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, . '~' h ~ disso.ciation const;,nt of a nisic (p-m~thoxybenzoic) acid in thc systc m et hano1-
'" atel \\ as meaS Ll I cd at 25 .C by a combll1 atlO n of spectrophotometric a nd clectrometric 
methods. Pcrcentage ~y weIght of ethanol in the so lvent system varied from zero to 83 .43. 
~~( =v7~~~~) .of J( van ed CO l'respondi ngly from 3.22 X 10- 6 (p I( == 4.492) to 3.34 X 10- 8 

1. Introduction 

4,:ew phase in the technique of meas uring dis­
SOCla twn constants of weak acids dates from 1932 
when Harned and Ehlers [1] used l measurem.ents of 
the cell Pt ; H 2(g, 1 atm), CH3 COOH (ml), CH3 
COONa ('f!£2) .. NaCI (m3), AgCI (s); Ag to determ ine 
the dlssoclatlOn constants of acetic acid from 0° to 
130° C. In the same year MacInnes and Shedlovsky 
[~] u s~d ?onductance measurements to determine th e 
dlssoclatlOn constant of this acid at 25° C. Since 
then a n immen se body of factual information has 
b ecome available on t he di ociat ion con tants of 
weak a?id~ in a9. lI eo us. sol~t i~n. In many instances 
the vanatlOn of the dlssociatlOn constan t with tem­
per·at.ure has been s~udied. The fi eld of nonaqueous 
solutlOns and of m Ixed solvents with water as one 
component ha~ , ho.wever , been compara tively neg­
lected. The dlssoClatlO n constant of acetic acid has 
bee n men:sured in 20, 45 , 70 , a nd 82 percent dioxane 
r3 to 6]; m 10 percent and 20 percent methanol [7]; 
m 50 percent glycerol [8]; and, more recently, over 
the 0 to 100 percent range of water-methanol system 
[9] . Again, the dissociation constants of the am­
monium and the methylammonium ions have been 
measured in 60 percent methanol [10]. Other exam­
ples could be noted , b ut t hey are few compar ed with 
~he number of determinations that have been made 
m aqueous solution. 

As a contribution to this fi eld meaS LlI'cmen Ls on 
anisic acid (p-methoxybenzoic adid) in the ethanol­
water system are now reported. This acid was 
selected because it is available in a state of h iO' h 
purity, and i ts dissociation constant in waLeI' 
(pK a= 4.471 at 25° C) ha already been In eas ured 
[11] . Moreover , there arc data in the l iterature for 
a. bu~el'. system in et hanol-water m ixtlll'cS in th is 
dlSsocJatlOn ran ge [12] . 

1 Figures in hrackcts indicate the literature references at tbe end of this paper. 

2. Experimental Procedure 

2.1 . Materials 

Anisic acid, NBS Standard Sample No. 142 was 
u cd without further purification. The wll ite 'pow­
dered material is paringly sol uble in water ~nd an 
original stoeh: solution, abo ut 2 X 10- 2 ]'tI1 w~s made 
by dissolving a \veighed amount in 95 per~ent ethanol 
and warming the resul ting solution in a water-bath. 
A second stock solution was prepared for each serie 
by diluting 5 ml of t he original solu tion to 100 m 1 
with water. 

H ydrochloric acid of reagent grade was used Lo 
control the hydrogen-ion concentration of the solu­
tions employed to determine t he limi ting spectro­
photometric curves of the anisic acid. Standard ized 
sodium hydroxide, free from carbonate was used to 
transform the acid completely to the s~l t. Purified 
sodium acetate (hydra te) was employed for the 
acetate bl!fIers.. A. 1-M stock solution was prepared 
from whlCh dllutlOns were made by volumetric 
procedures. Glacial acetic acid was used to prepare 
a I-M stock solution, of which varying small amo unts 
~, ~ to .4 Inl , were used to change the buffer ratio , while 
keepmg the acetate constan t . Thus the ratio of the 
anisic acid to its sal t could be measured spectrophoto­
metrically. 

Pot,asslum chloride, recrystallized three times from 
water and dried at 110° C, was used to make all 
solutions 5 X 10- 3 1\1[ with r espect to chlorid e for the 
electromotive force measurements. 

The ethanol was tested for impurities and met 
ACS specifications. Co nductivity water was used 
throughou t for all preparations. 

2 .2 . Equipment 

A Beckman DU specLrophotometer equipped with 
a water-j acketed cell compartment was used for the 
spectrophotometric measm emenLs. The temperature 
was con trolled at 25° C within ± 0.05° C. Cyhndri-
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cal l-cm absorption cells with removable quartz end-
plates were used throughout. ,. 

Electromotive force measurements of the followIng 
cell without liquid junction were made for each 
ethanol-water mixture. 

Pt; H 2 (1 atm), HA (m 1 ) , NaA (mz), 

KOI (0,005 m ), AgOl(s); Ag Cll.) 

The cell was a simplified version , much reduced in 
size of that described by B ates [13, 14]. The vol ume 
of the cell is only 10 ml and the solution is there!ore 
quickly saturated with hydrogen. Data reqUIred 
for the correction of the electromotive force of the 
cells to 1 atm partial pressure of h~\-drogen were 
calculated from values of the vapor pressures of 
alcohol-water system giyen in International Critical 
Tables [15]. 

3. Calculation of Dissociation Constants 
From Spectral Absorbance Data and 
Electromotive Force Measurements 

3 .1. Absorbance Measurements 

Anisic acid shows well-defined absorba nce 111 the 
ultraviolet. When the acid is transformed to the 
salt the absorbance shifts to lower wavelengths. The 
shift, however, is a snmll one and consequently 
absorbance values must be read from curves of very 
steep slope for making the calculations. Also, whe.n 
alcohol is introduced into the water sys tem, there IS 
a slight hypsochromic effect, both banels for the acid 
and for the salt shifting toward lower wavelengths. 
Therefore it was necessary to determine carefully 
the so-called " limiting" curves which r epresent the 
transformation to all acid or to all sal t in ethanol­
water mL'{tures. For each series a slightly different 
isosbestic point exists; thus, the complete spectrum 
was examined for behavior and stability of each 
system by extensive meas urements throughout the 
ul traviolet. 

The reaction may be simply represented as t,he 
acid dissocia ting to the ions, namely, 

According to the law of absorption, at any given 
wa vclength, 

Molar abso['bance= A/(bM), (1) 

in which A is the absorbance of the sample C - log 
transmittancy), b is the depth of solution in centi­
meters through which the radiant energy p asses, 
and M is the molar concentration of the absorbing 
compound . i\101ar absorbance is expressed in liters 
mole-1 cm- 1, 

The values of molal' absorbance of anisic acid 
and its sodium salt are shown in figure 1, the solid 
lines 1 and 2 representing the compound in water, 
a nd the broken lines 3 and 4 representing the 
mat.erial in 83.43 percent by weight of ethanol. 
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FIGU RE 1. T he limiting cUj'ves of anisic acid and i ls sa ll in 
waleI' (cuTves 1, 2) and in 83.48 percent by weight ethanol 
(c1iTves 8, 4). 

In water the aciel sh ows maximum molnl' ab­
sorbance of about 16,000 liters mole-1 cm- I at n, 
wavelength of 257 mIL and tll e salt shows a maximum 
of about 13,000 liters 111 ole-1 cm- 1 at 247 mIL . 
The two species have the same absorption at 249 mIL, 
the isosbestic point. In 83.43 percent ethanol by 
weight, the maximum molar absorbance of th e acid 
increases to 17,800 liters mole- 1 cm- 1, at 254 .6 mIL, 
while th e maximum of the salt increases to 14,700 
liters mole- 1 cm- I , at 244.2 m,u, with the isosbestic 
point at 246.4 mil. Figure 2 ~how~ ~he series. ?f 
curves for differen t degrees of dlSSOeIatlOn of amSle 
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FIGUR E 2. Spectr-ophotometTic CUTV~S repTesenting the dis­
sociation of anisic acid in 83.43 peTcent ethanol by wetght. 

C Ur\7C I, Anisic acid ; curve 7, t he sodium salt. 
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acid in 3.43 pel'cen L ethanol by weigh L. It is typical 
of th oLh el' sel'ie s tudied, buLin the illustrated series 
the slopes of the curves arc steeper and therefore 
involvc grentcr cxpcrimclltnl Cfrors tlH1Il in th e ot11e1' 
series. All serie exhibited wcll-defined isosbestic 
poi nls . 

3.2. Calculation of Ratio of Salt to Acid 

In a ll :v giv en series, the amounts of un(lissociatccl 
acid a nd of thc salt [t1'C proportional to th(,lr re­
spectivc absorbance valu es . If a rcprescnts the 
amo un t of salt, thcn at any sLcp in th c dissoci,l,tion, 

AHA- Aa 
a AHA- AA_' (2) 

m which A with approprin,Le subscrip ts represcnts 
the absorbance of the acid, the H,bsorbancc of the 
partially dissociated aci d , a nd the absorb rmce of 
the salt. Th e ratio a/ (J - a ) may be calculated 
direcLly, but wh en th e absorb,1,Ilce valu es arc taken 
hom such steep cur es where experimental errors 
ar e large, it is wise to exam.ine the a vnlues at 
several wavelengths so tbat any trend in the values 
or influence of the bu:fl'ering sys temrnay be deter­
min ed . For this reason an ave]"tge a at J 6 wave­
lengths was used and th e ratio a / ( ] - a) calculated 
afLerwards. 

3.3. Calculation of pK 

After th e spectrophotometric observations were 
completed, each solution and its companion buffer 
solution were measured by electromotive force 
methods. 

The pK of anisic acid on the thermodynamic scale 
is given by 

pK=-log [H+ ] - log~ _ log'YA- , (3) 
I -a 'YHA 

where 'Y represen ts the activity coefficient of the 
ionic or molecular species denoted by the subscripts. 
For a cell of type A 

- log[H+}YH'Yc ,= (E- E O ) / (2.303RT/F) 

+ logmCl + 10g'Yc I, (4) 

where R , T, and F are, respectively, the gas con­
stant, the absolute temperature, and the faraday, 
and where EO is the standard potential of the silver­
silver chloride electrode in the parti cular alcohol­
water system [16]. 
By combination, 

pK= pwH-Iog-J. a _ log 'YA- , (5) 
- a T'CI - 'YHA 

which is essentially the method of calculation em­
ployed by Bates and Schwal'zenbach [17]. Inasmu ch 

as the la t term of eq (5) is approximately zero at 
low and moderate ioni c strengths eq (5) simplifies to 

ex 
pKa ""'pwH - log- - · 

l - a 
(6) 

Th e calculations of the di sociation constan t of 
a ni ic acid in water an d in n il~ e ethanol-water mix­
tlll'es ar c sho\ n in table 1. In column 1 the weight 
percent of ethanol is given and in column 2 the 
avcrage a fOl" each solu tion as determined by the 
spectrophoLometr ic meaSlU"emen ts. Values of log 
ai el - a ) arc in column 3 and values of pwH, from 
electromotive force measurements, arc listed in col­
umn 4. From column s 3 and 4 the pK of a nisic 
acid is derived as shown in column 5 with the average 
for each series in column 6. As the dielectric con­
s tan t of each mixture deCl'eases, the valu e of pK 
in creases as the ethanol content in creases. 

It was not our intention to determine the dis­
sociation constant of acetic acid in the ethanol­
water system since it has already b een reported [1]. 
The ratio of acetate to acetic acid was known from 
the volumetric preparation of the bufl'er systems, but 
because the amounts of acetate and acetic acid added 
by pipet arc mall, the experimental elTor is expected 
to be large. Electromotive force measurements 
were made on the buffering solutions with and 
withou t anisic acid. At the concentrations used , t he 
anisic acid had no ob ervable effect upon pwH. 
From the errif mea urements, then, the pK of acetic 
ac id could be calculated according to t he relat ion : 

r salt 
ph.= pwH-log- ·- l aClC 

(7) 

The buffer ratios are shown in column 7 'with the 
corresponding valu es of - log (salt/acid) in column 8. 
The pK values of acetic acid in the same series of 
ethanol-water system are given in column 9 and 
averaged in column 10. Our data show slightly 
higher values than those found by Grunwald and 
Berkowitz, but it should be noted that the valu es for 
both anisic acid and for acetic acid in water are in 
r easonable agreement with published values. 

To test the validity of eq 7, by which Bates and 
Schwarzenbach found that pKa was independent of 
ionic strength in the case of a buffering system of t Llis 
charge type, several experiments were made using 
equimolar solutions of acetate-acetic acid buffer at 
0 .015 , 0.025 , and 0.055 ionic strengths in several 
ethanol-water mixtures . The resulting absorbance 
curves were the same within the experimental error, 
and the pwH values also agreed within the experi­
mental error. The fact that pKa remains constant, 
as thc ionic str ength is varied, suggests the soundness 
of the assumption that log 'YC1 - and log 'YA - are 
representable by the sam e function. It also reveals 
the use of the acidity function pwH in combination 
with spectrophotometric measuremen ts to b e the 
valid and promising method that Bates and Schwar­
zenbach co ntend it to be. 
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T A BLE 1. Dissociation of anisic acid in ethanol-water systems with acetic acid-sodium acetate buiJers 

Avera~cd pK of Anisic 
Wt. % etllanol a in % log ,, /( l - a ) pwlI acid ,(pwJI-Iog 

af(l- a)) 

0.00 ___ ____ ______________ __ __ 48.2 - 0.032 4. 456 4. 488 
54.9 . 085 4.590 4. 505 
65. 1 .270 4.760 4.490 
65.3 .274 4.762 4.488 
65.0 .268 4. 762 4.494 
79.0 .575 5.063 4. 488 

7.64. __ __ __ _____ ____ _______ __ 53.0 .051 4.706 4.655 
57. 1 . 124 4.799 4.675 
62.3 .218 4.873 4.655 
76.7 .517 5. 152 4.635 

15.43 __________ ______________ 42. 1 - .139 4.712 4.851 
49.1 -.016 4.836 4.852 
59. 2 . 161 5. 013 4. 852 
74.4 . 463 5.304 4.841 

23.28 ___________ _____________ 40.7 -. 164 4.991 5. 155 
45.5 -. 079 5.065 5. 144 
51. 9 .033 5. 165 5. 132 
58.3 .145 5. 283 5. 138 
67.1 .309 5.466 5. 157 

31.58 ______________ __________ 30.2 -.365 5. 048 5.413 
36. 0 -. 251 5. 169 5.420 
46.2 -. 067 5. 352 5.4 19 
62.3 .218 5.652 5.434 
76.7 .517 5. 925 5.408 

40.13 _______ _____________ ___ _ 31.1 -.346 5.364 5.710 
41.1 - . 157 5. 505 5.662 
48.1 -. 034 5.673 5. 707 
57. 9 . 138 .>.850 5.712 
72.7 . 425 6. H7 5.692 

49.18 ____ __________ __________ 29.6 -.377 5.602 5.979 
38.6 -.203 5.773 5.976 
45.3 -.082 5. 895 5.977 
55.8 . 101 6. 069 5.968 
71. 0 . 388 6.371 5.983 

58. 76 __ ________ _ • ___ • • ______ . 29.5 - . 379 5.866 6.245 
38.6 -.202 5.993 6.195 
45.3 -.082 6. 157 6.239 
55. 1 .088 6.338 6.250 
70.6 .380 6.615 6.235 

68. 99 __________ _____________ • 29.3 - . 383 6. 188 6.571 
38.1 -.212 6.376 6.588 
44.2 -. 102 6.488 6.590 
55.0 . 087 6.681 6.584 
70. 1 .369 6.919 6. 550 

83 .43 _ . • __ _ • ______ ___________ 30.7 -. 354 7. 144 7.498 
35.2 -.266 7.285 7.551 
40.5 -. 168 7.243 7.411 
47.0 -.om 7. 410 7.463 
55. 7 .099 7.556 7. 457 
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