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ABSTRACT 

Enthalpies of halogen-hydroxyl interactions have been evaluated for the %-halophenols in 
carbon tetrachloride. These values, in -kcal/mole, corrected for the temperature dependence of 
absorptivity coefficients, are Cl = 1.44, Br = 1.31, and I = 1.08. From enthalpy differences 
measured in unsymmetrical 2,6-dihalophenols, it is shown that the interaction in 2-fluorophenol 
lies between those in 2-bronlophenol and 2-iodophenol, thus reaffirming the order C1 > Br > 
F > I. 

The nature of halogen-hydroxy interactions is still open to conjecture despite intensive 
investigations (1-21) during the past several years. The investigations have been pursued 
by the use of several different techniques and have encompassed both intra- and inter- 
nlolecular interactions of various phenols and alcohols. However, despite this attention, 
many aspects of the interactions are inadequately understood. For example, there has 
been no general agreement as to accepted values of these energies of interaction, nor has 
the relative order of energies within the halogen series been unan~biguously determined. 

For both 2-haloethanols and 2-halophenols, it is generally agreed that  in "inert" 
solvents, 1, the difference (AvoH) between the frequencies of the free and bonded 0-H 
configurations increases in the order F < C1 < Br < I ,  and 2, the proportion of the 
compound existing in the free (or t ram)  form increases in the same order. In addition, 
for the 2-halophenols, i t  is accepted that the 0-H group is constrained to tn-o coplanar 
positions by resonance interaction with the aromatic a-system and that it spends negli- 
gible time in residence between them. On the other hand, there is disagreement over the 
follonring points concerning these interactions. 1. Can these interactions be considered 
to be hydrogen bonds in the usual sense? 2. If we consider that these interactions embrace 
all contributions, such as from orbital basicity, atomic diameter, polarizability, and dipole 
molllent, which halogen admits of the largest energy of interaction? 3. What is the relative 
order ~ i t h i n  the halogen series of the energies of interaction? 4. Does the Badger- 
Bauer rule (3), which states that  the enthalpy of interaction (AH) is proportional to 
AvoH, apply to this interaction in which the 0-I-I . - . X is highly bent away from the 
preferred rectilinear orientation? 

Disagreeillent on question 1 stems from the fact that  half-band widths and absorp- 
tivities of the 0-1-1 bands of 2-halophenols are only slightly larger than those of phenol- 
and alkyl-substituted phenols. In analogy with interillolecular hydrogen bonding, it 
would have been expected that both should show marlied increases (9, 22). Explanations 
for this unexpected behavior have been offered previously (13, 15) and shall be the subject 
of subsequent discussions. I-Iotvever, this paper will deal only with the remaining three 
questions by the critical evaluation of enthalpies of these interactions, specifically, in 
the 2-halophenols in the single solvent, carbon tetrachloride. 

Since 2-fluorophenol and 2-fluoroethanol each exhibit but a single 0-1-1 band, the 
enthalpy of interaction cannot be evaluated directly by these spectroscopic techniques. 
These bands are grossly unsymmetric, indicating that  the two components occur so close 
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together that they contribute to a single band envelope. I t  has been observed previously 
(13), however, that unsyinn1etrical2,4,6-trihalophenols exhibit two bands, each displaying 
a frequency characteristically assignable to the appropriate ortho-halide, regardless of 
the combination specifically represented. In the three possible unsyrnmetric 2-fluoro-6- 
halophenols (with or without a 4-halogen substituent), the 0-1-1 . . . - F band has the 
higher frequency in each case and is nluch broader than any of those involving the other 
halogens. Enthalpy differences can be nleasured accurately, thus allowing the relative 
strengths of the interactions to be determined. These data, coinbilled with the measured 
enthalpies for 2-chloro-, 2-bronlo-, and 2-iodo-phenol, determine the enthalpy of the 
fluorine-hydroxyl interaction to within perhaps a tenth of a kcal per ~nole. Obviously, 
the solvent is participating in these interactions and the cis and trans forins might be 
solvated or stabilized b37 different amounts. Therefore, enthalpies determined for one 
solvent systein need not necessarily apply to a second, nor need the relative order estab- 
lished in one solvent systein be the saine as in a second. This is a moot question and will 
be investigated later in detail. 

EXPERIMENTAL 

The enthalpy calculations in this study required that  the experimental data be obtained from compounds 
of high purity. If a n  ortho-halophenol displayiiiga cis to  trans absorbance ratio1 of 40 were contaminated by as  
little as  2$yo of non-ortho-halogenated phenol (which would absorb a t  approximately the same frequency as  
the trans-isomer) the apparent ratio would be halved. Consequently, an undetermined but relatively large 
error would be embodied in any calculatioil involving that  ratio. The saine problem exists in the correspond- 
ing unsynlmetrical dihalophenols but to  a smaller degree since the absorbance ratios are more nearly unity. 
T o  meet the denlands of purity, frequent use was made of gas-liquid chromatography (g.1.c.) in the course 
of synthesis, isolation, and purification of all compounds. 

The separations were performed on a Williins Aerograph A-700 Autoprep, using helium as  a carrier gas. 
Three 5 ft, 3/S in. diameter columns were necessary: Apiezon L (7% on 50-60 mesh Anakrom), ethylene 
glycol succinate (5% on 60-80 mesh acid-washed Chromosorb I\'), and 20 ill Carbowax (10% on the Chromo- 
sorb sr~pport). These columns are abbreviated in the following discussion as  A-L, EGS, and 20 M, respectively. 

The four monohalophenols were obtained froin conlmercial sources. 2-Fluoro-(Aldrich Chemical Company), 
2-chloro-, and 2-iodo-phenols (Eastman Kodak) were purified by preparative separation on the 20 M 
colun~n. Analyses by reinjection verified the absence of both free phenol and the para-isomer. 2-Bromophenol 
(Dow Chemical Company) required the Apiezon L column. A small phenolic contaminant, although well 
separated a t  112 "C and 300 ml/min gas flow (phenol a t  2.3 min, 2-bromophenol a t  5.0 min, and air a t  0.5 
min) was still present in the purified sample. The residual irnp~irity (0.05y0) was undoubtedly due to unsus- 
pected tailing either from the column or from the collection technique. A second pass reduced this to  a n  
acceptable level. For the other monohalophenols, a single separation achieved adequate purity. 

None of the unsymmetrical 2,6-dihalophenols have heretofore been described in the literature. They were 
synthesized by the halogenation of an  appropriate, purified monohalo compouild, and separated from the 
congeneric para- and di-substitution products as  described in Table I. 'The corresponding trihalophenols also 
investigated have been described earlier (13). (See below.) 

The solvent employed in these studies, carbon tetrachloride, was dried by suspended PzOj, and filtered 
directly into the sample cell in which the desired phenol had previously been captured from the Autoprep. 
This technique was employed when weighed samples were not required, as it effectively precluded the absorp- 
tion of water. I t  has beell observed here, as  previously (23), that when small amounts of liquid phenols are 
weighed for dissolution, water pickup appears severe despite the employment of a n  acceptably dry solvent 
and an inert atinosphere. I t  must be concluded that the initial absorption of water by certain phenols, when 
dry, is extreinely rapid. 

The spectra were recorded directly in absorbance on a Beckman IR-7 prism-grating spectrophotometer a t  
an effective resolution of 1.8 cm-l. The absorbance potentiometer was calibrated by a set of linearity discs 
over the optical density (0.d.) range of 0.05 to 0.91, and found, after a zero adjustment, to  be linear to  within 
f 0.005 0.d. units. The temperature runs were obtained in 1 cm cells a t  phenol concentrations of approxi- 
mately 5 X M. The temperature of both sample and reference cells was controlled and measured by 
thermistors. The read-out thermistor was in coiltact with the solution inside the cell; we believe the tempera- 
ture to  be accurate to  within 0.1 "C, described previously (23). 

lThe cis and trans names apply to the two coplanar co7iforw1ers in wlzich the hydroxyl group i s  directed toward, 
and away front, respectinely, the halide. 
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TABLE I 

halogenation 
agent 

I I I I11 

Time of 
emergence, min Melting 

Ratio point 
A, B Agent I I I / I I  Columnt I I1 111 o f 1 1  P e 

F, CI CI?(CCI4) 1 . 4  20 iM (180") 2 .2  4 .4  6 . 4  63-64" 
F, Br Brz(CCI4) 26 EGS (110") 2 . 3  9 . 0  12.8  47-18" 
F. I ICI(1-IOAc) I 1  20 iM (180") 2 .2  12.9 18.6 Oil 
c i ,  Br Bra(C~14) ' 14 20 i~ i l i s " j  3 .0  10.2 13.4 55-56" 
I ,  Cl Cl?(cCld$ 3 . 3  EGS (140") 2 . 6  5 . 2  6 . 9  38-39" 
I, Br Br2(CCI.I) 4 . 9  EGS (155") 2 . 3  7 . 2  10.8 6&6l0 

*Determined by planimetry of the a1,propriate chromatographic scan. 

I All were adjusted to a carrier gas flow of about 300 ml/min a t  the oven temperatures indicated. 
In tlie chlorination of o-iodoplienol, there was generation of free iodine. The 5.2 min peak proved. Iiowever, to be tlie desired 

chloroiodo isomer and its homogeneity was establislied by recl~ro~natograpliy on tlie 20 M column (emergence a t  17.2 inin, 180' 
300 cc He/min of the injected sanlple: it mas observed as a single peak of unchanged infrared spectrum). 

TABLE I1 

vorl frequencies and half-band widths, cm-I 
- 

T h e v o ~  band referred to as 1 is tlie band due to the 0-H group oriented Iralts or, for the dihaIo- 
phenols, toward the 2-position substituent. The  half-band widths lined out could not be determined 
accurately because of inadeguate band separation. 

The spectra were obtained a t  temperatures ranging from 25 to 75 "C; in order to assure the necessary 
accuracy, a minimum of three repeat runs a t  the t empera t~~re  extre~lles and two a t  intermediate points were 
taken. Band areas were measured repeatedly with a rolling disc planimeter until it was felt that  the areas of 
these somewhat arbitrarily divided barids had been established to within 0.37,. The spectral data are given 
in Table 11. 

DISCUSSION 

The energy of intramolecular halogen-hydroxyl interactions has always been considered 
to be less than that of interinolecular hydrogen bonds. Early attempts to evaluate this 
energy employed qualitative arguments (24), based either on measured free energies (2) 
and estimated entropies (25) or on relative peak heights of competitive halogens (13). 
The former arguments indicated that the bond strengths increased parallel to the increase 
in frequency shift in going froin fluorine to iodine. This established the order I > Br 
> C1 > F. In contrast, the latter arguments (13), employing peak heights, indicated 
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that the order was C1 > Br > F > I. The early direct measurements of enthalpies of 
halophenols in the vapor state (6, 26) tended to support the latter order although the 
quantitative results mere questioned (26) because of impure samples. 3Iore recent quanti- 
tative work is in general agreement that iodine forms the weakest bond of any halogen, 
but there is yet uncertainty concerning the strengths of interactions to the remaining 
halogens. Regarding intermolecular effects, there is now apparent agreement that  the 
order of decreasing strength is F > C1 > Br > I. All of these data are suminarized in 
Table 111. 

TABLE I11 

Literature enthalpies of halogen-hydroxyl interaction 
---. .. - . .- . . - -. 

Halide 
Molecular 

environment Compo~~nd Technique F CI Br I Ref. 

Vapor state r2-Chlorophenol Infrared 3 . 9  6 

L2-lodopheriol Infrared 3 . 2 26 

Intra~lioleculnr, 2-Halophenols r Infrared 1.27 1.86 1.00 27 
liquid 2-Halophenols Nuclear magnetic 

resonalice 3 . 3  2.0 1 . 5  2s  

2-Haloethanols Infrared 3 . 1  1 . 3  1 . 2  0.8 17 

halides Infrared 

Phenol vs. cyclohexyl 
halides Infrared 

1 
1 

I Other techniques have also been used but,  unfortunately, have added further dis- 
agreement over the relative order of the halogens. The nuclear magnetic rcsonailce 

I 
(n.m.r.) values quoted in Table 111 are larger than those obtained from infrared, but 
nonetheless, inaintain the order most generally accepted for the three heavier halogens, 

I 
I namely, C1 > Br > I.  However, no interaction a t  all involving fluorine could be detected 

and it was assuined to be zero. This assuinption was inodified in a subsequent paper where- 
1 in the authors inferred that there was indeed interaction, but weaker than that  involving 
I iodine. Qualitative arguments enlploying dipole n~oinent ~neasuren~ents  of these phenols 

have led to conflicting assignnlents for fluorine. One report (29) attributes to  fluorine the 
strongest interaction of any halogen; another (14) places i t  between bromine and iodine 
as suggested in the work below. Finally a qualitative infrared investigation of competitive 
hydrogen bonding (16) concluded that  fluorine does indeed enter into an interaction in 
2-fluorophenol but  that  its energy of interaction is the smallest of any halogen. 

Enthalpies of R-Halophenols 
The enthalpies reported in this study have been obtained from area measurements of 

the two con~petitive hydroxyl bands displayed by each halophenol. These bands are 
shown in Fig. 1 for the 2-halophenols and in Fig. 2 for the unsymmetrical 2,6-dihalo- 
phenols. Enthalpy values derived in this way are based upon the assumption that  the 
ratio of the band absorptivity coefficients is teinperature independent. This assumption 
is inherent in all of the infrared data quoted above. We have examined this premise in a 

I previous publication (30) and have found that  corrections amounting to  several percent 
1 of the measured enthalpies must be applied to obtain inore accurate values. 
I 

1 I 

I 
I 
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FIG. 1. voa bands of the 2-halophenols. Solvent CCI4. 

FIG. 2. YOH bands of the unsymmetrical 2,6-dihalophenols. Solvent CC14. 
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These corrections are obtained fro111 the absorptivities of phenol and of syn~n~etrical 
2,G-dihalophenols measured a t  25 and 75 O C .  For these compounds, only a single 0-1-1 
band exists; the temperature dependency of phenol should parallel that of the trans- 
component of the 2-halophenols and the temperature dependency of the dihalophenols 
that of the cis-component. This assumption appears to be reasonable and i t  is consistent 
with the behavior of the other band parameters such as the temperature shifts of fre- 
quencies and of half-band widths. The temperature corrections were calculated by the 
relationship 

a log 
AH, = -4.571 a 2  

a l / T  ' 
where a1 and a 2  are the absorptivity coefficients of the two bands in each con~pound. As 
shown previously (30), this can be put into the form 

28 

AH, = -4.571 
0.483 X lor 

cal/mole 

for temperature limits of 25 and 75 "C. The ratios, a25/a75 for phenol, dichloro-, dibromo-, 
and diiodo-phenols were found (30) to be 1.075, 1.056, 1.055, and 1.053, respectively. 
The value of this ratio for the fluoro group, measured here from 2,6-difluorophenol, is 
1.066. Since the enthalpy for o-fluorophenol must be derived indirectly, this ratio can be 
utilized only in obtaining corrections for the enthalpy differences in the mixed fluoro- 
halophenols. The corrections for the other 2-halophenols are, in kcal/mole, -0.07, C1; 
-0.08, Br; and -0.09, I. The addition of these corrections to the measured enthalpies 
of the 2-halophenols results in an increase of absolute magnitude in each case. 

I 
I TABLE IV 

Etlthalpy values of halophenols, kcal/mole (solutions in carbon tetrachloride) 
I -- 

I 
Area Peak height 

- 

-AH -AH -AH -AH 
Correction ~neasured corrected Correction n~easured corrected 

- -- 
2-Halophe~~ols 

F  l . l 9*  
C1 0 07 1 37 1.44 0 39 1 24 1.63 
B r 0 08 1 13 1.21 0 52 1.10 1.62 
I  0 00 0 99 1.08 0 50 0 94 1.44 

Polyhalophenolst 
(2 )  (4)  (6 )  
F H G  0 04(+) 0.14 0.18 0.24 0.03 0 27 
F H Brf 0 04(+) 0 06 0 10 0.36 -0 03 0 33 
F H I  0 05( - )  0.41 0.36 0.35 0.58 0 93 a M Br 5 0.12 0.06 0 1s 
g 1-1 I  0 0 1 ( - )  0 56 0 .55 0.11 0 66 0 77 
B_r H  I  5 0.00 0.33 0 33 
F  Br Brf 0.04(+) 0 04 0 08 0 36 0.14 0 50 
F I  I  0 0 5 ( - )  0 35 0 33 0.35 0.70 1 05 
51 Cl I  0 0 1 ( - )  0 57 0.56 0.11 0 61 0 .72 

*Dermed value, not directly measurable. 
?Favored l~allde rs underl~ned. 
fBromo group favored by area. Ruoro by peak height. 
§Not measurable with accuracy. 
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A suininary of these corrections, together with the measured and corrected enthalpies, 
is given in Table IV. Also listed are the corresponding values for the unsyinmetrical di- 
and tri-halophenols. Results obtained by the use of optical densities are included for 
comparison. I t  can be seen that  these values are much less consistent than those from 
band areas and that the corrections are so large as to have little meaning. This behavior 
indicates that temperature dependencies of optical densities cannot be transferred froin 
one molecular system to another and that  enthalpies based upon peak heights are not as 
reliable as those from band areas. Therefore, only the latter values will be considered in 
the following discussion. The enthalpies and ranking of the 2-halophenols that admit of 
direct measurement are, from Table IV, C1 (1.44) > Br (1.21) > I (1.08). A value can 
now be obtained for 2-fluorophenol by considering the follo\\.ing data from the mixed 
dihalophenols. B 

Unsymmetrical Di- and Tri-halophenols 
All of the 2-halophenols except 2-fluorophenol have two well-resolved bands, thereby 

permitting enthalpies to be determined directly. However, due to the occurrence of only 
a single band in 2-fluorophenol, the enthalpy of interaction must be evaluated indirectly, 
i.e., by use of the unsyn~metrical 2-fluoro-6-halophenols. The two bands in each of these 
three compounds are resolved adequately to permit the deterinination of relative band 
areas. 

The bands were separated into the respective areas by arbitrary graphical techniques. 
Fortunately, as  shown previously (31), the calculated enthalpy is virtually insensitive 
to the \\ray the bands are separated (within reasonable limits) as long as any assuinptions 
are applied consistently throughout a temperature run. Results corresponding to those 
discussed above for 2-halophenols are also listed in Table IV. Since the absorptivity 
temperature ratios are in the order F > C1 > Br > I, the pairing of the halogn ~ n s  acts 
to increase the enthalpy correction of the heavier with respect to the lighter. In the case 
of F tt C1 and F t, Br, the numerical value of the observed enthalpy difference is in- 
creased in each case because the interaction energy is larger for the heavier two halogens. 
However, in the remaining four coinparisoils (F  ++ I ,  C1 tt Br, C1 t, I ,  and Br tt I) ,  
the reverse occurs because the lighter atoin donlinates the interaction. 

These relationships are diagrammed for clarity in Fig. 3 and are shown for both area 
and optical density measurements. The arrows point to the halogen forming the stronger 

A 6 
FIG. 3. Enthalpy differences, in kcal/mole, of the halogen-hydroxyl~interaction as.determined (A) from 

corrected area measurements, and (B) from uncorrected optical density values. Arrow points in direction 
of stronger association. Compounds examined OH 

X 1 Y x, Y = F, C1, B, I ;  

',PI' x # Y. 
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interaction (with the 0-H group), and the enthalpy differences in kcal/mole are recorded 
on each arrow. The values inissing froin the diagram, for 2-broino-6-iodophenol and for 
2-bromo-6-chlorophenol, were not obtained due to inadequate band separation. This  
prevented accurate assignment of areas to the appropriate bands. 

For the area diagram (Fig. 3) there is remarkable good internal agreement in the A H  
difference between chlorine and iodine by the two different routes. The direct value is 
0.55 ltcal/inole, and the value obtained by adding I --t F and F -+ C1 is 0.54 kcal/mole. 
For the trihalophenols, the corresponding direct value is 0.56 ltcal/inole. The two-step 
value is not available since the F -+ C1 compound was not run; however, the I -+ F 
value is 0.33 kcal/mole compared to 0.36 kcal/mole found for the dihalophenol. Due to  
the internal consistency of these results and to the reproducibility of the values obtained 
in duplicate runs, we believe the accuracy of these data to be better than f 0.03 ltcal/mole. 

Direct conlparisons of energies obtained from the mixed dihalophenols give the follow- 
ing order for the decreasing enthalpy of the halogen-hydroxyl interaction: C1 > Br > F 
> I. Fluorine is definitely placed to the right of bromine by area measurements, although 
by only a small amount. I t  is placed to the left of bromine by use of peak height calcula- 
tions, but not when the correctiolls are added. Such values that  are obtained through the 
employnlent of peak heights becoine yet less reliable as the band separations become very 
small. Under these conditions, the temperature dependence of each band is diluted by 
the temperature dependence of the other, and as Av approaches zero, the enthalpy 
measured by peak heights will also approach zero. This effect is observed in the optical 
density diagram for the conlpounds 2-bromo-6-iodophenol and 2-bromo-6-chlorophenol, 
the two specific compounds not amenable to area measurement. The band separations 
are approximately 17 cm-1 and 14 cm-1, respectively; in the former case, the band shows 

I 
only an inflection point but no double maximum. The sum I -+ Br and Br -3 C1 is 0.39 
kcal/nlole, only two-thirds of the well-resolved I --t C1 value of 0.66 kcal/mole. 

i Froin the excellent agreement in the enthalpy differences between the di- and tri- 
halphenols, one must conclude that the presence of the additional halogen in the 4-position 
has no effect on these values. Ho\vever, as correctIy pointed out by the referee, there 
could conceivably be an appreciable difference in solvent effects for the 2-halo- and 
2,G-dihalo-phenols. In the former compounds, the trans-conformer affords greater oppor- 
tunity for solvent interaction, ~vhereas in the latter compounds, the hydroxyl group in 
either conformer should be shielded from the solvent by approximately equal anlounts. 
This could result in an internal inconsistency in transferring data between the mono- 
and di-substituted phenols. For this reason, the direct coinparison of the interaction t o  
fluorine and to bromine in 2-bromo-6-fluorophenol is given first preference. T h m ,  since 
this comparison shows that the A H  to bromine is unequivocally larger than to fluorine, 
the enthalpy value for the fluorine-hydroxyl interaction is taken as 1.19 kcal/mole, 
slightly lower than that of 0-H - . - Br. 

Analogous Interactions in the 2-Haloethanols 
Some intersting comparisons can be made between the data given here for the 2-halo- 

phenols and those recently published for the 2-haloethanols (17). Although these families 
are chemically dissimilar, the many spectral features they display in common strongly 
suggest that the actual physical interactions between the -OH and halo groups are 
qualitatively similar in both. Since band separations are small in these latter compounds, 

I 
I the use of peak heights for enthalpy evaluations was mandatory; therefore, it was neces- 

sary for the previous authors to accept the concomitant inaccuracies discussed above. 
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The enthalpies found (Table 111) for the 0-H - . I and 0-I-I . . Br interactions were 
-0.8 and -1.2 kcal/niole, values surprisingly close to those given here for the 2-halo- 
phenols. The value for the 0-H . . . C1 interaction was considered to be equal to, or 
slightly less than, that  of the 0-H . - . Br interaction. This is a t  variance with the 
increase found in the 2-halophenols and can readily be explained by the inherent decrease 
in ineasured AH as Av approaches zero. More disturbing is the placement of the 0-H . - . F 
interaction as the largest of the four. This is based on the premise that the very unsym- 
inetrical band shown by 2-fluoroethanol can be graphically resolved into two separate 
components and that  the individual temperature dependency of each band can be deter- 
mined. The procedure is, a t  best, questionable since inany infrared bands are unsym- 
metric in coinpounds ~vhere only a single conforiner can exist. 

Con~pounds demonstrating this type of band dissymmetry are the unsymmetrical 
2,G-dihalophenols. As discussed above, two voa bands occur due to interactions with the 
two proximal halogens. Each band can be produced by only a single conforn~er; rotation 
around the C-0 bond is restricted by a t  least 4 kcal/mole so that  the 0-H group is 
constrained to an in-plane residence. In the two compounds 2-fluoro-6-iodophenol and 
2-fluoro-4,6-diiodophenol, the band due to the 0-1-1 . . . F interaction is grossly unsynl- 
metric, as is readily observed for the former coinpound in Fig. 2. In order to assess the 
extent of this dissymmetry, two parameters are evaluated. These are defined as follows: 
the band is divided left and right by a vertical line drawn through the band maximuin. 
The high-frequency part of the half-band width lying to the left of this line is divided by 
that to the right. This ratio is a measure of band dissymmetry and is unity for a symmetric 
band. 

Values of this ratio found a t  25 and 75" for the above two compounds are 

OH OH 

In the first compound, the symmetry of the band increases with temperature. In the 
second, however, the dissyinn~etry increases in a manner similar to that observed in the 
single band in 2-fluoroethanol, and from which an apparent AH had been calculated (17). 
Despite this difference in temperature behavior of band shape, the AH'S ( F  - I) measured 
in the two phenols are identical. This supports the obvious conclusions that the 
0-1-1 - . . F bands in these phenols consist of only one conformer and that the dis- 
syinmetry is due to other factors. Calculated AH values predicated upon assumed 
syn~n~e t ry  must therefore be discounted. 

We thank Dr. Finger of Illinois State Geological Survey for a generous sample of the 
2,G-difluorophenol employed in this study. 
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