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Abstrwt-Thrw thcorws which ha\c bcvn propwd to cxplaln the oburvcd shwtrnq of J smglc 

bwxJ uhcn II I\ adpxnt to a dnublc hwd arc dwutrcd Powhlc prcdIctmn, from thcr thcorm arc 

crammed. c\p~~rll!, fur comprrwn ulfh wrlous quJntltl_ mcawr.thlc by mlcrtwarc \ptrcncopy 

It I\ wncludcd that the %tcrlc theory II yrobJbl) untcn;lblc. that wnic wn)ugJtwn 3ppCJr5 ncccsury 

to cxpl.tm oburrcd brnlcn to mtcrn;ll rr)tJtwn. Jnd that II IX d~tkult to find tntablc predlctwnx from 

the hybrldvJtlon thcq 

Is thcorcttcal chcmtstry various words have btcn tntroduced such a\ cotrju~orion. 

h,rhridi:orrotr, etc. whtch arc used a> the basic for cxplanatrons of csrtain empirical 

ob\crvattonc and gcncraliwttons. Thc\c cxplanattons arc \omctrmcs only quahtative 

and sometimes semi-quanlttativc. hut they ncvcr achieve anything approachtng 

mathematical rigor and almo\t always have a heavy tngrcdrcnt of paramctrtc cmptrr- 

cism. Tht\ latter i\ often \omcwhat hidden from the casual obscrvcr. 

II is thcrcforc a fan quotton IO ask about each of thcsc words whcthcr II rcprcwnts 

a real physical concept or mcrcly a psychologically con\oltng substitute thcrcforc. In 

prtncrple thcrc IS a simple test. dots the concept lcad utth conftdcncc to a substantial 

number of true prcdtctions later successfully chcckcd by cxpcriment? The litcraturc 
of chcmi\try i\ littcrcd wtth the dchris of disardcd theories whtch provtdcd battsfac- 

tory explanations of fact\ known at the time but which failed IO prcdtct correctly 

future facts-or just fatled IO predict. 
Unfortunately. this tc\t is simpler to state than it is to apply. Most of thcsc 

concepts arc sufhcicntly ill-dchncd so that their predictable conscqucnccs arc usually 

subject to argument. 
Recently various new cxpcrimcntal tcchniqucs. particularly microwave spcctro- 

scopy. have begun to yield data which arc cithcr of improved accuracy or of a quali- 
tativcly new type. These include more accurate bond lengths and bond angles, dipolr 

moments and their components. change of dipole moment wtth vibrational state or 
isotopic substitution. harriers IO internal rotation and some assoctatcd fine points. 

nuclear quadruple coupling cocffictcnts. molecular quadrupolc moment\. rotational 
magnetic moments. etc. It should be posktble to USC some of these to test the prcdtcttvr 

power of some of our currcnrly fashionable vocabulary. 

Tilt. ADJACENT BOND Et-Ft<‘T 

Rather than trying IO cover all thcsc ttems. this paper WIII concern itself primarily 
with a discusston of the obxrvcd fact’ that a stngle bond adjacent IO one or more 
multiple bonds is \hortcr than a single bond with only single bonds adjacent. 

l The research reported m tJus paper *as made posstblc by support extended Harrrrd Unwcrwty by the 
Ot%cc of Nwrl Research. 

’ G. Her&erg and B. P. StoIchefT. Maw. Lord 175. 79 (195s). 
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The object of the discussion will be to compare three current theories of this 
effect and to try to evaluate their respcctivc power to predict other measurable 
quantities. Only qualitative arguments WIII be used. 

It is perhaps first worthwhile to demonstrate the reality of the phenomena to be 
cxplaincd. Costain and StoichcfV have rcvicwcd the available data but several more 
recent examples can be added. Table I lists the lengths of some single bonds in 
various molcculcs whose structures have been detcrmincd by reasonably complcte 
microwave studies with adequate isotopic substitution. 

s4olcculc Bond ’ Length Redwtwn 
~. - - --_ .-- -_ 

Propylcnc’ C C‘ 150, j 0 02,. 

Accraldchydc’ C-c I % 0 02, 
Accryl fluorldc’ CC 1 % 002, 

hcc~yl chbrldc i c- c I 49, 002, 

Awtyl cyanldc’ c-c I JY, 0 03, 

Vmyl fluoride’ (’ k I 34, 0 03,’ 
Acql fluorldc’ C--l I u. 0 03, 
Vmyl chlortdc’ (’ Cl I ‘2. 0 0s.: 
Awyl chlorldc’ C-Cl ! I 78, ..ooct, 

l Compared u~th I JZ, to ptoprnc+ 
T Compared ulth I 38, in Ctt,F’ 
: C’omprrtd vlth 1 78, In CH,Cl’ 

l U. R. L~dc. Jr and D. Chrlacnxn. IO be publathed. 
’ R. W. Kllb. C. c’ Lln and L. 8. WIlton. J. Ckm Phva 24, 1695 (1957). 
l L. Pwce and L. C. Kroher. J. C’km Phw. 31. I75 (1959). 
’ K. M. Smnott. J Chrm. Phv~ 34 (!I (1961) 
l I. C. Krwhcr and L 8. Wlkon. J. Chrm. Phyf. 31. 882 (1939). 
’ B. Bat. D. Chrwcnxn. L Hanxn.h’ygarrd and J RasmpAodcrun. 
Sprctrorhrm Arru 13. I?0 (lw3). 

’ I). Kwclson. I. R Wllron and 0. R. Lldc. 1. Ckm Ph,w. 32, 205 (1960). 
b L). R. Lode. Jr . NatIonal Bureau of Standards Report 6802. 
’ C. C. Costwn. 1. ( hrm. P~,vJ. 29. 664 (1958). 

Examination of Table I does show that single bonds arc shortened when they are 
adjacent to multiple bonds, C -Cl In acct)l chlorldc being an apparent exception. 

The principal theories of this cffrct might he called the stcric hindrance. the 
hybridization, and the conjugation theories, rc\pcclikcly. Very plausible arguments 
have been put forward in 5upprt of each and a certain amount of controversy has 

been engcndcrcd. 

STtRIC HIKDRANCC TIIt.OKY 

The simplest theory ic that of stcrlc hindrance.‘.’ It is claimed that when three 
atoms arc attached to each carbon at the end of a single bond, there is sufficient 
repulsion bctwccn the two sets of ;i(orn\ lo lcngthcn the single carbon-carbon bond 
beyond its “normal” Icngth. When one carbon forms also a double or triple bond, it 
of course has one or two fewer atoms attached to it. so rhc stcric repulsion tending to 
lengthen the single bond is reduced. Hence the single bond shortens, as is observed. 

* C. C. CO~UIO and B. P. Srolchct’f. J. Chrm. Phrs. 30. 777 (1959). 
’ 1. B Corm. C 8. Kw~rtowky rod E A Snuth. J. Amrr. Ckm. SIX. 61. 1868 (1939). 
* Many othcn hare supported thlr theory; c 1. I.. S Barwll. 1. Chrm. Phvs. 32. 827 (1960). Set also A. 

Burrwoy. Tranr. FM&~ Sor 40. 517 (1944). 
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This is an interesting picture which qualitatively explains the whole set of data on 

the shortening not only of single but also of double bonds as the number of attached 

atoms is diminished. However thcrc are certain difficulties. In the first place it has 

to bc said that cxtremcly littlc is really known about the forces bctwccn non-boodcd 

atoms within a given molecule. In many if not most casts there is at prcscnt no solid 

evidence as to whether the force is repulsive or tittrtictive. Howcvcr. the cvidencc 

from gas imperfections, comprcssibihty of solids, and quantum mechanical theory 

all points to stcrlc repulsion hcing a \cry steep function of distance. Consequently it 

would stem rather remarkable If diffcrcnt substitucnts did not have markedly different 

repulsions and hcncc a notlccably diffcrcnt effect on the C-C bond length. 

The values of barriers lo Internal rotation about C-C bonds also do not appear 

10 be compatible with the idea that thcrc is strong repulsion bctwccn small atoms 

attached to the carbons. Table 2 gives some barrlcr b;llues for cthane dcrivatlvcs, all 

s4olcculc 1 Harrwr (kult 
-_ ~- ._ _ -_ 

CH,Ctl,* I -28 

Ctt,Ctl,P 330 

(‘H,CHF, 3 IR 

Ctt,CHCI’ 3 56 

C’tt,CHBr 3 57 

C’H,CHI’ 32 

ctt,cttCrG 3 05 

l K. 5. plurr. NJ~. hmdo,r Sm. IO. 66 (195I). 
’ D. R llcrwhbach. 1. Chum. PAvJ. 253. IS8 (19%). 
’ I). R. Ldc. Jr.. 1. Chrm Phyl. 30. 37 (1939). 
’ T. Kasuyr. 1. Phyl. Sot Japan 15. 127) (1960). 
’ V. u’ Laurac. 1. Clrm. Ph,rr. 31. IWO (1959). 

the simple ethane derivatives whose barriers have so far been reported by microwave 

frequency methods. The rclatibcly small variations of thcsc values is noteworthy, 

suggesting that thcsc barriers arc not mainly due to stcric repulsion. On the other 

hand. if atoms such as chlorine arc substituted at each end there is fairly general 

belief that they do rcpcl. at Ic;lst when they arc opposttc one another. Normally they 

occupy a staggered conformation and then may or may not rcpcl one another. 

The crudest useful approximation for non-bonded repulsions is the rigid sphere 

modsl. c.g. Pauling’s van der Waals radii.) such as form the basis for ordinary spacc- 

filling wooden ball atom models. In the bond dtrcctions thcsc are of course flattened 

off at the appropriate covalent radius. This Illu\rrates an important uncertainty of 

this approximation; namely the qucstion of the way in which the radius should vary 

with the aoglc lo the bond dircctlon. Thcrc arc probably numerous compounds in 

which two atoms attached lo the same atom arc closer togcthcr than the sum of their 

van der Waals radii but bccausc of the angle, the arca of overlap is small. One 

example is CH,CCI,. m which the Cl atoms are separateda by 240 A whereas twice 

the van der Waals ra&us of Cl is 340 A. 
Bartell’ has proposed that bond angles, at least about trigonal carbon, are largely 

determined by steric interference between pairs of attached atoms. He lists tweoty-two 

’ L. Rulio~. Notvr o/ dr Chrmkol Bad (3rd Ed.) p. 257. Cornell Unlvwrlty PIXSS. New York (1960). 
* S. 5ckloo aad T. Nd~~kawr. 1. PA/#. Sot. lapon II.43 (19S7). 
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molcculcs in which the angles arc said to be prcdlctahle by this model. Howc\cr. In 
evaluating this cvldcncc it has to be rcmcmbercd that the radii for X-C. H. F. and Cl 

were obtained from the compounds H,C-CX2. so thcsc four do not provide a check. 

Similarly formvz acid and urea were cmploycd to give the oxygen and nitrogen radii. 

Further. the corresponding double cndcd molcculcs. such a\ F,CCF,. CI,CCCI, arc 

ctI,c)‘o’ 

(‘tl,(‘cIo 

CH,CCVW 

CH,CH<‘I’ 

ttFC0’ 

tt,(‘CtIctI,’ 

t I ,C'c'Cl *’ 

Angle 

CC0 
cnll 
CCII 

cc’0 

OCCF 

CX’I 

CC0 

OC’C’I 

<‘<‘(‘I 

H,C’(‘O 

003 

(‘(‘(‘h 

Cc’<‘1 

CCH 

tlC’<‘I 

tco 

IICY) 

tict 

(‘CC 
cctl 

tlcc 

<I’(’ I 
CICCI 

Ob l 

-- 

I?1 55. 
IIU’ 36’ 

II7 2Y’ 

I28 ?I’ 

I21 ?I’ 

II0 II’ 

I?? 5’ 

I20 16’ 

II? 3’)’ 

I24 I’ 

I20 5X’ 

II4 $9’ 

I’? IX’ 

121 4Y’ 

II\ !I’ 

I?? 7. 

I29 

IOU 

I24 18’ 

IIY 0’ 

llh 42’ 

121 IO. 

II3 40’ 

14 
- 

0 10. 
4 44’ 
4 IV’ 

4 56’ 

2 4’ 

2 52’ 

3 40 

\ V’ 

0 II’ 

0 .w’ 

2 27’ 

I 40’ 

I 7’ 

0 24 

0 41’ 

1’ IX’ 

5 35’ 

5 IO’ 

0 52’ 

4 25’ 

3 32. 

,o 15’ 

0 30’ 

R~I-~c.u-I-squaw 32 33 

l Prcc~uon pcrhap IO’ 
t C~lculrrcd wth B~r~cll mtdcl 
1 Ok .caIc. 
) Obs:lZJ’ 2J’or ohs ,111 IO’ 

l R. W. Kllb. C C. Lln and R. B. W~lwn. J. Chrm f’htj 26. 1695 (1957). 
’ L. Pwcx rnd L C Krlthcwr. J. (‘km. Phbr 31. 875 (IY3Y). 
’ K. M. Sonott. 1. Chum Phbs 34. 851 (1961) 
‘ L. C Krlshcr rnd L. R. Wllwn. Jr.. J (‘km Phbs. 31. 862 (1959). 
l D. Klbclron. E. B Wllron and 1). R t_ldc. J l hem. Phrs 32.205 (1960) 
’ 0 II I cHlrnk. Jr.. V W. L~rw. rnd W. 1) (iwnn. J. ( hrm Ph,s . 33. 598 (1960) 
0 Prorate communxrllon. I>. R Lldc and D. Chrlrtcnwn. to bc publlshcd 
l S. Sckmo Jnd ‘f. hlrhlkdua. J Phts Sor Jopon 12. 4) (19131 

not really indcpendcnt. Some of ths other molsculcs hbtcd have not yet been 
adcquatcly studled oxpcrlmcntally. 

Table 3 shows the rccults of applying this theory IO some molcculcs with trigonal 
carbon whore structures ha\s been dctcrminsd by microwake spectroscopy using an 
adcquatc numhcr of isotopes. Column 5 shows the deviations bctwccn the obscrvcd 
angles and those calcul31cd with Bartell’s method. using his radii. The root-mcan- 
yuarc dcv-latlon is 2.2’ (calculated usmg the IWO indcpcndcnt angles for each molc- 
cult). tiowcvcr, cxamincltion of the dater shows that angles bctwccn a double bond 
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and a single bond tend to bc somewhat larger than 120” and those between two single 

bonds somewhere around 113”. The last column of Table 3 shows the deviations 

between obscnations and prediction when it is prcdictcd that all angles bctwecn a 

single and a double bond (to carbon) arc the wmc. namely 123” 25’ whllc all single - 
single bond angles arc thcrcfore predicted to bc 360’ 2 Y 123’ 25’ = 113’ IO’. The 

standard deviation here is 3.3’ (on the same basis as above). So it seems that one can 

predict angles csscntially as well with this simple theory with one cmpincal aJjust;lblc 
parameter as with the more claboratc one with six cmplrical radii. (NOW Ihat the SIX 

paramctcrs were not. howcvcr, cvaluatcd from rhcsc moleculcc.) The fact i\ that this 

stcric model accomplishes nothing more than dividing the angles into the two cl;lstcs. 

which ir dots because of the shorrnos of a double bond compared with a single bond. 

It does not successfully predict cvcn the rank order within each cl;~ss. 

If stcric rcpulslons do not appear lo hc important in determining variarions in 

bond angles. they arc cvcn lest hkcly lo cause variations in bond Icngth\. for which 
the force constants art much larger than for angles. Conscqucntly. the theory that 

bond <hortcning is due to the relief of stcric rcpul\ion seems not very hkcly. even 

though our ignorance of thctc forccb is so great (hat it perhaps cannot hc completely 

ruled out. 
HYRRIDILATION THEORY 

The hybridization theory: is based on a parricular picture of the n;lturs of the 

orbitals used in forming single. double and triple bonds. If carbon forms four single 

bond\. Pauling’s picture calls for each to be a hybrid of s and p and all allkc. so each 
is a so-called .rp’ type. For double bond\ there i\ an apparent choice. One plcturc has 

the double bond formed from two $mglc bonds. a\ in the sharing of cdgcs of a tctra- 

hedron. 
Hcrc all bonds might still hc tctrahcdral and. incidcnlally. if the orbital angles rc- 

maincd at the tctrahcdralvalue I09 28’.lhc singlc4oublc bondanglcwould bc 125’16’. 

not far from the avcragc \;rlue obscrvcd for such angles in Table 3. On the other 

hand, the more usual plcturc i\ rhat the 5 and IWO of the thrccp orh11als are hyhridizcd 
to form three cqulvalcnt bonds in a plant. >ocallcd up’ or trigonal bonds. making an 

angle of 120“ with one another. The third p orbiral IS pcrpcndlcular lo the pl;lnc of the 
other orbitals. The double bond IS then form4 by the overlap of a trigonal orbital 

from each carbon, directed toward the other carbon. and by the tntcraction of the 

two p (here called n) orbitals. 

Thlc picture WIII change the hybridi?aation and, it I\ agreed. thcrcforc the length of 
the Gngle bonds on the same carbon as the double bond. 

This picture would seem to rcqulrc that other \lngle bonds 10 carbon suffer a 

similar shortening. It i, (rue Ihal C II bonds seem 10 dimimsh in length from 
cthanc through ethylcnc 10 acctylcnc. However. it has to bc pointed out that bond 

lengths involving hydrogen are the mo\t uncertain cxpcrlmentally because of the low 
scattcnng power of hydrogen for clcctrons and X-rays. the small contnbution lo 
moments of incrtla. and the large amplitude of motion. Iurthcr, the shorlcning is 
only about 0.03 A from cthanc to acetylene whcrcas the carbonxarbon bond 
diminishes by nearly 0.07 A from propane to methyl acstylcnc. Conuqucntly. the 
&a of 3 wrbon rn&u~ dcpcndcnt only on hybridization is quahtatively but not 
quantitattvcly acceptahlc. 

’ M. 1. S. lkvrr and Ii. N Schmcwng. Trwohrdron. S. 166 (1950) 
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When the single bond from carbon connects an atom with one or more unshared 
pairs and also one or more additional bonds, such as can be the case with oxygen or 
nitrogen, the single bond again is reduced in length when adjacent to a double bond, 
but in this cast tt is possible to demonstrate that the shortening cannot bc due to a 
change in hybridrzation alone. Consider for example the case of methyl formatc 

CH,. .o 
\ 

‘C 
/+ \ 

0 H 

whose structure was carefully studied by Curl’. The single bond O--C= is l-334 A 
compared with 1.43, A for O-C{ so considerable shortening has occurred. How- 

cvcr. all the atoms except CH, hydrogcns are held in a plant. apparently rather firmly 
dcsptte the real possibility of stertc repulsion between the H’s on CH, and the carbonyl 
oxygen. A similar result, which howcvcr involves nitrogen and not carbon, occurs 
with nitric acidB and with methyl n.itrate.10 

X 
\ /” 

0 N 

b 

Here it is now well proven. contrary to earher electron diffraction results,” that 
X = H or CH, lies in the plane of ONO, with a considerable barrier of the order of 
9 kcalt”Js interfering with rotation about the X0 -N bond. Likcwisc NMR” data 
on methyl nitrite 

H&-O 
\ 

N 0 

give a considcrablc barrier for rotation about the middle bond. Acoustic absorption 
data” in the hquid phase also yields a barrier exceeding 5 kcal for single bonds 
adjacent to double bonds in the following molecules: acrolein. crotonaldchyde. 
cinnamaldchyde. mcthacrolcm and furacrolcin. 

CONJUGATION AND I1YPERCOXJUGATION 

These considerable barriers arc not stmply predictable from the change in hybridi- 
zation alone. On the other hand. the conjugation theory” accounts for them nicely. 
According to this theory. thcrc IS resonance bctwccn the structures 

\ / \- ./ 
c :c-o l d c-c. 0 

/ / 

In the latter. charge has migrated to the cxtremc carbon from an orbital on oxygen 
formerly ftllcd with an unshared pair. The C-O bond then takes on a partial double 

’ R. F. Curl. Jr../. Chrm. Php. 30, 1329 (1959). 
l I>. 1. Mlllcn and 1. R. Morton. J. Chrm. Sot I523 (1960). 

” W. Daon and E. 8. Wtlson. Jr.. J. CArm. Phyr. 3% IPI (1961). 
I* L PauJrn( and 1. 0. Brockwry. J. Amrr. Chrm. Sot. 39. I3 (1947). 
‘* H. Cohn, C. K. In6old and Il. G. Pook. J. C’km Phys 24. 162 (19%). 
Ia A. Palm and M. )(rlpa~nck. 1. C’Arm. M~I. 23. 1562 (1953) 
” L. H. Plctfe and W. A. Anderson. J. Chrm. Ph,v~ 30. 699 (19591 
** M. S. dc Drool and J Lamb. Pew. Roy. Sor. A 242. 36 ‘19311 
‘* See ref. 5. op. Chap. 6. 
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bond character and is accordingly both shortened and endowed with considerable 

resistance to twisting. 
Another type of evidence is available in cast the attached atom has a nuclear 

electrical quadrupolc moment. For cxamplc, in vinyl chloride”~‘@ it is possible to 
measure a fine slructurc in the microwave spectrum due 10 the interaction of the 

chlorine nuclear quadrupole moment with the gradient of the electric field at the 

chlorine nucleus arising from the clcctrons and cspccially the outer shell clcctrons. 
The results show that the field gradients are not the same in the two dlrections pcr- 

pcndicular to the C-Cl bond. whereas a pure single bond would bc cxpcctcd to be 

cylindrically symmetrical. Orbital argument\ I’ lead 10 a double bond character of 

about 6 per cent. The C ‘XI bond is also shorter than in CH,CI. for exam+ 

In case the single bond connects an atom without unshared pairs, c.g. carbon. the 
question is somewhat more open (unlc\s of course the bonds arc part of a fully 

conjugated system such as in bcnzcne). Without lone pairs it i\ neccswry to invoke 

h,~perconjugarion.m 3 concept rather less esthetically appealing to many. Thus in 

propylene CH,HC --CH, it is assumed that slructurcs such as 

H 
H-c CH--CH, L - CH-cl4 

/ / 
H H 

contribute. in addition to the normal structure. It is diflicult to obtam the same kind 

of evidence. Carbon dots not have any nuclear clcctrical quadruple moment. 
Further, hyperconjugation with a methyl group will not influence the three fold 

barrier to internal rotation ordinarily mcasurcd. However, it should contribute to 
the sixfold part of the barrier. but the amount to be cxpccted would probably bc very 

difficult to cstimatc bccausc it would depend on the sixth order term in the Fourier 

expansion of the twofold components and that would depend in turn rather dclicatcly 
on the barrier shape. 

All these forms of conjugation imply a transfer of charge in the molcculc which IS 

the greater the more important is the conjugation. Consequently. if a distortion of 
the molcculc is made which favors one or the other of the resonating forms, the 
dipole moment should hc changed in 3 prcdictablc direction by an amount dcpcndmg 
on the amount of conjugation. This should appear 3s cspccially strong contributions 
to the intensity of certain infrared absorption bands. It may hc poss~hlc to dctcct an 
effect of this kind in another way. In certain cases the average dlpolc moment should 

change with vibrational state. An cxamplc which has been partially cxamincd IS 
methyl nitrate in which one might cxpcct the conjugation to bc diminished by twisting 
the KO, group out of the plant. Since this efTcct should cause a charge to bc trans- 
fcrrcd along the axis of twist, it should not avcragc out over 3 cycle of the twisting 

motion but should change the dipole moment 3s the torsional state ic changed. To 
about I pcrccnt nochangciscxpcrimcntallyobxrvcd upthrouph thcsccondcxcrtcd state 
but crude calculations &g&that no et&t larger thin I pc; cent should bc otacned 
until a higher cxcitcd state is rcachcd. It should bc posslblc lo look for this effect 

*’ J II. Goldrtcm rnd 1. K. Bragt. Phys. Ret. 7s. t4J3 (1949). 
I* b Kwclson. L. 8. When and D. R. Lldc. J Ckm. Phya. 32, 205 (1960). 
I* J. Ii. Goldstem. J. Ckm. Phys. 24. 106 (19%) 
H .Scc for example R S Mullakcn. Trtrohdrorc 5, 2S3 (t9S9). 
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with some refinements in tcchniquc.* It has been pointed out’* that conjugation 

should also make a large posttive contrtbution to the interaction force constant 

between the stretching of the two bonds with double bond character. Howcvcr. such 
constants arc difficult to determine. 

It is more dtfiicult to find possible expcrimcntal indicators of hybridization. One 
which is often invoked is the value of the bond angle. Unfortunately it is easy to find 
examples which show that this is not a sample indicator. Thus in tctrahcdral carbon 

if the angle bctwccn one pair of bonds is opened up the opposite angle should close 

down.” if hybridization is the sole dcterminaot of bond angle and only s.p orbitals 

arc used. Instead. In CH,CI, both an@csU open up. This IS of course cxplanahlc in 
terms of “bent bonds” but once this additional concept is added to that of hybridi- 

zation. the whole picture hardly wttsfics Platt’s requircmcnt that “a theory must be 

capable of being disproved”. 
CONCLUSIO& 

Despite the additional information provided by microwave spectroscopy it dots 

not seem possible as yet to dccidc for certain whcthcr a single bond next to a douhlc 
bond is shortcncd hccau~ of rclicf of stcric rspulsion, chan_ec of hybridization. or 

conjugatton. Sevcrthclcss argument\ arc prcsentcd which make the steric theory 

seem the least important contributor whcrcas the data seem to mdicatc that some 

apprccutblc contrtbutton from conjugation is rcquircd. A change in hybrtdizatton 

cannot bc ruled out but seems unltkely to bc the sole phcnomcna rcsponsiblc. a 

conclusion in agreement wrth that of othcrs2’eti 

l D R. Ldc. Jr. J <‘hem Ph,r 33. Ill79 (1960) poants out also that l knoulcdge of the romponmrr of 
the J~plc moment. dclcrm~nahlc from ml‘rowavc qxcrroropy. K+ms IO support a h)prconruggtlon 
rather than l hyhrdvrtton baw for the d~plc II-I prop)lcnc 

** (’ A Coulwn. 1. Ouchcrnc rod C Yanncbxk. I’irror llrrvr .\lrmorrol ~‘olutnt Dcwotr. LIC~C (Ipl8). 
” (’ A Coulron. 1 olrnrr CIarcnJon Press. OIforJ (1932) 
I’ R J Myers rnd W n Gwann. J Chrm Phbj 20. I420 (1952). 
” R S Hulhkcn. Trfruhrdron 6. hll (1959). 
” R HAL a NJ L. Hanscn.N)garrJ. 1. <hem. Phys. 33. 418 (1960). 


