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theoretical objective is, of course, solely to have the weights accurately 
compared inter se. But there is also the desideratum, when the exercise 
is given to students who are using the balance for the first time, that the 
method should appeal to them as simple and easy to grasp. 
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The hydrolysis of zirconyl chloride has been measured at room and 
higher temperatures by Ruer1 and a partial table given by Ruer and Levin2 

for zirconyl sulfate at room temperature. It was thought desirable to 
repeat these for varying dilutions and to determine both the progress 
and extent of hydrolysis. To throw further light, if possible, upon the 
reaction, experiments were carried out with a precipitant, iodic acid, which 
forms a practically insoluble compound with a portion of the combined 
zirconyl radical and carries down with it the fully hydrolyzed zirconyl 
hydroxide. At. least this is one explanation of its action. 

The 2 stable salts, zirconyl chloride and zirconium sulfate, were chosen 
for the purposes of the investigation. The latter is readily hydrolyzed to 
the zirconyl sulfate on the addition of water. These salts were freshly 
prepared and their purity carefully tested. The hydrolysis depends upon 
3 factors—concentration, temperature, and time. In these experiments 
the temperature was held constant and separate series were carried out 
for each degree of dilution. 

The apparatus used in making the conductivity measurements con
sisted of a modification of the Arrhenius conductivity cell, a Wheatstone 
"bridge, and a small induction coil with telephone receiver. The measure
ments were made with 0.2, 0.1 and 0.01 M solutions for the sulfate 
and. chloride. Readings were taken at 5-minute intervals when the 
hydrolysis was fairly rapid, and at increasing intervals as it slowed down. 
The first reading was taken immediately after solution. At the expira
tion of 3 or 4 hours the changes were so slight that the readings were 
stopped, since it was difficult to maintain the constant temperature for 
many hours or days. The relative conductivity is given in reciprocal 
ohms. 

It will be noticed that at both 0° and 20 °, and especially at the higher 
concentration, there is a brief period of temperature adjustment. This 

1 Ruer, Z. anorg. Chem., 43, 282 (1905). 
" Ruer arid Levin, ibid., 46, 449 (1905). 
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is more pronounced at o° and is doubtless due to the heat of solution. 
After expiration of 3 to 4 hours the change in conductivity is so slow as to 
amount almost to an equilibrium in the reaction. This may be due to 
the reversing influence of the liberated acid or to the formation of some 
definite product of hydrolysis which is more resistant to the action of 
water. These results corroborate those of Ruer, who found that further 
notable increase in hydrolysis was brought about only after many hours 
or on heating to boiling. On standing for some time after boiling the re
sistance increased to a slight extent, showing a reversal of the reaction or 
partial removal of the free acid. 

TABLE I .—EXPERIMENTS WITH ZROCLS, 

Time elapsed 
in minutes. 

First 
reading. 

5 
I O 

15 

2 5 

35 
45 
55 
75 
95 

115 

H 5 
175 

2 0 5 

Time elapsed 
in minutes. 

First 
reading. 

5 
1 0 

15 

2 5 

35 
45 
55 
75 
95 

115 

1 4 5 

1 7 5 

2 0 5 

3. 

O 

0 

0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

0°. 
>.50 g. 
n 1. 

11307 

08877 
08500 

08383 
08356 
08469 
08500 

08560 

0868.1 

08763 

09053 
09245 

09282 

naAift 

TABLE II . 
0°. 

ZrOSQi=20.26 
in 

1000 cc. 

0 .10067 

O. IOOOO 

O.IOOOO 

O.IOO44 

0 . 1 0 2 0 9 

0 .10297 

0 . 1 0 4 1 8 

0 .10528 

0 .10682 

0 . 1 0 8 0 3 

0 . 1 0 8 8 0 

0 .10935 

O . I I O I I 

O . I I O I I 

17 

O 

0 

0 

0 

O 

0 

O 

O 

O 

O 

O 

O 

O 

0°. 
75 g. 1. 
n 1. 

05194 0 

04929 0 

04920 0 

05010 0 

05153 0 
05250 0 

05331 0 
05413 0 

05451 0 

05619 0 

05641 0 

05719 O 
05729 0 

—HYDROLYSIS 
0°. 

ZrOSOj=2.026 
in 

1000 ce. 

0 .01275 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

01263 

01272 

01313 

01328 

01353 
01376 

01397 

01401 

01408 

01414 

01421 

01423 

01425 

0°. 
775 g. 
in 1. 

01014 

20°. 
35.50 g. 

in 1. 

O.16700 

01008 0 ,16072 

01009 0 .15957 

01014 0 .15905 

01027 0 ,16191 

01041 0 . 1 6 5 0 0 

01055 0 . 1 6 7 3 4 

01066 0 , 1 7 1 2 9 

01080 0 .17261 

01090 0 . 1 7 3 6 0 

01096 0 .17492 

01103 0 .17558 

01104 0 .17558 

O F ZiRcoNYL S U L F A T E 
20° 

ZrOSOi =»40.52 ZrOSC 
in 

1000 cc. 1 

0 . 2 4 8 0 0 O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

24550. 

24550 

24700 

24875 
25167 

25500 

25750 

26167 

26582 

26822 

27166 

27332 

27332 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

20°. 
17.75 g. 

in 1. 

0 .10799 

0 . i 1 0 5 5 

0 . 1 1 2 9 2 

0 .11545 
0 . i 1 6 7 2 

0 . 1 2 2 2 0 

0 .12472 

0 . 1 2 8 0 6 

0 .13057 
0 .13251 

0 .13392 

0 . 1 3 5 8 6 

0 . 1 3 6 7 0 

0 . 1 3 6 7 0 

, Z R O S O 4 . 
»0°. 
5i=20.26 

in 
300 cc. 

I 3 I 7 8 

13108 

13190 

13322 

13553 
13678 

13822 

13982 

14107 

14196 

14232 

14286 

H335 
I433S 

1. 

O. 

O . 

O . 

O . 

O . 

O . 

O . 

O . 

O . 

O . 

O , 

O . 

O . 

O . 

20°. 
?75g. 
n 1. 

01215 

01213 

01218 

01227 

01241 

01252 

01264 

01285 

01299 

01311 

01321 

01328 

01333 
rni'i'i. 

20°. 
ZrOSO4=2.026 

in 
1000 ce. 

O.01389 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

.01385 

.01385 

.01389 

.01408 

.01430 

.01449 

.01469 

.01481 

.01495 

.01507 

.01511 

.01514 

.01514 

Zirconium sulfate, Zr(SO^, was used for the next series of experiments, 
It has been shown that on the addition of water this immediately hydro-
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lyzes, forming a crystalline substance. The reaction is Zr(SCU)2 + 4H2O--*-
ZrOSO4.H2SO4.3H2O. This appears in the older literature as Zr(SQ^2.-
4H2O. As the sulfate is less soluble than the chloride, it was found im
possible to make a 0.2 M solution at o0 . In this series the tempera
ture adjustment is noticed again but is slighter. The equilibrium is 
reached after the same lapse of time. 

Precipitation with Iodic Acid. 
These experiments were carried out with zirconyl chloride only. Solu

tions of known strength were prepared and 25-cc. portions were with
drawn at definite time intervals. In these the iodic acid solution was 
added from a buret until a drop gave no further precipitate. This rloes 
not give the end-point with great accuracy, but sufficient to mark 
the change of ratio of the iodic acid to the zirconyl radical present. The 
results obtained give an indication of the extent of the hydrolysis. 

TABLE II I .—PRECIPITATION WITH IODIC ACID. 
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I t is noteworthy that there is here also indication of the initial effect 
of temperature adjustment and that there is a decrease in the amount of 
iodic acid necessary for precipitation until at the expiration of about 3 
hours the change becomes very slight. The iodic acid forms a compound 
with the zirconyl radical, liberating the hydrochloric acid. This com
pound is practically insoluble in water or weak mineral acids. When 
precipitated this carries with it such of the colloidal zirconyl hydroxide 
as may have been formed by hydrolysis. I t has been shown by Venable 
and Smithey1 that when this precipitate is treated with hot or cold water 
much of the iodic acid may be washed out. I t is interesting to note that 
after the lapse of 2 or 3 hours a practical equilibrium or period of slow 
change is reached in all 3 dilutions. When the rate of change per 
minute is examined it will be found that there are fluctuations. Some
times these show a reversal from increase to decrease, and again the op
posite is indicated. This is true both of the resistance and extent changes. 

In examining Table V the recurrence of certain ratios will be observed, 
1 Venable and Smithey, T H I S JOURNAL, 41, 1722 (1919). 

ZrOSO4.H2SO4.3H2O
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for instance, the end-points in the first 2-ratio columns and the ratios 
between 0.450 and 0.480. Some light is thrown on these by the experi
ments of Venable and Smithey. The ratio 0.456 would correspond to a 
hydrolyzed product ZrO(OH)2.2ZrO(I03)2, or to a zirconyl iodate in which 
V3 of the molecules had undergone hydrolysis. Such a product was ob
tained by these investigators when the precipitation was made in cold, 
concentrated solutions and the precipitate was freed from the filtrate by-
suction without washing. The ratio 0.533 corresponds to a product 
3ZrO(OH)2.4ZrO(IOs)2, in which 3 out of 7 molecules had been hydrolyzed. 
This was obtained when the precipitate was formed from dilute solutions 
and washed with a limited amount of water at room temperature. The 
ratio 0.914 corresponds in the same way to 2ZrO(OH)2.ZrO(IOg)2, in which 
2 out of 3 molecules have been hydrolyzed. Here the precipitate was 
washed with hot water in increased amount. A ratio 1.218, correspond
ing to 3ZrO(OH)2^ZrO(IOs)2, where 3 out of 4 molecules had been hydro
lyzed, was obtained after prolonged washing with hot water. 

Summary. 
i. The hydrolysis of zirconyl sulfate and chloride has been examined 

both by relative conductivity and by a precipitation method. The tem
peratures were o0 and 20°, respectively. Three different dilutions were 
used and the effect of the time factor noted. 

2. There appears to be an initial temperature adjustment on dissolving 
the salts. Afterwards there is a decrease in the resistance until after 
about 3 hours an equilibrium or period of very slow change is reached. 

3. In the experiments with iodic acid there is also indication of an initial 
adjustment, The extent of the hydrolysis is indicated. The equilibrium 
or period of slow change is reached in 2 to 3 hours. 
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Most of the papers on molecular attraction make use of one of the 
equations of state in order to calculate the internal pressure of pure sub
stances in the liquid state. I t is evident that such equations give a very 
uncertain basis for the determination of results which represent more 

1 Published in abstract in Proc. Nat. Acad, ScL, 5, 569-73 (1919). For similar 
work with water and organic liquids see Hardy, Proc. Roy. Soc. London (A) 88, 303-33 
(1913); Harkins, Brown and Davies, T H I S JOURNAL, 39, 354-64 (1917); and Harkins, 
Clark, and Roberts, ibid., 42, 700-12 (1920). 


