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Effect of Temperature and Concentration on Self-Association of Octan-3-ol Studied by
Vibrational Spectroscopy and Dielectric Measurements
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The effects of temperature and concentration on self-association of octan-3-ol both in pure liquid and CCI
solution have been studied by two-dimensional (2D) Fourier transform near-infrared (FT-NIR) correlation
spectroscopy, conventional FT-IR spectroscopy, and dielectric measurements. The interpretation of 2D
correlation spectra was supported by simulation studies. A particular attention has been paid for comparison
of the present results with that previously published for octan-1-ol. The obtained results indicate that population
of the free OH groups changes faster than that of the associated species with increasing temperature. This
results from the fact that in the open-chain multimers the terminal hydrogen bonds break easier than the
interior ones. The open-chain dimers are less favorable than the higher associates due to the lack of the
cooperativity effect. Hence, these species appear as a result of temperature-induced dissociation of higher
multimers in concentrated solutions and in neat alcohols. At low concentration of alcoholjth€@bnpolar

(cyclic) species dominates. An increase in the concentration of the sample increases the number and length
of the linear associates, and this effect is more pronounced for primary alcohols. In octan-1-ol, formation of
the linear associates is favored, whereas in octan-3-ol the cyclic species dominates. The present results reveal
the presence of at least two kinds of associated species and argue against frequently assumed equilibrium
between the monomers and one kind of associates at all concentrations.

Introduction that the higher multimers at first break into shorter associates

The effect of temperature and concentration on self-associa-2"d then, at elevated temperatures, the shorter species dissociate

. . into monomers. In this case the interior hydrogen bonds are
tion of selected alcohols have been recently studied by general-ex ected to break easier than the terminal ones. However. this
ized 2D FT-NIR correlation spectroscopy. Since the tem- P ' ’

erature and concentration affect the monomers and variousconCIUSion is not consistent with the theoretical studies on the
P stability of hydrogen bonding and role of the cooperativity effect

associated species to different extent, the corresponding peak? self-association of alcohols. Ab initio calculations demonstrate

appear as separate fegtures in 2D asynchronous spectra, regar 1at the terminal hydrogen bonds are noticeable weaker than
less of the separation in the normal spectrum. This resolution , " ~ . 4 ! ; o
the interior oned? As can be seen (Figure 1), the dissociation

enhancement permitted the identification of a series of bands of any kind of hydrogen-bonded species (processeE)eads

assigned to different vibrations of the free and bonded OH he i i th lati fth bonded
roups in the first and second overtone regibrisThe selective to the increase in the population of the nonbonde OH groups.
g On the other hand, the changes in population of the higher

correlation of the peaks in the synchronous and asynchronousmul,[imers occur at slower rate. For examole. the processes C
spectra makes the band assignment more reliable and gives an : p'e, P

. . - . A and D produce the shorter chain associates, but for significant
opportunity for reliable evaluation of anharmonicity constarits. values of " these species still contribute to the “polymer” band
The sign of the asynchronous peaks indicates which of the

two dynamic spectral changes occurs earlier and which one(the lowest frequency band due to the associated species).
y 9 pe 9 . . Consequently, the intensity of the band arising from the free
occurs late®:® This property of the correlation spectra is a

owerful tool for exploration of the molecular mechanism of OH groups should vary faster than that assigned to the
P . P - . associates, contrary to previous reports on 2D correlation studies
perturbation-dependent changes in the studied system. However

the rules for interpretation of 2D correlation spectra were on alcohols. 7 Obviously, the sign of asynchronous peaks for

developed for the case, where two correlated signals vary with alcohols requires reexamination,
P ’ 9 y The asynchronous spectra of pure alcohols reveal a distinct
the same waveform. When the spectral responses follow

. . L peak near 6850 cmd, not resolved in the normal FT-NIR
complgtely different f““‘?“°r.‘s* the situations becomes more spectral=6 The position of this peak indicates that it originates
complicated and an application of the rules may lead to wrong from weakly bonded OH group. Following the same reasoning
conclusions®-12 Hence, the comparison of dissimilar spectral as that presented by Van Ness.etléthe feature at 6850 i
responses has to be carefully performed. In this instance, thehas begn assignedyto the cyclic dimérsHowever, there is
swgt;lz':\l/tilon s;u[;dlﬁisare ;/rerlytih?:pﬂ:l'di N self- iation of still controversy over the structure of the dimeric species. The

EVIOUS 4 correfation StUdIES on Sel-associalion o yq a4 re has both of the reports demonstrating that the dimers
alcohols indicate that the intensity changes for the monomers

; R have cyclié> 18 and ope#® 23 structures. These discrepancies
are slower than that of the associated spetiehis indicates result from the fact that the molecular structure of the hydrogen-

.. bonded species is not directly accessible from the vibrational
* To whom correspondence should be addressed. Faculty of Chemistry, S .
University of Wroctaw, F. Joliot-Curie 14, 56883 Wroctaw, Poland. ~ SPectra. This information may only be deduced from the spectra
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Figure 1. The dissociation pathways of hydrogen-bonded alcohols.

Therefore, the vibrational spectra of hydrogen-bonded systems=0.1°C. The spectra recorded as a function of temperature were
should be discussed in connection with results of the theoretical corrected for the density change with temperature, whereas the
calculations and different experimental techniques. The com- concentration-dependent spectra were concentration-normal-

bination of vibrational and dielectric studies is particularly
suitable for this purpos#: 26
The present paper provides new experimental information on

ized?”
Dielectric Measurements. The electric properties were
measured using a Hewlett-Packard bridge HP 4284A at the

the effect of temperature and concentration on self-associationfrequency 1 MHz. The capacitor was made of stainless steel

of octan-3-ol by using 2D FT-NIR correlation analysis, con-
ventional FT infrared (IR) spectroscopy, and dielectric measure-

and Teflon (air capacity was5 pF). The relative accuracy of
permittivity was estimated as0.1%. The temperature was

ments. The dielectric and FT-IR spectroscopic measurementsstabilized by UNIPAN 650 controller and measured using

were also performed for octan-1-ol. The interpretation of 2D
correlation spectra was computer aided. The combination of FT-
NIR and FT-IR spectroscopic measurements with dielectric

calibrated thermocouple with the precision 0.1 K. The
refractive index was measured for the sodium D line with Abbe
refractometer with an accuracy &5 x 1075, The density was

studies made possible to gain a deeper insight into the moleculameasured pycnometrically with resolution 0.2 kg/nT3.
mechanism of self-association of alcohols and establish new Data ProcessingThe synchronous intensity was calculated
assignments for some vibrational bands. The molar absorptionas a simple cross-product of the dynamic intensity at two

coefficients for the fundamental, first, and second overtones of

different wavenumbersv{, v;), whereas the asynchronous

the monomer band were determined from the measurements aintensity was computed as a cross-product of the dynamic intens-

low concentrations. The obtained values were applied for the
estimation of the fraction of nonbonded OH groups in the pure
octan-3-ol and in CGlsolutions as a function of temperature.

ity at v, and Hilbert transform of the dynamic intensity:at?®
In this study, the spectrum recorded at the lowest temperature
or concentration was used as reference. To simplify interpreta-

The comparison of present results with the analogous study ontion of the asynchronous spectra, they were multiplied (array

octan-1-db7 permits the exploration of the effect of steric
hindrance on the self-association of alcohols.

Experimental Section

Spectroscopic MeasurementsOctan-1-ol, octan-3-ol, and
CCly were purchased from Aldrich Chemical Co. (Germany).
The chemicals were obtained at the highest purity and were

used as received. The purity of the samples was spectrally

verified. The FT-IR and FT-NIR spectra were recorded at a
resolution of 2 and 4 cmi, respectively, on a Nicolet Magna

multiplication) by a sign of the corresponding synchronous
spectra. In a synchronous spectrum, a positive peaik; at)
indicates that the intensity changes at these two wavenumbers
are in the same direction. A positive asynchronous cross-peak
at (v1, v2) means that the spectral changevatoccurs faster
(earlier) than that at,. Negative synchronous and asynchronous
peaks indicate the opposite. The 2D correlation analysis was
performed by use of MATLAB 4.2 software (The Math Works,
Inc.).

Results and Discussion

860 spectrometer equipped with a DTGS detector and 512 scans

were accumulated. The spectra of both octanols in,@@fre
measured in a thermostated quartz cell (Hellma) of 10 or 100
mm thickness at 25C, while the spectra of pure octan-3-ol
were recordedn a 1 or 5 mmcell in the temperature range of
20—80°C with a stepwise increase of°’&. The actual temper-
ature of the sample was controlled by means of a digital ther-
mometer dipped into the cell, which guaranteed a stability of

Simulation Studies. Figure 2 shows the relative intensity
changesAAr = Ar — Ayc) at 7093 (monomer band) and 6272
cm! (“polymer” band) for pure octan-3-ol. The spectral
responses for both bands occur in opposite direction and follow
different waveforms. The changes for the “polymer” and
monomer bands are approximated by polynomials of the first
and second degree, respectively. It is also evident that the
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Figure 2. Temperature dependence of the relative absorbance of pure

liquid octan-3-ol at 7095 and 6272 cfn(O). The solid and dashed

lines represent the polynomials of the first and second degree fitting

the intensity changes at 7095 and 6272 &mespectively.
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Figure 3. (A) The synthetic spectrum constructed from Lorentzian
peaks located at 6300, 7080 and 7120 &nThe intensity changes at

6300 and 7100 cmt vary according to the relationships at 6272 and
7095 cn! (see Figure 2), respectively. (B) The asynchronous spectrum
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Figure 4. (A) The concentration dependencelgfs*for octan-1-ol
(O) and octan-3-ol (*) in CGlat 25°C. The dotted lines indicate the
literature values determined for the diluted solution of octan-%egl (

= 3.02 D) and octan-3-ol 4> = 2.62 ?). (B) The temperature
dependence ofk.«*Ufor pure octan-1-ol®) and octan-3-ol (*). The
dotted lines indicate the values determined from Kirkwood model for
octan-1-ol k2 = 7.8 D?) and octan-3-olgx? = 6.7 D?).

(2) The exact position of the asynchronous peak near 7100
cm~1 depends on the extent of the intensity changes for both
components contributing to this band. If this extent is the same
both at 7080 and 7120 crh the resulting peak is located at
7100 cntl, otherwise this peak shifts toward position of the
component with larger extent of intensity changes.

(3) The separation between the 7080 and 7120'gpeaks,
obtained from the asynchronous spectrum, is always greater than
the actual separation, as reported eatfiép:30

From (2) and (3) results that the number of actual species is

calculated from the synthetic data. The negative peaks were shaded©ften smaller than the number of the asynchronous peaks. In

Figure 3B one can identify four different peaks (at 6300, 7070,
7110, and 7130 cm), whereas the original spectrum (Figure

spectral changes for the monomer are faster than that of the3A) includes only three peaks (at 6300, 7080, and 7120%m
associated species. The analogous situation takes place for the Dielectric Measurements.The square of effective dipole

other alcohol$:7 The asynchronous spectra of most alcohols moment (&e°l) was measured for octan-1-ol and octan-3-ol in
reveal two components in the region of the monomer band. CCl, as a function of concentration at constant temperature
Thus, the synthetic spectra were constructed from a broad bandFigure 4A) and in pure alcohols at different temperatures
at 6300 cm! decreasing in intensity and two heavily overlapped (Figure 4B). The apparent dipole moments were calculated from
bands at 7080 and 7120 cnincreasing in intensity (Figure  the measured permittivities, using the Onsager internal ¥ield.
3A). The overall extent and rate of spectral changes for both The variations infZes?Owith concentration are characteristic
apparent bands were the same as these for the monomer antbr solutions of alcohols in nonpolar solvents (Figure &5$6:32:33
“polymer” bands of octan-3-ol (Figure 2). Figure 3B shows the The dotted lines indicates the values@étletermined for diluted
asynchronous spectrum constructed from the simulated data. Thesolutions of octan-1-olu.? = 3.02 I?) and octan-3-0lg«.? =
simulations were performed for different initial parameters (band 2.62 ?).3* The initial decrease indes?(lwas explained as a
position, width, height, and extent of the intensity changes), result of formation of the cyclic associates with a dipole moment
and the obtained results can be summarized as follows: close to zerd?33 The degree of cyclization is significant for
(1) The sign of the asynchronous peak at (6300, 7100'km  solutions of octan-3-ol in CGJ while it seems to be smaller
indicates that the spectral changes at 7100%cane faster than  for solutions of octan-1-ol. The increaselingLIresults from
that at 6300 cm. formation of highly polar (linear) associates and opening of the
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12 TABLE 1: Frequencies and Assignmentsof Selected IR and
(A) NIR Bands of Octan-3-ol.

vibration species position [crd]

v(OH) higher multimers 3371
v(OH) (cyclic trimer) 3480
v(OH) free 3630 (3606,3631)
v(OH)+d(OH) associated ~4800
2v(CH) 5681, 5813
2v(OH) higher multimers 6272
v(CH)+v(OH)  free 6500
s 7 B 2v(OH) dimer 6854
2v(OH) free 7093 (7048,7095)
3200 3400 3600 3800 2v(OH) terminal free 7033
W ber/em! 2v(CH)+ 6(CH) 7180
avenumoerrem 3v(CH) 8285, 8387
25 : 3v(CH)+ 6(CH) 9810
3v(OH) dimer 9950
(B) 3v(OH) free 10381 (10314,10384)
4v(CH) 10805

aIn brakets are given positions of the rotational isomers.

09

0.6

Absorbance

0.3

1.5

20—80 °C in the low and high wavenumber regions, respec-
tively. The positions and assignment of main spectral features
in these regions are collected in Table 1. The combination band
IS {v(OH)+0(OH)} shifts with temperature from 4773 to 4825
= cm~1 (Figure 5B) giving rise to characteristic pattern in 2D
correlation spectr&2%39Thus, this band was not included into
Wavenumber/cm™’ the analysis. The 2D-NIR correlation spectra of alcohols reveal
0.05 two bands due to associated species. The first one is located
near 6850 cm! and was assigned to the cyclic dimérs.
However, ab initio calculations demonstrate that the cyclic dimer
is a transition state rather than a stable fé?#?.The 6850 crm?
band is located relatively close to the monomer absorption,
showing that the OH groups contributing to this band form weak
hydrogen bonding. This weakness results from the absence of
a cooperative effect for this species. The cooperative effects in
hydrogen-bonded alcohols are reflected in shorterQOdis-
tances, longer donor -©H bond lengths, larger energies per
hydrogen bond, and greater shift of the dono+i bond
P stretching frequencies than the dim3&r38 The dimer is the only
Wavenumber/cm associates where the cooperative effect does not occur. There-
Figure 5. FT-IR spectra of octan-3-ol in C¢ht 1M (solid line) and fore, it seems reasonable to assign the band at 6850 tan
0.2 M (dotted line) (A), FT-NIR spectra of pure octan-3-ol from 4500 the open dimer. This means that the remaining associated species
to 9000 cm* (B) and from 9000 to 11000 cm (C) over the  (jinear and cyclic) contribute to a broad peak centered near 6300
temperature ranges of 280 °C (1, intensity increases, intensity o111 | fact, the internal hydrogen bonds in linear associates
decreases). are not much different from these in the larger cyclic ag-
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0.02;

Absorbance

0.01
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cyclic species. At moderate concentrations, the linear and cyclic 9r€9ates”
associates coexist. In pure octanols the equilibrium is shifted In the literature one can find numerous reports assigning the
toward formation of the linear associates, and this effect is more fundamental band at 3350 crto the cyclic associates:! 3940
pronounced for octan-1-ol. The increase in temperature leadsYet, the intensity of this band decreases with temperature rising
to the decrease imew2((Figure 4B), but an extent of this effect (ot shown). The decrease in the population of the cyclic species
is appreciably larger for octan-1-ol. This drop@t?Jresults ~ Would increaséier?L] contrary to the observation presented here.
mainly from reduction in the population and average size of Thus, we propose to assign the 3350 ¢érband both to the
the open-chain associates. For octan-3-ol the decredgg#u  Open and cyclic multimers. The 3480 chband is frequently
is partially compensated by opening of the cyclic associates. It assigned to the dimeric specg?2241yet the calculated
has been shown that the infinitely long hydrogen-bonded chain @tharmonicity constants [(6854/2 3480)= —53 cnT] are
with free rotation about the hydrogen bond has a Kirkwood twice lower than the corresponding values for the dimer band
factor g = 2.5735 Hence, [dx20= [k.-g(3 for octan-1-ol and (Table 3). Furthermore, these values are lower than those of
octan-3-ol should take 7.8 and 6.2, Despectively. As can be  the monomer band, making this assignment rather doubtful.
seen (Figure 4B)ker2lis much closer to the predicted value Probably, the 3480 cmt band originates from short cyclic
for pure octan-1-ol as compared to octan-3-ol. Hence, one canassociates (like trimers), but a definite assignment of this band
conclude that an average length of hydrogen-bonded chains iscannot be derived from present data.
appreciable greater for primary octanol than that of secondary Two-Dimensional Correlation Analysis of Temperature-
octanol. Dependent Spectra of Octan-3-olAn interesting information
Band AssignmentsFigure 5A shows FT-IR spectra of octan-  provides the comparison between the power spectra calculated
3-ol in CCly at concentrations of 0.2 and 1 M, whereas Figures in low (20—50 °C) and high (56-80 °C) temperature ranges
5B,C display FT-NIR spectra of pure octan-3-ol in the range (Figure 6). The power spectrum is a diagonal of the synchronous
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TABLE 2: Molar Absorptivities of the v(OH), 2v(OH), and 3v(OH) of the Monomer Band for Octan-3-ol in CCl, at 25 °C
Together with the Literature Data for Octan-1-ol

»(OH) 2v(OH) 3v(OH)
alcohol int phP int ph int ph
octan-3-ol 135620 43.9+0.5 100.9+1.0 1.52+0.05 4.75+0.2 0.0504+0.005
octan-1-ol 167QE20 59.44+ 0.5 107.6:1.0° 1.78+ 0.09 5.4+0.%8
62.1%° 1.654-0.08"¢
1_645, a
1.68+ 0.05%d

aint: integrated, in [dri*rmol~--cm~2. ® ph: at peak height, in [drmol~t-cm1]. ¢ In decane? In octane.

TABLE 3: Positions of the v(OH), 2v(OH,) and 3v(OH)

Bands for the Stretching Vibrations of the Free and 7200 (A)
Associated OH Groups of Octan-3-ol and Octan-1-6l = = == o
Together with the Anharmonicity Constants (in Brackets} - " 7000 _ s =
species  »(OH) 20(OH) 3v(OH) 5 - @
octan-3-ol E
monomet 3631 (-83.5) 7095  {86.0) 10384 € 6600
3606 (-82.0) 7048  {86.0) 10314 3
dimer 6854  €102) 9974 3 6400
higher multimers 3371 +235) 6272 =
octan-1-of 2 5200 @
monome? 3639 (-84.0) 7110  {83.0) 10415
3628 (-88.0) 7080  {81.0) 10377
dimer 6850 €108) 9950 6000 6500 7000
higher multimers 3345 220.0) 6250 i
a All values are in cm® and an estimated accuracy is withir? Wavenumber/em™, v
cmt for monomer,+5 cn?! for dimer, and+10 cnt? for higher
multimers.P The structure of the monomer band is due to the rotational ~ 7200 (B)
isomerism. ” ;
'TE 7000
1
o
g 6800
0.8
€ 6600
, 06 5
5 :
2 (x10) g 6400
0.4 6200
02 6000 6500 7000
Wavenumber/cm™, v,

6000 6500 7000

4 Figure 7. Asynchronous 2D NIR correlation spectra of pure octan-

Wavenumber/cm 3-0l over the temperature ranges of (A)-280 °C and (B) 56-80 °C.
Figure 6. Power spectra of pure octan-3-ol over the temperature ranges The negative peaks are shaded.
of 20—50 °C (dotted line) and 5680 °C (solid line).
monomer band resulting from the rotational isomerism, hardly

spectrum and represents the overall extent of intensity changesobserved at lower temperatures, clearly appears in the high
at individual wavenumbers. As can be seen (Figure 6), the temperature range. The position of the high frequency rotational
population of the free OH groups increases faster at higherisomer in the asynchronous spectrum is much closer to the
temperatures, while the fraction of higher multimers reveals an position of the monomer band in the synchronous spectrum.
opposite trend. The position of the monomer band does not vary Taking into account the results of simulation studies, one can
with temperature. In contrast, the “polymer” band strongly shifts conclude that the extent of intensity changes for the higher
toward higher wavenumbers as the temperature is increasedfrequency rotational isomer is larger.
but its integrated intensity remains the same. This indicates that In Figure 8 is shown the asynchronous spectrum of octan-
an average size of the associated species is decreased signif3-ol in CCl, (1 M) from 25 to 60°C. The analogous plot for
cantly, while the overall population of these species is reduced 0.1 M solution (not shown) was similar. In the region of the
to smaller extent. The shape of the “polymer” band may suggest monomer band one can find four features at 7033, 7080 7101,
existence of additional peaks, yet the situation is complicated and 7108 cm?, although there are expected not more than three

due to overlap with thecy+von combination mode~6500 peaks. Since the peaks are located close to the diagonal, their

cm™Y) involving the free OH grouf:#243 actual positions are shifted from the real positiéh¥.2°The
Figure 7A,B displays the asynchronous spectra of pure octan-situation is similar to that observed in the simulated spectra.

3-ol over the temperature ranges of-Z8D and 56-80 °C, Thus, one can conclude that the number of actual peaks in this

respectively. The spectra develop an apparent asynchronicityspectral region is three, compared to two peaks observed in pure
between the monomer band and the bands due to the associatedctan-3-ol (Figures 5 and 6). Two of these peaks are due to the
species. The sign of these peaks suggests that the spectraiotational isomerism, whereas the third peak can be assigned
changes for the monomer are faster than these of the associatetb the nonbonded (terminal) OH groups in the open-chain

species, regardless of temperature interval. The splitting of the associates. An average size of the linear associates in solutions
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of octan-3-ol is smaller as compared to the liquid state. Thus, Figure 10. Deconvoluted spectra of octan-3-ol (A) in GQ0.002 M)
the population of the free terminal OH groups is high enough and (B) in pure liquid phase~6.3 M).

to develop a peak in the asynchronous spectrum (Figure 8). This
peak was observed also in the spectra of other branched
alcohols?2As expected, the spectrum of octan-1-ol does not
reveal the presence of nonbonded OH groups in the open-chain
associates due to larger extent of association as compared with
octan-3-of

Two-Dimensional Correlation Analysis of Concentration- C/Hys
Dependent Spectra of Octan-3-olThe asynchronous spectra
of octan-3-ol in CCJ in the range of 1.54.0 M (Figure 9) and
that of 0.1-1.0 M (not shown), reveal a significant intensity
between the “polymer” and monomer band. In addition, one
can observe a splitting of the monomer band due to the rotational
isomerism. Of particular note is that the asynchronous spectra
(in both concentration ranges) do not develop the open dimer
peak, in contrast to the corresponding spectrum of pure octan-
3-ol (Figure 6). The peak originating from the free terminal
OH groups in the linear associates was not observed, as well. octan-3-ol
Both observations support the results of the dielectric measure-
ments that formation of the cyclic species is strongly favored
in this concentration range.

Rotational Isomerism of Octanols. Figure 10 displays 3-ol these positions are energetically more favorable as com-
deconvoluted spectra of octan-3-ol in GQ0.002 M) and in pared with position I, whereas for octan-1-ol is the opposite.
pure liquid state (6.3 M) in the region of the first overtone of The more stable rotamer is assigned to the high frequency?and.
the monomer band. Both spectra reveal two bands originating As previously discussed, for primary alcohols the hydrogen atom
from the rotational isomers. At 0.002 M the self-association in position Il is easier accessible than those in positions | and
does not take place, and hence, the relative intensities of bothlll.3 Thus, the higher fraction of hydrogen atoms in position I
bands reflect the differences in the energy and degeneracy ofis predominantly engaged in hydrogen bonding and the corre-
the rotational isomers. As expected, the higher frequency bandsponding band shows reduced intensity. For branched alcohols
is more intense (Figure 10A). Interestingly, the same tendency the population of both rotational conformers is determined
was found for pure octan-3-ol (Figure 10B), while the opposite mainly by the difference in values of the torsional potential and
effect was observed for primary alcohét In Figure 11 are degeneracy, while the effect of hydrogen bonding seems to be
drawn the rotational isomers of octan-1-ol and octan-3-ol. In less important. Therefore, for octan-3-ol, the higher frequency
both cases, the positions | and Il are equivalent, yet for octan- rotamer is more intense, regardless of the concentration.

octan-1-ol

Figure 11. Rotational isomerism of octan-1-ol and octan-3-ol.
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25 A) than that of octan-1-8land decan-1-dt However, even at 80
) °C only 25% OH groups are nonbonded. The variation in the
e 20 1 degree of dissociation with temperature for pure octan-3-ol is
-.% well approximated by the quadratic function. An extrapolation
g 15 1 of this function to the melting15 °C) and boiling point (175
K °C) yields 0% and 85%, respectivelyn L M solution, the
S 10 1 population of the free OH groups increases linearly up to 50
° °C, then the line bends and the increase becomes slower (Figure
%’, 5 1 12B). Interestingly, the degree of dissociation for 0.1 M solution
a (~83%) is temperature independent. As discussed, at lower
20 20 60 80 concentratiqns predominantly gxist more staple cyclic associates,
and disruption of those species requires higher temperatures.
Temperature/C Anharmonicity of the v(OH) Vibration. The positions of
_ 60 (B) the v(OH), 2»(OH) and 3(OH) bands were used for determi-
e 55 nation of anharmonicity constantg’{!) for stretching vibrations
5 of the free and associated OH groups (Table 3). The obtained
.‘g 50 values are compared with the corresponding data for octan-1-
2 ol.” The most characteristic tendency is an increagétrupon
2 45 going from the monomer to higher associates. The values of
S 40 x°H of the monomer band for both octanols are close to each
3 other and are similar to those for other alcotfe1$.The
D 35 anharmonicity of the dimer is close to the analogous values for
a 30 methanol in nitrogen (104.8 cm) and argon (102.0 cm)
30 40 50 60 matrixes© The largey°H for the “polymer” band may results
Temperature/°C from the fact that the relative intensities of the bands due to
various associated species differ for the fundamental and first

Figure 12. The temperature dependence of the degree of dissociation

3,51
of (A) pure octan-3-ol and (B1 M solution in CC}. overtonest

From Figure 11 results that the torsional potential of the OH Conclusions

group in positions | and Il for octan-1-ol and octan-3-ol should  Considering results both the dielectric and spectroscopic
be comparable. Indeed, the positions of the corresponding bandsneasurements one can draw following conclusions on self-
are similar &7090 cnt?). In contrast, the torsional potential association of octan-1-ol and octan-3-ol:

in position Il for both octanols differs significantly. As a result, (1) The dissociation of the higher associates into monomers
the corresponding bands for octan-1-ol and octan-3-ol are does not occur directly but proceeds through the intermediate
located near 7110 and 7040 threspectively. Obviously, the  species.

torsional potential significantly influences the frequency of the  (2) Upon temperature rising the terminal hydrogen bonds

OH stretching vibration. break easier as compared to the internal ones. Thus, a fast
Determination of the Molar Absorption Coefficients of increase in the population of the monomers is observed.
the ¥(OH), 2v(OH), and 3v(OH) for the Monomer Band. At (3) The temperature-induced shortening of an average size

low concentrations, alcohols occur in the monomeric form. Thus, of the associates in the pure octan-1-ol does not significantly
from the measurements in diluted solutions one can determinealter the population of the free terminal OH groups, and hence,
the molar absorptivity of the monomer bang,{"). Numerous the corresponding band is not observed in the correlation spectra.
previous studies on alcohols show tkgf" do not depend on  Yet, this process leads to decreaséjig?Jand therefore can
temperaturé?—4’ The value ofey°" was determined from the  be detected by dielectric measurements. In solutions, where an
slope of the concentration-absorbance dependence. The meaaverage size of the associates is smaller, the changes in
surements were performed in G&om 0.002 to 0.01 M at 25 population of the free terminal groups are more distinct.

°C. In Table 2 are collectedy°H for octan-3-ol together with (4) Both an increase in temperature and decrease in concen-
the analogous values for octan-184P.#54748As can be seen, tration increase the population of the free OH groups at the
the integratedy°H of the fundamental is 1315 times higher expense of the bonded ones. Yet, the mechanism of these
than that of the first overtone, whereas the analogous ratio changes is different. The elevation of the temperature increases
between the first and second overtones is 20. The correspondinghe fraction of the nonbonded OH groups in the linear associates,
values at peak height are noticeable greateB(). These whereas the decrease in concentration does not have noticeable
discrepancies can be attributed to the rotational isomerism of effect on the number of free terminal OH groups.

the OH group. The integrated intensity of the monomer band  (5) The dimers are less stable species as compared with the
does not depend on the rotational structure of this band, contraryhigher associates where the hydrogen bonding is stabilized by
to the values at a peak height. Thg* slightly decreases upon  the cooperativity effect. Hence, the dimers do not appear upon
going from octan-1-ol to octan-3-ol. The same trend was an increase in the concentration of alcohol but are created during

observed for pentan-1-ol and pentan-37ol. the thermal breaking of the higher associates in the pure liquid
The Temperature Dependence of the Degree of Dissocia-  alcohols.
tion for Octan-3-ol in the Pure Liquid State and in CCl, (6) At moderate concentrations the cyclic species are created.

Solution. The degree of dissociation, defined as a fraction of Upon further increase in the concentration dominates the
nonbonded OH groups [in %], was determined using the sameformation of the open-chain associates.

method as previousH. As expected, the population of the free (7) An average size and population of the linear associates
OH groups in pure octan-3-ol (Figure 12A) is appreciable higher are smaller in octan-3-ol as compared to octan-1-ol, while the
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fraction of the free OH groups in pure secondary octanol is twice
higher as that of primary octanol. This provides evidence that
octan-3-ol shows reduced association as compared with octan
1-ol.

(8) The degree of the cyclization increases upon going from
octan-1-ol to octan-3-ol at comparable concentrations.

(9) The obtained results evidence that from moderate
concentrations to pure octan-3-ol exists the equilibrium between
the monomers and two kinds of associated species: high dipole
moment (linear) associates and low dipole moment (cyclic) ones.

(10) The torsional potential of the OH group about the CO
axis has a significant effect on the frequency of tHOH)
vibration.
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