1961) S Bcmrmou. Thcw. ParIs (IPN)) 


