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Integrated intensities have been measured foH®tretching vibrational bands, including fundamentals and

the first three overtones for methanol, ethanol, 1-propanol, 2-progartdbutyl alcohol, 2,2,2-trifluoroethanol,

nitric acid, and acetic acid. Fundamental band strengths are seen to increase with the electronegativity of the
adjacent substituent, though directly analogous trends for overtones are less apparent. However, substituent
electronegativity does parallel the proportional decrease in overtone intensity, relative to the corresponding
fundamental. In addition, the intensities have been modeled using a two-parameter, linear-exponential dipole
moment function. The agreement between observed and calculated intensities is fair, but the overall shapes
of the fitted dipole moment functions also parallel the inductive nature of the substituent. Some tentative
rationale for the observed intensity trends is offered, but definitive claims cannot be made without further
investigation. The current results are finally compared to a few studies-éf-€ontaining compounds, and
differences in the respective intensity data are discussed.

Introduction the transferability notion, has lead us to think in terms of a

. . . degree of transferability”, rather than a specific, all-encompass-
Atmospheric chemists have recently generated much IntereStin intensity value for a given level of excitation. For example
in the overtone bands of €H stretching mode%:12 For 9 y 9 ' Pie,

example, overtone bands of water clusters are thought to accoun mong halogenated{H SPEcIes, fundamen_tal intensities vary
for part of the discrepancy between observed and modeled y 3 orders_ of_magmtudg, but converge with each subslaquent
absorption of light by the atmosphér@put they have eluded level of excitation, reaching maearly common value at .

measurement in both fielénd laboratory studigsS-urthermore, The same general trend is apparent among t@l@vertone
L . S . intensities reported below, but there are slight differences among
overtone-initiated photodissociation proceSses/e been cited

as significant sources of atmospheric radicals during low-light the Fon and 4ion bands, and several do exceed experimental

conditions® Since they dictate the overtone contribution to uncertainties.

. S o Our specific goals are to identify variations in-® intensities
photolysis rate constants, absorption intensities are the key to
] S .—from compound to compound, assess the degree of convergence
assessing the significance of these processes. Recent modelin

studies’ as well as ab initiband empirical estimatésf O—H gmong the band strengths with each level of excitation, and,

: . . o ultimately, arrive at an understanding of how the chemical nature
overtone intensities for HN§have reinforced the significance . . . ; "
: " of the substituent affects the-€ vibrational intensities. The
of overtone photoprocesses. However, intensities for photo-

chemically active overtone bands of Hilénd HNQ, have been current focus IS m(_)IecuIes W'th.a single, |solatedl€Dbo_nd,_
12 for which the vibrations are localized at low levels of excitation.
reported only very recentlf 12 and the 6on band strength X ;
We therefore interpret the spectra using the local mode niédel.
for HNO;3 has yet to be measured.

Our interest has evolved in a more chemical direction. and The work reported here is the first extension of a preliminary

is currently focused on exploring, and understandin substituentStUdy of the 3oy and 4o bands in vapor-phase methanol,
effects ony(}H vibrationalpbancfj 'stren ths. With thisg ’intention ethanol, and 2-propandlwe have remeasured nearly all the

. ghs. Wi " ' data published in that report, and have now measured:the 2
we are currently assembling a catalog of B intensities that

reflects as much chemical diversity as possible. A fundamental band strengths as well. Striving to increase the number and
. yasp S " diversity of O—H-containing compounds, we now also report
understanding of the factors governing-8 overtone intensities

may be of indirect benefit to the atmospheric community, fundamental and overtone intensities for 1-propanol (a longer-

especially if important bands such as of nitric acid remain chain primary alcohol)tert-butyl alcohol (a tertiary alcohol),
esp y P . a% 2,2,2-trifluoroethanol (a halogenated alcohol), acetic acid (a
inaccessible to experiment. A key issue, from both the funda-

mental and atmospheric viewpoints, is the notion of a charac- carboxylic acid), and nitric acid (a mineral acid). Below, we
T . pn P ’ u .~ will show that substituent electronegativity parallels fundamental
teristic intensity for higher ©H overtones, a so-called “chemi-

2 - : . band strength, and the degree to which overtone intensities
cal transferability”. This has been noted in some studies¢fiC L2 . . :
overtone intensitie¥®14 but there are often slight differences, decrease in proportion to their respective fundamentals.
even among structurally nonequivalent bonds in the same gyperimental Section

molecule'® Observations such as this, and some objection to ) ) )
All commercially available samples used were of the highest
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TABLE 1: Band Centers and Spectroscopic Constants
1von 2u0H 3von Avon We We)e

acetic acid 3581(8) 6991(30) 10246(32) 3747(19) 83.1(66)
ethanol 3665(8) 7168(15) 10489(24) 13643(56) 3836(15) 84.8(45)
2-propanol 3655(8) 7138(15) 10447(24) 13594(56) 3827(15) 86.0(45)
methanol 3681(8) 7199(15) 10541(16) 13706(28) 3853(13) 85.0(33)
nitric acid 3551(8) 6944(15) 3707 79
1-propanol 3669(8) 7168(15) 10494(24) 13641(56) 3842(15) 86.1(45)
tert-butyl alcohol 3644(8) 7123(15) 10414(16) 13541(28) 3818(13) 86.5(33)
trifluoroethanol 3657(8) 7148(15) 10466(16) 13620(28) 3826(13) 84.2(33)

2 All values in cnT!. Experimental uncertainties are expressed in parentheses, and reflect uncertainty in the least significant digit(s) presented

(e.g., 83.1(66) means 83 6.6 cnTY). P From ref 8.

cycles. Pure HN@ was prepared by dripping concentrated
H.SO, onto solid KNG under a vacuum, and collecting the
product at dry ice temperature. To minimize decomposition, the
sample was warmed only to fill the cells. All sample pressures
were measured with a 100 Torr capacitance manometer (MKS
Baratron no. 622).

Fundamental intensities were measured on a Nicolet 5DXC
FTIR spectrometer at 4 cm resolution, in an 18 cm gas cell
with Cak windows. The rotational structure was not resolved.
Overtone intensities were measured on a newly built, scanning
UV/vis/near-IR spectrometer. In this system, light from a
quartz-tungster-halogen lamp was focused onto the entrance
slit of an Acton Spectra-Pro 300 monochromator (0.3 m). The
exiting beam was collimated, sent through the sample cell, and
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Figure 1. A sample spectrum of ethanol vapor showing the region of

focused onto a photodiode detector. For intensity measurementsthe second and third ©H overtone bands. The sample pressure was

the resolution was typically 3 nm, and the sampling interval

was 0.5 nm. Survey scans were recorded at higher resolution

(0.8 nm bandwidth, 0.1 nm sampling interval), enabling a
slightly more precise determination of band centers, though this
was still not sufficient for resolving rotational structure. First,

overtone measurements were made in 18 or 30 cm single-pass
cells, and higher overtones were measured with a commercial

multipass cell (0.7521.75 m). All were fitted with Caf
windows. An InGaAs photodiode (Thor Labs) was used for the

about 20 Torr (at 23C), and the path length of the multipass cell was
set to 9.75 m.

molecules with a single conformer, the values reflect observed
peak maxima, and the quoted uncertainty is twice the experi-
mental resolution. The exception is a few of the fundamentals
with sharp Q-branches, for which band centers were estimated
by an intensity-weighted average over the width of the band.

The occurrence of two (or more) conformers complicates the

first overtone measurements, and a Si photodiode was used fofNterpretation of the spectra of ethanol, 2-propanol, and 1-pro-

the higher overtones.

The path length settings of the multipass cell were checked
against NQ@ absorbance cross section measurements in the 675
695 nm rangé’ The agreement was fair, usually within the 5%
quoted uncertainty in the Nf&ross sections, and no systematic
deviation from the manufacturer’s specified path lengths was

panol. Fang and Compt&hpreviously identified and assigned
distinct O—H stretching bands for each stable conformer of all
these species. In most instances, the bands were substantially
overlapped, even at the slightly higher resolution used in that
work 18 This, and the absence of reliable energy (and entropy)
differences between the various conformations, makes it quite

apparent. A precise comparison of the spectra was not possibledifficult 1o assess the integrated band strengths of specific,
because the experimental conditions could not be matched. wehdividual conformer species, without the risk of substantial

also note that the current results for theo3d band intensity
differ from those in ref 9 by only+12%, —5%, and—2%,

systematic error. We note that relative overtone intensities{
= 3) were used for an experimental determination of the

respectively, for methanol, ethanol, and 2-propanol. This enthalpy difference betwedrans andgaucheethanol, and that

suggests that any systematic path length error is no greater tha

jthe analysis was based on the assumption that the strengths of

other sources of random measurement error (which we addres¢h€ individual conformer bands were eqéfaln light of this,

below).

Results

A sample spectrum, showing the region of the ethangl,3
and 4oy bands is displayed in Figure 1. Two distinct features
appear for the 4oy band (734 nm), arising from two distinct

and the difficulties noted above, we opted to integrate over all
conformer bands in the intensity analysis, and obtain a common
band center for each multiplet, on the basis of an intensity-
weighted average over the entire integration range. Accordingly,
we assigned larger uncertainties to the band centers (see Table
1). The intensities, on the other hand, are actually population-
weighted averages of all conformers present. It is worthy of

conformations in the room-temperature sample. Additional e that the band shapes for the trifluoroethanol spectra indicate
splittings in the 3o band (953 nm) are due to the unresolved 4t only a single conformer is present at room temperature, or
P-, Q-, and R-branches of each conformer. Combination bandsiat the bands of all stable conformers are nearly coincident.

ggge?nﬁglr:a I?: O;i, jrr;dltfl)euﬁ]c; eﬁ‘ft)grtz\?vagmniazz;nt% a?\;el ;I:gn Band centers were fit to a Morse-like energy level expression,
9 -~ . y Y with a single anharmonicity constant, viz.

of these bands. Absorption frequencies for most of them have

been measured previously at higher resolutioBand centers

for the O-H stretching bands are listed in Table 1. For Ey=we(u+1/2) — Wele (U+l/2)2

@)
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TABLE 2: Measured, Modeled, and Relative O-H Vibrational Band Intensities?

1UOH 2UOH 3UOH 4UOH
acetic acid measured 8.73(8HES 5.72(57)E-19 3.10(45)E-20
(CH;COOH) model 9.01E18 5.01E-19 3.53E-20 3.27E-21
loa/lov® 1.0 15 280
ethanol measured 2.73(14y#8 3.62(17)E-19 2.24(13)E-20 1.52(19)E-21
(CHsCH,OH) model 2.92E18 2.63E-19 2.24E-20 2.31E-21
loi/lov 1.0 7.5 120 1800
2-propanol measured 1.96(16)&E8 4.17(21)E19 2.05(12)E-20 1.61(13)E-21
((CH3),CHOH) model 2.12E18 2.21E-19 2.00E-20 2.16E-21
lod/lov 1.0 4.7 96 1200
methanol measured 3.28(16)HES 2.71(14)E-19 2.40(15)E-20 1.69(14)E-21
(CHsOH) model 3.37E18 2.57E-19 2.06E-20 2.05E-21
lo/lov 1.0 12 140 1900
nitric acid measured 9.46(47yH.8 3.32(17)E-19 2.90E-20r 2.80E-21°
(O,NOH) model 9.38E-18 3.39E-19 1.93E-20 1.53E-21
lod/lov 1.0 29 330 3400
1-propanol measured 2.56(13)E8 4.38(22)E-19 2.07(13)E-20 1.39(11)E-21
(CHsCH,CH,0OH) model 2.80E18 2.26E-19 1.87E-20 1.90E-21
lod/lov 1.0 5.8 120 1800
tert-butyl alcohol measured 1.54(08)&8 2.25(11)E-19 2.04(17)E-20 1.69(14)E-21
((CH3)sCOH) model 1.61E18 1.95E-19 1.87E-20 2.09E-21
lod/lov 1.0 6.8 76 910
trifluoroethanol measured 5.73(29y&8 3.86(19)E-19 1.83(11)E-20 1.26(10)E-21
(CRCH,0H) model 6.09E-18 2.80E-19 1.81E-20 1.58E-22
loi/lov 1.0 15 310 4500

a All values in cm/molecule. Note that “E” reflects shorthand for scientific notation, and experimental uncertainties are expressed in parentheses,

and reflect uncertainty in the least significant digit(s) presented (e.g., 1.96¢18)Eheans 1.96< 10718 £ 0.10 x 108 cm/molecule)® lo//1o; is
the intensity ratio obtained by dividing the overtone band strength by that of the fundani&fghles from ref 11. Others are given in refs 8 and
10. We chose these only because they were the most recent.

Constants obtained from the fits are also displayed in Table 1. monomer concentration calculated from the total sample pressure
The quoted uncertainties encompass the prior determindfions, and the experimentally determined equilibrium constént.

in which each conformer was analyzed independently. Our data Experimental intensities are listed in Table 2. We made a
do reflect the previously noted trends in the spectroscopic great effort to identify sources of error in the band strengths,
constants® despite the slightly lower resolution used here. and assess their magnitude. The statistical errors from the
Specifically, the anharmonicity constants of the alcohols are regression analyses were quite small, less than 1% for all
identical within experimental error, but the frequencies tend to fundamental and &y bands. Since smaller absorbance values
decrease with the size of the organic substituent. The trifluoro- were measured for the/gy and 4on bands, the statistical errors
ethanol constants fit this trend as well, thoughis slightly are somewhat larger, but still only-2%. We explicitly checked
smaller than those of the nonhalogenated, primary alcohols. Boththe resolution dependence of the intensity results by remeasuring
we and wgye for the acetic acid and nitric acicare slightly the methanol 4oy and 3o bands at several different experi-
smaller, and thougtveye for acetic acid is still within 1 standard ~ mental bandwidths. Intensities varied by less than 3% for both
error of the other molecules, this does suggest slight differencesbands. Using the same methanol bands, we explicitly assessed
between the ©H potentials of the alcohols and the acid species. the effect of pressure broadening by charging the cells with

Intensities were obtained via linear regression of integrated about 1 atm of total pressure with nitrogen gas following the
absorbanceX, cm 1, base e) versus concentratianrfiolecules/ sample fill, as in ref 13. Again, the measured intensity values
cmd), viz. changed by less than 3%.

We ultimately arrived at the following uncertainty esti-
mates: 5% for on, 5% for 2o, 6% for Jon, and 8% for
4von. The basis for these choices was the percent range values
Dividing the “slope” by the path lengthl,(cm) yields the associated with multiple determinations of a given vibrational
integrated absorbance cross sectién dm/molecule). AllA band, and the assumption that the relative uncertainty for a given
values were corrected for apparent shifts in the baseline and,vibrational band is similar across the entire series of compounds
occasionally, partial overlap with other bands. Aside from the studied. In many instances, the actual ranges were less, but we
acetic acid data, Beer's law plots were quite linear, and the opted for the conservative estimate of the “nominal” value for
resulting intercepts were small, nearly always less than 5% of a given band. Several of the uncertainties quoted in Table 2
the lowest integrated absorbance value in the regression.are slightly larger than the values noted above. These reflect
Rerunning the regressions with the intercept constrained to zerosituations where the range associated with two or more
generally had a very small effect on the cross section values.determinations was significantly larger than that of the other
Changes of less than a few percent were typical. For acetic acid,compounds for that given band. Also, the error bars for the acetic
Beer's law plots in total sample concentration were very acid data were doubled, since those results are somewhat
nonlinear, since it is extensively dimerized at room temperature. preliminary. In the multipass cell, each/@; and 4oy band
Linear plots were obtained with absorbance plotted against was measured at least twice, with different path length settings.

A= 5l 2)
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TABLE 3: Empirical u(R) Parameterst

k R.° k R.°
acetic acid 0.42 2.21 nitric acid 0.17 3.75
ethanol 0.40 160 1-propanol 0.30 1.69
2-propanol  0.39 1.51 tert-butyl alcohol  0.39 1.43
methanol 0.33 1.74 trifluoroethanol 0.19 2.67

aThe dipole moment functions have units of & is a propor-
tionality constant, an®,, is the O-H distance of maximum polarity.
See the text for discussion.

Eleven separate determinations of the methamegl;dand at

six different path length settings (including resolution and
pressure checks) had a mere 6% range. This suggests an upp
limit of random error, including that associated with path length
reproducibility. Again, the agreement between thg3band
strengths reported here and those in ref 9, which were measure
in a single-pass cell, indicates that any systematic path length
error is within the uncertainty estimates quoted above.

The measured overtone intensities were modeled using an
empirical, one-dimensional dipole moment function, originally
due to Mecke?!

#(R) = kR"exp(—R/mR,) 3)
In (3), Ris the O-H distancek is a proportionality constant,
and Ry, is the O-H distance of maximum polarity. We chose
the “linear-exponential” formr = 1) of this equation, which
has been used in several instances to modeHOntensi-
ties1421.22and more recently even those of heavier group IV
hydride bond#2 To our knowledge, this is the first application
of this model to G-H bands (aside from the preliminary results
reported in ref 9). We utilized analytical expressions for the
dipole moment matrix elemeritsthat requirewe, weye, andRe,
the equilibrium G-H bond length, as input parameters. The
latter was set to a nominal value of 0.96?AThe intensities
(loy) are related to the transition dipole moment integral by

8\7[3

lo1 = S o(dreg I 1RO

(4)

in which . is the approximate center frequency and the
constants as shown are appropriate for Sl units. Using (3) and
(4), we fit the observed intensities of each compound to two
parametersk andR;,. Optimized values are listed in Table 3.
The agreement between measurement and model is consistentl
good for fundamentals (0-83%). Agreement with overtones

is highly variable, and the disagreement is occasionally as high

as 50%. This is somewhat discouraging since the model values

result from a best fit to the experimental data, but this level of
agreement is consistent with that encountered in other stud-
ies_l4,22,23

Sensitivity to the input values was assessed by explicitly
changing them and rerunning the model using the methanol data
When R. and we were changed by 0.01 A and 13 cin(1

Lange et al.

efforts will be directed toward more general forms of the dipole
moment function in an attempt to improve the agreement
between measured and modeled intensities.

Discussion

A few general trends are apparent among the experimental
intensities in Table 2. As a whole, they decrease by about 1
order of magnitude with each subsequent level of excitation.
The overall spread in fundamental band strengths is about a
factor of 6, and the range of intensity values compresses with
each level of excitation, varying by factors of 2.5, 1.9, and 1.3

é?r 2von, 3von, and 4o, respectively. There does seem to be

some degree of transferability, starting a3 especially among
the alcohols. However, there are observable differences that

daxceed experimental error, and the nitric acig4value lies

well outside those of the other compounds. Interestingly, the
collection of results for 8oy and 4oy for HNO3, HNO,, and
H,0,1%-12 suggests that there is a significant degree of transfer-
ability within a class of inorganic ©H molecules. While these
observations are at odds with any notion of an across-the-board
transferability for G-H overtone intensities, the range of values
obtained thus far certainly does compress with each level of
excitation, at least up tovén.

There are also notable trends among the compound-to-
compound variations in the intensity values, and often they do
parallel the electronegativity of the substituent bonded to the
O—H unit. For fundamentals, the pattern is quite clear: stronger
bands are observed for molecules with more electron-withdraw-
ing substituents, and vice versa, viz.

O,NOH > CH,COOH > CF,CH,0OH >
CH,OH > CH,CH,OH > CH,CH,CH,OH >
(CH,),CHOH > (CH,),COH

For the primary alcohols, the trend toward decreasing intensity
is apparent as the length of the carbon chain increases. Also,
the bands get weaker as carbon adjacent to thél @ varied
from primary to tertiary. Interestingly, the empiridah, values

in Table 3 also parallel the fundamental band strengths, with
the exception of acetic acid.

Analogous trends are much less apparent among overtones.
In particular, the 204 values show no correlation whatsoever
with substituent electronegativity, as they rank in the following
9rder:

CH,COOH > CH,CH,CH,OH > (CH,),CHOH >
CF,CH,0OH > CH,CH,0OH > O,NOH >
CH,OH > (CH,),COH

To a lesser extent, thevgy and 4oy band strengths do seem

to parallel inductive character, like thesd, values, but the
differences are slight, and sometimes do not exceed experimental
error. Furthermore, the trifluoroethanol data clearly oppose this

standard error), the modeled intensities changed by less thartrend, as the & and 404 values are the lowest listed, while

0.2%, whilek and Ry, changed by less than 0.5% and 2%,
respectively. Not surprisingly, the effect of changinge by 1
standard error (3.3 cmM) was more significant, but the
calculated intensities changed by only 2%, and the overall
agreement with the experimental results was, in fact, slightly
worse. The empirical parameterk, and Ry, did change
significantly, by 8.7% and 2.7%, respectively. This suggests to

those of HNQ, HNO,, and HO; are significantly higheto-12
While no clear correlation between substituent electronega-

tivity and the absolutevalues of the overtone intensities is

evident, a clear pattern emerges upon an examination of overtone

intensity ratios, relative to their corresponding fundamentals.

These relative intensity valuek{lo,) are also listed in Table

2, and they convey the degree of “falloff” in the band strengths

us that the primary shortcoming regarding agreement betweenwith each subsequent level of excitation. It is apparent that the
measurement and model is an inadequacy of the linear- proportional decrease in intensity, relative to the fundamentals,
exponential form of the dipole moment function. Our future is greater for the molecules with the more electron-withdrawing
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substituents, and vice versa. The degree of falloff between 0.04
successive overtone bands (elgllos) varies much less, and
the overall variation decreases with successive excitation, so
those values are not listed. In any event, the peculiar ordering
of the 2oy intensity values can be rationalized, at least on a
phenomenological basis, as follows. The-B fundamental is
brightest for compounds with electron-withdrawing substituents,
but there is a correspondingly high degree of falloff fronal
to 2uon (a factor of 29 for nitric acid). With electron-releasing
substituents, the fundamental is less intense, but the falloff is
also less severe (a mere factor of 4.7 for 2-propanol).

The underlying nature of these trends remains somewhat
puzzling, though they presumably arise from systematic effects
in the potential energy curve, and/or the dipole moment function.

0.03

0.02

-—e— nitric acid

0.01
—aA— isopropanol

Dipole Moment (relative, e A)

—+—— methanol

—x—t-butanol

With regard to the former, we note that overtone intensities are 0 ‘ ‘ ‘
quite sensitive to the inner potential wail2” and that the main 07 08 09 1 11 12
contribution to overtone intensity is due to mechanical anhar- R (A)

monicity 27 In fact, C—H overtone intensities have been modeled
with alinear dipole function and constant relating to the inner
potential wall?®6 Our frequency data, and those recorded
previously!® indicate that the ©@H potentials of these species
are about equally anharmonic, but there is a trend toward lower ; : . )

in a Taylor series representation, and in turn, this would account

we Values as the substituent becomes more electron-releasing, .
However, the fact that ab initio predictions of overtone o the trend in fundamental band strengths. Perhaps the

intensities require long expansions of the dipole function “curvature"_reflects higher-order deri\_/a_tives in gTaonr series
(seventh order in ref 8) implies a significant sensitivity to the Tepresentation, or electrical anharmon_|0|ty. If so, it could account
dipole function, well beyond the linear term. Moreover, even for the observation that compounds with more electron-releasing
(purely) mechanical contributions to the intensity scale with the Substituents, and more highly curve@R) plots, exhibit less
dipole moment derivative, which could, in principle, vary intensity falloff. At this point, however, we refrain from making
significantly from compound to compound. However, we any definitive claims with regard to the “true” dipole moment
certainly cannot rule out the possibility that at least some portion functions until they have been probed computationally, or we
of the trends identified above stem from subtle systematic effectsdevelop an empirical function that more closely reproduces the
in the potential energy curves. experimental data.

Trends among the fitted dipole moment functions clearly do  Previously measured-€H vibrational intensities that have
parallel changes in the substituent. In turn, this may suggestbeen modeled with the linear-exponential function provide an
that systematic variations in the dipole moment functions play interesting set of data for comparison. The overall intensity trend
a significant role in the noted intensity trends. At this point, among halogenated-€H compound¥ mimics that described
however, we must regard this rationale as speculation, sincegpove, but it is much more extreme. Fundamental band strengths
the modeling approach clearly has some shortcomings. Mostvary by a factor of 3000, but byuy, the intensities converge

si_gnificantly, it only marginally reproduces measurements. One- 14 within a factor of 2.5. The overall range Bf, values among
dimensional functions such as this are often interpreted-a¥ H ¢4, on compounds varied from 1.05 te6.0 A4 Among

. X y X PR Lo .
FE)ond d'%?le functlo_n_sz, l\lth;C? IS a (gsftlnc?on Weﬂa\/?'d' nonhalogenated-€H specieg*a much smaller range is noted,
resumably, our empirically determined functions reflect some _ 4 Ry values are generally less tha® (0.43-0.88 A),

overall shift mrnolecula_rcharge distribution, though this may suggesting alecreasen polarity as the bond is stretched. For
occur predominantly within the ©H bond. By contrast, the .

. . . both C-H and O-H molecules, the degree to which the
dipole moment function is usually represented by a three- intensities vary from compound to compound is paralieled b
dimensional Taylor series expansion in ab initio predictions of ! lues vary _compou pounctis p a by

a corresponding variation in the parameter(s) of the empirical

overtone intensitie%!® From an experimental standpoint, it is divole f ) in thi h b :
impossible to separate the individualy, andz contributions ipole function Ry in this case). These observations support

to the measured intensities, so any empirical dipole moment the notion that variability in the dipole moment functions is
function need only be one-dimensional. We finally note that the primary reason behind compound-to-compound variations
our intensity data for ethanol, 2-propanol, and 1-propanol were N intensities, as well as the differences between thed@nd
averaged over at least two conformations, and dipole functions C—H data. A similar suggestion regarding the-B data was
must reflect this averaging. made by the authors of ref 13, with some hesitation. Again, we
A visual inspection of the fitted dipole moment functions em_phgsize that further investigation is warrante(_i before more
conveys the qualitative trends among them. A few are displayed d€finitive claims can be made. However, the notion of a more
in Figure 2, and have been set to zero at 0.7 A for the sake of Variable dipole moment function for-€H bonds is chemically
visual comparison. This is reasonable since the intensity justifiable, in that an ©-H bond is much less polarizable than
measurements probe only the function’s shape in the region ofa C—H bond. Clearly, G-H bonds are always polar, and while
Re, not its actual value. We noted above that ®Rg values C—H bonds are typically nonpolar, they can become polar in
increased with fundamental band strength and, in turn, with the the presence of electronegative substituents. Thus, the suggestion
substituent electronegativity. Beyond this, the plots in Figure 2 that the differences observed betweertand C-H vibra-
show that the functions become both steeper and less curvedional intensities are due to variations in the respective dipole
as substituent electronegativity increases. Presumably, themoment functions is in accord with simple chemical intuition.

Figure 2. Selected dipole moment functions obtained from least-
squares fits to measured intensities. See the text for discussion.

observed “steepness” may reflect the dipole moment derivative
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Conclusion (2) Low, G. R.; Kjaergaard, H. Gl. Chem. Phys1999 110, 9104.
. . (3) Daniel, J. S.; Solomon, S.; Sanders, R. W.; Portmann, R. W.; Miller,

We have measured integrated absorbance cross sections fop. C. J. Geophys. Res., D999 104, 16785.

several G-H stretching bands, including fundamentals and first ] P(h4) Ggrs]s, L.Ahﬂgégq%?,szé\év.; Blake, T. A.; Vaida, V.; Brault, J. W.
i H i . S. em. .

three overtones for six alcohols and two acids, aII_ in the vapor (53; See, for example: Sinha, A.; Vander Wal, R. L.: CrimJFChem.
phase. We have very carefully evaluated the experimental resultsppys 199q 92, 401.
and expended much effort identifying and assessing sources of " (6) Donaldson, D. J.; Frost, G. J.; Rosenlof, K. H.; Tuck, A. F.; Vaida,
error in these data. The fundamental intensities were found to V. Geophys. Res. Lett997 24, 2651. _
increase systematically with the electronegativity of the sub- 20087)25[)323"130“ D. J.; Tuck, A. F.; Vaida, \Phys. Chem. Earth, C
stitugnt. Furthermore, the degree of overtone intensity falloff, ®) Donaldson, D. J.: Orlando, J. J.: Amann, S.: Tyndall, G. S.; Proos,
relative to the fundamental, was found to be more extreme for R. J.; Henry, B. R.; Vaida, VJ. Phys. Chem. A998 102, 5171.
the species with electronegative substituents, and vice versa. A (9) Phillips J. A.; Orlando, J. J.; Tyndall, G. S.; Vaida, @hem Phys.
cursory examination of empirically determined dipole moment '-e“iég%f 298 2778 Wilson. R W.: Ravishankara. A RPhvs. Ch
functions did suggest underlying reasons for these trends, but, 2(0021 l(r)i\"vzém » ison, . A, ravishaniara, A.-=Ehys. Shem.
this cannot be considered definitive, because of the model's  (11) zhang, H.; Roehl, C.; Sander, S. P.; Wennberg, Fl. Geophys.
simplicity, and its marginal agreement with the measurements. Res., D200Q 105 14593.

Future efforts will be concerned with expanding the number ~ (12) Fono, L.; Donaldson, D. J.; Proos, R. J.; Henry, BCRem. Phys.
panding Lett. 1999 311, 131.

gnd divgrsity of compo.und.s in our-&H iptg.nsity catalog, anpl (13) Burberry, M. S.; Albrecht, A. CJ. Chem. Phys1979 71, 4768.
increasing the sophistication and flexibility of our modeling (14) (a) Amrein, A.; Dibal, H.-R.; Lewerenz, M.; Quack, MChem.
approach. Phys. Lett1984 112 387. (b) Lewerenz, M.; Quack, MChem. Phys. Lett.

1986 123 197.

: ; (15) Kjaergaard, H. G.; Turnbull, D. M.; Henry, B. B. Phys. Chem.
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