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It is recommended that a return be made to the use of the dissociation constants of substituted benzoic acids as a basis for 
evaluating Hammett substituent constants. A survey of the available data has been made and the substituent constants 
have been tabulated. The approximate precision of these values is discussed. 

More than twenty years ago Hammett pointed 
out certain parallelisms between the magnitude of 
reaction rate constants in a homologous series and 
equilibrium constants of various substituted com- 
pounds in other homologous series.* Using the 
ionization of benzoic acids as a standard reaction, 
he espressed this relationship in the now well 
known form : 

k 
k log = pu 

where k = a rate (or equilibrium) constant for a (2) 
meta or para  substituted aromatic 
compound 

ko = the rate (or equilibrium) constant for the (3) 
unsubstituted aromatic compound 

p = ,A constant for the specific reaction and (4) 
taken as unity for the ionization of 
benzoic acids 

u = (t constant for a given substituent = log 
K - log KO where K is the ionization 
constant for a substituted benzoic acid 
in water a t  25’ C and KO is the ioniza- 
tion constant for benzoic acid itself. 

(5) 

The choice of the standard reaction was dictated 
by the relative availability of numerous and highly 
accurate values, largely by Dippy and his co-work- 
ers, for the ionization constants of substituted ben- 
zoic acids. Fortunately, u values for most of the 
more common substituents could thus be directly 
established. Some u values, however, were obtained 
by indirect means. After a p value for a particular 
reaction had been established, based upon the u 
values obtained from the ionization of benzoic 
arids, i t  was possible to calculate u values for groups 
whose rate constants (or equilibrium constants) for 
that particular reaction were known, even though 
the ionization constants for the corresponding ben- 
zoic acids were not known. The u values calculated 
in this manner might be considered to be “second- 
ary standards” or “secondary” u values. When 
these “secondary” u values were used in calculating 
p values for other reactions, and further u values 
obtained from these reactions, the u values so de- 

* Because of‘ the large number of references to  which at- 
tention must be called repeatedly throughout the paper, it 
has appeared more convenient to list them together at the 
end of the paper. 

rived (which might be termed “tertiary” u values) 
were found to be dependent on the precise order in 
which the process of establishing p values and sec- 
ondary u values was carried out. Partially to cir- 
cumvent this difficulty Jaff6 proposed a redefinition 
of the substituent constant as “the value of u 
which best fits the entire body of experimental 
data.” (The p value would presumably still be set as 
1.000 for the ionization of the benzoic acids.) 

Jaff6 himself has pointed out the shortcomings of 
his redefinition. “It makes substituent constants 
dependent on the body of knowledge available a t  
the time of their evaluation, and implies that they 
should be revised a t  frequent intervals. hloreover, 
the evaluation of such substituent constants re- 
quires the formidable task of fitting the entire avail- 
able data by some suitable statistical procedure. 
Such computation is not feasible without the use of 
electronic computing equipment.” 

Both Hammett and Jaff6 include such “second- 
ary” and “tertiary” values in their compilations. 
In some cases relatively large discrepancies have 
been shown to exist between these derived u con- 
stants and those based upon more recently avail- 
able dissociation constants. In  other cases the values 
listed exhibit relatively large differences between 
very similar, closely related groups. 

Our attention was drawn to this problem in the 
course of our efforts to extend the Hammett treat- 
ment to electrophilic reactions through the develop- 
ment of a set of electrophilic (.+) substituent con- 
s t a n t ~ . ~ ~ ~ ~ ~  Excellent agreement had been observed 
previously between the um+ and the u,,, values.21 
However, in extending our determination of u+ 
values to additional groups, we observed a number 
of discrepancies between the um values listed in the 
compilations of Hammett40 and of J ~ f f 6 ~ ’  and the 
experimental am+ values. In almost every case 
where a major discrepancy was encountered the um 
value proved to be a “secondary” or “tertiary” 
constant. In large part the discrepancies could be 
eliminated by re-evaluating the u, values, utilizing 
dissociation constants now available in the litera- 
ture. 

As a result of our experience, we wish to recom- 
mend a return to  Hammett’s original definition for 
ut i.e., the difference in PIC, values of benzoic acid 
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and a substituted benzoic acid. The ambiguity in- 
herent in the development of "secondary" and 
"tertiary" g values may be avoided by using for 
the establishment of p values only u values ob- 
tained from the thermodynamic dissociation con- 
stants of benzoic acids in water at 25'. This does 
not rule out the evaluation and consideration of 
"secondapy" u values, but it mould eliminate their 
use in dei,ermining p or in evaluating further u val- 
ues. 

JaffB's proposed redefinition of the g constant 
would be useful in applying the Hammett equation 
primarily as an empirical tool for the correlation of 
rate and equilibrium data. However, recently, 
there has been evidenced considerable interest in 
examining the inductive and resonance components 
of the Hstnimett substituent constants in an effort 
to attain a better theoretical understanding of the 
influence of structure on chemical behavior.65@ 
For such theoretical studies, it appears more desir- 
able that unambiguous values of the u constants be 
available, together with a realistic estimate of the 
probable precision with which the individual con- 
stants are established by the experimental measure- 
ments. The availability of such data should facili- 
tate both an understanding of the factors control- 
ling the observed effects of the substituents and of 
the theoretical basis for deviations from the Ham- 
mett equstion which lie outside the precision of 
the experimental measurements. 

In a recent publication we had surveyed the lit- 
erature on the effects of structure on the dissocia- 
tion of acids and bases.20 Consequently, with this 
preliminary survey available, it appeared desirable 
to  gather together all of the available data to pro- 
vide the tmis  for a critical appraisal of unambigu- 
ous valuer; for the g constants. 

THE u VALUES 

The pK, values of benzoic acid as determined by various 
investigators are given in Table I. 

TABLE I 
pK. VALUES OF BENZOIC ACID AT 25" 

other methods which do not adequately take into account 
the activity, rather than concentration, of the species present. 
As has been noted by Dippy,% these pK values tend to be 
lower than the thermodynamic values, approaching the 
latter a t  high dilution. Since there is often a variation in the 
dilution a t  which the different substituted benzoic acids 
have been measured, the u values calculated from the classi- 
cal constants will reflect this variation. Of perhaps even 
greater importance is the failure of many early workers to  
establish the purity of their compounds.26 

Inspection of the thermodynamic pK, values in Table I 
indicates that the precision of the conductance method is 
slightly greater than the various potentiometric methods.* 
Furthermore, it is usually recognized as desirable to have a 
single set of values from one laboratory since procedural or 
systematic errors may to  some extent cancel when u values 
are obtained by Equation 5. The dissociation constants ob- 
tained by Dippy and co-workers are the most extensive set 
available and these values were obtained by conductance 
methods.*6-s4 Accordingly, i t  appears reasonable to con- 
tinue to  use values obtained by Dippy and co-workers where 
such values are available. Thermodynamic dissociation 
constants obtained by other workers may be used as a check 
on the reliability of the data. 

In Table I1 are listed the original u values, based upon the 
dissociation constants of Dippy and co-workers, as well as a 
comparison with other values based upon both thermody- 
namic and classical dissociation constants. Agreement with 
other thermodynamic values a t  25' is seen to  be approxi- 
mately fO.O1 unit, while the average deviation of the r e  
maining data is zk 0.04. 

Table I11 gives additional u values, based upon data of 
Dippy et al. Also given in this Table are u values from other 
data on ionization of benzoic acids in water and values of u 
from Hammett and from Jaff 6 .  These values of Hammett 
were not based on benzoic acid ionization, while the values 
of Jaff6 represent assignments from all reactions of that 
particular substituent known to him a t  the time. 

Major discrepancies are apparent between Jaff 6's values 
and those based on Dippy's measurements for p-C&O 
and m-OH. The value due to  Dippy el al. of u for p-OH ap- 
pears to be slightly low (by comparison with other thermo- 
dynamic data a t  25") and a value of -0.37 might reason- 
ably be assigned to  this group. For the p-CY group good 
agreement is found among the thermodynamic data and a u 
value of 0.660 may be safely assigned to  this group. With 
the m-CN group there is a surprising diagreement in ther- 
modynamic values; an average value of 0.56 will be adopted. 

The u-constants in Tables I1 and I11 which were derived 
from the thermodynamic dissociation constants of the 
benzoic acids may be considered to be accurate to within 
-0.02 units. Only these values, of those reported in this 
survey, should be used to  establish p values. 

Classical Conductance Potentiometric 
and Apparent (Thermodynamic) (Thermodynamic) 

4.2228,56 4.20019 
4 .  164g1 4.20334 
4 .  16579 4.20336 
4 .  183aS 4 .  18546 
4 .  177a,''3 4 .  21576 

4.16,  4.1590 4 .  1964g*g1 
3.995bJ" 4 .  20563 

Average 4.201 f 
0.005 

4 .  1741° 4.20178 

4.213l6 
4.22818 
4.202" 
4. 17566 
4 .  17551 
4.202" 
4.188" 
4.202" 
4.198 f 

0.012 

p = 0.03. p = 0.1 a t  20". 

The constarits listed under the heading of classical or ap- 
parent pK, values are those determined from the Ostwald 
dilution law,6' or from the midpoint of a pH titrationSg or by 

SECONDARY SIGMA VALUES 

Within recent years a large amount of data has become 
available on the ionization of substituted benzoic acids in 
50% (by volume) ethanol measured with the glass elec- 
trode.? Using the u values from Tables I1 and 111, the data 
of Roberts and his co-workers (H, 5.80;" p-CHs, 6.00;" p-  
CHIO, 6.12;74 p-Br, 5.35;12 m-Br, 5.22;72 m-OH, 5.61;lS m- 
NOz, 4.66;T2 p-NOz, 4.53;72 p-CN, 4.7071) and the data of 
Bordwell and Cooper (m-CHpCO, 5.21;" p-CHICO, 5.101*), 
a value of p of 1.522 was calculated for the ionization of ben- 
zoic acid in 50% aqueous ethanol, with log K" = 5.761. 
(The calculations were made assuming u to  be more p r e  

* It is of interest to  note that some of the variation in the 
values obtained by the conductance method lies in the value 
assigned to the limiting mobility of the hydrogen ion.9' 

t The pK values obtained with a quinhydrone or hydrogen 
electrode in 50% alcohol appear to be significantly lower 
than those obtained with the glass electrode.11 
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TABLE I1 
u VALUES ORIGINALLY DERIVED FROM THE DISSOCIATION CONSTANTS OF BENZOIC ACIDS 

Substituent Constants, u ~- 
Derived from Derived from Derived from 

Hammett’s thermodynamic thermodynamic classical and 
Grour, values43 data a t  25” data. not a t  25’ amarent data 

p-CH30 

p-t-CaHg 
p-CH3 

p-i-C3H7 
p-CzHS 
m-CH3 

p-F 

p-C1 
m-CH3t7 

p-Br 
m-F 
m-I 
m-C1 
m-Br 
m-NO2 
p-NOz 

-0. 26834 - 

-0.197” 
-0.17031 

-0. 1512’ 
-0. 151” 
-0.  O6g3l 

0 06233 
0 11531 
0 22733 0 2 2 7 , ~  0.203’8 
0 23233 0 211’6 
0 33731 
0 35231 
0 37333 
0 39131 0 39516 

0 77831 0 77116 

0 386,16 0 37978 

o 71031 

.0.22,22 -0.2952 -0.28,94 -0.27,66 -0.25” 
-0.31,” -0.2G6’ 
-0, 194B3 
-0.18,79 -0.20,92 -0.076fi 

-0.11’0 

-0.08,79 -O.0gQ2 

-0. i9,io -0.2090 

-0. 07,6fi -O.O8,9O -0 .  20g0 
0 .  1G68 

0.1252 

0. 3558 

0 14,@ 0 15 to 0 2Jg0 
o 0 0 , 8 4  o 20,94 o i f i 9 0  

o 2490 

0.  31,79 0 .  3 i Q 0  
0 ,  36,a4 0.4690 
0 .  25,a4 0.  3890 
0.  72,79310 0.76,66!90 0.80” 
0 .  82,66 0 ,  76,90 0 .  7394 
0.78,lo 0 ,  80e4 

TABLE I11 
NEW (r VALUES BASED ON THE IONIZATION OF BENZOIC h I D S  

Substituent Constants, u 
Derived from Derived from 

Values based other thermo- thermodynamic 
Hammett’s Jaff6’s on Dippy’s dynamic data data not at Derived from classical 

Group valuesa,4 valuesa~*7 data a t  25” 25” and apparent data 

p-CeHjO 
p-OH 

-0.028 - 0,  3203’ 
-0.357 -0,32729 -0. 36916 

-0. 3777 

3,4(CH)? 0.170 0.04230 

m-OH -0.002 0.12129 

m-C~H50 0. 25232 
m - c H 3 c 0 0.306 0 37628 

0 516 0 50228 
m-CN 0 075 0 61516 

0 52054 
0 66216 p-CN 0 628 
0 G5154 
0 6605589 

p - C H 9 C 0 

_ _ _ ~  ~ _ _ ~  __ 
a Not derived fiom hen7oic acid ionization data. p-Naphth\ 1. 

-0.28‘8 
-0.3222 
-0. 3g6’ 
-0, 416’ 

0 091 

-0,3266890 
-0.3795 
-0.3892 

cisely known than pK’. The correlation coefficient is 0.995.) 
Using these v:dues in Equation 1, the u values given in 
Table IV have been calculated. The u values of Hammett 
and of Jaffh have been listed for comparative purposes, 
many of the u values of the latter have been based in part 
on the ionization data in 50‘% alcohol. 

The variation of pK’ values of benzoic acid itself in 507’ 
alcohol obtained with the use of the glass electrode, i.e., 
5.70 (at 20°)36 5.73,14 5.75,72 5.80,74 is probably typical of the 
precision of these data. Direct comparison of the u values 
derived from the pK’ in 50y0 alcohol with those obtained in 

water using the glass electrode may tw nmde in the cases of 
the groups (CH3)& P03H-. and CH,SOl. Such comparison 
indicates that the u values in Table IV are probably reliable 
to approximately +0.1 unit. Solvation effccts may be the 
source of some difference in u in water and 50‘2 alrohol. 

Ionization data for substituted benzoic acids in other con- 
centrations of aqueous alcohol may be used to  obtain u 
values for other groups. Thus Chat6 anti \7’illiamsZ3 have 
shown that in the para position the groups (CH,)aSi, 
(CzH&Si, ( C H ~ J G ~ ,  (CzHdaGe, (CHd3Sn, and (C2H5)jSn 
have pK’ values within f0 .03  of that of benzoic acid itself 
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TABLE I V  
U-VALUES CALCULATED FROM THE APPAREYT DISSOCIATION CONSTANTS AT 25' OF BENZOIC ACID IN 50% (BY VOLUME) 

ETHANOL 

Substituent Constants, u 

Derived from pK' 
Derived from 

classical and ap- 
Hammett's JaffB's values in 507, parent p K ,  values in 

Group values43 values47 alcohol water 

-0.121 
-0.072 

. O ,  047 

-0.015 

0.144 
0.238 

0.398 

0.315 
0.415 

0 522 
0.567 
0.551 
0.699 
0.551 

0 647 
0 728 
0 859 
0 904 

0,678 

-0 21oU,36 
-0 157a,36 
-0 15774 
-0 0207' 

o 014,'~ -0 026~~4 
0 034*t4 
0 05312 
0 067b 
0 15214 
0 26348 
0 27012 
0 30gd8 
0 30912 
0 36973 
0 38812 
0 39512 
0 4287d 
0 44112 
0 45173 
0 49313 
0 52013 
0 5201* 
0 54075 
0 59871 
0 645,14 0 65856 
0 710,140 75656 
0 88170 
1 01270 

-0.046 
-0.07' 

-0.0666 

0 .  2548 
0 ,  1566 
0.1748 

-0. 1fP 

0 .  22,66 0.318' 
0 , 4 1 8 5  

See Table I11 
0 .  5666 
0 .  6866 
0.  i750 
0 .  7524 

a 18". b 22". 

TABLE V 
u VALUES ESTIMATED FROM DISSOCIATIOS O F  BENZOIC A C I D  I N  AQUEOCS ALCOHOL AT VARIOUS CONCENTRATIOSS 

Substituent Constants, u 

Hammett's JaffB's Estimated 
Group values43 values47 values Concentration of Ethanol 

vi -N H2 -0.161 

a Ionic strength 0.05 in lithium chloride. 

in 60.1 weight 5:) ethanol. Accordingly all of these groups 
may be assigned a u value of 0.0 f. 0.1. Likewise, the data 
of Baker, Barrett, and Tweed3 show that in 30y0 by volume 
aqueous akohol the pK' of CH,S and CH3Se substituted 
benzoic acids lie within 0.01 unit of each other. Accordingly, 
the u value assigned to m-CHBSe should be the same as that 
assigned to m-CH3S and likewise the u of p-CH3Se should be 
the same as p-CH3S. The data of Baker et al. further in- 

-0.07 to -0.20 

-0.07 
0.0 
0 .0  
0 . 0  
0 .0  
0 . 0  
0 0  
0 10 
0.15 
0.25 

-0.01 
0 06 

55:45 Ethanol-water 
and 50(v01)~( 
ethanol 

55: 45 ethanol-water 
60 1 wt. % ethanol 
60 1 wt. % ethanol 
60 1 wt. 7o ethanol 
60 1 wt. 74 ethanol 
60 1 wt ethanol 
30 (vol.) c/o ethanol 
30 (vol.) 970 ethmol 
48 9% ethanol 
48 9% ethanol 
50% but) lcellosolve' 
50% l)utylcrllosolvea 

dicate that the u value for ?n-CH& should be greater than 
m-CH3S (by -0.02 units), L e . ,  the u value for m-CH3S 
in Table IV is probably high by -0.05 units. 

From the pK' values of Schwarzenbach and Rudin80 
for the isomeric hydroxy and mercapto benzoic acids in 
48.9y0 alcohol the u value of the p-SH group should be 
about 0.03 unit greater than that of m-OH. From this u 
for p-SH may be set a t  -0.15 =I= 0.1. The u value for m-SH 
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TABLE V I  
u VALTIES FROM CLASSICAL AND APPARENT IONIZATION CONSTAXTS OF BEXZOIC ACIDS I N  JjrATER 

~ ~~~~~~~ ~ 

Substituent Constants, u 

Hammett's JaffB's 
Gronn v alues 4 v:tliies47 Ilerived from c~1:tseical ionization (,onstants 

-0 205 -0.600 
-0 502 

-0 660 

-0 25 
-0 268 
-0 320 
-0 286 
-0 340 
-0.120 

0.104 

0 132 
-0 019 

0 381 
0,276 
0.150 

0.355 
0.728 

0.621 
0.70 
0.76 

- 0. 8350 
-0.84" 
-0.66 to -0.70,@0 -0.70,'' -0 62,' -0 Xn5 
-n i2,50 -0.6,44 - 0 . c  )6, 01  -0 9892 
-0 0T,68 -0.57,j2 -0.2-LZ2 
-0 55,62 -0.2522 
-0.32" 
-0 4552 
-0.3422 
-0.1083 
-0 05 to - 0 . 1 - 1 , g o  +0.021,63 -0.10,9 -0.1088 

0.16 to - 0 . 0 5 , ~  -n n5,g5 t o . o 4 * 8  
- 0.0269 

0,0990 

0 .  I S G , ~ ~  0 . 0 5 5 2  

0 .  07587 

0,0586 

0.1890 

0 .  0352 
0.0862 

0.38,60 0 .4f1 ,~~ 0.28,88 0 .  18,8T 0 .  12G3 
0.66,N 0.51,58 0 . 3 P  
0. 46g7 
0.  62,S2 0. 5387 
0. 7015 
0.  7615 
0,9011 
1.00'1 

-0.0252 

should be about 0.1 higher, giving a u value for this group of 
-0.25 f 0.1. 

Beringer and Sands6 report the same pK' value for m- 
C ~ H S  and m-CHs benzoic acid in 55: 45 ethanol-water, 
hence the u value for m-C2H5 may be set a t  -0.07. Beringer 
and Sands also report a pK' for m-aminobenzoic acid of 
about the same magnitude as m-methylbenzoic acid, while 
in 50 volume yo alcohol Bright and Briscoe'7 report a pK' 
for m-aminobenzoic acid which is slightly more than that of 
p-methylbenzoic acid.* From these data the u value of m- 
NH2 should lie in the range -0.07 to -0.20. Hammett's 
value of -0.161 (derived from ester hydrolysis a t  30" in 
87.83Y0 alcohol) is within this range.43 

Finally, from the pK' values a t  25' of benzoic acid (5.65), 
m-phenyl- (5.57) and p-phenylbenzoic acids (5.66) in 50% 
aqueous butylcellosolve, ionic strength 0.05 in lithium 
chloride ( p  = 1.32), the u values of m-C&& and p-C&&, 
can be estimated as f0.06 and -0.01 respectively. These 
estimates are summarized in Table V. 

VALUES FROM CLASSICAL IONIZATION CONSTANTS 

The u values presented in Table VI are based on classical 
and apparent p-K values of the benzoic acids in water, or on 

* The p K  value of m-aminobenzoic acid in water is not 
used here in assigning a u value since in water the "neutral" 
species exists to a large extent as the zwitterion. According 
to Eberta' the ratio of zwitterion to uncharged species is 
given by KJKE - 1 where KI is the first acid dissociation 
constant of the amino acid and KE is the ionization constant 
of an alkyl ester of the amino acid. From the data of Cum- 
ming24 the ratio of zwitterion to uncharged species in water 
is thus approximately 2.2. In alcoholic solution the pK of 
the amino group decreases while that of the carboxyl group 
increases, greatly reducing the ratio of zwitterion to un- 
charged species. 

thermodynamic values a t  temperatures other than 25'. 
The reliability of the data varies widely. 

There are two sets of thermodynamic pK. values of the 
p-n-alkoxybenzoic acids a t  20' available. Those of Cavil, 
Gibson, and Nyholm22 have been used by Jaff6 to establish 
the u values of the n-C4Hg0 and n-CbH110 groups. The 
precision of the pK data was given as f O . l .  The data of 
Jones and SpeakmanS2 give u values which differ considerably 
from those of Cavil et al. and which give u values for the 
higher p-n-alkoxy groups which differ considerably from 
that of p-CH30. Accordingly, it  is believed that the data of 
Cavil et al. are to be preferred. For the meta alkoxy groups 
Jones and Speakman indicate greater precision, but again 
the rather wide variation of values from that for m-CHsO 
indicates that the u values for these derivatives are probably 
questionable. An approximate u value of 0.1 is assigned to  
these groups. 

Thermodynamic pK. data for p-aminobenzoic acid give a 
value of -0.66 for the p-NHz group in excellent agreement 
with the value assigned to  this group by Hammett. This 
may be somewhat fortuitous, since Willi and Meier estimate 
that 9.5y0 zwitterion exists in this sy~tem.9~ For the p -  
NHCH3 and p-N(CH& groups the classical data of John- 
son60 has been used to obtain u values. Comparison of the 
value assigned to p-NH, from Johnson's calculations on 
Winkelbleck's data makes it appear that these values are 
probably larger than they should be by 0.05 to 0.10 units. 

The excellent agreement of the U-value for p-t-CdH9 (see 
Table 11) from the conductance data of Shoesmith and 
Mackies3 with that of Dippy et al. makes it seem reasonable 
to place limits of f0.03 on the u value of m-t-C4H9 in Table 
VI. 

Comparison of the numerous values in Tables I1 and I11 
from the data of Vandenbelt et al. with those of Dippy et al. 
indicates a probable limit of &0.1 in the accuracy of the 
u value for p-I. 
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TABLE VI1 
SLJIJXARY OF IIAMMETT SUBSTITUENT CONSTANTS, u, BASED O N  IONIZATION OF SCBSTITUTED BENZOIC ACIDS~ 

Meta Para 
Estimated Estimated 
limits of limits of 

Group U uncertainty Table U uncertainty Table 

-0.069 
-0 07 

-0 10 
0 06 

0 43 
0.56 
0.376 
0 37 
(0 37) 

-0.1 
-0 16 
-0 04 

-0 16 

0 21 
0 88 
0.710 
0 2  

0.115 
0 1  
0 1  
0 1 
0 1  
0 1  
0,252 
0.121 
0 39 
0 15 

0 25 
0 30 

0 52 
0 60 
0 46 
1 00 
0 05 
0 1  
0.337 
0.373 
0.391 
0.352 
0 70 

0.02 
0 . 1  

0 .03  
0.05 

0 . 1  
0.05 
0.02 
0 . 1  
0 . 1  
0 .1  

> o .  1 
0 . 1  

0 .1  

0 1  
>0 .2  

0.02 
>o. 1 

0.02 
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0.02 
0.02 
0.1 
0 . 1  

0 .1  
0 . 1  

0 .1  
0 . 1  
0 . 1  

>o. 1 
>0 .1  

0.1 
0.02 
0.02 
0.02 
0.02 
0 .1  

I1 
V 

VI 
V 

I v 
I11 
I11 
I V  
VI 
VI 
I V  
I V  

V 

I V  
I V  
I1 
I V  

I1 
VI 
VI  
VI 
VI 
VI 
I11 
111 
I V  
I V  

V 
IV  

I v 
IV  
VI 
VI  
VI  
V 
11 
I1 
I1 
TI 
VI 

-0.170 
-0.151 
-0,151 
-0.197 
-0 01 
0.042 
0 54 
0.660 
0.502 
0 45 
(0 45) 
0 0  

-0 21 
-0 07 

0 0  
o c  
0 0  
0 0  
0 0  

-0 66 
-0 84 
-0 83 

0 00 
0 s2  
0,778 
0 26 

-0 02 
-0.268 
-0 24 
-0 25 
-0 45 
-0 32 
-0 34 
-0.320 
-0.37 

0 31 
0 00 
0 03 
0 07 
0 15 
0 44 
0 52 
0 48 
0 72 
0 57 
0 90 
0 09 
0 0  
0.062 
0.227 
0.232 
0 18 
0 7G 

0.02 
0.02 
0.02 
0.02 
0 05 
0.02 
0 1  
0.02 
0 02 
0 .1  
0 . 1  
0 1  

>o.  1 
0 .1  
0 1 
0 .1  
0 .1  
0.1 
0 . 1  
0 . 1  
0 .1  
0 . 1  
0.1 

> 0 . 2  
0.02 

>o. 1 
>o.  1 

0.02 
0 .1  
0 . 1  
0 . 1  
0 .1  
0 . 1  
0.02 
0.04 
0 .1  
0 . 1  
0 .  1 
0 .1  
0 .1  
0 .1  
0 .1  
0 .1  
0 . 1  
0 .1  

>o. 1 
> O .  1 

0 .1  
0.02 
0.02 
0.02 
0.1 
0 . 1  

I1 
IT 
I1 
I1 
V 
I11 
IV 
111 
I11 
IV 
1-1 
VI 
I V  
TV 
V 
V 
T’ 
I‘ 
v 
VI 
VI 
VI 
IV  
I V  
I1 
1V 
T’I 
I1 
VI  
VI 
T’I 
VI 
\‘I 
IT1 
I11 
IV 
IV 
IT‘ 
IV  
F‘ 
IV  
I V  
I V  
I v 
TTT 
VI 
VI 
v 
I1 
I1 
IT 
VI 
VI 

a Values in bold fitccd tvpe are u constants based on thermodynamic constants in water a t  2.5‘. I t  is recommended that the 
reaction conitants, p ,  be based on these u constants. 

Thr u values for thc t n -  and ~-10% groups are from the data 
or Bothner-Hy and Medalia15 obtained a t  50”. The original 
authors indicate a p for dissociation a t  this temperature of 
1.09 and report u values of 0.63 and 0.69 respectively for the 
meta and p:tra substituents. The original authors’ values 
are probably 1J r t t c . r  ilssignments of U ,  hut the p is probably 
due more to systematic errors rather than a real change (cf. 
Briegleb’s da tal6 and the variation of p with T assigned by 
Jaff64’). From the precision of Bothner-By and Medalia, 

limits of +O.OG may I)c ssfiigrictl to tlieir values of u or of - f 0.12 to the values iu  Table VI. 
In  similar fashion, the u values for m- and p-lu’HzSOz 

given in Table VI are 0.09 units lower than those reported by 
Zollinger and Wittwer.9’ Since the measurements were made 
in it medium of ionic strcngth of 0.1, and t,hc p valuc ap- 
parently differs from unity, the valucs tissigncd by thr 
original authors may be more accurate than those given in 
Table VI. 
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There is considerable variation in the u values assignetl to 
the m- and p-CO2H groups on the basis of pK data (cor- 
rected for a statistical factor of 2 in Ka). Accordingly it 
seems reasonable to assign values to  these groups by resort- 
ing to the practice of assuming the electrical effects of the 
carboxyl group are approximately equal to those of carb- 
alkoxy groups. Harnmett's value for m-COzH thus receives 
support from Table I V  (U for m-CzH502C is 0.37) ; however, 
his value for p-C0211 may be questioned (U for p-C2H502C, 
0.45). 

Again, lor the /ti- and p-CO,- groups there is consider:tble 
variation, however the :tver:tge u for tn-CO2- is -0.1 while 
that of p-COl- groiip is 0 0. The u value of these groups, as 
well as those of the reniaining groups which bear a charge, 
are subject t o  large activity corrections and accordingly 
limits of mmewhat larger than 0.1 appear reawnable. 

bUMRIAR1 

Haniriiett u \-:dues have been compiled froni the 
literature data of the ionization of benzoic acids. 
Hammett's original values given in Table I1 and 
further values from the data of Dippy et al. in Table 
I11 (with the exveption of p-OH) are probably reli- 
able within approximately 0.02 unit. The values in 
Table IV are hmcd oil ionization of benzoic acidi in 
50% et1i:tnol and approximate limits of f 0.1 hnvc 
heen set hrie. T:ible Y cotitairis estimates of u froin 
ionization data iii various conceiitrations of ethanol 
and the liniits may be set somewhat in exces;. of 
0.1. Table VI coiitaiiis u values from classical ioiii- 
zation data with widely varying limits of error to 
the values assigned to u. 

For convenieiice in utilization, the individual u 
values have been summarized in Table VI ,  to: 
gether with an estimate of the probable uncer- 
tainty. Reference is given to the particular t:hle 
which lists both the individual measurements and 
the literature rcferences. The u values based 011 

therniodynainic datn are shown in bold faced type. 
According 1 o thr reconiiiieiidation advauced hcrc, 
only these values should be used for the calculatioii 
of p .  ,111 other u coonstants are derived values. 

It is apparent from this survey that additiorial 
precise therniodynainic dissociation constants for 
the ionization of substituted benzoic acids are 
greatly to he desired. 
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Kinetics of the Reaction between a Vinyl Fluoride and Sodium Ethoxide 
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The synthesis of l,l-diphenyl-2-fluoroethylene is reported. This vinyl fluoride is converted to l,l-diphenyl-2-ethox~-- 
ethylene by sodium ethoxide in ethanol. A t  99.75' the kinetics are second-order, first-order with respect to each reactant, 
and the rate is 270 times faster than that of l,l-diphenyl-2-chlorocthylene. The rcwlts are consistent with an addition- 
elimination mechanism. 

The unexpectedly high reactivity of fluoriiie 
attached to unsaturated carbon atoms toward 
nucleophilic substitution has been observed by a 
number of workers.1-6 For example, piperidine 
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reacts with 2,~-tliiiitrofluorobeilzeilc more rapidly 
than with the other 2,4-dinitrohalobenxenes. 
Also, the vinylic fluorine atoms of perfluorocyclo- 
hutene can be replaced by ethoxide more readily 
than t>he allylic oiics. These obser\-:Ltions proh:ihly 
rule out an Sv2 displacement mechaiiisni that 
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