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Infrared Spectra of Methanol, Ethanol, and n-Propanol 
Earle K. Plyler 

The infrared absorp tion spectra of methano l, ethanol, a nd n-propanol have been meas
ured wi th prism instruments. Studies have bce n made of the vapors and of several dilu te 
solu tions. The m ethanol spectra, between 2 to 15 mi cron s, provided a direct comparison 
with t he other two alcohols and co nfirmed earlier work on t h e cxistence of a number of low
intensity bands. The two other a lcohol s were studied from 2 to 36 mi crons. T he ?ands 
have been class ified in relation to the O- H , C - H , C - O, and C- C vibratIOns wlthlll th e 
molecules. The long-wave absorption , in the region beyond 30 mi crons, for each alcohol, 
is att ribu ted to t he hindered rotation of OH. The object of t he present study was to con
firm t he ass ignmen ts for m ethanol and to study and assign th e vibrat ional spectra of ethanol 
and n-propanol. 

1. Introduction 

The infrared absorption spectrum of methanol in 
the vapor state was measured by Borden and Barker 
[l] l with a gratin g spectrometer. The s tro nger bands 
were resolved so that the rotational structure was 
apparen t. Their observations showed which band 
wei·e of t he perpendicular and which were of the 
parallel type. Noether [2], using a pli~m instru
ment , also m easured the spectrum of methanol and 
observed several weak bands in addition to those 
s tudied by Borden and Barker. Some of these weak 
bands have been class ified as fundamentals and com
binations [3]. The object of the present study was to 
confirm the assignments fo r methanol and to study 
and assign the vibrational pectra of ethanol and 
n-propanol. These alcohols have no t been measured 
previously over an extended infrared region , and their 
spectra have not been classified. 

In th e presen t work, the spectra of ethanol and 
n··propanol have b een measured from 2 to 40 f.1. in 
the vapor state and from 2 to 15 f.1. in solutions of 
0014 a nd OS2. Because of the simil a rity in struc·· 
ture of th ese alcohols, the positions of many absorp ·· 
t ion bands appear in th e same regions. No attemp t 
was made to repeat the long wavelength region in 
methanol , as it would no t be possible to improve on 
the grating measurem ents of Borden and Barker 
wi th a prism spectrograph. However , the 2- to 
15-f.1. region was measured as this region had not 
bee n recorded on a double-beam instrument. 

2. Experimental Procedure 

The methanol, ethanol, and n··propanol were puri
fied under the direction of F. D . Rossini. They 
were found to be of high purity, which is essential 
in order to attribu te weak bands to the spectra of 
the alcohols. 

The absorption spectra of the vapors were deter
min ed with P erkin-Elmer infrared spectrometers, 
models 12A a nd 120, using interchangeable prisms 
of li thium fluoride , sodium chloride, potassium h o
mide, and thallium bromid e-iodide. This allowed 
measurements to be made from 2 to approximately 
38 f.1. . The properties and use of prisms of thallium 

I Figures in brackets indicate the li terature rererences at the end or tbis paper. 

bromide··iodide h ave been described elsewhere [4). 
The standard Perkin··Elmer thermocouple was used 
as a detector with all bu t the thallium bromide··iodide 
prism. H ere a Golay detector was substituted for 
the thermocouple. The spec trometers were equipped 
with a sli t··control device [5] , and except for the Go·· 
lay cell , the experimental arrangements were the 
ame as those described in a previous paper [5]. Gas 

cells of differc n t thi cknesses with vftrious pressure 
were used. TIlC experimental arrangement did not 
allow t he par tial pressures of the vapor to be deter
mined as all the cells could not be evacuated . 

The absorption spectrit of the li quid s, d.iluted with 
carbon tetrachloride and cftrbon disulfide, were m eas·· 
ured on a Baird recording infrared sp ectrometer 
wit h a sodium chlorid e prism . Solutions of different 
concentrations as well as cells of variolls thi cknesses 
were used. To obtain a higher resolution from 2.6 
to 3.6 f.1. , measuremen ts in this region were repeated , 
with a lithium-fluoride pri sm in the Perkin-Elmer 
spec trome ter. 

3. Results and Discussion 

The experimental results are given in six figures 
and two tables. F igure 1 presen ts the vapor ab
sorption spectra between 2 a nd 15 f.1. of methanol, 
ethanol , and n.·propanol. In th e regions of strong 
water vapor absorption, bands in the alcohols could 
not be measured with r easonabl e accuracy; hence, 
dotted lines are used to denote the uncertainty of 
the absorption in these regions. 

As shown in figure 1, methanol has a broad region 
of absorption centering near 7.43 f.1. . This region 
was restudied with the Perkin-Elmer model 21 spec
trometer to take advantage of th e higher resolu tion 
made possible by the improved amplifier and to elimi
nate the effect of the water vapor bands. The re
suI ts are shown in figure 2. 

Figure 3 shows the long wavelength spectra of 
ethanol and n-propanol in the vapor state. Ethanol 
was examined in the region from 16 to 20 f.1., using an 
absorption cellI m thick, bu t as there was no apppre
ciable absorption the curve is not shown. In the 
region from 20 to 38 jJ. li thium-fluoride, calcium
fluoride and sodium-fluoride re fl ectors were substi
tuted s~ccessively for th e usual aluminized mirror. 

281 



~-- -- -- .... 

WAVE NUMBERS IN eM- I 

SOOO 3000 2000 1500 1300 1100 1000 900 800 700 

100 
~ 

80 

-- -- ---V---
',~5cm 

'. 
GO , 
40 

20 METHANOL 
VAPOR 

100 ---- ---'Wr--\ ,~.~ ~Otm 

'" 80 Vf~ " . , 
w .. I I 
U : I I Z 
;:; GO ' .. ~ I I 

.... I, 

" ICDcm V 
<J> 4 0 z 
<t 
cr .... 20 ETHANOL 

VAPOR 

100 
.-- - - - -------- --

---\./'" 
80 

GO 

40 

20 n-PRO PANOl 
VAPOR 

0 
2 13 14 .. 

WAVELENGTH IN MICRONS 

FIGUR E l. I nfrared absorption spectra fl'om 2 to 15 J.L of methanol, ethanol, and n-propanol in the vapor state_ 

rb,-t~~~sf~~~~ll~~:d ~~~ e~ac\~ ~~~~1101·~por pressures at room tem perature except for the jnserts, wh!ch were obtained by removing so me of the \-apor from the 

.0 

30 

20 

10 

ME THYL ALCOHOL 
VAPOR 

°a~0~~--7. •• ~~--~'~O--~~7~ .• --~--7. •. 0~~--~ •. ~.--~--9~.O--~~ 

FIGUR E 2_ 
WA .... EL ENGTH IN MICRONS 

I nfmred absorption spectrum from 6 to 10 !l oj 
methanol in the vapor state_ 

The pressure is saturated ,-apor pressure at room temperature except lor the 
upper curve, which is at a pressure 01 6 em 01 H g. 

Although this resulted in some loss in the total re
fl ected energy, the stray radiation was reduced 
considerably. 

Table 1 lists the maxima observed in methanol, 
ethanol, and n-propanol, incorporating some of the 
resul ts of the higher resolu tion work in the 6- to 
lO- ,u region of m ethanol. The wavelength in mi
crons, the wave number in cm- I , and the observed 
intensity are given for each band. The intensity 
estim.ates are divided into five categories, extending 
from very weak to very strong. In the regions of 
considerable overlapping, it was not easy to de-
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FIG URE 3. InfmTed absoTption spectra fTom 15 to 38 J.L of 
ethanol and n-pTopanol in the vapor state. 

T he pressures are saturated vapor pressures lor the cun-e. of greatest absorption . 

tcrmine the band centers. 'With the exception of the 
7.43-,u region of methanol , which is more compli
cated and whose individual maxima mav even be 
of a rotational nature, all the maxima of absorption 
arc listed . As a resul t , some of the maxima in 
table 1 may be parts of bands, such a P , Q, 01' R 
branches, as well as separate hand s. This doubt 
as to the nature of the maxima in table 1 includes 
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TABLE] . Observed bands oj methanol, ethanol , and n-propanol i n the vapor state 

\V an'· 

I 
\Vave I Inlens ii y II lVave-

I 
'Vave I Inte ns ity 

II 
'Vave· 

I 
\\'ave I I ntensity length numbcr length number length number 

, M et hanol 

I' cm- l }Jo em-I I' cm- I 

2.26 4425 \I' 6. GI 1512 VW 8.75 1142 VIV 
2.49 40 16 \' \I' 6.G6 1501 VIV S. SO 1136 VW 
2.7 1 :3687 M 6.76 1479 M 8.97 1114 VW 
2.94 3401 VI' 6.87 1455 M 2·04 1106 VW 
3.315 3017 M 6.98 1432 VW 9.14 1094 VW 
3.346 ~989 i\I 7. 07 1415 VIV 9.47 1056 VW 
3. 360 2976 M 7. 43 1346 S 9.68 1033 S a 382 2959 M 7.96 1256 VW 10.57 946 VW 
3395 2946 S 8.07 1239 VW 12.19 820 VIV 
3. 414 2929 M 8. 17 1224 VW 12. 83 779 VW 
3.512 2847 S 8.24 1213 VIY 13.58 736 VW 
3.75 2667 V\I' 8.54 1171 vV\' 14.40 694 VW 
4.86 2057 \1' 8.59 1164 VIV 

Etha nol 

2.30 4348 \1' 3.443 290'1 S 7, 19 1391 I S 
2. 48 4032 VI\, 3.46 2890 M 8.05 1242 S 
2.593 3856 \ 1' 3.93 2513 VII' 9.37 1067 VS 
2.71 3687 M 4. 25 2353 W 11. 36 877 S 
2.84 3521 V\I' 4.63 2160 VIV 12.49 SOl \1' 
2.92 3425 VII' 4.74 2110 W 23.4 427 M 
3. 08 3248 \\' 5. 20 1923 II' 2(j.5 377 VW 
3.340 2994 S 5. 76 1736 M 28.3 353 VII' 
3.359 2977 S 6.87 1456 M a37 267 S 
3.42 2924 S 

n,Propanol 

2.33 4291 \1' 7.18 
2.71 3687 M 7.84 
3.358 2978 S 8.21 
3.395 2946 f) 9.38 
3.415 2929 S 9.55 
3.458 2892 M 9.68 
4. 18 2392 VII' 9.87 

[ 

4.87 2053 VW 10. 31 
6.83 1464 J\I 

• Ce nters of band beyond region of observatiollB. 

those in the region of 3.3 J1. for all three alcohols and 
the 9.5-J1. region for n-propanol. 

Figures 1 and 3 show tha t there are regions in 
which the vapor-phase spectra of all three mole
cules are similar. In methanol, the regions of 
intense absorption occur near 2.7, 3.4, 7.5, and 9.6 J1.. 
These are produced according to H erzberg [3] by 
the 0 - H and 0 - H stretching, 0 - H and O - H 
bending and 0 - 0 stretching vibrations, respec
tively . These recur in the heavier alcohols with 
little shift. In par ticular, the OH band at 2.7 J1. 
and the band due to the 0 - H stretching vibrations 
at 3.4 jJ. appear at ahnost the same position on all 
three curves, 

The region around 3 J1. has been studied under the 
higher resolu tion provided by a LiF prism. The 
results are shown in figures 4 and 5. The methanol 
curve, figure 4, shows the symmetric vibration of 
the OH 3 gro up at 2,847 cm- 1 (3.5 jJ. ), the P , Q, and R 
branches being well resolved. The other bands in 
the region of 3.3 and 3.4 J1. are co nsiderably over
lapped, and it is difficult to determine their cen ters. 
In the ethanol and n-propanol curves, figure 5, it 
is more difficu1t to un tangle the 0 - H vibrations 
in the 3.4-jJ. region because there are stretching 
vibrations tha t occur in the OH 2 and OH 3 gro ups 
that give rise to five fundamentals for ethanol and 
seven fundamentals for n-propanol. Figure 4 also 

1393 S II. 13 898 M 
1276 VII' 13.20 758 IV 
1218 S 13.75 727 II' 
1066 VS 18. 0 555 VIV 
1047 M 21. 6 463 M 
1033 W 23.7 422 VIV 
1013 W 24 .6 407 VII' 

971 S &35 286 S 

shows the 2 .7-J.l. OH band resolved into P and R 
branches. 

The 2.7-jJ. OH bands in ethanol and n-propanol 
were also measured. However, the resol tion of the 
prism instrument was insufficient to separate clearly 
the P and R branche of the band. This problem 
will be pursued further with a grating spectrometer. 

When the spectra of the tlu'ee alcohols are tudied 
in solutions of 0014 and 082 , there are co nsiderable 
changes in absorption, particularly in the two regions 
due to the OH band. Figure 6 shows some 
resulLs from 2 to 15 jJ., At the concentration of 1:20 
the O-H stretching vibration is shifted to 2.9 J1., 
a position characteristic of associated ("hydrogen
bonded") OH. At a concentration of 1:4 in 0014 
the unassocia ted OH band, which in the vapor occurs 
at 2.71 J1., is barely observable neal' 2.74 jJ. . 

At lower concentrations, the 2.74-J1. band is 
clearly resolved. Measurements with a LiF prism 
are shown in figure 7. The alcohols were diluted 
with carbon tetrachloride to concentrations 1:40 and 
1:400 by volume, and cell thicknesses of 0.5 and 5.0 
mm, respectively, were used. Thus the resultant 
absorp tion in each cell was due to practicall y the 
same relative number of alcohol molecules, a nd the 
effect of the concentration upon the position and 
intensity of the hydroxyl band could be examined 
under comparable conditions. When the dilution 
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was one part in forty, the OH band in the 2.74-1-' 
region was pres en t as well as the associated band 
at 2.97 1-'. However, when the concen tration was 
reduced to one part in 400, the 2.97-1-' band dis
appeared, and the OH absorption at 2.74 I-' 
increased in intensity. No significant changes were 
observed in the bands in the region of 3.4 1-' . The 
degree of association for different concentrations 
appears to vary somewhat with the particular 
alcohol. However, this effect has not been studied 
in detail in the present work. Smith and Creitz [6] 
have studied the effect of association in 11 alcohols. 
They have shown that the degree of association 
depends on the particular alcohol and the amount of 
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was used. 

dilution. Their work also supports the idea that 
some of the heavier alcohols have OH bands at 
2.76 and 2.86 1-'. 

In the region of the associated OH band (2. 9 1-' ) , 
there is a weak band in the vapor phase spectrum 
of methanol (figs. 1, 4) . When this region was 
remeasured using a 5-cm cell with a 9.5-cm gas 
pressure of methanol, the cell having been filled 
under vacuum, the 2.9-1-' band disappeared. A 
possible explanation for the presence of this band , 
attributed to association, is that a thin film of a 
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A lithium fluoride prism was used . 

m ixturo of water and alcohol was deposited on the 
windows of the cell, and the band is due to this 
thin film . 

In the bands that are attributed to the C-H 
vibrations there are only small changes in the posi
ti.ons of the bands when the spectra of the vapors 
are compared with those of the solutions. However , 
in the region of 0 - H bendings from 6.5 to 8.5 }J, 
there is co nsiderable difference. In the vapor state 
or highly dilu te solution of methanol there is appre
ciable absorption in the 7 .43-}J, r egion that has been 
assigned to the 0 - H bending frequency. The 

spectrum of a fairly concentrated solution show 
no absorption in this region, but an intense band 
appears at 6.9 }J, with a less intense band at 7.15 !J. . 
This difference could be produced by the effect 
o~ the associat ion of the 0 - H ~TOUpS 011 the bending 
vlbr.atlOn of 0 -:- H . In solu tLOn and 111 the pure 
hq uld all thne alcohols have considerabl e absorption 
from 12.5 to 15!J.. None of the vapors show measur
able bands in this region. 

The observations of the vapor·solution shifts of 
the 7.4··!J. band confirm in general the assignments 
in CH30H given by H erzberg [3] and listed in table 2. 
A further general confirmation results from a reason
able explanation of the many weak maxima between 
6 to 10!J. . The twisting of the OH with respect to 
CH3, (vs"), gives rise, in the fundamental , to a 
broad absorption centered around 40 J.L. The 
first overtone of this band shows a large number of 
rotational lines in the region from 11.6 to 26.3 }J, that 
have been measured by Borden and Barker [1] . 
They suggest that the torsional oscillations have 
become a rotation resulting in the spreading out of 
the band. Combil~ations of the 0 - H twisting with 
tl~e C - O stret.chll1g (V4 ). a n.d the CH 3 rocking 
VibratIOns (V7 ) might well gJve J'I se to the complicated 
structure between 6.6 and 9.2}J, . For example, if 
the potential energy that hinders rotation is suffi
ciently small , the interaction with these other mod es 
might further reduce it and the result would be 
nearly free ro tation. This would account for the 
maxima in the 6.6 to 9.2-}J, region. For a more 
definite assignment, high-resolu tion stu dies and a. 
detailed calculation of the oscillatory potential and 
its interaction with the hind ered rotation is required. 

Some of the fundamen tals in ethanol and propanol 
may now be assigned by comparison with and exten
sion of the methanol assignments. These are also 
gi ITen in table 2. The ethanol specLrum should 
have nine more fundam entals than methanol. Of 
these fi ve are of interest here. Three refer to 
internal vibrations of the CHz group. The C-C- O 
skeletal vibrations will gi ve rise to llu'ee bands that 
consist of one bending and two stretching vibrations . 
The band at 23.4 !J. is assigned to this bending vibra
tion, and the two bands observed at 9.4 and 1l.4 jJ. 

are related to the C - O and C - C stretching vibra
tions. The O- H twisting vibration that also· 
exists in methanol occurs in the region of 40 jJ. , but 
as its band falls at the limit of tran mission of the 
thallium bromide-iodide prism , its posi tion could not 
be accurately determined. The two small bands at 
26.4 and 28.2 !J. may be part of the first harmonic of 
the longer wa lTelength band, but only a few small 
structures that may be a part of this 1"0 tation were 
obserbed in the ethanol spectrum. The spectrum 
from 12 to 26 }J, is considerably different from that. 
observed for methanol , which has many rotational 
lines in this region. 

In the 8-!J. region, the ethanol bands are somewhat 
better defined than those for methanol. There are 
three fairly intense bands at 6.87, 7.19 and 8.05 !J. . 
These are assigned respectively to the asymmetric 
C-H bending in CH2 and CH3, to the O--H bending, 
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TABLE 2. Band assignments for methanol, ethanol, and 
and n-pl'opanol 

I ' I'ype of I Assignment vibration Wave II · I number ASSignment 

PIOR 
p"CH, 
JIlin 

2"6" 
p,CH 
2P4 
vlI"CH3 
vzC Ha 

PIOR 
vs,CH" 

CH,. 
Jl6" 

2v!I" 
2p, 
)1 .. +1110 
2"'10 
""CH" 

CH , 

"OH 
""cn,. cn,. 
ps" 

2"6" 
Jl3C H2, 

cn,. 
... on 
",CH, 

M ethanol 

cm-1 

Stretching 3682 p" CR, 
___ do ______ _ 2976 p"OH 
------------ Overlapped V7" 

------------ Du. IIl,e R 3 
------------ 2S4fl p,CO 
------------ 2057 p,,,OH 
------------ 147P} 1467 
.----------- 1455 

Ethanol 

Stretching _ 3689 p,'OR 
___ do ________ 2994 ",CH, 

.. CO 
------------ Overlapped PIOCCI 
------------ Do. 2p"CCO 
------------ 2110 p"CCO 
------------ 1923 p, ,,OH 
------------ 1736 
Bending __ 1456 

n-Propanol 

Stretching . 3689 
___ do . ______ 2978 

____________ Overlapped 
--------- --- ])(,. 
Bending __ 1464 

___ do _______ 1393 
___ do _______ 1218 

.. co 
PIO'C C 
vlO"CC 
2PIICCCO 
p"CCCO 
., .. OH 

• . Estimated value . 

1'ype of I Wave 
vibration num ber 

em-I 
Bending __ 1127 

___ do ___ 1346 
Rocking __ 117l 

___ do . ____ __ 10.\6 
Stretching _ 1033 
Twisting .. _ a 270 

Bending __ 
___ do _____ __ 
Stretching_ 
___ do _______ 
Bend ing __ 

___ do . ______ 
Twisting __ 

Stretching _ 
___ do ___ . __ . 
___ do . _____ _ 
Bending __ 

__ . do. _____ _ 
rrwisting __ 

1391 
1242 
1067 

877 
801 
427 

a 267 

1066 
JOI:! 

971 
898 
463 

a 286 

a nd to the bending of the CHz hydrogens symmetri
cally about the C- C axis. The same bands appear 
with very little shift in n-propanol, wi th the 6.83-

and 8.21 -,u ba nds showing co nsiderable increased 
intensit~- . This is confirmation of their assignment 
to the CHz group since there is one additional such 
group in the hea lTier molecule. In both of the 
higher alcohols there is indubi tably some 0 verlapping 
of the many fundamentals in this region and there
fore some uncertainty, but the principal features 
appear to be as assigned. 

The remaining strong absorptio'ls in n-propanol 
must be due to th e skeletal ITibrations. In the 
C- C-C - O stretching region there are three 
strong bands between 9 to 10.5 J-L, one of which (9.38 
,u) coincides closely with ethanol and is assigned to 
C- O. The skeletal bending vibration is observed 
at 21.6,u. The long-wave absorption, as in ethanol , 
is assigned to OH torsion. 

The au thor thanks Shea L . Kruegel and )'Iary A. 
Lamb for their assistance in this work. 
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