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389. The Dissociation Constants of the Cupric Salts of Some
Monocarboxylic Acuids.

By (Miss) M. Lroyp, V. WycHERLEY, and C. B. MoNk.

The solubilities of cupric iodate in solutions of the sodium salts of seventeen
monocarboxylic acids of the aliphatic and substituted aliphatic series have
been used to calculate the dissociation constants of the equilibria Cu** 4
R~ = CuR?*, where R~ represents the carboxylate anions. In general,
the extent to which the polarities of substituent groups affect the dissociation
constants of the acids is reflected in the values obtained for the dissociation
constants of the copper salts. Glycollate and lactate are outstanding
exceptions in that strong chelation occurs between their hydroxyl groups
and cupric ions.

THERE is considerable information available concerning the extent to which complex formation
takes place between metallic cations and dicarboxylate anions. Some of these results have
been obtained from series designed to examine the effects of substitution or of increasing the
chain lengths between the carboxyl groups. As instances of this, the results of Cannan and
Kibrick (J. Amer. Chem. Soc., 1938, 60, 2314) and Topp and Davies (., 1940, 87) show that with
the cations zinc, magnesium, calcium, strontium, and barium there is an increase in the dissoci-
ation constants of the complexes formed by a particular cation on passing along the series oxalate
to adipate. This has been shown to be true also with some other cations with the oxalates and
malonates (Money and Davies, Trans. Faraday Soc., 1932, 28, 609; Stock and Davies, J., 1949,
1371). The replacement of hydrogen by other groups in the chain of a particular anion is a
further variant which has been pursued, and again general trends are noticeable. For example,
the data of Cannan and Kibrick (Joc. ¢it.), and of Topp and Davies (loc. cit.) for the series succinic,
malic, and DL-tartaric, show the result of introducing hydroxyl groups, while the results of Riley
(J., 1930, 1642) and of Ives and Riley (J., 1931, 2006) indicate that alkyl substitution influences
the dissociation constants of copper and zinc malonates.

‘With the monocarboxylates, the results available (e.g., Cannan and Kibrick, loc. cit.; Topp
and Davies, loc. cit.; Davies, J., 1938, 277; Davies and Waind, J., 1950, 301) indicate effects
similar to those found with the dicarboxylates, but most of these results have been confined to
zinc and the alkaline-earth metals. As extension to these, some results are given here for the
cupric ion. These were obtained by passing solutions of sodium salts of the acids through
saturators containing cupric iodate. The solutions were kept at a pH of about 4 by having an
excess of the acid present. This precaution was necessary to avoid hydrolysis effects and the
formation of basic salts.

EXPERIMENTAL.

Cupric iodate crystals were formed by allowing strong solutions of cupric sulphate and potassium
iodate to drip slowly into nearly boiling water. The product was ground and the * fines > washed out.
If the salt is precipitated in cold water, very fine crystals of high solubility are produced. The crystals
were packed in saturators of the type described by Money and Davies (/., 1934, 400), and the iodate
concentrations of the saturated solutions (obtained at 25° 4- 0-03°) were determined volumetrically by
using sodium thiosulphate standardised by potassium iodate. Most of the acids used were of AnalaR or
Kahlbaum quality. With those containing halogens, blank titrations were made; these, in general,
showed that negligible corrections were necessary. A glass electrode was used to measure the pH of
the saturated solutions.

‘Whilst in most cases the solubility in water was 3-33 X 1073 M., there were a few instances, especially
when a fresh batch of crystals was used, when slight variations from this were found. The solubility in
water was therefore determined for each series.

If the reasonable assumption is made that Cu(IO,)* has a dissociation constant of 0-15 (by analogy
with similar iodates, Davies, J., 1930, 2410; 1938, 271)—a factor which cannot introduce much error
since the amount involved is so small—the solubility expression is, for the solubility in water quoted
above,

log [Cut+][10;~]% — 3F(Z) = 8:8790

where F(I) = log [I}/(1 + I} — 0-21]

I is the ionic strength, and the activity expression is that proposed by Davies (J., 1938, 2093). Where
the solubility in water differed from this, the above expression was accordingly modified. From the
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solubility product expression and a preliminary I value, a first value of Cut+* is obtained. Then from
the relations

[CuR*] == Solubility — [Cut*] — [Cu(IOy)*]
and [R7] = 2[Cut*] + [Cu(IOg)*] + [Nat] + [HY] — [I1057]

where R- refers to the organic anion, the concentrations of R~ and CuR* are obtained. The true
figures were derived by approximation until they became constant. Allowance was made for sodium
iodate formation (Macdougall and Davies, J., 1935, 1416). The dissociation constants were calculated
from

log K = log [Cu**][R~]/[CuR*] — 2F(l)

The essential data are recorded in Table I where the concentrations are given in mmols. or mg.-ions per
1., and the solubility in the salt solutions is listed in the column marked S. The first column contains the
concentrations of acid HR, and the second column contains the sodium hydroxide concentrations used in
making the solvent solutions. Because the solubility of cupric n-hexanoate proved to be rather small,
only dilute solutions of the solvent mixture were used in this case.

TaBLE L
Solubility Data (concentrations X 103).

HR. NaOH. S(H,;0). S. pH. [Cu*t]. [CuR*]. [R-]. 1037I.  10%K.
(1) R~ = Formate.

3040 12:37 333 416 3-7 2:63 145 1014 2149 10-4
3462 2442  — 4-84 40 2.32  2.44 2210 3397 106 > Mean 10-5
4343 3165  — 5-21 41 224 290 2886 41:38  10-6

(2) R~ = Acetate.
1863 11119 333 442 45 2:28 206 916 2020 58
1382 3256  — 5-89 40 1-71 411 2855 41.90 56 5Mean 6.7
153-3 4452 — 6-54 42 156 492 3968 5413 56

(38) R~ == Propionate.
27-00 1363 333 461 48 218 235 11130 2259 59
8385 2727  — 5:52 45 184 361 2412 3664 61 >Mean 60
1288 2098  — 5-71 42 179 385 2631 3937 59

(4) R~ = n-Bultyrate.
76-60 1990  3-36 492 4.6 215 270 1723 2910 72
15632 39-80 — 596 46 1.85 404 3579 4940 74 >Mean 73
1910 4974  — 6-38 44 171 461 4518 5945 72

(6) R~ = isoButyrate.
31.33 1113 3-33 436 44 2:3¢ 194 924 2020 6.4
62:66 1899  — 4-86 43 212 267 1636 2810 69 »Mean 67
9399 2890 — 5:48 43 1.90 351 2545 3817 67

(6) R~ == n-Valerate.
6160 1672 333 465 40 225 232 1452 2596 76
53-80 2273  — 5-02 46 210 285 1993 3195 75 » Mean 76
1232 3344  — 5-60 45 191 362 2986 4282 75

(7) R~ = isoValerate.
34-68 11-98 3:33 4-27 4-3 2-49 1-70 10-34 21-26 8-6
46-88 15-99 — 4-56 4-4 2-33 2-15 13-89 25-22 82 > Mean 83
93-76 29-86 — 5-32 4-4 2-04 3-21 26-70 39-26 8-2

(8) R~ = Trimethylacetate.
48-02 10-06 3-33 4-25 4-3 2-42 1.75 8:37 19:19 6-7
96-03 20-12 —_ 4-98 4:3 2-06 2-84 17-34 29-23 6:6 > Mean 6-5
123-0 25-80 —_ 5-36 4-3 1-91 3-40 22-50 35-00 6-3

(9) R~ = n-Hexanoate.
35-0 7-95 3:33 3-98 45 2-67 1.23 6-75 17-28 8:7 }M 9.0
400 1033 — 413 41 259 146 896 1971 92 ean

(10) R~ = Chloroacetate.

3977  37-67 3-36 4-75 4-0 2-88 1:79 35-98 4820 264
70-08  67-11 — 5:51 40 2-64 2-79 64-42 717-85 24-0 3 Mean 24-5
88-72  87-28 — 6-04 40 2-53 3-44 83-94 98-28 22-5

52
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TABLE I—continued.
HR. NaOH. S(H,0). S. pH. [Cutt]. [CuR*]. [R-]. 1031. 103K.
(11) R~ = Bromoacetate.

5475  52-01 3-36 5-07 45 2-87 2:12 49-93 6275 285
69-58  66-92 — 5-53 41 2-68 2-77 6425 7776  24-5 }» Mean 255
89-74  87.28 — 5-99 4-6 2-57 3-35 83-96  98-23 23-5
(12) R~ = Phenylacetate.

23-50  10-39 3-33 4-07 42 2-68 1-30 9-17 19-88 10-8
29-37  12:90 — 4-23 41 2-58 1-57 11-42  22:36 10-5 > Mean 10-6
44-06 1948 — 4-60 42 2-41 2-11 17-46  28-94 10-5

(13) R~ = Glycollate.
13-67 13-11 3-33 5-96 44 1-27 4-63 853  21-62 1-3
18-23 17-19 — 6-65 46 1-12 548 11-74  26-05 1-3 » Mean 1-2
22-78  22-16 — 7-55 46 0-92 6-58 15-61 31-50 11

(14) R~ == Lactate.
7-17 6-24 3-34 4-75 44 177 2.91 3-38 14-56 1-3
10-90 9-49 — 5-42 4-3 1-44 3-92 5-64 17-76 1.2 > Mean 1-2
14-33  13:56 — 6-36 5-0 1-14 516 8-41 22-17 1-0

(15) R~ = Trichlorolactate.
1358 1266 333 394 37 301 084 1205 22:83 241
27-16 2577  — 142 39 286 148 2444 3601 234 b5 Mean 25-2
29-27 2964  — 445 42 295 142 2812 3983 281
(16) R~ = a-Bromobutyrate.
20-06 1894 334 407 39 314 084 1825 2930 360
25-64 2373  — 4-22 3.7 300 104 2291 3431 340 §Mean350

(17) R~ = B-Iodopropionate.

53:20 29-88 3:33 4-95 4-2 2-37 2-50 27-46 39-58 12-3
63-85  37-37 — 5:27 4-1 2-26 2-93 34-556 47-19 12-2 5 Mean 12-2
85-12  47-82 — 5-66 4-2 2:15 344 44-46 57-714 12:0

DiscussioN.

In the figure comparative plots are drawn of the dissociation constants of the acids, the copper
salts, and a few figures which are available for some other cations. The general parallel nature
of these is striking evidence that the same influences operate in governing the dissociation con-
stants of both acids and salts. The main exception to this is where the anion contains a hydroxyl
group, when the metallic cations become bound by chelation forces. This has been illustrated
previously with calcium (Davies, J., 1938, 277). With the exception of the hydroxy-acids, the
general trends in the dissociation constants of the acids and salts may be interpreted in terms of
the electron-displacement abilities of the various substituents; these effects have been inter-
preted in detail by Ingold and others (¢.g., Chem. Reviews, 1934, 15, 225) under the general title
of inductive effect. The influence of substituents on the dissociation constants of the acids is
related to their electron-attracting capacities which, for the examples with which we wish to
draw comparison, are in the order Halogens > OH > H > alkyl (Dippy, Ckem. Reviews, 1939,
25, 351), i.e., this is the order of decreasing values of the dissociation constants. Comparison of
the data for the acids with those of the copper salts (Table II) shows that this order is maintained
by the latter except when, with a hydroxyl group, chelation forces are operative.

With the series formate to hexanoate, the order of the dissociation constants of the acids and
of the salts is not identical. Thus the values of the normal acids tend to become smaller as the
alkyl group increases in length although #u-butyric acid shows marked departure from this
generalisation, having a larger value than its neighbours. With these acids, therefore, the
electron-repulsion capacity of the alkyl group tends to increase as the chain length grows. The
copper salts of the normal acids, on the other hand, although showing an analogous decrease in
their dissociation constants on passage from formate to acetate, thereafter show a steady rise.

The apparent anomaly in the dissociation constant of zn-butyric acid is considered by Jenkins
and Dippy (J. Amer. Chem. Soc., 1940, 62, 483) to be mainly related to C-CH4 and C—O dipole
interaction resulting from restricted rotation favouring a  cis *’-configuration; Dippy (loc. cit.)
suggests that the acids beyond »-butyric acid are also involved, to some extent, in a similar
chelation process. It therefore appears that this factor which tends to discourage the combin-
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TasLE II.
Dissociation constants of acids and copper salls.
Acid, x 105. Copper salt, X 103. Acid, X 105. Copper salt, x 102,
Formate ......... 17-1¢ 10-5 Chloroacetate ... 138¢ 24-5
Acetate ............ 1-75¢ 57 Bromoacetate ... 1382 255
Propionate ...... 1:34¢ 6-0 Phenylacetate ... 4-88 ¢ 10-6
n-Butyrate ...... 1.51 7-3 Glycollate ......... 14-8 ¢ 1.2
isoButyrate ...... 1-38 ¢ 6-7 Lactate ......... 13-7¢ 1-2
n-Valerate ......... 1.38 ¢ 75 Trichlorolactate 460 25-2
isoValerate ...... 1-67 ¢ 83 a-Bromobutyrate 1063 35-0
Trimethylacetate 0-89¢ 65 B-Iodopropionate 98 12-2

¢ Dippy, loc. cit. * Landolt-Bornstein’s ‘‘ Tabellen,’”” Main vol., p. 1123. ¢ Nims, J. Amer. Chem.
Soc., 1936, 58, 987. ¢ Nims and Smith, J. Biol. Chem., 1936, 113, 145.

ation of the anions with H* ions shows up more markedly when Cu*"* ions are substituted for
the latter. To some extent the especially noticeable effect in the case of n-butyric acid, which
has a larger dissociation constant than x-valeric acid, is reflected by the values for the copper
salts, since the n-butyrate constant is nearly as large as that of the n-valerate.

A

0 !

[ 5 0 5
Number of anion (see Table I)

O, Acids; Landolt-Bornstein's ** Tabellen,”” Main vol., p. 1123; Dippy, loc. cit. [, Copper;

+, Zinc; X, Calcium; A, Barium; Cannan and Kibrick, loc. cit. (corrected for ionic strengths) ;
Davies and Wyatt, Trans. Faraday Soc., 1949, 45, 770.

‘With the substitution of methyl groups at the a-carbon atom, as exemplified by the acids
acetic, propionic, isobutyric, and trimethylacetic acids, the electron-repulsion forces tend to be
accumulative so that there is a fall in the dissociation constants. With the copper salts this
effect is not so marked although the trimethylacetate certainly shows stronger association than
the isobutyrate, and the dissociation constants of both of these are smaller than those of the
corresponding normal salts. That there are not exact similarities between the acids and the
copper salts is undoubtedly due to the larger size and different charge of the Cut** ion.
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