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Heat of Solution of Zinc Oxide in 2 N Hydrochloric Acid 
Richard B. Peppler and Edwin S. Newman 

The heat of solution of ZnO in 2 N hydrochloric acid was found to vary from 185 to 203 
calor ies per gram, depending on the p roportion of ZnO. For 1 gram of ZnO in 640 grams 
of 2 N hydrochlo ric acid , the heat of solution was found to be 185 calories pe l' g ram, in fair 
agreement with t he value' of 196 calor ies per gram calcu lated from t he publ ished heats 
of formation of ZnO, Zn C I, (aq), and H CI (aq), and t he measured heat of mixing of Zn CJ, (aq ) 
with H Cl (aq). 

I. Introduction 

Zinc oxide has been found to be a convenient 
material for determining the energy equivalent 
(h eat capacity) of calorimeters that are to be used 
for the determination of the h eats of solu tion of 
acid-soluble materials [1 , 2]t It has proved to be 
particularly useful in those laborator ies that do not 
have the relatively elaborate equipment necessary 
for an electrical calibration. 

In the F ederal and in th e ASTM specifications for 
measuring the heat of hydration of portland cement, 
[3, 4], zinc oxide serves as a standard to determine 
the energy equivalent of the heat-of-solution. calormi
eter. In. the specified procedmc, 2 N nitric acid 
solution constitutes 98 percent of the solvent, the 
remainin.g 2 percent being hydrofluori c acid. The 
experimen.tally detcrmined h eat of solut ion of ZnO 
in th is solven.t, and the value of the h eat of solu tion 
of ZnO ill 2 N nitric acid calculated from available 
heat-of-fornlation data arc in good agreement. 

Some invest iga tors, however , have uscd hydro
chloric acid as a solvent in the determination of the 
heat of solution of portland cement and other 
materials [2 , 5, 6, 7]. In some investigations of this 
type at this Bureau , zinc oxide has been used to 
calibrate the h eat-of-solution calorimeters. 

The data presented here show Jail' agreement with 
the value of the heat of solut ion of ZnO calculated 
from published h eat-of-formation data, when the 
heat of mixing of Zn.CI2 (aq) with HCI (aq) is 
taken i.nto account. 

II. Apparatus and Reagents 

All Lhe de termi.na t ions were made in a heat-of-so
lution colorimeter described previously [11]. The 
en ergy equivalent of the calorimeter was determined 
electrically. In each experiment, the calorimeter 
charge was 640 g of 2 Nhydrocholoric acid (HC1. 26.64 
H 20 at 25° C) . 

Zinc oxide of analy tical reagent quality was gl'oLmd 
to pass a No . 100 sieve, h eated for 1 hoUl' at 900° to 
950° C, and stored in the laboratory in a dark scre lV
capped bottle. 

For the determination of the h eat of dilution of 
Zn Clz in 2 N HCI , all aq neous stock solution of 
ZnClz, 53.28 H 20 was prepar ed from ZnC12 of analyt
ical reagen t quality and of known moisture content. 

I Figures in brackets indicate the literature references at the end of this papel·. 

The calorimeter sample was taken from this aqueous 
solution of ZnCI2• 

In order to lmow accurately the temperatUl'e of the 
calorimeter sample, in the dilu tion experimen ts, the 
ZnCl2 solution was kept in a bottle immersed in the 
constant-temperature bath of tbe calorimeter. The 
p ipette with which tbe sample was transfened to the 
calorim eter was also kept in the ba th in a vertical 
brass tube closed at the bottom and proj ecting 
slightly above the water sLU·face. Thus the temper
ature of the zinc chloride solution was nearly the 
same as that of the bath. As the calorimeter was 
operated so that the final temperature was nearly 
the same as that of the bath , only a small correction 
was n ecessary to accoun t for the heat capacity of the 
sample. . 

The fin al tempflratures of the calorimeter in the 
h eat-of-solution experimen ts were from 24 .5 0 to 
27.40 C. No attempt was made to correct the h ea ts 
of solution to 25° C. 

III. Results and Discussion 

1. Experimental Measurements 

D eterminations wer e made of the heat of solution 
in 2.00 N HCI of samples of ZnO ranging from 0.1 
to 20 g in weigh t. Tlu'C'e dC'tenninations wer e made 
with each size of samplC' (see table 1) . The resul ts 
were plotted against sample weight, and a lin e was 
fitted to the data by the method of least sq uares 
(fig. 1) . The equation of this lin e was found to be 
Q= 184.7 + 0.91 x, 'wh ere Q is th e h eat of olution in 
calor ies per gram, and x is the sample weigh t in gr ams. 

'fA BL," 1. Effect of sample weight on the heat of solution of 
ZnO in 640 gram s of 2 N H e l. 

lIeal of sol ution 
ZnO 

Average 
-------------1----1--------

g cally cally cal/g callg 
O. L ______________ . _______ . 185. 4 184. 6 184. 5 184.8 .5 _______________________ _ 186. 4 183. 9 184. G 185.0 
1 _________ ______________ _ 185. 0 185.4 184. 4 184. 9 2 _. _____________________ _ 188.4 186. 7 185.8 187.0 3 ____ ____________ __ . ____ _ 187. 0 188. 7 188.1 187. 9 
4 _________ __ ___________ __ 189.4 186. 7 189.8 188. 6 
7 ___ _______________ ____ __ 190. 9 190. 7 191. 7 \91.1 

10 ____________ _________ __ _ 195. 0 195. 3 192. 7 194.3 1<1 ________________ ____ ___ _ 198. \ 197. / 194. 1 196,4 
20 ____ ___________________ _ 206. 6 202. 6 200. 8 203. 3 
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Effect of sample weight on the hea,t of. solution of 
ZnO in 640 g of 2 N hydrochlonc ac~d. 

'rhe equation of the line is 0= l84:7+0.91x,. where 0 is the heat M mlution in 
calories per gram, and x lS the wClght of the sample m glams. 

A sample of 28 g was dissolved, and a value only 
slightly greater than that of. a 20-g sample . was 
obtained, indicating that at hIgher concentratlO!ls, 
the curve flattens out. An attempt to determme 
the heat of solution of a 56-g sample failed because 
of the extreme difficulty in measuring the large and 
rapid temperature rise , and ~e~ause the sample w~)Uld 
not dissolve completely wlthm a reasonable tIme, 
that is, 60 min. 

It may be seen in figure 1 that tl~e v~lue .of ~he 
heat of solution of ZnO in 2 N HCI at mfinlte dllutlOn 
is JlJ)PNximately J85 ' c~l{g. . .. 

The variation of Q with sample weIght, as mdl
cated by the slope of the line ~n figure 1, is a m~asul'e 
of the change in the heat of dllutlOn for a solutIOn of 
zinc chloride in hydrochloric acid. The variation 
of Q also includes the h~at of dilution of the ~ydro· 
chloric acid mix resultmg from the formatIOn of 
water and the removal of HCI as a consequence of 
the reaction. This heat effect is small relative to 
the dilution of the zinc chloride solu tion, except in 
the casc where large samples of zinc oxide arc used, 
in which cases the proportions of HCI removed and of 
additional H 20 added to the final concentration by 
the reaction are significant. 

2. Method of Calculation 

The heat of solution of a l-g sample of ZnO in 640 
0' of 2.00 N hydrochloric acid at 25° C may be repre
~ented by the following over-all reaction 

1 45.18 594.82) 1 Z Cl 
81.38 ZnO (c) + 36.46 HCl, 18.02 H 2( -7 8l.38 n 2, 

( 45 .18 2 )HCl (594.28 _ 1_ )HO+ Q 
36.46 - 81.38 '18.02 +81.38 2 • 

Writing this equation in the customary form based 
on 1 mole of ZnO 

ZnO (c)+ 100.85(HCl, 26.64 H 20 )--'7 

ZnCl2 [98.85 (HCI, 27.19 H 20)] + Q. (1) 

Equation 1 may bc considered as the sum of the 
following four equations: 

100.85 \HCl, 26.64 H 20) -7 98.85 

(HCI, 26.64 H 20) + 2 (HCI, 26.64 H 20) + Q[ . (2) 

ZnO (c)+2 (HCI, 26.64 H 20 )-7 

ZnCI2, 53.28 H20 + H zO (l) + Q2' (3) 

ZnCI2 , 53.28 H 20 + 98.85 (HCI, 26.64 H 20) -7 

ZnCl 2 [98.85 (HCI, 27.18 H 20)] + Q3' (4) 

ZnC12 [98.85 (HCI , 27.18 H20 )]+ H zO (l) -7 

ZnC12 [98 .85 (HCI, 27.19 H 20)] + Q. . (5) 

The heat of the reaction Q2 is the sum of OlJ 02, 
Q3, and Q4 and may be calculated if the individu~l 
heats of reaction are known. The value of 01 IS 
zero. The heat of reaction Q2 (eq 3), calculate~ 
from heats of formation [8, 9] is 19.11 kcal/mole of 
ZnO at 25° C. 

The value of Q, (eq 4) was fOlllld in the heat of 
dilution experiments with ZnClz to be -3.22 ± 0.01 
kcal/mole. 

The value of 04 (eq 5) was calcula ted from pub
lished data on the heat of dilution of HCI [10], 
assuming that the heat effect of adding 1 mole of 
H 20 to a solution of 98.85 moles of HCI and 2,688 
moles of H 20 would not be appreciably aflected by 
the presence of 1 mole of ZnCb in the solution. The 
value of 04 was fOlllld to be + 0.02 !ccal/mole. 

Thus the heat of reaction Q can be calculated to be 

Q= 19.11-3.22 + 0.02 = + 15.91 !ccal/mole 

= 195.5 cal/g ZnO. 

This value differs by 10 cal/g from the value 
determined experimentally. Part of the discrep
ancy may lie in the uncertainties in the published 
heat-of-formation data used to calculate Q2 (eq 3). 

The value of the heat of solution of ZnO in 2 N 
nitric acid was calcula ted on the assumpt.ion that the 
Zn(NO,)2 formed is diluted in 'Ivater, instead of nitric 
acid, as is actually the case. This valu.e do~s n~t 
differ appreciably from the value determmed Jl1 t~ls 
laboratory in experiments in which Zn~ was dIS
solved in a mixture of 98 percent of 2 N mtnc and 2 
percent of hydrofluoric acids [12]. However, be
cause of the large endothermic hea~ effect of ~he 
dilution of ZnCl 2 in HCI, a correspondmg assumptlOn 
in the case of ZnO dissolving in RClleads to a grea;t 
discrepancy (100 cal /g) bet"ween the value expel:l
mentally determined and the valuc calculated 111 

this manner. 

2 The heat o( the reaction is considered to be positive i[ heat is evolved, L e., 
0=-611 . 

122 



IV. Summary 

The change of the heat of solution of ZnO in 640 g 
of 2 N Bel wi Lh sample weight was investigated in 
the range from 0.1 to 20 g of ZnO. This relation can 
be represented by a straigh t line having a slope of 
approx imaLely 1 eal/g/g and an in tercep t on the Q 
axis (Q aL infinite dilu tion) of approximately 185 
cal/g. For 1 gram of ZnO in 640 g of 2 N hydro· 
chlori c acid, Lh e h eat of solution was found to be 
185 cal/g, in fair agreemen t with the value of 196 
cal/g calcula ted from the published h eats of forma 
tion of ZnO , ZnC12 (aq) , and HCl (aq) and the m eas
ured 11 eat of mixing of ZnC12(aq) with HCl (aq) . 
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