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A phase equilibrium diagram of the system BaO-B20 3 has been constructed from data 

obtained essentially by the quenching method. Four congruently m elting compounds were 

identified: BaOAB20 3, melting at 879° ± 5° C; BaO.2B20 3, melting at 900° ± 5° C; BaO.B20 3, 

melting at 1,095° ± 5° C; and 3BaO.B20 3, melting at 1,383° ± 5° C . Some optical properties 

of these compounds were determined with the petrographic microscope, and X-ray d.ffraction 

data suitable for their identification were obtained. Barium metaborate, BaO.B20 3, showed 

an inversion occurring between 100° and 400° C. Mixtures contain ing less than 30 percent 

of BaO were found to eparate on fu sion into two li quid layers, one of which contained 30 per­

cent of BaO, wherea t he other was nearly pure 1320 3• A curve showing indices of refraction 

of the quenched glasses is also prescntcd. 

I. Introduction 

The sLu~ly of this system was undertaken as a 
preliminary to a study of part of the ternary 
system, BaO-B20 3-Si02• The latter sy tern is of 
fundamental importance to the glass industry, as 
it serves as a starting point for investigations of 
the barium crown and dense barium crown glasses, 
which are characterized by high refractive index 
and low dispersion. The naLme of the high 
silica-boric oxide portion of the ternary system 
might also have additional application in studies 
of enamels and cerami c glazes. 

R. Benedikt [1] 1 in 1874 prepared BaO.B20 3 

by fusion of a sodium borate and barium chloride 
in molecular proportions and subsequently leach­
ing out the N aCI from the crystallized melt. 
H . Ditte [21 in 1873 claimed the preparation of 
two barium borates: BaO.2B20 3 and 2BaO.3B20 a. 
L. Ouvrard [3] in 1901 obtained 3BaO.B20 a. 

The first systematic study of the system 
BaO-B20 a was made by W . Z. Guer·tler [4] in 1904. 
The course of the liquidus cmve from about 62 
to 84 percent of BaO was traced by the combined 
usc of cooling curves and of visual observation of 
the tempel'utmes at which tmbidity of the melts 
occurred . His diagram indicated maxima at 

I Figures in brackets indicate the literature rererences at the end or this 
paper . 

1,060° C, 1,002° C, and 1,3 15° C, corresponding to 
the compounds BaO.B20 3, 2BaO.B20 a, and 3BaO.­
B20 a, respectively. In a tudy on the limits of 
miscibility of boric anhydride and borates in 
the fused state, Guertler [5] found that barium 
oxide melted together with more than 63.2 percent 
by weight of B20 a separated into two layers. The 
upper layer wa cloudy and soluble in water; the 
lowcr one consisted of clear glass that could not 
be devitrifiecl . Because of the excessive amount 
of supercooling that occurs in this ystem, the 
accuracy of Guertler's result are subj ect to 
question. 

F. Dc Carli [6] (1927), using essentially the same 
method employed by Gum·tler, extended the 
liqu idus diagram to include the region 33 to 59.5 
percent of BaO. He found maxima at 750°,740°, 
and 810° C, corresponding to the compounds 
Ba0.4B20 a, BaO.3B20 a, and BaO.2B20 3, respec· 
tively. H e also observed that melts containing 
more than 67 percent by weight of B20 3 separated 
into two liquids. 

With reference to the "end-members" of the 
system, the melting point of pure B20 3 has been 
reported variously as 294 ± 1 ° C [7], 460° to 470° C 
[8], and 450 ± 2° C [9]. Kracek , Morey, and 
M erwin [9] working with small crystals found 
them to have a density 2.460 and to be nearly 
or quite uniaxial negative, with w (or f3 and ,,) = 

131 



1.648 and E (or a) = 1.61 5, Crushing either induced 
a minute lamellar twinning or revealed a twinning 
caused by inversion. Morey [10] ' reported that 
colorless B20 3 glass had a density of 1.812 and a 
refractive index of 1.458. 

Barium oxide is colorless, cubic, with a density 
of 5.72 and with N D = 1.980 [11] . Schumacher 
[12] has placed its melting point at 1,923° C. 

Because of the almost complete absence of opti­
cal and X-ray data on the barium borates, as well 
as the uncertainty as to the number of compounds 
and their melting points, it was considered desira­
ble to make a comprehensive study of the system 
BaO-B20 3. 

II. General Procedure 

The general plan followed was to prepare 
mixtures of BaO and B20 3 in varying proportions 
and to determine their melting points by means of 
the quenching method. Heating curves obtained 
by the differential thermocouple method supple· 
mented most of the determinations. The petro­
graphic microscope was used to determine the 
phases present in the quenched samples. When 
microscopic identification was uncertain , X -ray 
diffraction analysis was employed. 

1. Preparation of Mixtures 

Powdered boric acid (H3BOa) was used as a 
source of B20 3 for all mixtures. Both crystalline 
barium nitrate (Ba(N0 3)2) and powd('red barium 
carbonate (BaC03), low in nitrate, were used as a 
source of BaO. All the chemicals were of reagent 
quality, meeting ACS specifications. Although 
barium nitrate was satisfactory for preparing 
mixtures containing less than 78 percent by weight 
of BaO, it was found unsuitable for mixtures con­
taining more than 78 percent of BaO. In the 
latter case, the Ba(NOa)2 appeared to melt before 
combination with HaBOa, making it difficul t to 
obtain homogeneous mixtures by sintering. For 
mixtures containing more than 78 percent of 
Ba(1, barium carbonate was found to be satis­
factory. 

For each mixture the calculated amounts of 
boric acid, and barium nitrate or carbonate were 
thoroughly mixed and ground together for 2 hours 
in a mechanical grinder. The mixture was then 
heated slowly over a period of several hours [13] to 
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a final temperature that was below the solidus, 
usually about 700°C. After approximately 2 
hours of sintering, the material was ground to pass 
a No. 200 sieve and was resintered again at a 
slightly higher temperatme, but still below the 
solidus. The material was subsequently reground 
to pass a No. 200 sieve. This treatment, in most 
cases, gave a sufficiently homogeneous product 
when examin ed with the polarizing microscope i 
however , in a few instances it was necessary to 
sinter the material for a third time. All sintering 
was done in platinum by using an electrically 
heated furnace. 

For the preparation of mixtures containing 
more than 87 percent of BaO, the above procedure 
was found to be inadequate, since the BaO existed 
in an uncombined phase and reacted with the 
platinum crucible. In these instances, it was 
found expedient to grind together the calculated 
amount of tribarium borate (containing 86.77 
percent of BaO) with the required amount of BaO, 
formed by igniting barium nitrate. 

2. Chemical Analyses 

Because of loss of boric acid by volitilization 
during preparation of the mixtures, it was neces­
sary to analyze the product in each case. To 
determine BaO, from 0.5 to 1 g of the sample was 
dissolved in an excess of standard 0.3 N hydro­
chloric acid, followed by titration (to the p-nitro­
phenol end point) of the excess acid with standard 
0. 3 N sodium hydroxide. The B20 3 was deter­
mined on the same sample by adding mannitol 
and titrating with the standard sodium hydroxide 
to the phenolphthalein end point. 

In general, it was found that mixtures rich either 
in BaO or BZ0 3 were hygroscopic, whereas the 
others were only slightly so. This condition was 
similar to the one observed for the calcium borates 
[14]. The percentages of BaO and B20 3 were ad­
justed to total 100 percent on a nonvolatile basis, 
since any moisture present was expelled in the 
subsequent heating. All mixtures, however, were 
stored in a desiccator over magnesium perchlorate. 

A check chemical analysis of a few selected 
samples that had been heated to melting during 
the differential thermal analysis showed no appre­
ciable change in composition and indicated low 
volatility of combined B20 a. 

Journal of Research 



3 . Apparatus and Method 

The thermal studi es were made by the well es­
tablished quenching method [1 5], supplemented in 
most cases by the differen tial thermocouple m eth­
od [16] . Although th e latter method did not pro­
duce significant results, it indicated the tempera­
t ures of phase changes and thus facilitated the 
quenching determinations. The furnace was of a 
vertical tube resistance type [17] wound with 
80-percent-Pt- 20-percent-Rh wire. It was oper­
ated in connection with a controller that main­
Lained to within 2 degrees the desired temperatures 
from which the quenches were made. T empera­
t ures were measured with a Pt vs. Pt+ lO-pm'cen t­
Rh thermocouple, which was calibrated periodi­
cally again t the mel ting poin ts of gold (1,063 ° C) , 
CaO.BzOa (1,154° C) [14], and BaO.2SiOz (1,418° 
C) [18] . 

Both the quenching and differen tial thermo­
couple methods were inadequate for determining 
the eutectic between 3BaO.B20 3 and BaO, because 
of the rapid rate of devitrification with the former 
method and the reaction of barium oxide with 
platiuum with the latter. This eutectic wa deter­
mined , however , by a meLhod of optical pyrometry: 
The furnace, sampl e preparation, and procedure 
are described in R esearch Papers 1443 and 1703 
[19] . The specimen upon which the optical py­
rometer was focused was a small four-sided 
pyramid about %6 in . at the base and grooved on 
each side. It was ground from a compressed 
cylinder of material, formed by subj ecting about 
half a gram of a mixture of tribarium borate, 
b.arium oxide, and one drop of rubber cement to 
36,000 Ib/in.2, in a X-in.-diameter steel die. 

X-ray difI'raction powder patterns (with copper 
Ka radiation) were made of all compounds and 
certain other samples by using a commercial type 
Geiger counter X-ray spectrometer equipped with 
a synchronous-mo tor-driven scanning unit and 
attached to an electronic high-speed recorder. A 
high- temperature X-ray diffraction apparatus [20] 
was employed for studying inversion forms. 

III. Results 

1. Binary Compounds 

Four binary compounds were found in the sys­
tem: Ba0.4B20 a, BaO.2B20 3, BaO.B 20 a, and 
3BaO.Bz0 3. X-ray diffraction data for these 
compo unds are shown in table 1. In the study of 
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the compounds of the system, no evidence of solid 
solu tion was found by optical 01' X-ray diffraction 
methods. 

TABLE 1. X-my diffraction data for compounds in lhe 
syslem BaO-B20a, showing the interplanar spacing (d) 
and lheir j'elalive inlensililies (Rl) 

BaOAB, O, BaO.2B, O,· 

DaO .B, O, 
-----·----1 

Low tem­
perature 
form b 

n igh lem· 
perature 

form c 

1---------- ----1---..,-- -----
d RI d RI d RI Rl d RI 

3 8 10 

------ ---- ----- -------------
Per- P eT- PI'T- PeT- Per-

A cent A cent A cent .Ii cent A cent 
6. 10 29 6.15 70 6.25 24 6. 32 11 4.3 14 

5.25 49 4. 9L 30 3. 9L 10 3.92 6 3.85 3 L 
4.11 4 4.33 30 3.58 91 3.60 LOO 3.70 37 
3. 90 5 3.81 65 3.50 100 3.24 87 
3.70 5 3.55 55 3 11 25 3.13 24 3. 06 46 

3.57 3 3.39 90 3.05 24 3.02 64 
3.33 100 3.25 70 2.92 12 2.93 5 2.95 39 
3.06 17 3. 13 100 2. 71 6 2.82 100 
2. 90 52 3. 06 60 2.5 l 52 2.54 34 2.68 29 
2.72 1l 2.81 55 2.36 20 2.37 12 2.52 24 

2.63 14 2.50 70 2.31 2.36 37 
2.52 7 2.35 35 2. 12 15 2.1S 6 2.28 4 

2. 41 6 2.30 45 2.06 53 2.08 42 2.23 20 
2. 24 39 2. I L 40 2.02 23 2.03 8 1. 96 39 
2. L7 3 2.04 45 1. 955 10 L. 934 27 

2.14 IS 2.00 35 1. 924 7 I. 887 20 
2.11 11 l. S29 20 I. S67 12 1.862 4'1 
2.05 3 1. 814 .12 I . S06 6 1. 790 29 
2.00 7 1. 756 7 1. 734 24 

1. 979 8 1. 639 6 1. 640 3 L. 707 12 

1. 936 6 1. 602 II L. 612 JO I. 345 10 
1.91L 1. 503 7 1. 509 
1. 73L L. 4S6 
1.665 I. 466 
1. 615 6 1. 382 13 

1. 547 L. 363 II 1. 367 
1. 516 
1. 410 
1. 354 3 
1.253 3 

• W eak pattern , poorly crys(.alline. Only d values with RI greater than 
29 recorded. 

b Only d values with R l greater than 5 recorded . 
• Data obtained with h igh-temperature X-ray appa ratus, at 700' O. Weak 

pattern . The d valu es arc not corrected for temperature coefficient . 
d Oompound hydrates a nd carbon ates rapidly. Patt~~rll determined in 

sections with fresh samples for each. 

BaO.4B20 3.-This compound occurs a.s the 
primary phase ill all the mixtures containing up 
to about 41 percent of BaO. I t melts congruently 
at 879 ± 5°C. I t appears as irregular grains, 
many striated as ill polysynthetic twinning. I t 
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is uniaxial negative or biaxial negative witn ~L 
very small optic ' axial angle; w (or (3 and ')') = 
1.594/ ~ (or 0' )= 1.559. Index of glass = 1.558. 

BaO.2B20 3.- This compound occurs as the 
primary phase in mixtures containing approxi­
mately 41 to 56 percent of BaO. It melts con­
gruently at 900 ± 50 C. It crystallizes in small 
irregular grains, biaxially positive, moderately 
birefringent, with medium optic axial angle; 
0' = 1.595, (3 = 1.610, ')' = 1.668. Index of glass= 
1.615. 

BaO.B203.- This compound occurs as the pri­
mary phase in mixtures cont.aining approximately 
56 to 78 percent of BaO. It melts congruently 
at 1,095 ± 50 C. It appears as irregular grains, 
highly birefringent, uniaxial negative; w= 1.667 , 
E= about. 1.528. Index of glass = 1.66. Elon­
gated grains tend to show optic axis figures, with 
the microscope, which suggests 001 or 0001 
cleavage. . 

Grains of the material examined under Lhe 
microscope immediately after quenching appear 
clear and smooth; but after the material has stood 
for several minutes, the grains have an etch-like 
appearance over their surface, which interferes 
with index determinations. At first the change 
was ascribed to a hydration process, but a sample 
exposed for 18 hours in the laboratory atmosphere 
of high relative humidity showed no increase in 
weight. Studies with the high-temperature X-ray 
apparatus indicate the existence of two reversible 
polymorphic forms of the barium metaborate. 
The temperature of inversion could not be ascer­
tained, as the transition is not sharp, but occurs 
over a range of 1000 to 400 0 C. From table 1 
(columns 3, 4, 5, 6), it can be seen that the two 
forms are similar, but that the high temperature 
form has fewer spacings, the most notable re­
ductions occurring at about 3.5 and 3.05 A. 
The heat effect of the inversion must be small, as 
the differential heating curve shows no discon­
tinuity below the melting point. 

3BaO.B20 3.- This compound occurs as the 
primary phase in mixtures containing approxi­
mately 78 to 87 percent of BaO. It melts con­
gruently at 1,383 ± 5 0 C. As ordinarily prepared, 
it crystallizes poorly as "egg-shaped" grains, 
biaxial nega,tive (?) , with low birefringence and 
undulatory extinction 0' = 1.756, ,),= 1.768. 

2 Indices, unless stated otherwise, are considered accurate to ±O.OO3. 
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Tribarium borate hydrates and carbona,tes 
rapidly when left in the air. A sample exposed to 
the air (relative humidity above 90%) overnight 
in the X-ray holder ga,ve a sharp pattern of BaC03. 
For more carefully controlled conditions, figure 1 
shows the gain in weight of a half gram sample 

42 
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~ 30 
w 
:;: 26 

~ 22 

~ 18 

;5 14 

~ 10 
Z 6 

2 o ~L-~~~L-~~~~~~~~~~~~~ 
o 20 60 100 140 180 220 260 300 340 380 

TIME, HOURS 

FIGURE 1. Gain in weioht of 3BaO.B20 3 when exposed to 
the atmosphere at 111 ° C and 56-percent relative humidity. 

when exposed to the atmosphere at 21 0 C and 
56-percent relative humidity. The maximum gain 
is approximately 40.8 percent, occurring after 
about 100 hI' of exposure. Assuming that this 
increase in weight is due almost entirely to hydra­
tion and an accompanying decomposition, the 
condition of the 3BaO.B20 3 at the end of 100 hI' 
can be represented as 3Ba(OH)2 + 2H3B03+6H20. 
Unquestionably, the material is also carbonating 
during the first 100 hI', but the hydration reaction 
is greater. During this portion of the experiment, 
the material a,ppears moist and spongy; but 
later, as the carbonation reaction predominates, 
it becomes hard and compact. At approximately 
~15 hI' the gain in weight of the sample is about 35 
percent and corresponds to complete conversion 
of the material to BaC03 and H 3B03. The pres­
ence of these products was verified with the aid 
of the polarizing microscope. 

The experimental results did not confirm the 
existence of the compounds BaO.3B20 3 and 
2BaO.B20 3 reported by De Carli [6] and Guertler 
[4], respectively. 

The composition of BaO.3B20 3 (42 .33% of 
BaO) is close to that of the determined eutectic 
between Ba0.4B20 3 and BaO.2B20 3 (40.6% of 
BaO). A sample of sintered material and a 
sample of glass, both of the composition BaO.3B20 3 

were heated for 66 hI' at 853° C, which tempera­
ture was about 6° below the eutectic. Optical 
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and X-ray examination of the products showed 
them to consist of two conjugate phases. The 
sam e two primary phases were present when a 
mixture of the eutectic composition was heated 
abou t 2 deg below the melting temperature for 
66 hr. 

By similar methods, i t was concluded that the 
composit ion 2BaO.B20 3 (8 l.50% of BaO) did 
no t represen t a unique compound but a mixture 
of two conj ugate phases, BaO.B20 3 and 3BaO.B20 a• 

2 . Phase Equilibrium Diagram 

The phase equilibrium diagram is shown in 
figure 2. Mixtures containing less than 30.2 
percen t of BaO were found on fusion to separate 
into two immiscible liquids (for convenience 
designated as L l and L2 in fig . 2.) The heavier 

glass, which was seen under the microscope to be 
full of minu te spherules of higher index. That 
the spherule were of approximately the same 
chemical composition as the heavier glass was 
indicated by the following experimen t: A sample 
of the glass eontaining 2.99 percen t of BaO was 
agitated with water for 10 min. ; the solu tion 
filtered, and the filtrate analyzed volumetrically 
for BaO and B20 a. The fil trate was found to 
contain 1.98 percent of BaO and 94.49 percen t of 
B20 a, based on the original sample weigh t. The 
composition of the undissolved glass calcula ted 
from these data was 28 .6 percen t of BaO and 71.4 
percen t of B20 3. A complete separation of the 
two glasses by differen tial solubility in water was 
no t possible because of the appreciable solubility 
of the heavier glass, as no ted previously. 
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F I GU R E 2. Phase equilibrium diagram f or the system BaO-B20 a• 

of the two liquids (L 2 ) on cooling formed a clear 
glass, wi th a refractive index of 1.536 and a den­
sity of abou t 2.66 (25 0 C ). It was soluble in 
hydrochloric acid and appreciably soluble in 
wateT. In one experimen t, 0.5 g of the heavier 
glass, ground to pass a No. 200 sieve, was {l,gi­
ta ted for 30 min in 50 ml of water (27 0 C). 
Under these conditions, about 42 percen t of the 
glass ,va found to have dissolved. Glass L2 
contain ed abou t 30 percen t of BaO, by analysis. 

The other liquid (L l ) on cooling formed a cloudy 

The System BaO-B20~ 

The index of the lighter glass, quenched from 
just above the liquidus (about 870 0 C), was 1.455. 
'Within the error of measurement, this value was 
sufficiently close to that of B20 3 glass (l.458) to 
indicate almost pure B20 3. 

An at tempt was made to determine the change 
in composition of the conjugate liquids L l and L2 
with temperature. Table 2 shows the results of 
chemical analyses of the mechanically separated 
layers of charges qu enched in air from various 
temperatures above the liquidus. 
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Although the data for the heavier liquid (Lz) 
show some variation, no significant change in 
composition occurs up to 1,500° C. Data for the 
ligh ter liquid (L1) are erratic and more difficult of 
interpretation. When examined with the micro­
scope, the lighter glass always contained spherules 
of higher index, indicating that some of liquid L z, 

which had been in solution at higher temperatures, 
had separated out. Also, as the proportion of 
occluded material appeared to increase as the 
temperature from which the quenches were made 
increased, it seems probable that the solubility of 
liquid Lz in L1 had increased with temperature. 
The results of the chemical analyses, however, 
are not considered an accurate measure of the 
extent of solubility of the two liquids at the various 
temperatures, because of the uncertainty that 
true (Lnd final equilibrium conditions prevailed. 
This conclusion is indicated by the wide divergence 
of plotted values from a smooth curve (fig. 2) . 

TABLE 2. Composition of the immiscible liquids in the 
system BaO-B20 3 at various temperatures 

Composition o[ Composition o[ 
L, £ , 

Tempera-
ture 

BaO B ,O, BaO B ,O, 
---

°c Percent Percent Percent Percent 

885 ------- ---- - -- ---.-- -- 30.25 69. 75 

890 4.35 95.65 30.26 69.74 

900 a 1. 58 98. 42 30.38 69. 62 

1, ()()() a 2.08 97. 92 29.47 70.53 

1, 200 3. 79 96. 21 30.90 69.10 

1,300 10.23 89.77 30. 78 69.22 

1,300 a7. 42 92. 58 - -- - --_. - -. --------.-. 

1,450 11. 52 88.48 29.54 70. 46 

1, 500 11. 25 88.75 30.69 69.31 

1, 500 10.01 89.99 29.95 70.05 

a W ater soluble extract. 

To the BaO side of the immiscibility region, the 
phase diagram consists of congruently melting 
compounds and simple eutectics. Table 3 shows 
the compositions and melting temperatures for 
the compounds and eutectics in the system. It 
may be noted that the BaO.B20 3-3BaO.B20 3 

eutectic is as low as 905 0 C, even with the high 
BaO content of about 80 percent. From this 
point to the melting point of pure BaO (1,923° C), 
the change in temperature is more than 1,000° C. 
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TABLE 3. Composition and melting point of compounds ana 
eutectics in the system BaO- Bz03 

Composition Tern-
Compound Eutectic ------ perature 

BaO B,O, (±5° C) 

------- -------------------
Per- Per-
cent cent 

BaO.4B,O,. ___ - ---- --- -- -_.- ----- ----------- 35.51 64. 49 879 
BaO.4B20 3-BaO.2B,O, __ ____ 40. 6 59.4 859 

BaO.2B,O, ____ ---------------------------- - - 52.4 1 47. 59 900 
BaO.2B,O,-BaO.B,03 ______ _ 55.7 44.3 889 

BaO.B ,O, ____ _ ----------------------------- - 68.77 31. 23 1, 095 
BaO.B,O,-3BaO.B20 ' ___ ____ 77.9 22.1 905 

3BaO. B,O, ____ ----------------------------- - 86.85 13.1.5 1, 383 
3BaO.B,0 3-BaO ____ _______ _ 87.3 12. 7 1, 370 

3 . Index of Refraction of the Quenched Glasses 

Figure 3 shows the index of refraction of 
quenched glasses and of compounds in the system. 
Mixtures containing more than about 82 percent 
of BaO could not be quenched to glasses because 
of the rapid rate of devitrification; and, for the 
same reason , binary glasses containing above 70 
per'cen t of BaO were increasingly difficult to make. 
Below 30 percent, in the region of liquid immisci­
bility, two glasses of constant refractive indices 
always formed, but the amounts of each varied 
in accordance with the inverse law. The indices 
are not assumed to represent accurate values for 
properly annealed glasses, but only an approxima­
tion. It is of interest to note that crystalline 
BaOB20 3 has a lower average index of refraction 
than that of glass of identical composition. Such 
a phenomenon is rather unusual. 
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FIGURE 3. Refractive indices of compounds and of quenched 
glasses in the system BaO- B20g. 

0 , Glasscs; . , B20 , glass [rom Morey [10]; X, compounds; /'; , B,O, crystals 
from Kracek, Morel', and M erwin [9]. 
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IV. Summary 

A phase equilibrium diagram fo), the system 
BaO-B20 3 has been constructed. A region of 
liquid immiscibility was found, extending from 
about 1.6 to 30.2 percent of BaO, and from 868 0 to 
above 1,500 0 C. Optical properties, melting 
poi1Jts, and X-ray diffraction data were deter-

mined for four compounds identified in this sys­
tem. Some of the data is summarized in table 4, 
together with the melting points determined by 
previous investigators. All of the compounds 
melted congruently, and only one, BaO.B20 3 

showed an inversion, occurring between 100 0 and 
400 0 C. A curve showing indices of refraeLion of 
the quenched glasses is presented. 

7 TABLE 4. Sorne optical properties of barium bomte c:Jmpounds and ccmpariscn of melting points, as determined by var-icus 
investi galm's 

Opt ical properties I M elLin g point determined by-

------c haract:-----I-r ndices of refract ion --;;-:~t:r- De ca~ Levin a::-Compound 

1904 1927 M eMurd lC 
---------------- -_._-----------_.---------- -------._-.--

°C o C ±5° C 

BaO.4B,O, ..... __ •......•. _ ........ _ ... _. Uniaxial (-), or biaxial (- ) with 2 V smalL { 
w (orfJ anrl 1') 1. 594 

.(ora) 1. 559 
a 1. 595 
fJ J. 6JO 
l' I. 668 
w I. 667 

} ...... _ . . _ .. 75) 879 

BaO.2B,O, .... _ ...................... _ .. . Biaxial (+); 2 V medium ................... { }._. __ .. _._-- 810 900 

BaO.B,0 3 ..... ... _ .... _ ... _ .............. Uniaxial (-) ......................... _._ .. { 
• about 1. 528 } .1 ,060 ---- ---- -.--. 1, 095 

3BaO.B,0 3._._. __ ._ ... _ .•................ Biax ial (- ?) .•••... _ ..••. _ •••..••....•••.. { 
a I. 756 
l' I. 768 } 1,3 l5 -.- --- -- --- -- 1,383 

The authors express their appreciation to E . S. 
Newman for his aid in obtaining thermal data 
with an automatically recording unit, and to S. M. 
Lang, for his help in determining the 3BaO.B20 3-

BaO eutectic by an optical pyrometer method . 
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