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The isotropic and anisotropic Raman spectra and the infrared spectrum of O-H stretching bands of CH;OH in the
liquid state are analyzed on the basis of a self-consistent cluster theory based on Green’s function. The observed spectra
are explained well in terms of three clusters constructed by combining two intrinsic modes. The probability of the higher
and lower intrinsic modes is 0.28 and 0.72, respectively. Two intrinsic modes derived are 3425.5 and 3320.1 cm™~!, where
the former is recognized for the first time, and they are assigned to a H-bonded OH stretching perturbed by an OH

stretching in the other chain or a Y junction and that remains unperturbed, respectively. A weak band at 3529.2 cm™

1

found also for the first time is assigned to a local mode in a chain end. Overtones of the OH stretching are satisfactorily
explained by fundamentals derived here. The molecules in a chain are evaluated to be 17 with mainly a tetrahedral
configuration about the H-bond. In a symmetric cluster a line shape of component bands is asymmetric and their peak
positions and bandwidths are discussed with a boundary parameter.

In a liquid state, a vibrational linear coupling between two
oscillators through an oscillating dipole—dipole interaction
results in differences in peak positions and bandwidths among
infrared, isotropic and anisotropic Raman spectra. We have
analyzed vibrational spectra of some systems by use of a
vibrational coupling model.'™ In the case of C=O stretching
bands of acetone,* the three types of spectra are explained in
terms of a strong orientational correlation between two like
oscillators. In the present study we are interested in O-H
stretching bands of CH3;0H, which reflect strongly H-bonded
structures. Some attempts ™ have been carried out to analyze
the three types of spectra of the O-H stretching bands of
methanol. Maillard et al.’> have explained them in terms of a
cyclic structure of polymers with an average degree of
polymerization of 5-6. On the other hand, Torii et al.® have
analyzed the spectra on the basis of a chain structure derived
from a molecular dynamics simulation. Since many experi-
mantal®'? and numerical’*! investigations have deduced the
chain like structure of methanol, although Pieruccini??> has
supported the cyclic structure of ca. 6 molecules, Torii’s anal-
ysis®® may be plausible, although his explanation is qualita-
tive. Our method used previously may be useful, as shown for
some systems.' However, the method may be insufficient for
the present system consisting of disordered chains, because a
vibrational coupling between two oscillators is only consid-
ered, ignoring couplings with the other part of a chain.

In the present study we will analyze the infrared and Raman
spectra of the O—H stretching bands of CH30H on the basis of
the Green’s function. That is a cluster approximation called the
self-consistent boundary site (SCBS) approximation developed
by Butler.”> The SCBS approximation which is developed to
obtain the density of state of disordered alloys treats a local
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cluster of atoms exactly and the more removed regions of the
system in an approximate but self-consistent fashion. In the
present study disordered chains consisting of O—H oscillators
are divided into three clusters, which are constructed by
combining two intrinsic modes. The remaining parts of the
Hamiltonian consist of averaged quantities, that is so-called a
medium with a coherent potential. The analytical procedure
of the SCBS approximation will be given in detail and the
adequacy of its application to the present system is discussed in
relation to the liquid structure.

Many workers>®244% have investigated the infrared and
Raman spectra of the O-H stretching bands of methanol in
relation to intermolecular interactions and liquid structures. A
broad infrared band at 3340 cm™' is approximately fitted with
one Gaussian function and is believed to contain contributions
from various H-bonded aggregates present.’®* Bourderon
et al.?’?% have observed four bands in the first overtone of the
OH stretching, demonstrating the presence of oligomers and
monomers. Many investigations of oligomers have been carried
out for dilute solutions of CCly, clarifying five bands, which are
explained in terms of monomer, open dimer, cyclic trimer,
and cyclic tetramer.’” In the Raman spectra two bands, one
polarized, the other depolarized, are observed and explained in
terms of two modes in a quasicrystalline structure of liquid
methanol.?*3! The structures of liquid methanol have been
investigated experimetally>'2 and numerically,’*?! deducing
an ensemble of chain aggregates of various sizes, including
occasional Y junctions. The theoretical analysis of the infrared
and Raman spectra of the OH stretching bands has been done
by Maillard et al.> and Torii et al.,>® as described above.

Experimental

Anhydrous CH30H obtained commercially was used without
further purification. The Raman spectra were recorded with a
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JASCO NR-1100 Raman spectrometer using laser excitation at
514.5nm and 200mW. The polarized and depolarized Raman
spectra, Ipo1(V) and I4ep(V), were observed operating an incident
light with a 1/2A plate without a polarizer in a scattered light. The
scattered conditions in the Porto’s notation are: [X(Z, Z)Y] and
[X(Z, X)Y] for Io(V) and [X(Y, X)Y] and [X(Y, Z)Y] for Igep(V).
The infrared spectra were measured with a JASCO IR-810
spectrometer, putting the sample between the KRS-5 plates. The
observed infrared and Raman wavenumbers were calibrated using
those of polystyrene and mercury lines, respectively. They are
believed to be accurate to within +2 cm™!. The isotropic Raman
spectrum was obtained as*!

7
Lo (V) = Ipol(v) - 6 Idep(v) (1)

SCBS Approximation.”> As realized later, the intrinsic modes

of the O-H stretchings are at least two, whose wavenumbers are
denoted as v; and v, (V; > V,). Hence, in the cluster approxima-
tion, there needs to be three clusters, Gy, G,, and G3, which consist
of two vy sites, two V; sites, and v, and v, sites, respectively, and
their probability is given by n%, (1 —m)?, and 2n;(1 — ny), which
are denoted as P), P,, and P3; n) is the probability of the v site.
The remaining parts of the Hamiltonian, that is the medium, are
given by the coherent potential and the coupling constant, which
fulfill self-consistent relations with three clusters. In a linear chain
system assumed here, the Hamiltonian with the cluster, for
example, of & and &, is given as

o W 0
Wo o W
o Wo & W3 2
Wi & W
Wo o Wy
0 Wo o

where o is the coherent potential and W, the averaged coupling

constant. The Green’s function of Gj is given as
~1

2 2
Vi©—v°+ vl — vA(V) Vf3
G3(v) = , ;
Vf3 V2 — V2 il — vA(Y)
3)

where the following relations are used because of the vibrational
Green’s function:*?

g =V — 1V + vl 4
and

W3 = vfs = v(f3" +if3) )

where V; is defined above, [ is the damping constant and f3" and
f3" are the mechanical and damping coupling constants, respec-
tively. VA(V) is the boundary parameter, which gives the contri-
bution from the nearest neighbor medium site, and, hence, given as

— W02
W is given as
Wo=vf =) Pvfi (7

i=13
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It should be noted that VA(v) in the denominator in eq 6 comes
from the second nearest neighbor medium site and so on, resulting
in a ladder function. The Green’s functions of G and G, with
g1 =& =V} — V2 +ivl and & = & = V3 — V* + iVl respec-
tively, are also defined. Hence, the total Green’s function
consisting of three clusters is given as

G(v) = ) PGi(v)

i=13

_ Z P V2 — V2 4+ vl — VA(V) Vfi
- =12 l Vfi V2 — V2 + vl — VA(V)
-1
L p V2 =V vl — VA®Y) Vf3
’ Vfs 12 — 12 4 vl — VA(V)
_ (3
The diagonal element of the medium, Gy, is given as
_ 1 1)2]02 -1
Gy = = — VA(V 9
0= G 2vA®) (vA(v) ( )) ©)
where eq 6 is used for the last formulae. In the SCBS

approximation the self-consistent condition is taken using the
boundary site of G(v), the 1,1 element of G(v), as

Gi1(V) = Goo(v) (10)

In the present analysis A(V) is determined using eq 10 by the least-
squares method.
The infrared spectrum is calculated as*

1) = —vim| ¥ PTiGWT; + PT3G3(0)T;
i=1,2
= —vIm Z PTLLG;(VLLT; + P;T;G3(V)T;
i=1.2
1 (my + 1)
. v 0 ST
— —vim Y ATL 8(v) V2
=12 R e ™)
V2 ;
—VImP;T3G3(V)T; (11)
where L is the eigen vector of G1(v) and G,(V) and given as
1 1
L= ‘15 ‘/f (12)
V2 2

T is the intensity parameter matrix given, for example, as
T; = |u; M|, where pu; and p, correspond to the transition
moment of the v; and v, sites, respectively. Although the infrared
spectrum for G1(V) or G2(V) is hence obtained by the same manner
as that for the C=0 stretching bands of acetone,* the last term in
eq 11 is analyzed without diagonalization, because the eigen
vector of G3(V) is generally complex; a line shape similar to G3(v)
is discussed in our recent study.*® The Raman spectra are
calculated removing the factor v from eq 11 and using the Raman
tensor, a;, for ;. ****7 In eq 11 g4(v) and g, (V) are the shape
function of the symmetric and asymmetric modes, respectively,
and both components are observed in the infrared and depolarized
Raman spectra, whereas g (V) is only observed in the isotropic
Raman spectrum. On the other hand, the two component bands of
G3(v), v and v_, are observed in the three types of spectra;
Vi >V and Vo < V.
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Figure 1. The observed (broad solid line) and simulated

(dotted line) infrared spectra of the OH stretching bands of
CH;0H. The bands due to the clusters and the local mode
are given by the thin solid line. The bands other than the
OH stretchings are omitted.

The infrared band other than the O—H stretchings is analyzed as
lk2

() =—vim———5——
K(v) mvkz—vz—{—ivl"k

13)

where # is the intensity factor (scalar) of the k-th band. The Raman
band is analyzed similarly by removing the factor v from eq 13.

Results and Discussion

The observed infrared spectrum is given by the broad solid
line in Figure 1 and the observed isotropic and anisotropic
Raman spectra in Figures 2a and 2b, respectively. The isotropic
Raman spectrum consists of the main band at 3280 cm™' and
the broad shoulder at ca. 3450 cm~!. On the other hand, only a
broad band is observed at 3366 or 3340 cm™! in the anisotropic
or infrared spectrum, respectively. From the isotropic and
anisotropic Raman bands one of the intrinsic modes is expected
to be their intermediate, that is v, ~ 3325 cm™!. The shoulder
isotropic Raman band may be due to vy, although it is not clear
whether v is higher than the shoulder band or not. It is certain
that v, is assigned to the fully H-bonded OH stretching,
whereas the origin of v; is obscure, which is discussed later.

The total Green’s function, G(v) in eq 8, relates to the
density of state, which should be unique. This means that the
parameters in G;, G, and G3 should be common in the three
types of spectra. On the other hand, it is impossible to analyze
simultaneously the three types of spectra in the present stage by
the least-squares method, resulting in variation of parameters.
The small variation is obtained in the case of n; = 0.28, giving
rise to P =0.08, P, =0.52, and P; = 0.40, indicating
predominance of G; and Gg.

The simulated spectra and the cluster’s bands are given by
the broken and thin solid lines in Figures 1 and 2, respectively,
where the bands other than the O-H stretching are not given.
In the course of the analysis it was found that there is a weak
band at 3529.2 cm™!, which is treated as an isolated band and
noted as I.m. (local mode) in Figures 1 and 2. The agreement
between the observed and simulated spectra is good, as seen in
Figures 1 and 2, although less agreement is seen in regions
higher than 3600 cm™" in Figure 1, which results mainly from
the Green’s function based on the Lorentzian-like band. As
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Figure 2. (a) The observed (broad solid line) and simulated
(dotted line) isotropic Raman spectra of the OH stretching
bands of CH3;0H. (b) The observed (broad solid line) and
simulated (dotted line) anisotropic Raman spectra of the
OH stretching bands of CH;0H. The other captions are the
same as those in Figure 1.

seen in Figure 2a, the main isotropic Raman band at 3280 cm™!
is explained in terms of gs(V) in G, and V_ in Gj. The shoulder
band at ca. 3450 cm™! is assigned to g4(V) in G; and v, in G,
where the latter is predominant. In the depolarized Raman
spectrum the main band at 3366 cm™' is assigned to gas(V) in
G;. Although the intensity due to Gj is considerably large,
v, and v_ do not give clear structures or shoulders in the
depolarized spectrum. The main infrared band at 3340 cm™"' is
assigned both to g,s(V) and gs(v) in G; and V_ in G3. In Gy
and G, the infrared intensity ratio of g; and g,s is given as
I/ I, = (1 + cosB)/(1 — cosB), where O is the orientational
angle between two oscillators. From 6, = 70.7° I is larger than
I,s, although the inverse relation is seen in Figure 1. This
results from fé, which makes gs(v) broad and g,s(v) sharp. The
ratio |p|/|p,| derived is 0.72. The values of the Raman tensor
defined in the bond fixed coordinate system (z || bond axis)
in arbitrary unit are: o =2.2, o, =22, o; =13 and
Oy =23, oy, =24, o, =13 for the v and v, sites,
respectively, and the degree of depolarization is 0.014 and
0.021. The band constants, v; and [} and the coupling
constants, f"and f, are summarized in Table 1, where the
orientational angle between two oscillators in G;, 6;, is also
given for the infrared and depolarized Raman spectra; the
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Table 1. The Band Constants, v; and /7, and the Coupling
Constants, f” and f7, in cm™ in the O-H Stretching Bands
of CH;0H

0

Vi T f f /degree

IR G; 34255 1121 358 10.7 56.6
G, 33166 1531 =962 46.7 70.7
G;Y — — —65.5 233 73.2
Iso G; 34251 1198 =352 10.4
G, 33212 1503 957 402
G;Y — — —63.2  20.1
Dep G; 34259 1202 358 11.0 55.8
G, 33225 1561 905 454 72.2
G;Y — — —60.2 204 70.8
Averaged G; 34255 1174 -35.6 10.7 56.2
G, 33201 1532 -94.1 44.1 71.5

Gy — — —63.0 213 720

a) The band constants in Gj are the same as those in Gy and
G,.

isotropic Raman spectrum does not depend on 6, because f,
which depends implicitly on € in the present analysis, is treated
as the independent parameter, by also inferring that the trace of
«; does not depend on the transformation from the bond fixed
coordinate system to the space fixed coordinate system.***" In
the present analysis the band constants of G3 are assumed to be
the same as those in Gy and G,. The average values of the
parameters are also given in Table 1; the calculated spectra
by use of the averaged values result as a whole in the less
agreement due to a small shift in the peak position.

As discussed previously,* v; and 6; in Table 1 represent
the average value due to various orientations between two
oscillators and their distances or various strengths of the H
bond. Although it is obvious that v, is due to the normal H-
bonded site, v may result from the v, site perturbed by the OH
oscillator in the other chain or the cross-linking of chain, where
Y junctions may be included, by inferring that the fraction of Y
junctions is 14% in Monte Carlo simulations,? which is half of
ny in the present study. Kabeya et al.!® have reported that
lowering temperature reduces the number of Y junctions as
well as the non-H-bonded site. This corresponds to the
reduction of n;. The Raman spectra suggested above are
observed, changing from broad bands with some shoulders at
room temperature, as just seen in Figure 2, to two bands at
191 K?® similar to the spectra in the crystalline state. These
support the present assignment of v;. Although the Y junction
is easily treated in the present approximation, as replacing, for
example, —VA(V) in eq 3 by —2VA(v), it is not carried out
because V; is probably not due to only the Y junction, as noted
above.

The values of 8, and 05 are 71.5 and 72.0°, respectively. In
the liquid structure derived from molecular dynamics simu-
lations Torii® has reported that the probability of 0 is high in
25 < 6 < 60°, although 6 widely ranges in 0 <6 < 100°.
On the other hand, Shilov et al.?® have reported that & ranges
in ca. 75 < 6 < ca. 95°. Hence, 0, and 0; obtained here are
the intermediate of two results and prefer to a tetrahedral
packing,'® although 6, prefers to the Torii’s result. The wide
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variation®!%2% of @ as well as the chain length noted later

indicates how it is difficult to derive the structure of liquid
methanol in the molecular dynamics simulation. It is clear that
the quantitative agreements between the observed and simu-
lated spectra are not expected from the analysis based on the
incomplete structure derived from the molecular dynamics
simulation.®’ In Ref. 6 Torii has assumed a unique oscillator
for the diagonal element in the eigen value problem, which
corresponds to one cluster model of one intrinsic mode in the
present approximation. This may be appropriate for analyzing
the main peaks in the three types of spectra, in other words, the
noncoincidence effect. However, it is clear that one cluster
model is insufficient for the present system, as noted above for
the shoulder band at ca. 3450cm™! in the isotropic Raman
spectrum. The simulated spectra by Torii give a broad
asymmetric band, which results from the many modes with
nonzero intensity, where one of the modes in each spectrum has
strong intensity, especially in the isotropic Raman spectrum.
Although the variable OH stretching force constant related
linearly to the distance of the H-bond, O--H, is assumed in
Ref. 7, the results are almost the same as those in Ref. 6.

Hence, the present analysis based on the two intrinsic modes
differs very much with those by Torii et al.>® In the present
approximation some local structures, so-called clusters, are
precisely defined, as shown in eq 8, and the remaining parts are
self-consistently constructed using the average quantities of the
clusters. This means that the coupling among all oscillators in a
chain is taken into consideration, as realized from eq 6, which
is regarded as a ladder function, as pointed out above. This is
the characteristic of the present analysis and the asymmetric
shape function of gs(v) and g,s(V), which is discussed later,
reflects the coupling among all oscillators in a chain; the shape
function of gs(V) and g,s(V) in the previous study of the C=0
stretching band of acetone is given by the Lorentzian-like
band.* The present analysis is regarded as a special case of
band decomposition by use of the shape function of G1—Gs.
Hence, numerical fitting is necessary to examine adequacy of
the present approach. The important thing is the base that
G1-G; are inevitable, and it is guaranteed as the result from the
two intrinsic modes. There are 22 adjustable parameters, which
consist of 13 in Table 1, n;, 6 in «;, and 2 in W;. Since two
parameters in «; are reduced from the depolarization ratio in
the wide range of the wavenumber and further one or two
reduced by assuming the almost axial symmetry of «;, the
independent parameters are 18 (19). Although 18 parameters
seem to be a large number, they may be adjusted reasonably,
by inferring that 18 parameters correspond to the six
component bands in the usual band decomposition using the
Lorentzians and/or Gaussians, which means two component
bands in each infrared or Raman spectrum, whose analysis may
be carried out with high reliability, because there are two sets
of the noncoincidence effect in the present system, as realized
from two intrinsic modes. However, the reliable convergence as
obtained here may not be expected from usual analysis using
Lorentzians, by referring to the present analysis by use of the
more complicated shape functions of G;—Gs3.

Bourderon et al.?’?® have studied infrared spectra in the
overtone region and found four bands at 7135, ca. 6840 or
ca. 6630, and 6340 cm™!, which are assigned due to monomer,
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Figure 3. The density of state of the OH stretching bands of
liquid CH30H.

oligomers, and polymers, respectively. On the other hand, they
are reasonably assigned to the overtones of the non-H-bonded
O-H stretching, the weak band at 3530 cm™" or the shoulder
at ca. 3450cm™!, and the main infrared band at 3340cm™,
respectively, in the present study.

The weak band at 3529.2 cm™' may correspond to the band
at 3517cm™" in a dilute methanol solution of CCly,’” which is
assigned to the H-bonded O-H stretching of an open dimer but
not assigned to that in the longer chains. On the other hand, if
an OH oscillator is out of the main density of state, the mode
appears as a local mode.*? Figure 3 shows the density of state
obtained from the 1,1 and/or 2,2 elements of VG;(V).>>* In
Figure 3 the density of state with a peak at 3394 cm™! ranges in
ca. 3450-ca. 3260 cm™!, as realized from the contributions of
G1, Gy, and G3, and decreases steeply above ca. 3450 cm™ L,
Hence, the 3529.2 cm™! band is far apart from the main density
of state and treated as a local mode,* by also referring to
the small weight of the 3529.2cm™' band (less than 6%, as
shown below). On the other hand, the local mode is not
found in some linear chains by ab initio and density functional
theory calculations.>”*® This suggests that the band found
here corresponds to a Wallis mode,*® which is a solitary mode
located in a chain end.

The observation of the chain end means finite chains. On the
other hand, the other chain end, that is a non-H-bonded OH, is
obscure even in the isotropic Raman spectrum. The situation
may be similar to the infrared spectrum, by referring that the
Raman intensity of the non-H-bonded OH stretching is 1/2.5
smaller than that of the H-bonded one.** The intensity of the
3529.2cm™! band is 5.9% of the whole O-H stretching in the
isotropic Raman spectrum. On the other hand, this is only 1.8%
in the infrared spectrum, meaning that the intensity of the local
mode depends largely on the manner of the observation. The
result due to the Raman study may be reliable for expecting the
ratio of the chain end, by referring to the smaller change in «;
than 11, in the two sites, as described above. Hence, the average
molecules in a chain, (N), is expected to be ca. 17.

(N) evaluated from the molecular dynamics simulations
ranges widely as 5-6'%7),%° 7-9,14 9,18 10-12,'¢ or 20,4
depending on the models assumed; it should be noted that
the average molecules in an aggregate are to some extent larger
than (N) because of being Y junctions. Hence, (N) evaluated
here is somewhat larger than that in the molecular dynamics
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Figure 4. The isotropic Raman spectra of the cluster in the
chain end, Gy, and the infinite chain, G,.

simulations. This may be due to the evaluation of the Raman
tensor, which is assumed to be the same as those in the v; and
v, sites. On the other hand, no observation of the non-H-
bonded OH band in the isotropic Raman spectrum suggests that
(N) is considerably large. That is, the ratio of its intensity to the
whole one may be given by ﬁ %, where the factor 2.5 comes
from the intensity of the non-H-bonded OH band.*® In the case
of (N) = 10 the ratio is ca. 4%, which is comparable with the
intensity of the local mode and expected to be observed, as seen
in Ref. 7. This suggests (N) > 10 and the value evaluated here
is plausible.

Musso et al.” have observed the isotropic and anisotropic
Raman spectra in various concentrations of methanol in CCly.
The isotropic and anisotropic Raman peaks shift by ca. 10 and
5cm~! to the lower wavenumber, respectively, by changing
from 1.0 to 0.8 in the mole fraction of methanol. These shifts
may correspond to the decrease of the contribution of Gj, as
realized from Figure 2. The further dilutions change little the
peak positions, although the intensity of the non-H-bonded OH
band increases. As reported for the C=O stretching bands of
acetone,* the main isotropic and anisotropic peaks correspond
to the in- and out-of-phase modes of the adjacent oscillators,
respectively, which is little affected on (N) in accordance with
the observations. In quite low concentrations the vibrational
spectra have been explained in terms of monomer, open dimer,
cyclic trimer, and cyclic tetramer,”’ as noted above, which
are, however, completely different with the present result of
(N) ~ 17.

As shown above, the SCBS approximation is applied well to
the present system of the finite chain. However, the spectral
features of the clusters near the chain end should be examined,
because there may be new bands. By referring to eq 6, one of
the boundary parameters in the Green’s function of the cluster
should be replaced by zero, W3 /o and so on, depending on the
cluster in the chain end, the next site, and so on, respectively.
The isotropic Raman spectrum of G, in the chain end, G/, is
compared with G, in Figure 4, where G’ is drawn in the same
manner as Gz because of the asymmetric matrix of G,’'(v). In
G’ only the peak appears in near accordance with the peak in
G;, meaning the small change in the spectral feature even in the
special case of the chain end. Hence, it is easy to expect quite
a small change in the case of VA(V) = WZ/o. Since the
contribution of the clusters near the chain end to the whole
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Figure 5. The real and imaginary parts of A(v), A"(v), and
—Al(v).

spectrum is small, it is certain that the present approximation of
using the infinite chain is sufficiently high to analyze the
vibrational spectra.

It is noted that the line shape of g,(v) is asymmetric with the
long wing in the higher wavenumber region, as seen in the
isotropic Raman spectrum. This is also true for g;(V) and g,s(V)
in the infrared and depolarized Raman spectra. If VA(V) in Gy
and G; is zero, gs(V) and g,5(V) are given by the Lorentzian-like
band with the peak positions at ca. v; + % fiand ca. v; — % i
respectively.* Hence, the asymmetry of g,(V) and g,(V) may
result from VA(V). Figure 5 shows the real and imaginary parts
of the boundary parameter A(V), A"(V), and —A/(V). g4(V) is
given as

1
&0 = S T Ty — VAW £ vf
1
T 02 — V2 4 iVl — ANW) + fI} + V{—A"(V) + 7}

(14)
This means that the peak position, vs(v), and the band width,
Iy(v), at v are given as: Vs(V) & Vy —{—%{—A’(U)—l—f’} and
I(v)y=1y— A'(v) + f*, respectively. Since A"(V) is positive
with the maximum 6.5cm™" in vV < vy (Vo = v, in Gy), the
peak position of gg(v) in G,, Vs, is expected to be ca.
3274.4 — % =3271.1cm~!, which almost coincides with the
calculated value at 3270 cm™" in Figure 2a. It is clear that the
sharpness below T; results from the decrease in —A’(v), as seen
in Figure 5, whereas the broadness above Vg is explained in
terms of the changes in A”(v) and —A(v). Similarly, Vg is
approximately expected to be 3365.0 + 333 =33823cm™!,
whereas the calculated value is 3377.0cm™' in G, in the
infrared spectrum. Since the difference between Vs and ca.
Vo + % f" or Vg and ca. vy — % f" may correspond to the first
moment of gg(V) or g,s(V), respectively, the asymmetry or the
first moment of g,,(V) is larger than that of g,(v), depending on
differences in effective A"(v). It should be noted that g,5(V) has
the long wing below V,; the asymmetric band profile due to
the damping coupling is discussed in the recent study.*
The band width of gy(v) is 225.2cm™! in G, in Figure 2a,
which is somewhat smaller than the maximum expected
as s+ f5 —min A'(v) = 232.0cm™!, where min A‘(v) is
—34.0cm~!. The band width of g,(V) in G, is 165cm™
in the infrared spectrum and considerably larger than the
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maximum expected from the relation of I, — £ — min A/(V) =
146.2cm™". This may result from the large change in A”(V)
near Vs at 3377.0cm™".

I; in Table 1 includes the contribution of the damping
coupling and differs with the band width of the intrinsic mode,
Ty, which is, as the first approximation,* given by I'; — | f!].
That is, Iy for v, is expected to be less than 112 or 134cm™,
which is obtained from G; or G, respectively, by taking W},
into consideration. The large difference in Iy from G, and G3
indicates that 77 is not unique in the present assumption that the
band constants in Gz are the same as those in G; and Gy,
suggesting that /; and also v; depend on adjacent oscillators.
That is, the new band constants for G3 may be necessary, which
is, however, not treated here, because the present results may
give already the new band constant, that is [y =112 and
134cm™! for v, in G, and G, respectively, by not taking W},
into consideration.

Summary

A new theoretical approach based on the Green’s function is
applied to analyze the vibrational spectra of OH stretching
bands of CH30H. The spectra are satisfactorily analyzed on the
basis of the three clusters constructed by two intrinsic modes.
Two intrinsic modes derived are 3425.5 and 3320.1cm™’,
which are assigned to the H-bonded OH stretching perturbed by
the OH oscillator in the other chain and the Y junction and that
unperturbed, respectively. A weak band found at 3529.2 cm™
is assigned to a local mode in a chain end, by referring to the
density of state. The two bands at 3529 and ca. 3450 cm™! are
found for the first time as the fundamentals, which make
it possible to reassign the overtones without taking short
oligomers into consideration. It is realized that n; decreases
with the dilution of methanol in CCly and lowering temperature
by reference to the observed Raman spectra in Refs. 7 and 29,
respectively. The chain structures are clarified in detail from 6,
and 63, which indicate that the configuration about the H bond
is the tetrahedral rather than the nearly sp?> configuration
evaluated by Torii.® It is evaluated that (N) is ca. 17 and the
effect of the clusters near the chain end on the whole spectrum
is small. It is realized that the line shape of g,(vV) and g,s(V) in
the symmetric cluster is asymmetric, which is explained in
terms of the boundary parameters, A"(v) and A‘(v), whose
maximum and minimum values relate closely to the peak
positions and the bandwidths of gs(V) and g.s(V), respectively.
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