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The ionizztion constants of iodic and bromic acids in formamide have been 
determined at 25, 30, and 35°C from solubility measurements. The ionization 
constants of iodic acid are found to be 9.83 x 10- ‘, 12.02 x lo- ’ and 12.14 x 10m2, 
respectively, and those of bromic acid, 9.56.x lO_‘, 9.70x IO-‘, and 10.15x lo-‘, 
respectively, at 25, 30 and 35°C. Thermodynamic parameters associated with the 
ionization processes have also been determined. 

Ionization constants of some organic acids from solubilities in aqueous 
medium have been determined by Albert’, and Krebs and Speakman2. Li and TuIo3 
have reported the ionization constant of iodic acid at 25, 30, and 35°C from the 
solubility of silver iodate in water, in potassium nitrate and nitric acid solutions. 
However, the ionization constants of acids such as, iodic and bromic, have not been 
determined so far in any non-aqueous solvents. It was considered worthwhile to 
determine them in formamide, a soivent having a dieIectric constant greater than that 
of water, chosen for the series of the present study4-6. 

The general experimental detaiis were essentialiy similar to those described 
earlitx5*6 Formamide (Riedel, pure) was further purified as described in a previous 
commu&ation4. Perchloric acid used was of G.R. quality, 

The solutions of perchloric acid were prepared by dissolving appropriate and 
weighed amounts of acid in known weights of formamide at the ice-cofd temperature 
to avpid decomposition of formamide during preparation of the solutions’, The 
method of solubility measurements, technique of the measurements and accuracy of 
analysis was also exactly similar to that described earlier’. The values of solubility of 
silver iodate and silver bromate in formamide in sodium perchlorate soiutions at 25, 
30 and 35°C were taken from our previous works*6. 
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The experimental results of the soIubiIity measurements are given in TabIes 1 
and 2 for siiver Mate and silver bromate, respectiveIy. In each table, the first column 
gives the moIarity, c, of perch!oric acid, the second the sohrbifity, s, of silver salt in 
mol I- *, averaged in czch case from three closeIy agreeing resuhs; the third column 
lists soIubility, s’, of silver salt in tbe same molarity of sodium perchlorate as reported 
in previous studiesss6. 

It is seen that the sofubifity of sifver salts in sofutions of perchIoric acid is higher 
than that in solutions of sodium perchlorate of the same mofarity- This might he due 
to the incompIete dksociation of iodic and bromic acids formed by the double 
decomposition of sikr iodate and silver bromate with perchloric acid, respectiveIy. 
Considering the simikxr assumptions as that of Naidich and Ricci8, in fo rmamide that 
the mean activity cocfiiclent of a sIightIy soluble saft is the same in sofutions of the 
same total ionic stren_@h, regardless of whether the electrolyte is an acid or the 
sodium salt of a given anion, the solubihty product of silver s&s in solutions of 
perchloric acid may be equal to their sohrbility product in sodium perchIorate 
sofutions of tfre same ionic strength. 

TABLE 1 

SOLUBILI-i-Y DATA FOR SILVER IODATE IN PERCHLORLC ACID AXD 
SODIUM PERCHLORATE SOLLWONS IN FORMAMIDE AT 25, 30 AND 3S°C 

CX 10’ SXZO( t’XZ@ 
(rJw1I-y (nd I- 1) (nwl z-1) (&fzY ‘) 

Tcm~azwe: U”C 

I-592 2.511 2.360 3.6063 
1.536 2371 3.5952 
xzm 3656 2-388 3.5760 
s-912 2.984 2471 3.5256 
6.089 3DI5 2490 35210 
9.568 3.452 2.585 3.4620 

Ternperarffe: 30-C 

1.665 
2980 
3.134 
9918 

14240 

2.849 2.690 3.5452 
3.027 2788 3SI9O 
3.053 2.862 3.3153 
4.166 3.133 33806 
5.028 3383 3.2986 

Tcnrpemnrc: 35’c 

I*#?22 3_273 3-142 3AsI 
2629 3,475 3.208 3-4591 
6-726 4-133 3.416 33837 
8-196 4363 3.49z 3.3602 
9.668 4.732 3.545 3.3250 
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TABLE 2 

SOLUBILITY DATA FOR SILVER BROMAn IN PERCHLORIC ACID AND 
SODIUM PERCHLORATE SOLUTIONS IN FORMAMIDE AT 25, 30 AND 35’C 

cx102 sX102 5’ x 201 ---logs 
(nrOr I") (maZ I- 1) (mZ z- 1) 

Temperafwe: 25 “C 

2*7x 
3.543 
4.645 
6.352 
8.539 
9.31.S 

10.420 

~cmperature: 30 “C 

2.876 
4.860 
5-945 
9342 

IO-812 
II.992 

Tempaatwer 35°C 

2625 
3.225 
5.226 
6.180 
7.185 
9.766 

2080 I.890 1.5820 
2.118 I.905 1.6740 
2185 1.940 1.6605 
2.291 1.950 1.6401 
2442 1955 1.6122 
2501 I.960 i-6019 
2.570 I.965 fS9of 

2.236 2034 I .6507 
2.338 2.054 1.6311 
2393 2076 1.6211 
2.626 2.086 1.5806 
2762 2101 1 S.588 
2.858 2.521 Is440 

2.344 2.152 I.6301 
2396 2165 1.6204 
2A93 2170 1.6033 
2570 2.17s 1.5901 
2537 2211 1.5789 
2.754 2.220 I.5601 

Thus, the various ionic concentrations in perchloric acid solutions may be 
cakuIated by the foliowing equations3: 

=x0,- = KJs= = 23.2/s= 0) 

%3xO~ = s, - cq... (2) 

=H+ = cHCIO, - %X0, (3) 

P = s,+c,+ 

= cHCIO. + cXOy (41 

Where X0, stands for IO; or BrOy, s,, the observed solubility in sodium per- 

chlorate solutions, and S, that in perchfork acid sofutions of the same ionic strength. 
An illustration of the method of calculation is described for silver iodate as follows: 

Temp. ZS’C, cpiicto, = cHcIor = 1.592 x 1O-2 

From Table I, s, -= 2.360 x W4, s* = 2.511 x HP 
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BY mean.s ofeqn (0, Cm; is calculated to be 2,218 x 10q4, but this value is only a first 

appro_ximation, since the tmcorreaed value of p in acid solution is used. Taking into 
account the incomplete dissociation of iodic acid, the first corrected value of Jo in 
perchloric acid solution is then given by eqn (4) and equal to I _6f 4 x 1 0m2_ Taking the 
value of S, and interpolating this value to correspond with the correct vaIue of p 
(1,614~ lo-‘), a new value of S, (2334 x lo-‘*) is obtained and a second approxi- 
mation for cloy (2.169 x IO-‘)). Further by means of eqn (4) and taking the second 

approximation value for cro;, the second corrected value of p is obtained which is 
equal to 1.614x IO -‘. Thus, the tit and the second corrected values of p become 
equal and no further reiteration is required. The final values of s, and other concen- 
trations thus obtained a.re shown in Tables 3 and 4, for silver iodate and silver 
bromate, respectively_ In Figs_ 1 and 2, the logarithms of the solubility (sJ in per- 

ch’foric acid solutions and that of the corrected values of solubility (3,) in sodium 
perchlorate solutions are plotted against ,!p, for siIver iodate and silver bromate, 
respectively.. For the sake of convenience these solubilitJr values in electrof~e solutions 

are represented as s in the figures. The ionization constants, Km, for iodic and bromic 
acids calculated in terms of concentration have been tabulated in the last column of 

Tables 3 and 4, respectively. 
The solubiIity data presented in this paper are subject to the following source of 

error. Unfortunately, at present, there seems to be no suitable method for preparing 

TABLE 3 

CALCULATION OF K, FOR IODIC ACID IN FORMAMIDE AT 25, 30 AND 35°C 

CH#-JOa x IO’ s, * I@ s, * zo* cio; x IO-’ C”IO, x IO” cH+ 2-z m2 dfl Kla 
(mui I - 9 (noif-‘) (ma1 z-q (mol I-‘) (mof I - ‘I (mol I - ‘) 

Temperature: 23 “C 

1.592 2511 
I.536 2sm 
3.200 2656 
5.912 2965 
6.089 3.015 
Y-568 3.452 

Temperamre:H)"C 

1.665 us49 
2950 x027 
3.134 3.G53 
g-918 4.166 

14240 5.028 

Tempcrafure: 3S”C 

m29 3-273 
2629 3.47; 
6.726 4.133 
%I96 4.363 
9&s 4.722 

2.334 2169 0.342 1.589 0.1271 0.1008 
2216 2166 0.374 1.832 0.1363 0.1061 
2407 2.181 0.475 3.I95 0.1795 0.1467 
2.497 2.089 0.895 5.903 0.2435 0.1377 
2.501 2075 0.940 6.080 0.2472 0.1342 
2588 1.9%) 1.512 9.553 0.3096 0.1225 

2707 2572 0277 1.662 81300 0.1543 
2798 2.586 0_4sl 2976 0.1734 0.1745 
2807 2.580 0.473 3.129 0.1777 0.X706 
3.148 2,382 1.784 9.900 0.3154 0.1321- 
3334 7310 2818 14.212 0.3762 0.1114 

3.120 2974 0299 1.026 0.1029 0.1021 
3.241 3.024 0.45 I 2624 0.1633 0.1759 
3.442 2866 1.267 6.713 0.2599 0.1518 
3,498 2805 ssss 8.180 0.2867 0.1473 
3.551 2665 2067 9.647 0.3i14 0.1244 
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TABLE 4 

CALCULATION OF K, FOR BROMIC ACID IN FORMAMIDE AT 25, 30 AND 35°C 

CHt,O( x 10’ s, x IO2 S‘X 102 cafi; x zo= CHHfl, ‘y IO2 CM+ x zo= 1/p K, 
(7noi I - 1) (mol I - ‘) (nwi I - ‘) <t?wlI-‘) (In01 I - 1) (mdf-1) 

Temperature: 25°C 
2.735 2.080 
3.543 2118 
4.645 2.185 
6-352 2291 
8.539 2.442 
9.315 2.501 

10.420 2.570 

Tempenzture: 30 “C 
2876 2.236 
4.860 2.338 
s-945 2393 
9342 2626 

10.812 2.762 
11.992 2858 

Ternperarure: 35 “C 
2.625 2.344 
3.225 2.396 
5.226 2.493 
6-180 2.570 
7.185 2.637 
9.766 2.754 

1.916 1.764 0.316 2.419 0.2120 0.1350 
1.923 1,745 0373 3.170 0.2299 0.1483 
I.932 1.708 0.477 4.168 0.2521 0.1492 
1.94i 1.646 0.645 5.707 0.2828 0.1456 
1.952 1.560 0.882 7.657 0.3178 0.1354 
1.955 1.528 0.973 8.342 0.3293 0.1310 
1.958 1.491 1.079 9.341 0.3450 0.1291 

2.055 1.588 0.348 2.528 0.2183 0.1371 
2.074 1.838 0.500 4.360 0.2587 0.1602 
2.082 1.811 0.582 5.363 0.2785 0.1668 
2100 1.679 0.947 8.395 O-332@ 0.1488 
2.105 MO4 1.158 9.654 0.3524 0.1337 
2.109 1.556 1.302 IO.690 0.3681 0.1277 

2.179 2.025 0.319 2.310 0.2157 0.1467 
2.185 1.946 0.456 2.719 0.2274 0.1160 
2202 1.944 0.549 4.677 0.2677 0.1656 
2.208 1.897 0.673 5.507 0.2842 0.1552 
2.213 1.857 O-780 6.405 0.3007 0.1524 
2.223 1.794 0.960 8.806 0.3400 0.1645 

pure anhydrous perchloric acid. Perchloric acid of G-R. quality (70%) was used in the 

determination of solubility of silver salts in formamide solutions. As described in 
earlier papers of this series, formamide is thermally unstable to some extent and 

ammonia is one of the decomposition products. It is possible that the free ammonia 
thus produced, coming in contact with aqueous perchloric acid neutralizes the acid. 
It thereby decreases the acid concentration as well as the formation of iodic or bromic 

acid which could be produced by double decomposition of silver iodate or silver 
bromate with perchloric acid, and the expected solubility of siiver salt in pure per- 
chIoric acid-formami de solution will bc Iess than that obtained in aqueous acid 
solution. However, the smooth linear plots (Figs. I and 2) of solubility in perchloric 
acid-forrnamide solutions against the ionic strength and comparison with that 
obtained in the presence of sodium salt seem to suggest that the error arising from this 
source is not at all sign&ant. 

. 

The thermodynamic ionization constant, G, of acid is related to K,,, by 
tXpl&iOB 

log K = log K,-2Arp (5) 

where the values of A used were the same as reported by Agarwal and Nayakg. The 



30 

BeI 
02 03 34 

4= 

Fig- 1_ SoIubiIity of silver iodate in cktro1yt.e sohtions- 

I* 

2st 
‘=====--------__ 

i7 
-~-_--_--_~---__ 

_ ===_-y-r=_=~---=_= 

; 

- --_ 

-= --- 

4: ---=- 

m= 0 z rraao, 
4 

I 
. I EC104 

c3 

“l 
0 al z 03 a4 

Fig. 2. !SoIubiIity of siIver bromatc in &ctrolylc soIntions. 

values of K were determined from eqn (5) for each molarity. These values, as 
expected, did not remain constant with change of molar&y and have been tabulated as 

K:_ Tables 5 and 6 list the values of K: for iodic and bromic acids, respectively. The 
true JQ value was obtained 1o-11 by plotting the K: values against the ionic strength, 

+/p, and extrapolating to zero ionic strength (not shown in Figure). The K, values for 
iodic and bromic acids are shown in Tables 5 and 6, respectively. 

For the sake of comparison, the J& values for iodic acid in water have been 

caiculated from eqn (33 by using the solubility data of Ii and Tulo3_ It is seen that the 
K, values did not remain constant with change of ionic strength, so these values have 

been tabulated as K: and the extrapoIation of these K: values to zero ionic strength 
yields the true K. values for iodic acid_ These values are presented in Table 5 along 
with the data obtained in formamide. 

The K values for iodic acid in formamr ‘de are found to he 0.0983+0.01, 

0.1202iO.01, and 0.1214+0.01, and for bromic acid in formamx ‘de 0.0956 FO.01, 

0_097O_CO.O2, and 0_1015 f0.02 at 25, 30 and 35OC, respectively. The & values for 
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iodic acid may be compared with those in water as reported by Li and Tulo3 (0.164, 
0.153 and 0.144, respectively, and rccaIcuIatcd by means of eqn (5): 0.1536&0.00+ 
0.1438t0.002, and 0.1367?0.002, respectively) at 25, 30 and 35OC. Thus the K, 
values are found to be lower in formamide than those obtained in water and are in 
agreement with a genera1 behaviour as shown by weak acids studied in this 
solventlo*ll_ 

Increasing the temperature leads to an increase in K values for both acids in 
formamide, whereas the reverse is the case in water medium as it is observed from the 
available data for iodic acid in that solvent The standard free energy change, AG, 
for the ionization process of the acids is obtained by the relation, AG” = --RTln &,. 
The values of & as we11 as of AGO are shown in Table 7 together with similar data 
calculated in water (for iodic acid only) for the sake of comparison. 

Plots of log 1Fc, against l/T yield straight lines in each case and the heats of 
ionization (AH’) of iodic and bromic acids calculated from the slopes of these plots 
are 21.19 and 5.46 J, respectively_ It is of interest to compare the heat of ionization of 
iodic acid in formamide with that in water, calculated in a similar manner from the 

TABLE 5 

VALUES OF K. FOR IODIC ACID IN FORMAMIDE AND WATER AT 
25, 30 AE;D 35°C 

In formamide In uxfer 

Tempewuw 25°C 

1 s92 0.1271 
1.836 0.1363 
3.200 0.1795 
5.912 0.2435 
6.089 0.2472 
9.656 0.3096 

Tempffarwe: 30°C 

1.665 0.1300 
2980 0.1734 
3.134 0.1777 
9.918 0.3154 

14.240 0.3762 

Temprutnrer 35’C 

I.029 0.1029 
2629 0.1630 
6.726 0.2599 
8.196 0.2867 
9.663 0.3114 

0.0842 
0.0875 
0.1139 
0.0976 
0.0946 
0.079 1 

0.1283 
0.1364 
0.1326 
0.1184 
0.0853 

0.0881 
0.1395 
0.1049 
0.0980 
0.0799 

0.6503 0.082 0.1557 
1.410 0.120 0.1492 

0.0983 7.050 0.266 0.1137 
f0.01 12.130 0.349 0.1014 

25.280 OS03 0.0898 
s0.500 0.711 0.0754 
87.380 0.935 0.0567 

0.6503 0.082 0.1343 
0.1202 1.410 0.120 0.1274 

20.01 7.oSo 0.266 0.1209 
12130 0.349 0.1023 
25.280 0.503 0.0849 
50.500 0.711 0.0643 

0.6503 0.082 0.1316 
0.1214 1.410 0.120 0.1211 

f0.02 7.050 0.266 0.1086 
12130 0.349 0.0930 
25.280 0.503 0.0815 
5osoO 0.711 0.0595 

0.1536f 

gz4)3 

0.1438f 
0.002 

(O-153)3 

0.1367f 
0.002 
(0.144)’ 
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TABLE 6 

VALUES OF K, FOR BROMIC ACID IN FORMAMIDE AT 25. 30 AND 35°C 

Tmzpproru+c~ Zi’C 

2735 0.2120 
3.543 0.1399 
4.645 0.252 I 
6-352 0_2828 
8539 0.3 17s 
9.315 0.3293 

IO.420 0_3so 

TenIperarKtrc- 30 “C 

2876 O-2183 
4.860 0.2587 
5.945 0.2785 
9.342 o..t320 

10.s12 0.3524 
11.992 03681 

Tempcrarroz: 35 “C 

2625 0.2157 
3.225 0.2274 
5.226 0.2677 
6.180 0.2842 
7.185 03007 
9.766 0.3400 

0.1000 
0.1072 
0.1044 0.0956 
O-0976 io.01 
O-OS64 
0.1038 
O-0793 

O-1007 
0.1110 
0.1124 
0.0929 
0.0812 
0.0758 

0.0970 
f 0.02 

0.1078 
o.oS40 
0.1132 
0.1036 0.1015 
0.0993 L 0.02 
0.1014 

TABLE 7 

Sl-ANDARD Y-KERMODYNAMIC QU ANTITIES OF IODIC AND BROMIC ACIDS 
IN FORMAttIDE AND WATER AT 25, 30 AKD 35°C 

Tcmp_ %X10" AC” x IO- 3 AH”xZo-= Is” Solution 

<‘c) Q <I) Cf dcs-9 

Iodk acid 

25 
25 
30 
30 
35 
3s 

9.83 5.745 21.19 51.88 fomamide 
16.40 4.644 10.39 1925 water 
1202 5.339 21.19 5234 formamide 
1530 4.888 1039 18.13 water 
1214 5.401 21.19 51.30 formamide 
14-40 5m.s 10.39 17.16 water 

3romicacid 

25 9.56 
3c 9-70 
35 10-15 

5.820 5.463 - 1.053 formamide 
5.882 5.463 - Iz243 fontlanlide 
5.861 5.463 -1-154 formamide 



33 

vahes of K, in water’, The resulting value is found to be 10.39 J which is 1-r than that 
found for iodic acid in formamide (21.19 -I). If AH” is assumed to remain constant 
over the range of temperatures employed, which appears to he the case, the standard 
entropy change, AS for the ionization process may he evaluated from the relation, 
AS” = (AW-AGO)/T. Th ese va!ues are also shown in Table 7 together with the 
corresponding values in water for iodic acid. 

The AC values are positive indicating that ionization is not spontaneous. The 
positive values of AHo show that the reaction is endothermic. Both acids show a 
similar trend in their AG” and AH” values, but differ in their AS” values. The negative 
values of AS’ for bromic acid indicate that there is more. order in the ionized form 
than in the unionized form, but the reverse is the case for iodic acid. This may be due 
to the lower salvation ener,oy of silver iodate in formamide than that of silver bromate 
in this soIvent6_ A comparison of the present data for iodic acid with the corre- 
sponding values in water shows that the AG”, AH” and AS” values are on the higher 
side in formamide than in water. This indicates that the ionization process is more 
energy-consuming and the ionized form is more disordered in formamide than in 
water. 

The author wishes to express his sincere thanks to Dr_ B_ Nayak, Professor of 
Chemistry, Indian Institute of Technolow, Khargapur, for his interest in the work 
and encouragement_ The experimentaI part of this investigation was carried out at the 
Chemistry Laboratory of the Institute. 
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