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AI%=ACT 

The far mfrzred (2X-40 cm-‘j spetra of gaseous bwzaldchyae, bexoyl fluoride, 
benzoyl chIonde and acerophezon- * have been reccrded The fundamental CHO tomon 
for berzeldehyds has been observed at 110.85 cm-’ with three excited states at 103.51, 
106 52 and 104.17 cm-’ along with several “hot bands” arising i%om the low frequency 
tending mode- The corresponding fundamental for be=Dyl fluoride has been observed 
at 63.36 cmmX with one well defined excited s-ate at 61.91 cm-‘. Wmil~ly, bands obserxd. 
at 44.6 end 49.5 cm-’ in the spectra of beczoyl ch!onde and ncetophenone, respectively, 
have been tigned to rhe fundazuental CXO torsions of tt ese molmles Thn+zsa data have 
aUoaed for the determination of the -ofold barrier wbic.h govmns the Internal robtion 
of the CXO moiety and have been iound to be 1611 cm-’ (4.61 kcal mol-‘)_ 1739 Cm' 

(a-97 kcal rnol--), 1162 cm-’ (3.32 kcal mol-‘) and 1103 cm-’ (3.15 kcal mol-‘1 for ‘he 
aXehyde, iIuor;de, chloride snd ketone, respectlveIq_ These results are compved ti pre 
x-~ousIy obtained values for two of the molecules and to yome corresponding barriers for 

several related molecules 

I-NTRODUCi’lON 

We have recer,tiy undertaken in=restigaticns of the rotational and vlbra- 
tioc& spectra of molecules cont&mg the CXO moiety (where X = H, F, Cl, 
Br axd CH3) [l-S] , These Au&es have allowed for the determination of 
conformational stabihties, energy differences between conformations, bar- 
rzes to internal rotation and in some cases structural parameters. ‘r’;e have 
concluded that the cyclopropyl carbongl halides [ S, 51 and ketone [7] exist 
as a mixture of CIS and trans confo_rEners (i e., carbony orientation relative 
to the three-membered FAg) and that the prefened conformation and per- 
centage htibudon between the conformers is not only dependent on the 
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halide or methyl group but also on the phase which 1s investi@&_ These 
results are m dkect contrast to what was found for propionyl fluoride [S] 
where we have can&tided that this molecule exists in a cis (i.e., carbonyl 
orientation relative to the methyl group) andgauche conformational eqmlib- 
rium. The rmcrowave and &-infrared results obtained for isopropylcarbox- 
aldehyde [Sj in&cate that this molecule also exists as a cis (I e., carbonyl 
orientation re!atrve to the o-hydrogen) and g&&e equrlibrium. Similar 
studies have been carned out for the propenoyl hahdes [I] and methyl vmyi 
ketone [2] and it has teen shown that these molecules exist as czs and truns 
~+.ihbria. Although, in many cases, a large amount of data could be found 
in the earher literature for these molecules, our studies [l--S] have clanfred 
amtigulties in the relative stab&ties of existing conformers and have pro- 
mdPd tamers to internal rotation and the potential constants governing this 
molecular motion. As a co-rtmuation of these studies we have investigated 
the far-l%atid spectra of a series of benzoyl compounds to obtain the two- 

fold barriers to mtemal ror;atlon. 
Kakar and co-workers [9, lo], as a result of then microwave investiga- 

tions of benzaldehyde [ 101 and benzoyl fluoride 191, have determmed that 
these molecules have planar structures Furthermore, the larger value of the 
inert& defect determined for the fluonde (-0.325 ‘c; A’) compared to the 
corrcspondmg quantity for the aldehyde (+I_128 U A*) has been attributed 
to the flue-nde srmply having a heavier internal rotor compared to -he aide- 
hyde and not to the CFC morety lying shghtly ourcof-plane. Frorr relative 
intensity measurements, these aurhhors were able to determine the funda- 
mental frequencies of the CXO torsional modes to be 113.8 = 5 .O a id 59.5 = 
3 cm-l for the &dehyde ilO] and fluoride [9] _ respectively. Subsequent 
barrier height calcular;rons yielded values of 1714 cm-’ (4.90 I 0.43 kcal 
mo?) and 1560 cm-l (4.46 -t 0.46 kcal mol-‘) for the Jdehyde [lo] and 
fluonde [9], resp ?ctlvely . These authors 19, IO] state further ‘that the chf- 
ference between the deter-mmed barrier heights for the two molecules should 
probably be greeter d conjugation between the ring and rotat-hg group were 
solely responsible for the bamer he&-&s. 

The fundamental CEiO torsion of tenzaldehyde has teen observed at 
111 cm-’ m the far infared spectrum of the vapor [II] ; however, successive 
excited sttates were not identrfred. This assignment of the CHO torsional 
fundamental was !ateer venfred but agam no “hot bands” were reported 1123 . 
Therefore, there has not teen any previous attempt to evaluate the V, term 
in the potential function for this molecule although the tamer appears to 
have been reasonably we? determined [11 j _ 

To our knowledge, similar microwave stu&es of tenzoyl chloride and 
acetophenone have not been carred out; however, zn extensive amount of 
vibrational data currently exists m the hterature for both of these molecules 
[13--181 _ The most recent of these studies appears to be for acetophenone 
where Garubi et al. [13] have carried out an extensive intied study of the 
parent molecule and the -d3, -d j and -d, analogy_ From this mvestigation, 
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they detcnmned a valence force field which was used to support their assign- 
ment of a plamsr structure where two of the methyl hydrcgzns he 2bove 2nd 
below the plane while the third lies m the plane zt.self_ Although they clearly 
state that the methyl 2nd CXO torsions were not observed, and thus remain 
umdentified, frequencies of 74 and 23 cm-‘, respectively -*?re calcuI!2ted for 
these modes in the parent compound. There appears to be one case where 
the C(CH3)0 torsion x2.s observed for acetophenone [ll] and the tiequency 
reported was 48 I 2 cm-l. Although these authors 1111 calculated 2 barrier 
height of 1084 cm-l (31 kcal mold), they state that the observed contour is 
very broad 2nd a coxrderable amount o f uncer/xinty exrsts m the observed 
frequen,? and, consequently, m the barner height. 

Snnilar infkaced studies have been corned out for benzoyl ch!onde [14- 
173 ; however, the CC10 torsional fundamental hats not beer. observed. From 
one of these stuches 11-53, it 1s stated that an exlxmslve :cvestrgrtion of the 
mhared spectrum top75 cm-’ gave no mdicatzon of tZlls mods and tkas these 
authors concluded that it must he below this frequency_ 

The development of far-in&red mte&erometry as a means of investig2ting 
low-frequency torsional v;_br2~ons h2s producecl 2 number of interesting 
results [ 181. These results have clanfied the relat!ve conformational energies 
of 2 number of molecules 2nd i-ave allowed for more accurate determma- 
tiers of the potentr2l functions whxh govern the Internal rotations. We h&ve, 
therefore, carried out an mvestlgation of the far-infrared spectrum of the 
vapor phase of benzaldehyde with the hope of more accurately determining 
the burner height and to ascertam whether the potential con’ains a V, term. 
Snmlar studies have been camed out for benzoyl fluoride, benzoyl chloride 
and acetophenone for comparative purposes. The results of these srudres are 
reported herem. 

EXFERIMENT.AL 

Benzoyl fluoride was prepared by the rezction or’ benzoyl chloride (Aldrich 
Chemical Co.) v&h an excess of SbF3 The ,mixture ~2s stirred vrgorously for 
L hour at about 6O”C, and the product was subsequently removed frcm the 
reaction mixture by ciistrllation. The sample w;tl; purified by using 2 low- 
temperature su blimatlon column _ Both benzaklehyde 2nd acttophenone 
were obtained from tiher Screntrfic Company with stated p-ties of 94; % 
2nd were Iused without further punficatron. Traces of water ~;em removed 
by passmg the gaseous samples through dned 3 X moles&x sreves. 

The far-infmred spectra of the gases were obtamed wirh a Nrcclet model 
8000 Fourier transform interferometer equipped with 2 v2cuum bench 2nd 2 
heiium cooled Ge bolometer conttiing 2 wedged sapphire filter and poiy- 
ethylene windows. Both 625 and 12 5 P Mylar beamsplitters were employed 
depending on the frequency regron under investigation, and the samples were 
cont2ined in either 2 I m or 2 20 m cell_ The effective resolution was 0.12 cm-’ 
and 256 interferograms were taken for both the sample 2nd reference cell. 
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These titerferogmzs were averaged and tzmsfornxed by usizg a boxcv 
zpodizatior function. The spectral data are shown in Figs. 14 and the tie- 
quencies l&ted 1p Tables 1 and 2 are expecti to be accuzzte to at least 
so.05 cm-’ for the m Q brznches. 

RESULTS 

Benmldeizyde 

Tie fai-k&rared spectxm of gveous benzzldehyde 1s ckractenzed by two 
absc-@ions below 250 mm1 (Fig. l)_ The first of these occurs at 223.8 cm-’ 
and IS assigned to the ring-CHO out-of-plar.e bend based on its Ctype con- 
toui_ A series of “‘hot bands-’ which probab:y proceed to higher hequency is 
asscciated with this bendmi fundamental ar;d Lheq- have ksn attmbu’ti as 
arising fion the CHO torsion. However. it LS possible that the fmdzxnenti 
is The highest frequency b-ad with successive excited &&es f&g to lower 
frequency Therefore, there is zrnhiguity as to whether the fixdamen’tzl is at 
225.2 or 223.8 cm-’ and we have rather arbitrarily chbsen the lover fre- 
quency. The most interesting Iezture of this band is that the four f&branches 

TABLE 1 

Observed= bands and proposed axsign~~nts of the Infrared spectrum of gaseous benztide- 
hyde below 250 cm-’ 

v (cm-‘) Releti-ie 
intensity 

Assignme It Obs - cakb 

225 2 a 
224.7 ? 
224 4 Q 

“S.8 G 
-214 xx 
llo.-P5 Q 

110.?15 Q 
110.28 Q 
110 05 Q 
109 51 Q 
109.25 Q 
107-65 @ 
106-52 Q 

106.23 Q 
105.85 Q 
105.54 Q 
105.13 Q 
104 17 Q 

m 
m 
m 

m 
m 
m 
L3W 

mw 
w 
m 
W 
xv 
lj_ 
W 

VW 
-a 
\-I=., 
w 

her; band 
hot bmd 
I..-.* -_-- b--’ 

out-of-plane bend 
in-plane bend 
1 + 0 torsion 
hot bmd 
hot band 
hot band 
2 q- 1 torsion 
hot hand 
hot band 
3 6 2 torsion 
hot band 
hot band 
hot band 
hot band 
4 * 3 tcrs?on 

-0 30 

0.65 

-C.CS 

-0.05 

aAbbrevEtions used’ m, medium, R, weak, v, very; min, minimum. bCa!culakd usirrg 

pobmt?al corMants and ir”-number given in Table 3 _ 
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Oasemeda bands and proposed assignmeot of the far-infrared spectr~~~~ below 250 cm-’ of 
gaseo-as benzoyl fluoride, benzopl chloride, and acetophrDone 

lMo!ecule V [cm-l) R&&iW 

intensity 

Assignment 

Benzoyi fluoride 

Benzogl chloride 

Xcetophenone 

225 R? w, bd 
212.7 Q m 

-204 m, sh 
158.0 Fk 

68.36 171 
61.91 VW 

200_5 m 
-170 w 

44.6 m 

219 3 m 
188 5 XV 

49 5 m 

158 T 69 = 2’;1 ? 
in-plane bend 
? 
out-oi-plane bend 
I + 0 torsion 
2 + I torsion 

m-plme bexxd 
out-of-plane becd 
1 + 0 torsion 

m-plane bend 
out-f-plane bend 

1- 0 torsion 

*Abbreviations used. bd, broad; m, medrum; sh, shoulder;r, very; w, weak. 

aU have nearly the same intensity and that they er d rather abruptly after the 
third “hot band”. This band also has a pronounced low-frequency sl aulcfer 
which appears to have a minimum at 214 cm-’ and this band has been 
assigned to the in-plane bend. The assignment of these txvo fundamentals 
is reversed from that given previously [12] but the sharp Q-branches on the 
224 cm-’ band center reqmre that this band be assigned to the out-of-plane 
motion. 

The second far-inked absorptioLl band is found at 11C.85 cm-’ and it is 
about one-half as intense as the out-of-plane bencbng mode. It LS also 2 type 

C band but the successive excited states (Fig. 2) clearly fall to lower fre- 
quency and this band can be confidently assigned as the CEIO torsion. In 
addition TV the fundamental at llG.85 cm-’ tl-k Q-branch has three “hot 

Fig. 1 Far-infrared 6putrum of benvidehyde from 250 to 80 cm-‘. 



Fig. 2_ Torsond transitions of ber;zaiciehyde. The top spectral trace is t lat of water. 

bands” occurnng at 110.55, 110.28 and 110.05 cm-’ uith which rt is appar- 
ently assocrated These band: cannot be attributed to exci’kd states of the 
CHO torsron because of the relative close spacing of +he successive transi- 
tions. Furthermore, if such dZ assignment is made, then the remaming Q- 
branches, which fall to lower frequency m the spectrum, would be left 
unassigned. Therefore, we hage assigned th’ks first series of “hot bands” as 
arismg from the CHO torsron in successive excited states of a bending funda- 
mental. The next strongest Q-branch below 110.85 cm-’ occurs at 109.51 cm-l 
and it is reasonable to assrgn this Q-branch to the 2 + 1 transition of the 
CHO torsion. Simil.&y, the Q-branches observed at 106.52 and 104.17 cm-’ 
cam be assigned to ‘Se 3 - 2 ard 4 c 3 torsronal transitions, respectively. It is 
mtere:ting to note that a serie, = of Q-branches IS assocla*A with the 2 + 1 
and 3 - 2 transitions as was the case for the 1 + 0 transition. However, for 
the exbzited torsional states they are not as clearly defined and the 2 + 1 tran- 
sition appears to be perturbed since it is closer to the fundam-ntal than one 
would predict horn the spacing of the kgher transrtions (Fig. 2). We 1191 
have recendy observed similar “hot bands” in the far ineared spectrum of 
3-fluoropropene and have attibuted the additional “tie” structure which is 
observed on tne fundamental asymmetric torslon and the successive excited 
states as ansing from the CH,F asymmetnc torsion X-I excited states of the 
FCC and CCC bending modes The assrgnment of the observed far m&ared 
data below 250 cm-’ 1s summarized m Table 1, 



3srlzoyl fluoride 

Unlike the far-n&ared spectrum of benzaldehyde, wluch is characterized 
by only two well-defined absorptions below 250 cm-l, the far-infrared spec- 
tr. of the corresponding fluoride is relatively complex mtl-i three or pos- 
s~bly four absorptions below this frequency. The East of these appears as a 
broad absorption centered at 213 cm-’ (Fig. 3)_ It is nor clear whether the 
shculder at 225 cm-’ is a band centered at this frequency or whether it is the 
R-branch of a B-type band centered at about 222 cm-‘. Irrespectively, we 
have tentatively assigned this band as a combination of the out-of-plane bend 
at 155 cm-l with the CFC torsion. The m-plume tend is confidently assIgned 
to the band centered at 213 cm-’ but there appsrs to be 2 low-fre%cency 
shoulder centered at 204 cm-’ which may have two Q-branches ssscciated 
-.vith it. This absorption is either the C70 waggng motion, which has pre- 
liLously been assigned 1207 at 699 cm-‘, or a difference band which IS pre- 
s-umably more probable_ The remaining band to be assigned m the far-infrared 
-,pecVum of benzoyl fluoride is the CFO symmeuic torsion and we have 
obse_rved two well-detied Q-branches at 63.36 and 61.91 cm-’ which are 
assignedasthel-Oand2 -+ 1 transitions, respectively (Fig_ 3). _As for the 
ben&g fru,damentals, additional well-defined features have not been ob- 
served, as was the case for the aldehyde. It is probable that there are many 
excited states associated with the bendmg modes and they simply are not 
being resolved mth the resolution of 0.12 cm-‘_ In fact, t-here are indications 
of shoulders on the 1 c 0 transition and there are clear absorptions at two 
ad&tional places lower in Frequency than the 2 + 1 transition, but there are 
no well-defined Q-branches m these regions which could be assigned to the 

51 

I 

I 

Fig. 3. r’ar-infrared spectrum o f wnzoyl fluoride from 235-135 cm-’ and from TO- 
54 cm-’ (upper txace is water, center trace shows inrendty of the torslona; ~xansiuons 
re!ative to the bendmg fundamental, and the lower tzrce 1s an expar.slon oi the torsional 

transtions). 
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hi&~ transitions The assignment of +Ae far-in- ~pec*~m of benzoyl 
Zuoide is summadzed in Table 2. 

Benzoyl chloride 

The far-m&ared s_pectrum of benzoyl chloride, below 250 cm-‘, appears to 
be characterized by three absorption bands centered at 2OC.5, -170 and 
? 4.5 cm-’ but ncne of these bands appear to have any distict contours The 
k-a?d at 200.5 cm-’ has been assigned as the in-plane bending mode and the 
cne at --l’iO cm-’ has be2n assigned to the sass sensitive out-of-plane rmg 
mode. This IMter assigment must be considered tentative since the corre- 
sponding Raman line in the liquid phase has been RpO&.ed [15] ar; 167 cm-‘. 
Also the relative intensity is considerably stronger than the correspondingly 
assigned mode in t’ce benzoyl fluoride molecule Therefore, there is a distmct 
psibihty &at the intied band dses not correspond to the observed Raman 
line 1153 whch would then require the assignment of ano’rher fundamen’tal 
m this region or the presence of a tiference band. 

The re&ing band in tie far-in-d spectrum is centered at approxi- 
mately 44.6 cm-; and it is undoubtiy +Ae CC10 torsion. Although there 
may he two additional G-branches the qality of the specDi was not suf- 
ficient to confidently assign any excited states. It is probable that there are 
maqy “hot bands” associated mth each excited state which would reqme 
considerably higher resolution to resolve them distinctly. The assignment of 
‘Se far in-d specl~~~~ of beEzoy1 chloride 1s svmmmzed il Table 2. 

_4cetophenone 

The far ~GSra.red spectim of gaseous scetcphenone is very similar to that 
of benzoyl chlonde axcept t!z baPldr ve cen=red at 219.3, 188.5 and 
49.5 cm-l - The former of these three is presently assigned to the in-plane 
bending mode and the 188.5 cm-’ band IS assigned to ‘he mass sensitive outc 
of-plane rig mode. As vnth the chloride, this latter assignment must be con- 
sidered tentitive since the tori-esponding Raman line has been reported 1203 
in ‘he hqtid phase at 165 cm-’ _ -4 similar alternative assignment can thus be 
prc;posed for acetophenone where it is possible that the 188.5 cm-’ bvld is 
the CCH30 wag (preliously assigned [20] at 695 cm-‘) which would necessi- 
tate that -he Raman line at 165 cm-’ be assigned to the out-of-plane ring 
mode. The final band, centered at 49 5 cm-‘, is zssigned to the C(CH3)0 tor- 
sion_ The CH; torsion hzs not been presently assigned; however, +Q& Libra- 
bon i:, typically very weak for ketones. This vibration has been calculated 
[ 131 to occur at 74 cm-‘; however, based on results which we have obtained 
for several other ketones, we suspect that it is in the mge of 110 to 130 cm-‘. 
The as.slgrunenT; of the observed far-M bands of acetophenone is listed 
i7 Table 2. 
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Fig 4. Far-infrzred survey spectrum of acetophenone from 250 to 3@ cm-‘. 

BARRIERS 

Using the axignments given in Tables 1 and 2 for the torsional k%nsitions, 
the twofold symmetric torsional potential fun&Ions of benzaldehyde, ben- 
zoyl flcoride, benzoyl chloride, and acetophenonc have been calculated. The 
periodic bzriers to mum& rotztlon of the CXC moieties have been deter- 
mined wirh the use of 2 computer program stir to the one described by 
Lewis et al [Zl], m which the torsronal potential can be represented as a 
Fourier cosine series in the mternal rotation angle 

2V(B) = V,(I - cos 28) + V,(l - cos 40) 

where 0 is the torsional angle. The program determines the coefEcients V, 
and V4 eom the input; of the observed torsional transitions and +Ae structur- 
ally dependent internal rotation constant; F which is equei to h’/WcL, where 
I, is the reduced moment of inertia for the top. The potential constants for 
‘&e ngid rotation of the CXO moieties irsted in Table 3 were obtained by 
utiizing the F numbers previousiy suggested from the microwave mvestrga- 
tions 19, I,01 or cakulated from reasonably assumed skuctural parameters. 
For bentidehyde, both the Y-, and V, terms WFE~~ cakdated. The V, te_m 
representi the barrier hel&t and arises from the twofold nature of the CHO 
rotational poten’Sal whereas the relatively small V, teens -,erves to ‘%hape” 
the twofold well. Fo,- the other molecules only the V, term was calculated 
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Potential constants (cm-‘) for the symme~ical twofold barriers of benzaldehyde, benzoyl 
fluoride. benzoyl chloride and acetophenone 

Mo!ecule v2 Dispcrslon V4 Dispersion 

hen-Alehyde 
(F = 1.890 cm-‘) 
benzoyl fluoride 
(F = 0.5790 cm-A> 
benzoyl cblonde 
(F = 0.4369 cm-‘) 
acetophenone 
(F = 0 5661 cm-‘) 

1611 22 22 7 

1739 14 

1162 40 

1103 35 

because of -the lack of confidently asigned excited torsional rransltions. The 
calculated twcfold baners are 1611 cm-’ (461 Itczl mo -I), 1739 cm-’ 
(4.97 kczl moTI), 1162 cm-’ (3.32 kcal mol-I), and 1103 c:m-’ (315 kcal 
mol-I) for the aldehyde, fluonde, chloride and ketone, resIlectiveiy_ These 
results are summarized m Table 3. The hpersions hsted for Gne aldehyde 
and fluoride are twice the statlstlcal standard deviations whereas these for 
the chloride and ketone are estimated on the basis of the choice of the band 
cen’er of the torsional fundamental. 

DISCUSSION 

Ir_ The far mfrared spectrum of benzoyl fluoride, benzoyl chloride and 
acetoFhenone there appears tc be 2 band which is somewhat higher m fie- 
qr;,.,, -J than the Raman !me for the hquid phase which has previously been 
asi-gned to th2 mass sensrtlve rmg-CXO out-of-p!ane bendmg mode. Smce 
fundamental vibrations beiow 200 cm” shift to higher frequency III going 
from the gas to the hqmd this infixed band probably does not correspond 
to thrs normal mode. Thus, It appears that there 1s a good probability that 
one of the CXO bendmg modes may be rmsassigned for all of these molecules 
or that a very uxdsual slnft occurs in gomg from the gaseous to the liquid 
state Further mfmred and Raman Au&es of ali of these male&es m the 
solid state would probably help to clear up this point. 

Tine dete_tuned barriers pro-de an interestmg grouping. The bamers 
for ‘he aldehyde and fluoride are relatively high w&h values of 4 61 and 
4.97 kcal mol-‘, resnectively, and both molecules have been shown to be 
planar by ticrovmve studies 19, IO] _ The chloride and ketone have barner 
values of 3.32 and 3 -15 kcal mol-’ I respecbvely, which are significantly lower 
than the aldehyde and f!uonde, but the results cannot be attributed to the 
electronegatlvity efr’ects of the X group_ However, it should be noud that 
+hn chlorine atom and the methyl group have sun&r van der Waals’ radii so 
stenc effects could be playmg the dominant rcle. In fact, zt is possible that 
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these latter two molecules are not planar, which would reduce the con~uga- 
tion and lower ‘&e barrier_ It would be interesting to carry out microwave 
sP..&es on these two compounds to determine whether the CXO group is out 
of the plane of the ring. 

The slightly lower barrier of 4.61 kcal moF for benzaldehyde compared 
to the value of 4.90 kcal Lmol-l (5.28 kcal mol-’ for C,H,CDC) horn the 
rmcrowave sixdy [lo] is the result or' the obsemed &eque=cy being lower 
than tie higher estima’&d hequency of 113 cm-l for rhe torsional funda- 
men’& Similarly, our barner cf 4.97 kcal mol-’ for the fluoride compared 
to the due of 4.46 kcal mcrl-’ obtained from the e&mated hequency of 
59.5 cm-’ for the torsional fundamenml horn the relative intensities of 
microwave -itions [9] 1s the result of the higher frequency observed for 
this fundamental. As pointed out by Kakar [9] sn uncer’minty of 3 cm-’ in 
the torsional frequency resuh.s in an uncertain@ of 0.45 kcaI mol-’ in the 
barrier value for the fluoride. Since it is very Lfficult to obtain fmquencies 
to betier than r5 cm-’ for Mbrations m the 60 cm-’ -e&on from rnlcrowave 
re!axe mt.em.ihes, the barriers obtamed by such measurements have a rela- 
tively large uncertamty associa+~d with them. 

The small value of 0.06 kcal mol-’ for the V, term for the po+entxI 
govemmg the internal rotation for benzaldehyde IS consistent urlth the small 
values obtained for the V, tams for threefold harriers [22] _ Tnerefore, it 
appears that confident barrier values for twofo:d rotors can be obtained 
from only the I + 6 transitions smce it is expecr;ed that the V, terms of 
other twofold rotors wi.Ll also be small_ 

Silver and Wood [23] obtamed the internal romtional b-&em of benz- 
aldehyde and the orthc-. meta-, and para-substituted chlorides from a study 
of the far-ini?ared spectra of the liqmds. it should be not& ‘Lhat large differ- 
ences in the barrier v&es are obtamed between the liquid (6-68 kca! mol-‘) 
and gas (4.61 kcal mol-’ ) m benzaldehyde because of the large smR in rhe 
torsionai frequency wth condensation due to tFe intermoleculu forces in 
the liquid. Therefore, comparison of barrier values for compounds in the 
liquid state may not refiect those obtained for the gaseous state smce the 
mtermolecular forces in the different liquids are expected to be significantly 
different, which will result m dGferent shifts of the torsional frequencies. 
Therefore, it would be mterestinng to compare the values of the barriers for 
seve_ml series of substituM benzaldehydes in the gas phase to determme the 
effect on the barriers m those compounds with subsrituents havmg Mferent 
inductive effects. 

One of the more interesting aspects of this study is the apparent perturbn- 
Son of the 2 + 1 torsional transition U-I benzaldehlrde, This band is 9.65 cm-I 
closer to the fundamena tranxtlon than predrckd from the potential func- 
tion and there is a second pronounced line at 107.65 cm-’ which E &placed 
to a lower fnq=ency by about:he szme amount Eromthz cdc-dated transi- 
tion. In fact, 1~; was not en-Likely clear which of these transitions corresponds 
to the 2 - 1 transition. A side pefiurbation was found in the far-tifrared 
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spectrum of pro~aaal 1243 _ -Also, it should be noted that only three excited 
states of the CHO torsion ~EI bcnzaldehyde were ooserved which is exactly 

the number observed for the gQUC??e conformer of isopropylcarboxaldehyde 
[8] _ Therefore, the torsiorA w&ions fOi the CHO moiety seem to differ 
from those 9f other CXO groups. It is possible that further studies of the 
CXO torsion al modes for crvzral other molecules rmght -provide additional 
insight into ~;hy these dktiict OTIS are present for the aldehyde moiety. 
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