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Abstrmct - rhc rolallonal R&man \pczlra elf huladwnc JnJ buladlcncJ, arc found 11) wnv~l uf 

dwrcrc Ime\ havq wnall t c 0 4 cm ‘1 ycl JlrnosI cnn~I3nI SpJclnp. JS UOUld bc CX,XICd for 

\ymrnelrx or nc;lrl? \ymrnclrlc lop molcrulc~ An mfra-red abwrprwn band tTy-w C’) of buladlrnc 

JI9oltCrn ’ IS obur\cd IO have a spaclng of abw~ 2 5 cm ’ HoIh the Ramrn and mfra-red \yclra 

prorldc crldcnzc for rhc rran$ slruclurc uf lhe bulrdlcnc molcculc I rom Ihe rolallon;rl WnsIJnI$ A’ 

and i. rhc folloulnp. srruclural paramercn wcrc obwncd fc’=C-_(‘) I?? v 05 Jfld 

I(<’ -c, I 47, 0 010 .A Iwrncuh~l rhorlcr IhJn rticnll! dclcrmmcd frcvn cIc~.lr~~n.dlt/rJ~l~~~n 

cxpcrlmcnl\) 

A INTRODUCTION 

Tact butadlcnc molecule has proicn to bc a very useful cxamplc In dl\cusvon* of 

\alcncc theory. particularly In the calculation of fractional bond order\ and ~hc 

prcdtctlon of bond Icngh\. YCI, bcwusc of cxpcrlmcntal dlfiicultio and hccausc of 

the rather complex \tructurc of the butadtcnc molcculc thcrc ha\c hccn only a few 

attempts to dctcrminc expcrlmcntally II\ structural paramctcrs.’ ‘I hc most complete 

structural dctcrmtnatton puhll,hcd w fdr I\ that of Almcnntngcn. Hu\tlanscn and 

I racttchcrg who u\cd the clcctron-dIffractIon tcchnlquc. According to them the 

molcculc ha\ the plutrur rmtu contiguratlon with rtC C) I 3.37 OG)!~ A. 
rtc- C) 1.4u.3 : 001 A. r(C- H) I-082 0.01 A, C (’ C 1224 and 

c- C-II 119.8 

The purpo\c of the prcscnt paper I\ to report on the rc\ult\ of P high rs\olutlon 

Trudy of the mfra-red and Raman spectra of butadlcnc and on the mformcrtlon 

;tbout the molecular \tructurc obtamcd from thccc spectra. 

I$ TllF IYFRh.RI I) 4HSORPlION HALO OI HUTAI)IEYI Al YO)c\m ’ 

Most hydrocarbons contamIng a vmyl group ha\c a strong tnfra-red ah\orptton 

band near 900 cm I which I\ due to the hydrogen our-of-plane waging motion of the 

C -CH, group. 2 An analyst\ of the vtbratlon-rot;Ltlon structure of this band In 

butadtcnc was undcrtakcn In order to probIde information about the rotatlonal 

constants of the molecule. and In particular to confirm that tt ha\ the ~mrt.c contigura- 

[ton. 

l’hc tnfra-red \pcctrum was mcasurcd on 3 gratmg spcctromctcr dcscrlbcd prc- 

\IOU+’ which had been modified to lmprovc the uniformity of the grating drl\c. 
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A Mcrwn-type rrphcd gr;Lflng of 2500 lines per inch was used close to rhc first-or&r 
blare ;I[ 10~1. The Jckctor was ic. Hllgcr-Schwar-r thcrmocouplz utcd wrth optical 

and O.C. ~n~pllti~~tl[~n. 

The absorprmn band IS illustrated in Fig. 1. It 1s a Type C band. that 1s a per- 
pcndlcular band rn the hmiting case of a symmetric top. Only the A’ structure H;I\ 
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resolved and the me~wrcd lrne posttrons are lrsted rn Table I. The combrnation 
dtffcrcncc, ‘Q, - f’Q, and sums &Q, - “Q, were plotted respcctwcty against K and 
A” (t-q 2) and frnm thcsc the followmg band con\t;rnts Here ohtalncd 

IA’ k*) (A’ k-, OxI : 04XXl8 cm ’ 

(A - 6’) - I.20 : 0.01 cm I 

(A’ . k*) I.229 : 0.01 cm” 

“11 + (A’ 6’) 908.96 cm’ ’ 
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The Q ‘lines’ can thus be rcpresentcd by the formula v - 908.96 :. 240 A’ - 

OXI29 KS. and the band orrgin Ye is at 907.76 cm *. A second set of Zincs. shown in 

Fig. 1 between A and B. has the came sycing as the main scrtcs and is probably 

c;luscd by 3 ‘hot’ band. 
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FIG .’ Graphs of the rrlatlonc flQ, - ‘0, \. Xand nQA I ‘Q. \\ K’ for the 908 cm ’ hand 

<‘ TkfF ROTATIONAl RAMAN SPF.CTRUN Of’ RLTADlt:rc’E 

The pure rotational Raman spectrum of butadicne vapourat I Scm Hg pressure was 
cxcrtcd by the Hg 4358 lint and photographed with I 21 ft grating spstrograph: 

A rather simple lmc spectrum was ohvzrvcd as Shown m Fag. 3. A similar spectrum. 
but with 3 narrower line spacing. sac obscrvcd unh hutad~cnr-J,. Thchc spectra 

rescmblc the rotational spectra of symmetrtc or nearly symmclrtc top\. For nearly 
\ymmctric top molcculcs A’ remain\ a good quantum number and the &tmn rules for 
rotcrtmnal transitmns of symmctrlc top> in the Raman cfiect (n;lmcly .IA’ - 0. 

JJ I.21 still hold approxlmatcly. In the butadicnc spectra only the S branch lines 

IX 0: .lJ 2) ucre ohsemcd. Then frcqucnclcs arc Irxtcd in Tahlr 2. 
The ;Inalyscs uf the spectr;t were carrrcd out m the usual u;ty mairng USC of the 

3:2) vs. (I : 3!W 
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TANI! 2 I~ryucncy shtfts of rhc rotatwnal Ram.m Imcs 
of butadwnc and I .3~buhJwwd. 
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L (C=C-Cl 
FIG 4. Graph of r(C’ C) vs. , (C C- (‘1 for “.r,ous rrlucr of r(C=C) conslstcnt rlth the 

obsencd wlue of 6.. The hatched wva rcprrunts the vJucs of r(C-C) cowlstent wth the 
oburvcd value of I, and ti(‘-C) : I 117 : 0 005 A. The wrtlcrl mow rcprcums the 

\~Iuc of rtC-.O dcwmvncd by clcr-tron.dtfrr~t~on cxpcrlmcnts. 
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aprccmcnt wtth rcccnt \alucs of the C-C bond length In cthylcnc, namely I.334 Ah. 
1.327 Al and I.339 A:. If this value of r(C;C) I.337 A IS now taken o\cr. the 

\pcctroccopic roultc g~bc the rclatcd valuc~ of r(C. C) and (C-C-C) rcprc- 

\cntcd by the hatched arca of Fq. 4. 

r(C-C) I.476 : 0.010 A 

./cc--c--0 122.9 : 0.5’ 

For purposes of comparison the value obtained by clcctron dllfraction arc tndlcated 

by the \crttcal arrowhead in FIN. 4. It may bc mcntmncd that the clcctron-dlffractmn 

;~nalys~~ lndlcatcs an unsymmetrtcal error dl\tributton for r(C-C). makmg an 

error of . 0.01 A ISSS prohahlc than an error of - 0.01 A. 
In conclu>ton, the spcctro\coplc data arc In agrccmcnt with the structural param- 

ctcr\ dctcrmlncd hy.clcctron dtffraction \srthm the quoted hmits, although the 

\pcctroscopic data slightly f;lvour a C.-C bond length shorter by about 0.01 A ;InJ 

a C-•C-C an@ larger hv about 0.5’ than the clcctron-diffraction balucs. E\cn so. 

the shorter value for the c C bond length In butadtcnc still g~vcs an apprcclahly 

higher balus than would bc expcctcd (- 1.460 A) from the obscrbcd Ilncar rclatton of 

the variation of C -C bond length\ with the total number of atoms ad]Jccnt to the 

C -C bond.” 
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