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only one peak, characteristic of the
monomer alcohol. If the concentra-
tion is increased to 0.10 to 0.15
molar, peaks begin to appear at low-
er wavenumbers corresponding to al-
cohol molecules bonded in dimers. At
still higher concentrations, peaks ap-
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pear at still lower wavenumbers
which correspond to O-H groups in
higher aggregates (Van Ness, et al.,
1967). Figures 1 and 2 clearly show
these characteristics for methanol in
carbon tetrachloride and carbon di-
sulfide.
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Ficure 1. — Spectra of solutions of methyl alcohol in carbon tetrachloride.

Qualitatively, there are some inter-
esting comparisons between the be-
havior of methyl alcohol in CCl, and
CS,. As can be seen from a careful
study of the spectra in Figures 1 and
2, the curves in CS, are not only dis-
placed toward lower wavenumbers
but also are not exactly superimpos-
able. In addition to the monomer
O-H peak havings its maximum at a
different wavenumber, the monomer
peak is broader when the solvent is
CS,. This suggests that the O-H
group is weakly hydrogen bonded to
the solvent since hydrogen bonding

leads to much broader O-H bands.
It must also be bonded to CCI, but
more weakly so. No variation in mon-
omer peak position was observed with
increasing concentration of alcohol in
either solvent. A total of sixteen de-
terminations of the position of the
monomer O-H band showed a devia-
tion from the mean of less than =+2
cm™.

Another difference in the spectra is
in the positions of the peaks corre-
sponding to absorption by dimer and
multimer O-H groups. This is more
surprising than the difference between
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Fieure 2. -— Spectra of solutions of methyl alcohol in carbon disulfide.

the maxima of the O-H monomer
peaks. In that case, the difference is
due to the differences in electron
donor properties of the solvent
toward the unattached alcohol mole-
cule. In the multimer unit, the alco-
hol molecules are linked (Henry,
1959).
..0-H--0-H--0-H--O-H-~-O-H--
/ / / / /
R R R R R

Shifting the absorption maxima of the
internal O-H groups to lower wave-
numbers suggests that CS, solvates
these multimer units more strongly
than CCIl,. Otherwise one would ex-
pect that the monomer O-H absorp-
tion would be shifted to lower wave-
numbers but not the multimer O-H
band. In fact, the multimer O-H
stretching band is shifted in CS, by

about 30 cm™ from its position in
CCl,.

When an alcohol molecule is hy-
drogen bonded to an electron donor
molecule in solution, there is a large
shift in the O-H stretching band to
lower wavenumbers. In the gaseous
state at low pressures the O-H bond
is entirely free of all effects except
those of the alkyl group. Between
these two extremes there are weak in-
teractions of the O-H group with a
solvent, but these are usually not con-
sidered as actual hydrogen bonds un-
less the solvent has considerable
ability to donate electrons. In these
solvents the O-H stretching band is
shifted by 30-80 cm™ from where it
might occur in the vapor state and by
10-50 cm™ from where it might
occur in an inert solvent.
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The data in Table 1 show clearly
that although carbon tetrachloride is
the usual solvent used in hydrogen
bonding studies (Pimentel and Mc-
Clellan, 1960), it is not completely
inert. The O-H band is shifted an
average of about 5 cm™ from its
position in heptane. It is expected
that a saturated hydrocarbon would
be more nearly inert than carbon
tetrachloride because of the unshared
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electron pairs on the chlorine atoms
and the polarity of the C-Cl bonds.
Carbon disulfide is less inert than
carbon tetrachloride, shifting the O-H
bands an average of about 19 cm™
from their positions in heptane and
about 14 cm™ from their positions in
CCl,. These differences in the O-H
band positions in the solvents used
are presented in Table 2.

TasLe 2.—Differences in Alecohol O-H Band Wavenumber (ecm~!) With Solvent: A, Wave-
number in C7H16; B, Wavenumber in CCl4; C, Wavenumber in CSz; D, Wavenumber in CgHsg.

O-H Band Position Difference, em~!
Alcohol
A-B! A-Ct A-D? B-C! B-D! C-D2
1
Methyl...............]| 8 23 42 15 34 19
Ethyl. ............... [§ 22 39 14 31 17
n-Propyl............. 3 18 34 15 31 16
i-Propyl.............. 7 16 28 12 21 9
n-Butyl.............. 7 22 33 15 26 11
sec-Butyl. .. .......... 6 20 26 14 20 6
t-Butyl............... 5 17 16 12 11 —1
Cyclopentyl........... 3 19 26 16 23 7
Cyclohexyl. ..........] 3 16 25 13 22 9

1 Probable error about +4 em™1.
2 Probable error about +6 cm™!.

When the solvent is benzene, the
O-H stretching band is shifted even
farther toward lower wavenumbers,
being 33-42 cm™ lower for primary
alcohols in benzene than in heptane,
25-28 cm* lower for the secondary
alcohols, and 16 cm™ lower for the
one tertiary alcohol used. This indi-
cates that the strength of the inter-
action of the O-H groups of alcohols
with the solvent decreases as primary
> secondary > tertiary. Further, it
appears that for the primary alcohols
used the strength of the interaction
varies as methyl > ethyl > n-propyl
> n-butyl when the solvents com-
pared are heptane and benzene. This

same order is found when the differ-
ences in peak positions in CS, and
benzene are compared. It appears
that primary alcohols have their O-H
stretching bands shifted by 11-19
cm™?, secondary alcohols by 6-9
cm’, and tertiary alcohols remain
essentially unchanged. Again the
shifts indicate that for primary alco-
hols, the order of decreasing solvent
effect is methyl > ethyl > n-propyl
> n-butyl. However, the magnitudes
of the errors are such that the differ-
ences between the primary alcohols
fall within the limits of error and this
order is not followed for all solvent
pairs. Although this trend is followed










