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Abstract

The authors obtain the infrared rotation-vibrational spectrum of gaseous methanol

and the Raman spectrum of liquid one. Actually the infrared as well as the Raman

spectrum of methanol has been analyzed on the basis of CS symmetry.1,2) However,

the present observations show that the vibrational bands of methanol obtained can be

explained according to C3v selection rule, that is, it is in agreement with theoretical

expectations for C3v model that four parallel type bands are polarized in Raman and

have P, Q, and R branches in infrared, whose P-R separations are observed to be 40

cm-1 and estimated to be 43 cm-1 on the basis of the parameters for C3v model. In

addition, the obtained spectra of methanol resemble very closely those of acetonitrile,

whose symmetry is C3v 1)

I. Introduction

The symmetrical model C3v for methanol (H3COH) has eight fundamentals, four

totally symmetric ones (Ai) and four degenerate ones (E), all of which are both

infrared and Raman active, whereas less symmetric model Cs would give twelve

fundamentals(8A'+4A"), all of which are both infrared and Raman active. The

vibrational spectrum of H3COH has been assigned according to Cg model,卜6> but

this appears doubtful. Because only eight fundamental bands can be found in the

spectrum obtained, some Raman bands as fundamental are missing the corresponding

infrared ones and vice versa, and some inconsistencies in the fundamental assign-

ments appear in the preceding literatures.

The authors have therefore found it worthwhile to reinvestigate the structure of

methanol by measuring the rotation-vibrational spectrum as well as the vibrational

one and by comparing the spectrum of methanol with those of structurally related

molecules.
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2. Experimental 

The compounds are purchased from commercial sources and purificd by distillation. 

The Raman spectrum is recorded on JEOL JRS-SIB spectrophotometer using argon 

ion laser and the infrared spcctrum is measured with Shimadzu IR-450 spectrometer, 

whosc gas cel] had a path length of 10 cm and KRS-5 windows. 
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3. Results and Discussion 

3-1. Vibrational spectra of acetonitrile(H3CCN) 

From the fact that hydrogen cyanide(HCN) is linear it would appear very likely 

that in H3CCN the C-C-N chain is lincar,1, 7) that is, that the molccule has a thrcc-

fold axis just as methyl iodide(H3CI) and mcthyl bromidc(H3CBr). Figure I shows 

the Raman and infrared spectra of H3CI, H3CBr, H3CCN and H3COH. If H3CCN and 

H3COH havc a three-fold axis of symmetry they would have, according to thc irrc-

ducible rcpresentations shown in Table 1, four totally symmetric (A1) and four doubly 

Table I Irreducible Representations of C3+ and C* for H3C-X-Y and C3+ for H3C-X 

H3C-X-Y 

H3C-X 

C3v 4A*[R,p ; IR(lD] + 4E[Rdp IR(1)] 

Cs 8A [Rp ; IR J + 4A,,[Rdp IR J 
C3v 3A [Rp IR(li)] + 3E[Rdp ; IR(1)] 

dcgenerate(E) vibrations, all of which arc both Raman and infrared activc. Eight 

fundamental bands have indeed been observcd for H3CCN and H3COH in Raman and 

infrared, rcspectively, as shown in Fig. I and Tablc 2. If the C-C-N or C-O-H chains 

were not linear, there would be twclve bands, all of which arc both Raman and infrarcd 

active. Thc agrecment of thc number of obscrved Raman and infrared fundamentals 

with that cxpected on the C3. modcl is of coursc by no means a very strong 

argument for this modcl ; but the following considerations support it further. As for 

H3CI and H3CBr, onc would expect for H3CCN and H3COH a totally symmetric C-H 

stretching vibration (v~CH3) and a degenerate C-H stretching onc (v**CH3) and a 

similar pair of CH3 symmetric dcformation(8*CH3) and CH3 asymmetric one(8asCH3). 

These are indeed observed, with nearly the same frequencies as for H3CI and H3CBr 

as shown in Fig. I and Table 2, where v*CH3 Iies around 2950; v*~CH3, around 3000; 

8*CH3, around 1000 and 8.*CH3, around 1450 cm~1 region as expected. For H3CCN 

onc would further expect a C-N vibration(v*C-N) and C-C one(v~C-C), which are 

indeed observed at (p)2250 cm~1 in Raman and at ( Il)2254 cm~1 in infrared for 

v~C-N and at (p)916 cm~1 in Raman and ( ll)920 cm~1 in infrared for v*C-C. The 

two remaining frequencies (dp)1040 and (dp)380 cm~1 in Raman which correspond 

to (~)1052 and (1)360 cm~1 in infrared are apparently those of the two rcmaining 

degenerato vibrations, a methyl rocking vibration(p*CH3) and CN rocking one (p*CN). 

Thc totally symmetric vibrations of H3CCN give rise to parallel typc bands having 

P, Q and R branches in infrared, and the degeneratc vibrations, perpendicular type 

bands with succession of Q branches as shown in Figs. I and 2 . 

These facts are strongly in favor of the C3. model for H3CCN as mentioned in 

the refercncel) . The Raman and infrarcd spectra of H3COH seem to be same as thosc 

of CH3CN cxcept having a symmetric O-H stretching(v.OH) and a O-H rocking 

(p*OH) ban. ds instead of vsC-N and p*CN bands for H3CCN. 
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3-2. Vibrational spectra of methanol(H3COH) 

3-2-1 Parallel type bands"' ･･････The infrared band at 2845 cm~1 of H 3 CI might 
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bc considcrcd as fundamcntal, but thc bands at 2845 and 2978 cm~1 form a doublet 

duc to a Fermi rcsonancc8) whosc center coincidcs very nearly with twicc thc wave 

number of the band at 1447 cm~1. Thcrefore thc 2845 cm~1 band of H3CI is not 

fundamental one, but the 2978 cm~1 band corresponds to one fundamental only*1) 

Thc band at 2852 cm~1 of H3COH that corresponds to 2845 cm~1 band of H3CI has 

becn assigned to v*CH3 in ono of prcvious litcraturesl~6), but it should be assigncd 

to tho first ovcrtonc of an asymmctric methyl dcformation (2x8*~CH3), 'Nhich should 

appcar in thc rcgion9) of 2800 cm~1. This ovcrtonc is usually found to be medium, 

thercforc thc strong intensity of the overtonc for H3COH seems due to a strong 

Fcrmi rcsonanco of 2 x 8**CH3 band with 2940 cm~1 fundamcntal onc. Tho 2940 cm~1 

band can bo assigncd to v*CH3 Which is expccted to lie around 2950 cm~1 region, 

to show P, Q and R cnvclopcs*2) in infrarcd and to bc polarizcd in Raman. Thc 

strong Raman line and strong parallcl infrared at 1034 cm~1 obviously is thc C-O 

vibration(v~C-O) corrcsponding to v*C-C of H3CCN. 

The two infrared bands at ( 11 )1452 and (~)1480 cm~1 which are corresponding 

to the Raman bands at (p) 1450 and (dp)1475 cm~1, arc not well rcsolved, but arc 

readily cxplaincd as corrcsponding to 8*CH3 and 8*~CH3 of H3CCN, respectively. Thc O-H 

strctching vibration corresponds obviously to thc infrarcd band ( Ii )3710 cm~1, which 

has a frequcncy very similar to that of thc symmetrical O-H stretching vibration of 

H20. Thc vcry considerable difference between the frequency (p)3330 cm~1 measured 

in the Raman spectrum and that(3710 cm~1) measured in the infrared spcctrum is 

duc to thc fact that thc Raman frequcncy rcfcrs to the liquid. The infrarcd spectrum 

of thc liquidlo, 1 1) has shown thc v*OH band, just as does the Raman spectrum. 

The frcqucncics of vCX(X=0,C,Br,1) and v~XY(XY=0H,CN) should deeply decrcasc 

in which tho frcqucncy changc in going from thc lightcr to thc heavier atom. 

3-2-2 Perpendicu/ar type band･････････It is well known that thc frequcncics of 

v**CH3 and 8*~CH3 are remarkably constant throughout the scries of molecule H3CY 

(Y=F,C1,Br,1) 12, 13). This is, also, thc casc for H3CXY(XY=0H,CN), Therefore the 

depolarized Raman band at 2993 cm~1 of H3COH can bc assigned to vasCH3, which 

shows the perpendicular type band in infrarcd. Thc 1475 cm~1 Raman band which 

corresponds to the 1480 cm~1 band in infrarcd can casily bc assigned to 8**CH3 in a 

similar manner as abovc. 

Thc rocking vibration of a O-H group(p.OH) should givc a frcquoncy of thc sarnc 

ordcr as thc bending vibration in H20(of course modified by thc different distribution 

of masscs). It may bc identified both with thc depolarizcd Raman band at 1158 cm~1 

*1) It is seen that the envelope of 2978 cm~1 band has P, Q and R branches in high resolu-

tion spectrum. 

*2) The 2940 cm~1 infrared band does not show P, Q and R branches. This is due to over-

lapping of this band with the Q sequence of u.*CH3. 
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and thc infrarcd band at 1347 cm~i of pcrpcndicular typc. Thc largc diffcrcncc of 

frequccics in p*OH bands bctwecn gascous infrarcd and liquid Raman spcctrum is duc 

to strong hydrogcn bonding in liquid state, as docs v~0H. Thcrc remains thc rocking 

vibration of CH3 group(p*CH3), accordingly thc infrarcd band at ll05 cm~1 must bc 

assigncd to the p.CH3, whose corrcsponding Raman band is wcak onc at lll4 cm~1. 

4. Band Contours 

4-1. P-R separation･････････Thc parallel bar!_ds are those for which the electric moment 

oscillatos along the symmetry axis, and thc cnvelopc of those bands possesses P, Q, 

and R branchcs, whosc P-R separation, AVpR is expressed by Gerhard and Dcnissonl4) 

as follows; 

AVpR = S( p) 17tVh T/ IA 

whcrc the separation function S(p) is given by the following cmpirical formula, 

10g I oS(p) = O. 721/ (p+4) I ･ 1 3 

whose parameter p is equal to (IB/IA)-1. 

On the assumption that thc structure of H3COH is C3~ having the followin~r 
parameters, O-H=0.96A, O-C=1.427A, C-H=1.lOA, tetrahedral HCH angle and COH 

anglc of 180', thc authors cstimated the moment of inertia about top axis to bc 

IA=5.09 x 10-40 g･cm2, and that about the axis perpend.icular to thc top axis to bc 

IB = 32.13 x 10-40 g･cm2. Thus thc P-R separation of the parallel bands of H3COH 

at 25~C is estimated to be 43 cm~1. The P-R separation for the bands, v*O-H, 

v*C-O and 2 x 8**CH3 are obscrved to be 40 cm~1 in Fig. 2. Therefore, the agreement 

is good and may be regarded as fairly satisfactory. The separation for v*CH3 can 

not bc observed duc to overlapping*2), and that for 8~CH3 Can not be observcd due 

to bc too weak. The obscrved and calculated P-R scparations for the parallcl bands of 

H3CCN, H3CBr and H3CI arc shown in Table 2. Thc agrecmonts seem to be fairly 

good. 

The rotational constant B is calculatcd to be 4-2. Rotational fine structure････････-

0.87 cm~1 from thc equationl5), 1~=hl87r2clB and IB=32.13xlO-40 g･cm2 calculated 

previously. The constant ~ can, too, be obtained from the frequency separation be-

tween lines in P or/and R branches which is equal to 2B15). Fig. 3 shows that the 

frequency separation in P branch of v.CO band is 1.88 cm~1. Thc agreement of the 

observed value with that calculated on thc basis of C3, symmetry is regarded as 

satisf actory. 

Thc perpendicular type bands are thosc bands 4-3. Family of Q branches････････-

for which the clcctric moment oscillates perpendicular to the figure axis, and which 

consists of a t~amily of Q branches in infrared and are dcpolarized in Raman. It is seen 

in Figs. I and 2 that thc Q branchcs of thc porpcndicular bands oxihibit an intcnsity 

altcrnation of thc typc strong, wcak, wcak ctc. Obscrvation of such an intcnsity 

altcrnation in a Q branch conscquencc is sufficicnt to cstablish that thc rotating species 
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Fig. 5 Rotation-Vibrational Spectra of v.CO of CH30H 

has C3 Symmetry about the axis of rotationl6). 

5. Conclusion 

The experimental results and the computations of P-R separation and constant B 

are in excellent agreement with the theoretical expectations for C3 , model of methanol. 

But the only argument against C3, model of H3COH is that the C-O-H chain in 

H3COH should be bent, because the fact that the H20 molecule is bent suggests 

strongly that the C-O-H chain is bent as well. However it is possible to consider the 

2s and 2p, orbitals in oxygen atom as being hybridized to be linear -O-. In addi-

tion, some literatures support experimentally a linear -O- for gaseous Z-O-H(Z= 

K,Rb,Cs) 1 7~2 o) and trifluorotrichlorodisiloxane(F3SiOSiC13) 2 l) . 

Above all, it seems to be sufficient evidence to justify C3, model for methanol 

that an intensity alternation in Q branch sequence of perpendicular typc bands is observ-

ed. However the final decision must await the results of the further study, because 

some literaturesl~6, 22, 23) support C~ model for H3COH. Table 2 Iists tentative 

assignments for the fundamental bands observed together with symmetry species and 

selection rules. 
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