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The diffusion coefficients of benzyl-, sec-phenethyl-, and diphenylmethyl alcohol and the corresponding
arylcarbonyls (benzaldehyde, acetophenone, and benzophenone) were measured by Taylor’s dispersion method
in both ethyl and isopropyl alcohol. The experimental values are compared to published transient grating
measurements of the corresponding aryl ketyls (benggkphenethyl-, and diphenylmethyl-ketyl radical).

The diffusion coefficients of the aryl alcohols are between 50 and 70% slower than the corresponding aryl
ketones. The slower rate of diffusion is attributed to the capability of alcohol to participate as a hydrogen-
bond donor with the solvent (ROH- - <©'g). The ketone can only act as a weak hydrogen-bond acceptor,
lacking acidic hydrogens to participate in hydrogen-bonding interactions with the solvent. On the other hand,
the diffusion coefficient of the aryl alcohols and the corresponding aryl ketyls are comparable within expected
experimental error. This work shows that the diffusion of ketyl radicals is not anomalously slow and that aryl
alcohols are significantly better models than the corresponding aryl ketones for analyzing the diffusion of
aryl ketyls in both ethyl and isopropy! alcohol. The standard empirical recipes of Spéffidz and Wilke—

Chang do not adequately account for the interactions between the solutes and the hydroxylic solvents ethyl
and isopropyl alcohol.

Introduction RCH()OH — H(s) — RC(Hy=0O 2
Unconventional model
We are interested in identifying a stable family of compounds
that may be used to estimate the diffusion coefficient of ketyl atom to the radical center, there is little difference between the
radicals in a variety of organic solvents. Knowledge of the observed diffusion coefficient of the radical, measured by

chemical and physical properties of ketyl radicals is important ransient grating (TG) methods, and the diffusion coefficient

to understand their role as novel hydrogen atom donors and toOf the model, tqluene, measured by d|sper§|on metﬁqu.
. . . . : . Donkers and Leaist have shown that the diffusion coefficient
appreciate their possible involvement in thermal degradation

pathways in ligniri-2 In previous work, we used a competing for a stable radical species 1,1-diphenyl-2-picrylhydrazyl and

. L : o 7 the corresponding “hydrocarbon,” 1,1-diphenyl-2-picrylhydra-
rad|ca! self-termlnat!on' pathway.to thaln the activation barrier zine, i.e., R§) + H(s) — RH, are the same within experimental
for unimolecular scission of a lignin model compotndhe error? This conventional approach, adding a hydrogen atom to
von Smoluchowski equation was used to calculate the temper-he radical center to provide a comparative model for radical
ature-dependent rate parameters of radical self-termination asgiffusion, has been justified for several radicals based upon the
our basis reaction. Estimates of the temperature-dependentagreement between observed diffusion control radical self-
diffusion coefficient of substituted aryl radicals used in the von termination rates and the rates predicted by empirical methods
Smoluchowski equation were obtained with the prescriptions employing the D of the stable mod&il2 even for ketyl radicals
of Spernol and Wirtz (SW45 Implicit in our analysis was the  in alcoholic solvent8:!® Isopropyl alcohol was chosen as a
assumption that the diffusion coefficient of the radica) @uld model for isopropyl ketyl radical specifically because they were
be accurately modeled with the corresponding stable hydrocar-both believed to form hydrogen bonds with the solvent.
bon (RH), i.e., adding a hydrogen atom to the parent radical However, much recent work has appeared suggesting a slow
would not significantly change the physical characteristics that diffusion rate for some Ofgﬁsn'c radical intermediates, generating
dictate diffusion. Therefore, the simple recipe of adding a &n @Pparent controverdy? 1 Specifically, interactions between
hydrogen atom to the radical center (eq 1) to obtain a stable ketyl radicals and organic s_olvents were suggested to decrease

- . the observed rates of diffusion compared to both the calculated
model for a radical is preferable to subtracting a hydrogen atom

¢ th i 1o the radical : %) F | and the experimental diffusion rates of the parent ketéh&s.
r(;m el positiona- g era |§al fcenber (elq 32 (I)r. exan;g.e., It was argued that the effective radius of the radical was greater
when toluene is used as a model for benzyl radical, I.e., addition oy the radius of the parent ketone because of a special

of a hydrogen interaction between the unpaired electron of the radical and
the solvent. Of special significance was the suggestion that the
RCH(e)OH + H(e) — RCH,OH 1) decrease in observed diffusion coefficients should not be
Conventional model attributed to hydrogen bonding between the hydroxyl group of

10.1021/jp004291+ CCC: $20.00 © 2001 American Chemical Society
Published on Web 05/17/2001



Diffusion of Ketyl Radicals in H-Bonding Solvents J. Phys. Chem. A, Vol. 105, No. 24, 2008949

the ketyl radical and the hydroxylic solvent. Subsequent alternative explanations are required to explain Norrish I
theoretical work®-21 was published attributing the slow diffu-  photochemistry, and published thermochemical data for ketyl
sion of radicals to an “electric sensitivity.” These conclusions radicals needs to be reevaluated.

are quite surprising in light of the recent work published

independently by Tominaga and co-workérand Chan and Methods and Materials

Char?® showing that organic molecules with hydroxy-substit-
uents diffuse slower than the corresponding parent compound
because of the hydrogen-bonding interactions with hydroxylic
solvents. In addition, convention suggests that whenever a
hydrogen atom is attached to a heteroatom, there is a significan
probability for hydrogen-bond formation. If any results are of
great surprise, it would be that a ketyl radical does not form a
hydrogen bond with a hydroxylic solvent.

We believe that addressing two issues will help to resolve
this apparent anomaly: (1) following the conventional recipe
of adding a hydrogen atom to the radical center to obtain a
suitable model, i.e., comparing the diffusion of a ketyl radical
to the corresponding alcohol, as previously practiced and (2)
selecting an empirical model that is designed to account for
interactions between solute and solvents. Accordingly, we
believe that the corresponding aryl alcohol | should be consid-
ered as a model for comparisons with the aryl ketyl Il, rather
than the parent aryl ketone lll, as has been the recent practice

Experimental Diffusion Coefficients. The Taylor’s disper-
Ssion metho@36:37was used to measure the diffusion coefficient
of the stable compounds in both ethyl and isopropyl alcohol.
The apparatus used in this work has been described previSusly.
tBriefly, a 10uL sample of the solute dissolved in the solvent
(0.05-0.1 M) was injected (Waters Associates U6K injector)
onto a coiled column (Upchurch Scientifie stainless steel
length 22.8-m, coil diameter 21 cm, tubing ID 0.5460.008
mm or— PEEK tubing length 15 m, coil diameter 21 cm, tubing
ID 0.494+ 0.008 mm) held at temperature in a Neslab RTE
211 constant-temperature bath. The solvent (helium purged) was
pumped through the column at a flow rate between 0.1 and 0.3
mL/min (Waters Associates high-performance liquid chroma-
tography [HPLC] pump), and the solute was detected at the
end of the column with a Waters 410 differential refractometer.
The signal from the detector was digitized and collected on a
National Instruments PCl 6110E multifunction 10 card and
stored on a PC for analysis. Least-squares analysis of a Gaussian
curve through the digitized data provides the variancg ¢f
the solute distribution. An average of three individual measure-
ments was used to obtain the experimental diffusion coefficients.

In this work, we report the results of experimentally measured The diffusion coefficient is proportional to the variance accord-

— 2 12 ; ; ;
diffusion coefficients of aryl alcohols (ArCH(OH)R): benzyl lf;g_tcl) (DTDt lrtt/%floz)_ \;\;}heretr |st_the t'.”te”.‘a' radluz of :htﬁ
alcohol, phenethyl alcohol, diphenylmethanol, hydroxyxanthone, stainless steel tubing,is the retention time in seconds at the

hydroquinone) and aryl carbonyls (AFSO)R: benzaldehyde maximum peak intensity, anglis the variance determined from
acetophenone, benzophenone) in two solvents ethyl- 'ang? least-squares fit of a Gaussian curve through the experimental

isopropyl alcohol, using the Taylor's dispersion metR6@he data. The internal radius of the tubing was determined experi-

results are compared with the reported experimental diffusion ment'ally from the Iength of the _tublng and t_h‘? vc_)lume of
coefficients of the corresponding aryl ketyl radicals (AE( solution eluted for a given retention tlmegfter injection of
(OH)R) measured by TG metho#s2>We assume that a radical our 39|Ute anc_j _by comparison W'th.a I|teratur_e st_ané&r_d.
centera- to a hydroxyl group will not significantly alter the Diffusion coefficients can be determined by this dispersion

” A .
interaction with the solvent and predict that the corresponding vrcr?g:gtdisstcr)lelc;g?erﬁoaht?rrfg?slttkllce)znirﬁe?r?aT rgd?fjs%‘b)tr:: tTk?itr,l
family of aryl alcohols will provide an improved model for ’ 9

estimating the diffusion coefficient of ketyl radicals. In addition, andDap 'S.the diffusion Coeﬁ'c'em of_solute ain solvent b. For
a hydrodynamic empirical approach that is reported to account OUr €xperiment apparatus and diffusion coefficients greater than

5 o
for solute solvent interactionsyzn, (Wilke and Chang [WCh]j¢ 0.25x 10 clmzls, the retention time must be_ greater than. 15
is used to estimate diffusion coefficients of the aryl alcohol min. All diffusion data collected were for experimental retention

models and compared with the experimental data agg e t'ml\j ?fe.atlef Ig:ﬁn 1? T(l)g,o/'cyglcally”begNtle;nSﬁSlcajmd 3;52m|n.
diffusion coefficient calculated with the recipe of SWGiven atenials. anol ( 0 ROSSVITIE 150 leld) and 2-pro-

that the SW recipe corrects only for differences in the molecular panol (Aldrich Spectrophotometrie99.5%) were sparged with

sizes between solutes and solvents and assumes no associativrlee"E[Jmhbe‘core ?jr.‘dh durllng t;he :axpegment. rl?enztaprer;onﬁ,l
interactions between solutes and solvents, it is not expected goacetopnenone, diphenyimethanol, and sec-phenetnyl alcono

provide a satisfactory agreement with experimental observation.‘r']ve(;e re_crystalllzed. Benzaldehyde, benzy'l alcohol, and p-

At question is whether the WCh-modified Stokdsinstein ydroguinone were purchased from Aldrich and used as

equation is adequate to predict the diffusion coefficient of aryl received. .

alcohols (or transient ketyl radicals) in hydroxylic solvents. Calculatlons. Molar volumes of the aryl alcohols where
Importantly, the suggested absence of hydrogen bonding calcula_ted with PC Model (Ver 7.00) from _Serena S_oftwa_re and

between ketyl radicals and hydroxylic solvents has consequencesaccordIng to the methods of le Bas as discussed in Reid.

to the field of free radical chemistry beyond radical diffusion

addressed in this work. It has long been believed that both the

lifetime and the product distribution of ketyl radicals generated  Experimental Measurements of the Diffusion Coefficients

by intramolecular hydrogen atom abstraction are directly by Dispersion Methods.The experimental diffusion coefficient

affected by hydrogen bonding of the aryl ketyl radical to solvents Deyprp Of diphenylmethanol, sec-phenethyl alcohol, benzyl

such as methandl?®-32 In addition, thermochemical estimates alcohol, 9-hydroxyxanthene, hydroquinone, benzophenone, ac-

of the heats of formation of ketyl radicals are based upon the etophenone, and benzaldehyde measured by the Taylor’s disper-

assumption that there is little difference between hydrogen sion method (TD) in ethyl- and isopropyl alcohol are summa-

bonding of the ketyl radicals and the corresponding alcohols in rized in Table 1. Several observations are notable. It is

solvents capable of forming hydrogen boiti&If ketyl radicals immediately apparent thddeyprp Of the stable aryl alcohols

do not form a hydrogen bond with hydroxylic solvents, then (ArCH(OH)R) are significantly slower thamexyrp Of the

ArCH(OH)R  ArC(s)(OH)R  ArC(=O)R
| I 1l

Results and Discussion
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TABLE 1: Comparison of the Experimental Diffusion Coefficient (Deyyro) Measured by Taylor's Dispersion Method with the
Diffusion Coefficient Estimated by the Methods of Spernol and Wirtz Dsw) and Wilke and Chang (Dwcn), and the Diffusion

Coefficient Determined by TG (Dexprra) in Isopropyl Alcohol at 21 °C
solvent x 1075 cné/s

IPA solute Do Drc? Desw Dwch Dwcn® pKa exp/lit (%) TGITD! (%)
benzophenone 0.56 0.68 0.49 8
diphenylmethanol 0.37 0.51 0.37 0.34 11
ketyl radical 0.33 9.25
acetophenone 0.76 0.98 0.61 7
s-phenethyl alcohol 0.44 0.60 0.47 0.43 23
ketyl radical 0.34 10.1
benzaldehyde 0.80 0.99 0.63 0.54 0.49 -9
benzyl alcohol 0.45 0.60 0.52 0.47 18
ketyl radical 0.37 105
xanthone 0.49 0.68 - —4
hydroxy xanthene 0.38
ketyl radical 0.31 18

0.36¢ 4

benzoquinone 0.94
hydroquinone 0.28 0.48 0.56 0.52 -29
ketyl radical 0.36

aFrom refs 18 and 2% Molar volumes from PC Model (Ver 7.00) Ratio of aryl ketone literature value ref 7 to experimental value determined

in this work. 9 (Drp — Dy)/Drp. ¢ New reevaluated diffusion coefficient,

corresponding aryl ketones (Ar€Q)R), even though there is
little difference in molecular size. The ratio of the diffusion
coefficients of the aryl ketones determined by Donkers and

ref 14.

hydroxylic solvent, and the hydrogen-bonding interaction
between the ketyl radical and the hydroxylic solvent is no
different than the interaction expected from isopropyl alcohol

Leaist and the values measured in this work are the same withinand the hydroxylic solvent. They propose that isopropyl ketyl

experimental error. Likewise, there is little difference between
the diffusion coefficient of the aryl alcohols determined by the
dispersion methodDexpro (ArC(OH)R), and the diffusion
coefficient of the corresponding ketyl radicals determined by
the TG method Dexprre (ArC(e)(OH)R), suggesting that the
diffusion coefficients of the ketyl radical and the corresponding
alcohols are the same within experimental effo@f special
significance is a comparison of our measured diffusion coef-
ficient of hydroquinone with the reported TG value for the ketyl
radical, benzosemiquione (BQHormed from irradiation of
benzoquinone in ethyl- or isopropyl alcoH8IDiffusion of
hydroquinone in both ethyl- and isopropyl alcohol is slower
than the diffusion of corresponding ketyl radical BHQf

radical and 2-propanol undergo comparable hydrogen-bonding
interactions with associating solvents, e.g., 2-butanol, 3-meth-
ylpentanol, and 2-propanol. They used the measured diffusion
coefficients of 2-propanol in a series of associating solvents to
accurately model the observed rate of self-termination of
isopropyl ketyl radical. Another trend that does not appear
consistent with the radical solvent interaction is the comparison
of the stable radical TEMPO>(N—0O) with the reduced model
TEMP (>N—H).16 In hydroxylic solvents, the radical diffuses
faster, not slower, than the model! However, if hydrogen
bonding of the solute with the solvent is important, then the
TEMP would be expected to diffuse slower, consistent with the
experimental observation.

p-hydroquinone is used as a model, we would assume that ketyl The diffusion-coefficient measurements of the aryl alcohols
radicals diffuse faster (not slower) than this parent compound. measured in this work and the diffusion-coefficient measure-
A recent reevaluation of the diffusion coefficient of the ketyl ments of the aryl ketyls measured by TG metH&dare
radical of xanthone measured by TG methods suggested thaiconsistent with hydrogen bonding between the solute and the
the approach of fitting a double exponential TG signal yields solvent. The presence of a hydroxyl group in both the aryl
consistently low values for the ketyl radical diffusion coef- alcohol and the aryl ketyl measurably decreases the rate of
ficient1* When experimental values for the corresponding diffusion in hydroxylic solvents compared to a model compound
ketones were used in the fitting analysis, the diffusion coefficient without a hydroxyl substituent, i.e., the corresponding aryl
of the ketyl radical of xanthone increased from 0.31 to 036  ketone. In general, the more basic (and less polarizable) the
1075 cm¥s (an increase of ca. 14%). Our experimental value acceptor, the stronger the hydrogen bond with a hydrogen-bond
for the corresponding alcohol, 9-hydroxyxanthene, G:3802 donor (HBD) (the hydroxylic solvent). The parent ketone is a
x 1075 cn¥/s compares quite favorably with the reevaluated weaker base (ROH"') (and more polarizable) than the corre-
diffusion coefficient. sponding alcohol (ROpt)*2 and consequently, the hydrogen-
We suggest that hydrogen bonding between the alcohol (or bonding interaction of the ketone with the hydroxylic solvent
ketyl radical) and the solvent attenuates the rate of diffusion is lower than either the alcohol or ketyl radical. In general, the
through solvents containing hydroxylic substituents. The rate hydrogen-bonding potential of a donor is proportional to the
of diffusion of p-hydroquinone is slower because of an additional pK, of the HBD. If true for ketyl radicals, benzaldehyde ketyl

hydroxyl group not present in the BHketyl radical. If

radical (K, = 10.5Y3 will form a stronger hydrogen bond with

hydrogen bonding does affect diffusion, then we would expect a hydroxylic solvent than benzyl alcoholp= 15.4)%

that the corresponding alcohol (ArCH(OH)R) would be a better
model for the ketyl radical (ArGJ(OH)R) than the correspond-

Empirical Methods to Estimate Diffusion Coefficients.
Given the present experimental results and conventional chemi-

ing ketone (ArC£0O)R) in experimental dispersion measure- cal intuition suggest that ArCH(OH)R is an improved model
ments. This approach of using an alcohol to model the diffusion for ArC(s)(OH)R diffusion measurements, we undertook a
coefficient of a ketyl radical is consistent with the approach of comparison of two different empirical methods to estimate
Lehni and Fischet.Of direct relevance is their suggestion that diffusion coefficients. Empirical calculations offer an attractive
the isopropyl ketyl radical does hydrogen bond with the alternative for estimating diffusion coefficients of transient
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radical species. A variety of prescriptions to estimate the of empirical methods to account for hydroxylic solute molecules
diffusion of radicals in various solvents has been critically in hydroxylic solvents is warranted.

examined! In general, two adjustments must be consideredto  Recent efforts in molecular dynamics (MD) methods to
correct for the observed deviations from the hydrodynamic ynderstand the effects of solverstolute interactions on diffusion
Stokes-Einstein diffusion model: (1) a correction for sizes and/ have provided theoretical determinations to be compared with
or molecular weights of both the solvent and the solute and (2) experimental measurements of diffusion coefficients for pyrazine
a correction for the interactions of the solute with the solvent. and the pyrazinyl radical in polar solverfs?! We expect that
The SW prescription, shown in eq 3, employs an empirically a MD model that would account for hydrogen-bonding interac-

derived microfriction factor to correct the hydrodynamic tions between the radical and an alcoholic solvent would also
Stokes-Einstein diffusion coefficient for differences between show slower diffusion of the radical relative to the parent

the solute and solvent molecular size pyrazine. Tominaga and co-worké&shave developed an
empirical approach to estimate the effective volurigy) of
Dsw = (T/n) (K6 1, 1) 3) cyclohexanol derivatives in ethanol. Their analysis suggests that
two ethanol solvent molecules may be hydrogen bound to one
where {T/5) is the ratio of temperature to solvent viscoskys cyclohexanol solute molecule. The greater the effective volume

Boltzman's constant, is the molecular radius of the solute, (proportional to effectve radius), the slower the diffusion
andf is a microfriction factor. Associative interactions between coefficient as expected from the SW modified StokEimstein
solute and solvent are assumed negligible in the SW treatment.equation (eq 3).

On the other hand, WChderived an empirical recipe to account Analysis of the Origin of the Slow Diffusion. The authors
for the interactions between solutes and hydroxylic solvents asof recent theoretical work note that a remarkable difference

shown in eq 4 exists in diffusion coefficient between the ketone and the ketyl
radical, given that the structures only differed by one hydrogen
Dywen = (T/)(7.4 x 1010V, %8 kM) 2 (4) atom?® We agree, in fact, that one should expect an enormous

difference in many physical and chemical properties, especially
the properties that depend on hydrogen-bonding interactions.
In most cases, when a hydrogen atom is attached to a
heteroatom, it has the capability to form hydrogen bonds; we

where V, is the le Bas molar volume of the solutes is a
solvent-specific association parameteandMs is the solvent
molecular. The association parameter is used to yield an . Lo
effective solvent molecular weight. This treatment suggests that SE€€ NO reason to assume otherwise for a ketyl radical in light of
hydrogen-bonding solvents have a larger effective molecular the abs_ence of any arguments to the co_ntrary. o
volume with respect to diffusive properties. The WCh correction ~ Tominaga and co-worketsfound the diffusion coeff|p|en'_[
provided a satisfactory correlation with experimental determina- ©f cyclohexanol to be ca. 35% slower than the diffusion
tions of greater than 80 stable molecules in a variety of solvents, Coefficient of cyclohexanone in ethanol and ca. 50% slower in
including methanol and ethanol; however, none of the solutes Nexanol. They argued that the diffusion of the alcohol was
investigated contained hydroxylic substituetftshe empirical ~ Slower than the ketone because of hydrogen bonding of the
corrections suggested by Gainer and Metzner (&jovide hydroxyl group with the solvent. One of the most interesting
a more universa' approach to account for both hydroxy“c flndlngS Of the” WOI’k was the dlffel’ence betWeen the dlfoSIOI’]
solvents and solutes. The GM recipe uses an exponentialCO€fficients of 1,2- and 1,4-cyclohexanediols. The 1,2-cyclo-
correction to account for differences in activation energies of nexanediol was faster than the diffusion of the 1,4-cyclohex-
diffusion and viscosity using experimental enthalpies of vapor- anediol because the intramolecular hydrogen bonding in the 1,2-
ization for the So'ven’[ and So|utes However' the |ack Of d|0| ||m|ted the hydrOgen-bonding intel’action W|th the SO|Vent.
experimental enthalpies of vaporization for a significant number This observation suggests that if the ketyl radicabeheth-
of aryl alcohols limited our ability to critically examine the GM ~ 0Xyvalerophenone (PhOH)CH,CH,XCHs, X = oxygen) was
approach. investigated by TG methods, then the diffusion coeﬁicien§ could
The estimated diffusion coefficients using the methods of be observed to be measurably faster than the corresponding alkyl
Spernol Wirtz Dsw) and Wilke and ChangDiwcr) are shown derivative (X = CH,) because of intramolecular hydrogen
in Table 1 with the experimental datBs, of both the ketone bonding. If the interaction between the ketyl radical and the
(ArC(=O0)R) and the alcohol (ArCH(OH)R) are quite similar, solvent is caused by an electronic sensitivity, then the two
as expected, for a model that accounts for molecular size solutes would be predicted to diffuse with comparable rates.
differences and not solvensolute interactions. On the other If the pK, is an indication of the HBD capability of the solute,
hand, the SW calculated values for the aryl alcohols are then the ketyl radical could form a stronger hydrogen bond with
consistently higher (overestimate) the diffusion coefficient of the hydroxylic solvent than the corresponding aryl alcohols.
the aryl alcohols. This is likely due to the inability of the SW Examining the trends in Tables 1 and 2 could lead one to
recipe to account for the hydrogen-bonding interactions betweenconclude that the diffusion of the ketyl radical is measurably
the solute and the solvent. We used two different methods, theless than the corresponding parent alcohol, i.e., because they
le Bas and the PC Model, to calculate the solute molecular form stronger hydrogen bonds with the solvent. However, it
volume in our estimate dycp. In the original WCh work, the has recently been reported that when the TG data are reevaluated
le Bas molar volumes were used; however, in this work, we with an independent measure of the parent ketone diffusion
found that molecular volumes calculated with the PC Model coefficient, the originally cited values of the radical diffusion
provided better agreement with experimental results. As aincrease by ca. 717%* The only reevaluated diffusion
control and to further test the WCh recipe, we compared the coefficient that we can directly compare is 9-hydroxyxanthene
Dwch estimates for the corresponding ketones and alcohols andand the ketyl radical derived from irradiation of xanthone. In
found little difference. The agreement between the PC Model/ this case, the diffusion coefficient of the ketyl radical and the
W(Ch recipe and the experiment diffusion coefficients of ArCH- aryl alcohol are the same. If the other ketyl radicals respond
(OH)R may be fortuitous and suggests that further developmentaccordingly, then it could be argued that the diffusion coefficient
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TABLE 2: Comparison of the Experimental Diffusion Coefficient (Deyyro) Measured by Taylor's Dispersion Method with the
Diffusion Coefficient Estimated by the Methods of Spernol and Wirtz Dsw) and Wilke and Chang (Dwcn), and the Diffusion
Coefficient Determined by TG (Dexprre) in Ethyl Alcohol at 21 °C

solvent x107°cnéls

EtOH solute Do Drc® Desw Dwch Dwch® pKa exp/lit (%) TGITD (%)
benzophenone 0.93 1.00 0.96 - 8
diphenylmethanol 0.64 1.06 0.61 0.56 14
ketyl radical 0.55 9.25
acetophenone 1.19 1.3 1.25 - 3
s-phenethyl alcohol 0.78 1.26 0.78 0.71 26
ketyl radical 0.58 10.1
benzaldehyde 1.31 15 1.27 - 17
benzyl alcohol 0.82 1.26 0.86 0.78 20
ketyl radical 0.66 105
benzoquinone
hydroquinone 0.62 0.94 0.92 0.57 8
ketyl radical 0.57

a From refs 18 and 23 Molar volumes from PC Model (Ver 7.00) Ratio of aryl ketone literature value, ref 7, to experimental value determined
in this work. 9 (Drp — Dy)/Drp.
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