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Heats of solution of a series of glasses in the system PbO-B20 a were measured in 2 N 

nitric acid with a simple vacuum-bottle calorimeter. H eats of solut ion of a series of glasses 

in the system PbO-Si02, ranging in composition from 6 to 35 percent of Si02, were measured 

in a mixture of HF an d 2.5 N nitric acid with an electrically calibrated isothermal-jacket 

calorimeter . From t hese data, and heats of fusion available in the literature, calculations 

were made of the hea ts of reacti on of the co mponent oxides in either amorphous or crystalline 

states ill formin g glasses in t hese systems. 

I. Introduction 

The heat accompanying th e glass-forming re­
actions is of interest to the physical ch emist 
studying glass. Its significan ce lies in th e fact 
that a knowledge of the en ergy changes accom­
panying glass formation should ul timately lead 
to a better understanding of the glassy state. 
The heat of glass forma tion is of practical im­
portance, b ecause it is one of the factors n eeded in 
evalua ting the effi ciency of glass-melting furnaces. 

The direct m easuremen t of th e hea t accompany­
ing the reaction of components to form a glass is 
very difficult , if not impossible, because th e r e­
action takes place at elevated temperatures and 
is often very sluggish. For this r eason , indirect 
measurements w~re made by usc of a heat-of­
solution meLhod. The r eactants were dissolved 
in a suitable solvent and the heat of solution 
determined. The finish ed glass was dissolved in 
the sam e solvent in such an amount that its solu­
tion was id en tical with that r esulting from the 
solution of the reactants. The difference between 
th e h eat of solution of the reactants and that of 
the finish ed glass was the desired h eat of r eaction. 
As the calorimetric procedure was conducted near 
room temperature, the h eats of reaction so de­
termined were at room temperature (approxi­
mately 25° C ). The h eats of r eaction at elevated 
temperatures may be calculated from such data 
combined ~with the specific h eats of the r eactants 
and product over the desired temperature range. 
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II. The System PbO-B20 3 

1. Preparation of Glasses 

Two series of glasses were used in this sLudy. 
The first was made specifically for heat-of-solution 
m easurem ents; the second was made for another 
proj ect, and portions r emaining from that work 
were used to make additional heat-of-solll tion 
m easurem ents. The two series were prcpared in 
essentially th e same manner , but details varied 
somewhat. Only the preparation of th e first 
series will be described. 

The raw materials used in m elting the glasses 
were boric acid and PbO 1 of r eagcnt quality. 
Fifty-gram batches were m elted in platinum cru­
cibles heated in an electric mufFIc to no t less than 
800° C. For m elts high in B 20 3, t emperatures as 
high as 950° C had to be used . During melting 
the glasses were homogenized by frequent stirring 
with a platinum wire mounted at the end of a long 
glass tube. For very fluid melts (those high in 
PbO), the mixing was aided by shaking the cruci­
ble and moving it with a swirling motion. When 
it appeared homogencous the mclt was quickly 
poured onto a clean stecl plate. Each glass was 
ground to pass a No. 60 sieve, well-mixed and 
r emelted . 

Glasses con taining more than 92 percen t of 
PbO could not b e obtained because of crystalliza-

1 An X-ray pattern made by H. F. McM urdie indi cated that this material 
was lithargite,'tbe fJ or low-temperature Corm. 
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tion. Geller and Bunting [1] 2 obtained clear 
glasses containing as much as 94 .5 percent of 
PbO, but they prepared much smaller qualltities 
of material and used a more effi cient quenching 
system . 

2 . Heat Treatment and Chemical Analysis 

Most of the glasses were annealed by heating 
to 20 0 0 or 300 0 below their deformation tempera­
tures [1] for an hOllr and then cooling very slowly. 
T he h eat ot solution of a strained glass may be 
expected to be higher than that of the same glass 
after annealing. However , the method used was 
not sufficiently sensitive to detect this difference. 
Therefore, the remaining glasses were not an­
n ealed . 

The glasses were analyzed for PbO. The PbO 
content was determined as the sulphate by several 
evaporations with HF and H 2S04 and heating at 
5000 to 5500 0 to constant weight. 

3. Calorimetric Materials, Apparatus, and Pro­
cedure 

A quantity of 2.00 N nitric acid was prepared 
from chemically pure acid and distilled water. 
About 500 g of analytical reagent grade ZnO 
was heated for 1 hour at 900 0 to 950 0 0, cooled , 
and ground to pass a No. 100 sieve and stor ed in a 
well-stoppered reagent jar. This material was 
used to dctermine the effective heat capacity of 
the vacuum-bottle calorimeter . 

Most of the heat-of-solution determinations 
were made with a simple vacuum-bottle calorim­
eter [2] . As can be seen (fig. 1), it consists of a 
wide-mouthed Thermos flask in a container of 
insulating material. Inserted through holes in 
the cork stopper are a two-bladed glass st.irrer, a 
B eckmann thermometer, and a glass funnel 
tlu'ough which the charge is introduced into the 
calorimeter . A paper disk marked with six 
eq ually spaced broad radial lines was glued to the 
top of the horizontal m ember of the friction drive, 
and a 3-neon bulb (not shown) was used to illumi­
nate it . When the stirrer is operated at a speed 
of 600 rpm, the lines appear stationary. At 
higher speeds the lines appear to move in the sam e 

2 Figures in brackets indicate the li terature references at the end of this 
v aper. 
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direction as the stirrer, whereas at speeds lower 
than 600 rpm they appear to move in the reverse 
direction. A speed-adjusting screw permits the 
speed to be maintained approximately constant. 
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F IGURE 1. Vacuum·bottle calorimeter. 

As ZnO was used to measure the heat capacity 
of the calorimeter , its heat of solution in 2.00 
N HN03 was determined with an electrically cali­
brated calorimeter , which will be described later . 
As a check on the vacuum-bottle calorimeter , the 
heats of solution of crystalline PbO and of two 
PbO-B20 3 glasses were also determined with this 
apparatus. 

4 . Procedure and Calculations 

The acid charge consisted of 425 ± 0.05 g of 
2.00 N nitric acid. Its temperature was adjusted 
to 2 or 3 degrees below room temperature before 
introduction into the calorimeter , so that the 
initial temperature indicated by the Beckmann 
thermometer would be at the lower portion of its 
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scale. After the calorim eter was assembled a 
tirring period of no t les than 10 minutes was al­

lowed. The r eading of the Beckmann thermome­
ter wa then recorded, the clock started, and the 
ample (powdered to pass a No . 100 sieve) intro­

duced as uniformly as possible in not less than 1 
minu te or more than 2 minutes. Temperature 
readings were taken every 5 minutes until the rate 
of temperature change of the calorimeter was 
constant for at least three 5-minute intervals. 
Experiments showed that with a properly designed 
stirrer and an adequate stiLTing rate , complete 
solution was attained in 20 minutes, so that in 
general the total time of the experiment was 40 
minutes, of which the last 20 were used as a rating 
period . 

The calculation of the final temperature was 
made by extrapolating the constan t rate of tem­
perature change of the calorimeter during the 
rating period baek to zero time. The" final" 
temperature so calculated minus the initial tem­
perature of the calorimeter was taken as the tem­
perature rise of the calorimeter caused solely by 
the energy evolved by the reaction of the sample 
with the acid. This corrected temperature rise 
of the calorimeter was conver ted to an energy 
change by multiplying it by the effective heat 
capacity of the calorimeter and its contents. The 
errors inherent in such a method of calculation ar c 
approximately the same in bo th heat-of-soh! t ion 
determinations and in the effective heat-capacity 
determinations and thus tend to compensate each 
other. 

To determine the effective heat capacity of 
the calorimeter, a heat-of-solution experiment 
with ZnO as the sample was made. The known 
heat3 evolved by ZnO [- 256 .9+ 0.1 (T -- 24)] cal/g, 
T = temperature in deg C- previously determined 
with an electrically calibrated calorimeter , when 
divided by the observed temperature rise yielded 
the heat capacity of the calorimeter. Since the 
isothermal heat of solu tion of ZnO varies with 
temperature, the value at the final t0mperature 
of the calibration was used. The effective heat 
capacity obtained was thus that of the calo­
r imeter and the reactants , i. e., the ZnO and the 

, The calory defin ed as 4,1840 abs j is used in ihis paper. According to 
convention, heat evolved j g negative. 
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acid. For subsequent experiments wi til glasses 
or oxide mix tures, their heat capacit ies were su b­
stitu ted for that of the ZnO in the valu e obtfl.ined 
for the calibration. 

The solid ma terial introduced in to the calo­
rimeter was at room temperaturc, \ hich \Va 
higher than the initial temperature of the cfl.lo­
rimeter. Account was taken of the sensi ble heat 
thus carried into the apparatus. This heat 
is given by the formula Os (T R - To), where 
0, is the heat capacity of the solid, Tn is the 
tempera ture of the room, and To is the initial 
temperature of t he calorimeter. In the determi­
nation of effective heat capacity, this amount of 
heat must be added to that developed by the 
reaction of the zinc oxide and acid to obtaiu the 
total heat inpu t into the calorimeter. For the' 
heat-of-solu tion m easurement , t hi amo unt of 
heat must be deducted from the tota l heat 
m easured to obtain the quantity solely due to the 
reaction of the sample with the acid . 

5. Data and Discussion 

T able 1 gives the data obtai.ned, and figure 2 
shows them in graphical form. As the heats of 
solu tion of the first two mix turc of PbO (crystal) 

-40 . . . . 
o 20 40 60 80 100 

Pb 0 , PE AGENT 

FIGURE 2. Heals oj solution in the system PbO-B20 3. 

Mixtures of PbO (gls) and B ,O, (gls) (curve 1); mixtures of PbO (c) and 
B ,O, (gls) (curve 2); mixtures of PbO (gls) and B,O , (c) (curve 3); mixtures 
of PbO (e) and B ,O, (c) (ou:ve 4); PbO·B,O, glasses (curve 5). O"en circles 
(except 0 percent of PbO) <represent values obtained with lO·g sam "los; 
closed circlos represent values obtained with samples of 18 to 25 g. The 
ditTerence between t he h eat of solution of P bO (gls) and PbO (c), repre· 
sented by P, is the heat of fusion of PbO at room temperature. 
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T AB LE 1. Heats of soluti on in:the system PbO-B20 3 

Vacuum-bottle calorimeter P recision calorimeter 

Substance Percent-
age of 
P bO 

B ,O, (cl- ______ ____ 0. 0 
B,O,(glsj ------.- . 0 
Glass ___ __________ , 32.3 

Do __ .------- 47.5 
Do ______ ____ _ 59. 9 
Do ___________ 70.9 
Do ___________ 76.8 
Do ___________ SO. 4 
Do _________ __ 85.4 
Do __ . ________ 90. 1 
Do ___________ 91.1 
Do ___________ 92.5 

Litbargite. _______ 100 (c) 
Oxide m ixtures: 
B,O,(gls)+PbO(c) 59.6 

Do ___________ 72. 1 

Glass __________ . __ 51. 3 
Do ____ ____ ___ 56.2 
Do ___ __ _______ 61. 0 
Do ___________ 66. 5 
Do _________ __ 70.7 
Do __ _________ 75.5 
Do ______ _____ 79. 9 
Do ___________ 82. 1 
Do ___________ 84. 1 
Do ___________ 86.0 
Do ___________ 88.0 
Do ______ _____ 89.8 
Do __ . ________ 91. 9 
Do ___________ ' loo(gls) 

11 calory=4.1840 abs j. 

N umbcr Approx- N um ber R eat of of de- imate R eat of of de-SOlll- termina- weigh t solution term ina-lion 123 tions of tions sample 

FIRS'r SERIES 

'-53.5 
-116.1 
-68.3 
-47.3 
-42.4 
-43.5 
-49.0 
-55.5 
-65. 7 
-76.1 
-78.1 

1 
2 

2.2.) 
10 
10 
10 
10 
10 
10 
10 

4 10 
2 10 

-55.2 

-79.3 
- 87. 6 10 -87. 7 2 

- 99.5 
-96. 0 

10 
10 

SECOND SERIES 

-40.2 
-39.8 
-39.4 
-40.6 
-42.8 
-47. 1 
-53.7 
-57. 4 
-61. 7 
-65.5 
-70.2 
-74.9 
-79.8 
-99. 5 

18 _________________ _ 
18 ________ _ ___ _____ _ 

20 
1 20 _________________ _ 
2 23 _________________ _ 

2 
1 
2 

20 _______ .. _________ _ 
20 _________________ _ 

25 _________________ _ 
20 ______________ ___ _ 
25 _____ __ __________ _ 

20 
20 _________________ _ 

2 23 ________ .. __ ______ _ 

, Accordi ng to convention, heat evolved is negative. 
• In 2.00 N RNO,. 
'Calculated. J . C . Southard, J. Am. Chern . Soc. 63, 3147 (1941) . 
I A verage composition of two immiscible glasses. 
, Extrapolated. 

plus B20 S (glass) tested fell on a straigh t line 
between the end members, no other determina­
tions of oxide mixtures were made. 

A curve (5, fig. 2) was fitted to the heats of solu­
tion of the first series of glasses. The heats of 
solution of the second series (solid circles in fig. 2) 
were somewhat lower than those of the first series 
because the amounts of sample dissolved in the 
latter were abou t, twice as great as in the former , 
thus causing the final concentration to be different. 

The heats of solution of glasses having high per­
centages of PbO seemed to be linear with the 
weight percent of PbO. The equation of a line 
was fitted by the method of least squares to the 
data obtained with the vacuum-bottle calorimeter 
on glasses containing more than 85 pel"cenL of 
PbO. The value at 100 percent of PbO obtained 
from the equation of this line was - 99 .5 caljg. 
Since the average vacuum-bottle value of the heat 
of solution of PbO (c) was -87.6 cal/g, the heat 
of fu sion of PbO (c) a t room t emperature calcu­
lated from these data is + 11.9 cal/g. 

The value for the heat of solution of B20 S (c) 
was taken as - 53.5 cal/g, t he difference between 
the heat of solution of glassy B20 S (- 116.1 cal/g) 
and the heat of crystallization of BzOs (c) at room 
temperature (- 62.6 caLjg r3] ). Straight lines 
were drawn between t he values for the heats of 
solution of B20 S (gls) and PbO (gIs) , curve 1; 
B20 (gls) and PbO (c), curve 2; B20 S (c) and 
PbO (gls) , curve 3; and B20 S (c) , and PbO (c), 
curve 4. These lines represent the heats of solu­
tion of mixtures of t he oxides . These data, to­
gether wi.th the heats of solution of the glasses, 
enable a calculation to be made of t he heats ac­
companying t he following four reactions at ap­
proximately 25° C: 

xPbO(gls) + (1-x)B20 s(gls) =xPbO.(1-x)B20 s(gls) + b.H1 (1) 

xPbO(c) + (l-x)B20 s(gls) = xPbO.(1-x)B20 s(gls) + b.H2 (2) 

xPbO(gls) + (l-X) B 20 S(C) =xPbO.(1-x)B20 s(gls) + b.H3 (3) 

xPbO(c) + (1- x)B20 s(c) = xPbO.(1-x)B20 s(gls) + b.H4, (4 ) 
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in which x and (I- x) arc the grams of the appro­
priate oxide necessary to make 1 g of glass and 
ilH" etc., the heats of glass formation, are 
variables dependent upon x. These calculations 
were made by subtracting the heats of solution 
of the glasses from tho e of t he appropriate oxide 
mixtures on the assumption that tIl e heat of solu­
tion of the mixtures is a linear function of the heats 
of solution of the component oxides. The results 
are shown graphically in figure 3. The two curves 
where PbO (gls) is one of the reactants are hypo­
thetical, because glassy PbO at room t mperature 
is as yet unknown. Table 2 gives values of heats 
of reaction at such intervals thaL linear interpola­
tion may be used. 

TABLE 2. Heats of glass formation al room tempemtm'es 
(approximately 25° C) from oxid'iJS in the system 
PbO-Bz0 3 

R eactan ts 

P rod uct PbO (gls)+ I PbO(c)+ I PbO(gls)+ I PbO(c)+ 
(glass) D, O, (gIs) B, O, (gls) B, O,(c) B,O, (c) 

pe rcentage 
ofPbO H eal of reaction, cal/g of prod net 1 , 

Arft A ll, AI-/z 

0 0 0 , +62.6 
5 (-6.6) (-6. 0) (+52. 9) 

10 (-13. I) (- 11. 9) (+43. 2) 
15 (-19. 7) (-17. 9) (+33.5) 
20 (-26. 2) (-23.8) (+23. 9) 

25 (-32. 8) (-29.9) (+14. 1) 
30 -39.4 -35.9 +4.4 
35 - 46. 0 - 41. 8 -5.3 
40 -52.7 - 48.9 -15. 1 
45 -58.8 -53.5 -24. 4 

50 - 62.3 -57.3 -31.0 
55 -63.7 -57. 1 -35.5 
60 -63. 7 -56.6 -38. 7 
65 -63. 2 - 55.5 -41. 3 
70 - 61.2 -52.9 - 42. 4 

75 -56.9 -47.9 - 41. 2 
80 - 48.3 -38. 8 -35.8 
85 -36.9 -26.8 -27.5 
90 -25. 4 -14.6 - 19. 1 
95 - 12.7 - 1.4 -9.6 

100 0 + 11.9 0 

' 1 calory = 4.1840 absj. 
' Accordin g t o conl' e nlion , h eat evolved is n egative. 
' J . O. Sou thard, J . Am . C hern . Soc. 63, 3147 (1941) . 
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All. 

, + 62.6 
(+53.5) 
(+44 . 4) 
(+35. 3) 
(+26.3) 

(+17.1 ) 
+8.0 
- 1.1 

- 10. 3 
- 19.0 

-25. 0 
- 29. 0 
-31. 6 
-33.6 
-34.1 

-32.3 
-27.3 
- 18. 4 
- 9. 4 
+ 0. 7 

+ 11.9 
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FIGUHE 3. Heals of reaction to fonn glasses in the system 
PbO-Bz0 3• 

III. The System PbO-Si0 2 

1. Preparation of Glasses 

The glasses investigated were prepared by melt · 
ing, in platinum crucibles, the requisite amounts of 
PbO and Si02 • The ,,,eights of the melts ranged 
between 300 and 500 g. They were stirred with 
a platinum rod and when they seemed homo­
geneous were poured into iron molds. Glasses 
containing more than 35 percent of Si02 could 
not be conveniently melted in the apparatus 
available. Melts containing less than 13 percent 
of Si02 crystallized when poured into molds. 
In order to prepare glasses containing less than 13 
percent of silica, small portions of the crystallized 
compositions were melted in platinum crucibles 
and poured into ice water. In this manner glasses 
containing as little as 6 percen t of Si02 were 
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prepared. Microscopic examination of the lowest 
silica-containing glass th us quenched showed it to 
contain less than 1 percent of crystalline material. 

2 . Heat Treatment and Analysis 

The glasses were given no further heat treat­
ment. They were analyzed for PbO in the same 
manner as the PbO-B20 3 glasses. Silica was ob­
tainedby difference . 

3. Calorimetric Materials, Apparatus, and Pro­
cedure 

A quantity of 2.50 N n itric acid was prepared 
from chemically pure acid and distilled water . 
Reagent quality hydrofluoric acid (about 48 per­
cent of HF) was used. The calorimetric charge 
consisted of 50 ml of HF and enough nitric acid 
to make 648.5 ± 0.05 g of mixed acids . 

The r,alorimeter (fig . 4) used in this work has 
been previously described [4]. The whole assem­
bly was placed in a water bath whose temperature 
was kept constant within ± 0.005° C by auto­
matic means. Th e t emperature of the calorim­
eter and water bath were measured with 
platinum-encased platinum resistance thermom­
eters whose resistances were determined with 
Mueller temperature bridges. 

The Regnault-Pfaundler formula [5] was used 
in calculating the temperature rise obtained and 
to guard against arithmetical errors, the tempera­
ture rise was also calculated by the second Geo­
physical Laboratory formula [5], by using the 
value of the thermal-leakage modulus obtained by 
the former method . 

The effective heat capacity of the calorimeter 
and contents was measllred by introducing a 
measured amonnt of electrical energy and meas­
uring the resultant temperature rise. 

4. Data and Discussion 

Table 3 gives the data obtained, and figure 5 
shows them in graphical form. The equation of 
a straight line was fitted by the method of least 
squares to the values of h eats of solution of com­
positions containing less than 17 percent of silica. 
The value at 0 percent of silica (100 percent of 
PbO) obtained from the equation of this line was 
-99.2 cal/g. As the value for the heat of solu­
tion of PbO (c) was - 89.4 cal/g, the heat of 
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FIGUHE 4. Heat-oj-solution calorimeter. 

A. outer jacket; R, reaction vessel; C, cover of reaction vessel ; D, valve 

for introduction of sample; E, heater coil; };\ rod for opening valve. 

fusion of 1'bO (c), at room temperature, calculated 
from these data is + 9.8 cal/g. 

The concentration of HF used for the glasses 
was not sufficient to produce an adequate rate of 
solution of vitreous silica. A somewhat round­
about method of obtaining its heat of solution in 
the desired concentration of HF was therefore 

Journal of Research 



- 250 

<0 
'-..J ... 
u -2 00 
z 
0 
~ 
:3 
0 
If> 
IL 
0 

!;;: -150 
w 
J: 

o 10 20 30 40 

510 2 . PERCENT 

FIGURE 5. Heat of solution in the system PbO-Si02 • 

Mixtures of PbO (gls) aud SiO, (gls) (curve I); PbO-S iO, glasses (curve 2); 
mixtures of PbO (e) a nd SiO, (c). T he difference betwcen the heat of 
solution of PhO (g ls) a nd PhO (c) (cune 3), represented by F , is the 
heat of fus ion of PbO at room temperature. 

adopted. The h eats of solution of silica gel and 
vitreous silica were determin ed in a high-HF con­
centration . Th e difference between these two 
values when corrected for the heat of dilution 
caused by the water contaLn ed in the gel the is 
energy difference between these two forms of silica 
and therefore independent of the solution in which 
it was measured. This difference was then added 
algebraically to the heat of solution of silica gel 
in the lower concentration of HF, such heat being 
calculated to th e ignited weight of the gel and 
corrected for the heat of dilution caused by the 
water in the gel. The necessary heats of dilution 
were measured in separate exper imen ts. Th e heat 
of solution of quartz was calculated by subtract­
ing - 36.8 calories (the value obtained by Mulert 

[6] for the difference in heat content of amorphous 
silica and quartz at room temperature) from the 
heat of solution of vitreous ilica. 

TABLE 3. H eats of solution in the system PbO-Si02 

Substance I umber 
Percentage Rcat o~ , of deter. 

of SIO, I solutIon minat ions 

50 m! R~'+sufficien t 2.5 (N) R NO, to m ak e 648.5 g 

PbO (c) ____________ .. ____ 0.0 
PbO (gls) _ .... _ ........ .. , .0 
G lasses __ . _ ...... ________ 5.9 

Do ___ . ___ _ .. ___ __ ____ 9.4 
Do __ . __ . ____ .... _ .. __ 13.2 
Do _________ .. ____ __ __ 15.3 
Do ___________________ 16.8 
Do ___ _____________ . __ 17.5 
Do ____________ .. _____ 19.8 
Do _________ .. __ ..... _ 22. 1 
Do ___________________ 24.3 
Do ____________ .. _____ 27. 1 
Do ______ .. __ ___ ______ 28.3 
D o ______ _ .. __ ___ _____ 30.0 
Do ___________________ 32.7 
Do ___________________ 34.9 

Silica geL _______________ 100.0 
H , O ___ ___ __ ______ __ _____ 0.0 
SiO, (gls) ____________ . ___ 100.0 
SiO, (quartz) ____________ 100.0 

• 
, 
, 

cal/g 
-89.4 
- 99.2 

- 123.2 
- 139.8 
- 154. 7 
- [63.5 
-171. 4 
- 172.6 
- 183.7 
- 195. 4 
-205.2 
- 221.1 
- 2:l9. 4 
- 235.6 
- 248. 8 
-259.3 
-591. 7 

- 0. 9 
-592.4 
-555.6 

2 

9 

250 ml RF+sufficielit 2.5 (N) D NO, to m ake 648.5 g 

Silica gc L __ ________ ___ __ 100.0 • -593.7 
Si02 (gls) _____ __ ________ _ 100. 0 -592.9 
H , O ___ __ _______________ _ o - 11.0 

1 I calory = 4.1840 abs j . 
, By con vention , heat evolved is negative. 
, Extrapolated. 
• Calcu lation made on the basis of ignited weight. 
, Calcu lated. 
6 O. Mulert, Z. anorg. Chern . 75,1 98 (1912). 

Approxi­
mate 

weight or 
samp le 

0.5 

3.0 
2.5 
0.5 

With those data and the previously outlined 
methods, calculation were made of the heats 
accompanying the following reactions at approxi­
mately 25 0 c: 

xPbO(gls) + (l -x)Si02(gls) =xPbO.(l -x)Si02(gls) + !:lI-lI 
xPbO (c) + (l -x) Si O2 (gls) = PbO.(1-x)Si02 (gls) + !:lI-l2 

xPbO (gls) + ( I -x) Si O2 (c) = xPbO.(1 - x)Si02 (gls) + !:lI-la 

xPbO (c) + (I -x) S i Od c) =xPbO.(l-x)Si02 (gls) + !:lH4• 

(1) 

(2) 

(3) 

(4) 
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FIGURE 6. Heats of reaction to fonn glasses in the system 
PbO-SiO, 

TABLE 4. H eats of glass fo rmation at room tempemtures 
(approximately 25° C) from oxides in the system PbO-SiO, 

Reactants 

PbO(gIS)+1 PbO (cl+ I PbO (gISl+1 PbO(c)+ 
Product Si0 2(g!s) SiO,(g!s) 8iO,(c) Si02(c) 
(glass) 

percentage 
of Si02 H EAT OJ<' REA CTION, CAL IO OJ<' 

PRODUCT 12 

llH I llI-h ll H a ll H . 

0 0 9. 8 0 9.8 
5 -3. 6 5.7 -1.7 7. 6 

10 -7.6 1.7 -3.4 5.4 
15 -10.6 -2.2 -5.1 3.3 
20 -12.7 -4.9 -6.0 2.5 
25 - 12.3 -5. 0 -3. 1 4. 2 
30 - 11. 8 -4.9 -0.7 6.1 
35 -11. 2 -4.8 1.7 8.0 

100 0 0 336.8 336.8 

'-
11 calory=4.1840 abs j. 
2 Accordin g to con vention , beat evolved is n~gative. 
3 O. Mulel't Z. anorg. Chern . 75, 198 (1912). 
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The results are shown in figure 6. In the absence 
of data, straight lines were drawn between 35 and 
100 percent of silica. Table 4 gives values of heats 
of reaction at small enough intervals that linear 
interpolation may be usp,d . 

By combining the data from both the systems 
investigated, a value of + 2.4 kcal/mole was ob­
tained for the heat of fusion of PhO at room tem­
perature. This may be compared with a reported 
value of + 2.75 kcal/mole at the melting point [7). 
It is to be expected that the heat of fusion at room 
temperature should be lower than at 1,163° K , 
the melting temperature. 

IV. Summary 

The heats of solution of some compositions in the 
sys tems PbO-B203 and PbO-Si02 have been mea­
sured. From these data and from values of heats 
of fusion available in the literature, heats of reac­
tion of appropriate oxides to form glasses in these 
sys tems have been calculated. 
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