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Preparation, Analysis, And The Determination

oA oo 0y 3 "l
The Properties Of A Series Of 5ix Glasses
Containing Bismuth, A Hew Type 0f Glass.
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the second place, hismuth acts as

a decolorizer in

ware, such as bhottles




s small coefficient of expansion (not tending to crsck easily),

sufficient resistance to westhering, and above all, no tendeney

ific study of bismuth glesses of

C.,.’

to devitrify? A purely scient
various compositions can reveal the answers to questions such

28 the ahove.

@

Previous work with regard to silicates of bismuth- Hatural
pismuth silicates are known to exist. C. . Kersten found cubic
crystals of & reddish-brown mineral, socmetbtimes yellow or black,

ot Sehneeburg, Saxony, which he called eulytine. Analy

ﬁ

31

Q
m

showed this to be bismuth orthosilicate, Bi, (8104} _. A mono-

ced
clinic variety was found at Johanngeorgenstadt, having the same
compogition. @Aulytine has density 6.106 and hardness 55-6. A
rengel found a ferruginous bismuth gilicate in the Saﬂé lceal-
ity, which he called bis smuthofer: rite, its composition approxi-
mating, BigOy 4 3i0s., and having density 4.47.
Bigmuth silicates have besen gynthesized b“ C.
Otin wmelted together Biplz and 5i0g in dliiereﬁﬁ proportions
and examined the products ﬁheiuﬂﬂlg_anl mieros CODlG*llV and de-
termined their densities. As a result of hie investigations he
was drawn to the conclusion that silioates conteining Bi, 04 and

true chemical compounds

n
@
=
@

310y in the following proportion

e \ on s . SUPEE, ey . . - 2y W e .
,3[)1265 . 8)3102, Bl?() . !1.3131@2, E}l?i}z . 0108, e.}:bj \/r‘ . 2.\5102,

2 Bigls « 8103 BBigOz + 5i0; and 10 Big0y . 5i0,; while the
following are mixtures: Bighz . 10 5i0g; Biglz . 6 $i0g;

1. Hellor-Treatise On lnorp nie & Theoretical Chem. Vol.VI p.BE6.
2. Chem. Abstracts. 7, (1913), u955.
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1503 « b Siﬂg; and B e 4 5i0g. m“e color of the fire t seven
gilicates varied from a gray in the case of the first through
amber-yellow, yellow-brown, t0 brown-green in the case of 331295 .

9i0g. It is of dnterest to note that this last gllleaLe exhibited

double refraction, indicating a rhomwbic or similar crystal struc-

ture.
I et . e R amd o
Lo Fuwa™ hag investigated the coloring eflfeet of small a-

mounts of biswmuth in both silicate and borosilicate glasses. His
‘glasases had the compositions:

lLZG . .RWO . 5 f:%i@u
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RO . R"O . b E?Q & Bi0
_Bigmuth basic carbonate (2 (B10)y . GOy . HgO) imparted colors

varying from grey to brown o the majority of glssses when pre-
gsent to the extent of 2.5 to 5%, but others were colorless. In

&eneﬂal borogilicate glasses showed tle least color, while potash

4 s . 9 "

glagses containing boron were darkest. Qn.reheatiﬁg, the brown
color was developéé, the glasgeges in sone Jnﬁtauces becoming
opagque. It was thought that the coloration in the case of the
borogilicates was colloidal in character. Basic nitrste of bis-
muth produced colors less proaouhoad than thoge obtained with the
bas:c carbon vte; but on rehes thm the glasgses, thig difference
disappeared.

It Would appear coorﬂlng to Hoves tadtgﬁn@t glagsses have
been msde GOﬂG%lﬂlﬂﬂ bismuth in quentities up to 10%. However,
these 1asseg already contained other bagic elements besides the

alkall metals. No data on these glasses have been published, as

—

1. Chem, Abstracts 1925 p.211D.
2. Jdens Glasgs, Its aOlthlilD and Indugtrial Apprlication p.9.
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10Wn. The preparation and study of soda

cates therefore seems never to have been undertaken.
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it is 1o be regret

were not aveilable for consulian-
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Arsenic, being an acid element, does

glass industry, white arsenic (Ass0yx) dis added to lime
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he presence of dron;
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from one parts of sand.
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~6
or more is retained even when 250 parts per 1000 of sand sre added.
2. Under the conditions of the experiment, with no oxidizers
present in the bateh, from 40 to 70% of the arsenic retained was
resent as AssOg.

7 PR

$. Mo beneficial effect on the rate of melting has been Tfound

"

to be asssociated with the presence of ASQCS in the bateh, and with
larger amounts of oxide, a q1@h@r temperature is reguired than
without it.

4. The ?regenee of asgﬁgrin
per 1000 parts of ssnd is liable in soda lime silicated %o produce

ihe surface of %hgrglassAa'Seum composed mog lg of silica.

5., Ass0x when added to the bateh in amounts below ten ;@rﬁg
per 1000 of sand does not aovpear to exert any beneficial effects
on the rate of refining of the glass

6. {The presence of Ass 60@5 cuite definitely = educe the

. . . 1. . . o s
Parkin and Turner have studied the phenomenon of devitri-

iicatioa in srsenic-containing glasses. Thelr results are summed
u@ in the following table:
As pﬁﬁ in bateh. : Temperature of devitrification.
(parts per 1000 of sand) Incipient ' .Defimigg.

0 - 620%. 640°¢,
50 - 810 640
1.00 | 600 640
200 700 | 750
250 700 750

1. Jour. Soc. Glass Tech. VOl.a.'EO.=$7 {1926) »n.20.
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Glagses containing under 100 parts of As,0z per 1000 of gand sghowed
ontaining over 100 parts

of Asp0z changed completely to a porcelain-like mags on rehes t1n
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stiga-
tionsg, Springer reached the conclusion that we must abandon the

eith the

l__h

idea that antimony or its compounds have any efTfect on er
5 o o o w 2
color, decolorization, or the elesring of glasses. K, Fuwa]

P
ey
5
[0]
H

wise found that Sbplz produced no particular coloration in eit

gilicate or borosgilicate glasses. He found, however, in the

o~ =

cage of high sntimony glasses (3 that 100@@L¢hb in a gag-

fired kiln uvsually produced an iridescent effect, light grayish-

2

black 0 black in color on thedir surface. The observationeg of

[
At L - SRR e s b e .
Hodkin and Turner bear out the latter statement. As 1little as

o
4]
4]
[N

02 = .Cu b0z in & glas g gufficient to produce discoloriza-

<P
(R

on whem the glags is worked in a reducing flame. This result

or descolorizerg in

Ld

ig not altered by the presence of oxidizers

the glass, A borosilicate glass containing antimony seems to be

well suited for use in lamp chimneys due to itg resisgtance to
4 1 ~ 4 [ S - : ST e o
ersture changes. bueh & glass is composed of:

37 8 ‘ )
2D 2 C?) L jO:

Silica ‘ the remainder.

1. Chem, 2te 2133, (1916)

8. Chem. te 8585, (18z3)

3. Chem. Abstraets &, 5510, (1920)

4, Arion, Chem. Abstracts 1, 688, (1913)



Lead, in the form of the oxide, is & very important con-
stituent of glasses, especlally those gsuited for optical nurposes.

@lesses conteining large cuantities of lead are realisesble in

practise. A glass containing sbout 80% of PH0 has a refractive

index of about 1.79. The following table gives the density and

optical properties of the two heaviest lead glasses listed %y‘%chottl:

Descrintion - Densit: Wy, Total dispersion "v" value

st silicate 5.92 1.9044 L04174 - 21.7

Very heavy silicate 4,99 1.7782 02941 26.5
flint '
igated the prope ties of two series of

aoda~-lead the molar compositions 100 3410

5120 Nay0,

xPb0, and 10

(&)
(@]
o
Py
<
fav]

40 Eagﬁ, x200 where x is made to vary from b
lQ, 15, 20, 30 to 40 in the different batches. Peddle investigated
the density, refractive index and persion, devitrification,
solubility, and durabil ity of the above glaﬁseé. He found that

increage of PbU content incereased the dens 1uy, refractive index,

total dispersion, durability and resistaence to devitrification;

decreasing the melting point and the solubility in reagents.

Glasses of high lead content exerted a powerful corrosive action

on the clay of the melting pot. A1l of the glasseg were very

brillient. Peddle has carried out similer studies of potash-

lead-gilicates, and of soda -potash-lead s silicates? The potash
le

lead silicates were much more solub

than the corresponding soda

o kX3
T, D. 392,

1. Hove qtaat— Jena Glass D ‘
he Vol. 4, No. 16, (1920} ». £88.
926 ' j v 2

2., dJour. Soec. Glass Tec
. Ibid, Vol.IV, 810 (1

A

0, (19267 .



glasgses., In nearly every case, the densities of the potash glasses
%ere lower than those of the corresponding soda glasses. How-
ever, the potash gléggeg possessed a higher refrsctive index and
total aiSyerSion,fas well a8 a greater brilliance, than the soda
lead glasses. As regards devitrification, no merked tendency

wag observed with any of the glasses, although a skin formed on

the surface of the reheated glaés, Which’gwew worse as the |
potash content increa ased. Thé patashrso&a—leaé silicates were

o8 100 §10

- mede in two se + 100as,0 . 10E,0 . xPb0, and

P

8

5 10
100 510, . 2020, 20 K50

20, xPbO, where x veries from 5 %o 40

above. They posgessed a color and b illiance intermediate be-
tween the corresponding glasses of the Has( and Ko0 series. In
regard to refractive index, dispersion, and solubility, the

Y

rlasses lm]‘m1dvaw between the goda and ﬁotagn glasses, in a

o9

mejority of cases. Glasses of the two series showed signs of
devitrification when the amount of gi

1
(glasses 100 5iG, . 10Wa,.0 . 10X,0 . 5 .Pb0, gnd 100 5i0
© z A

AN

10 £.0 . 10 2p0). As & result of his studiesg, FPeddle concluded

.

that gi@s es of the following composition would be suitable for

ical astrumen’ :

o
W@
0]
o
B
-}-..

{1) Glasses in the flolnltw of 100 Si0p . 20Kagld . 30PbO, end
100 $i0z . 20 Nagl . 40 PbO | |

(2) Glass 100 $i0, . 20 K,0 . 40 PbO

H

() Glasses in the vieinity of 100 8ily . 10Nay
and 100 5i0, . 10Han,0 . 10 L 50 o 40 EhO.

o9




terials.

II. Raw

Where obtained-  The raw materisls used in the glasses studied

»

were, bismuth oxide, sods ash, godium nitrate, gend, and white

o} 11

arsenic., The bismuth oxide was furnished by The American Hmelt-
ing and Refining Company, and wag of a high degree of purity.
The sods ash wag & very pure solvay product. The sodium nitrate

used came from a carton labelled C.P. The silica was a pure

sand, finely powdered. The white arsenic wag of a commercial

grade, anslysing about 98% pure.

Purity of raw meterdisls—  All raw meterials wers analysed for

£

moisture, and iron and slumina content.

i

The gilica and soda ash

T weight determined,
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were also hes

loss on ignition. The soda agh and whitve arsenic
were tested for purity by standard volumetrie metl

sults of the snalysig are incorporated in the following table:

Analysis of Raw

Av]
=

Raw [aterdial lLosg in Weight loss in W lron and

at 1Le0YC. on ignit

Alumina

Sand . 065% O 0.26% 99.15%  ©.61%
Soda ash 16.25 % 16 . 6%% 70.25% . OL3%

litre (C.2.) 04 % .000%

Bismuth oxide ‘ : 99.6%7% .001%

dhite srsenic .0B% - - 97.9%% .078%

The sgand, alter trestment with hydrofluoric acid, left an

L e
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o E P o e - . 2 e e o 1 PR - LR » rd
insoluble regidue constituting .44% of the weight of the

o 3 ES

Uo testing spectrosconicelly, this residue wag found to contain

o

the geries gtudied had the general moleculsr formula 100310, .
7

.2, 10, 15, and 20 in the

Peddle's Lirast series of soda-lead-silicates. It would be inter-

£ .

following table illustrstes the

i the different melts.

© 510y lolecules of HasC HNolecules of BisOg
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The bismuth was introduced as the trioxide. Part of the sodium

.

introduced as the nitrate to guard against geparation of



&
perties of the glesses could be Later,
a series of melts will be carried t, without the use of arﬁemic,

for the nurpose of deltermin the il%mmc% plasses.

Freliminary melts were carried out uging batches of about

1

-,

bismuth and sodium, and density

about 500 grams. These lat-

those from the smallex

batehes, and could be,used for the dete fmjnaﬁien of constituents

et

resent in swaller amounts, such as arsenie, iron, and alumina, an

for the messurement of

gion values, and solubility.. The
following table gives the relative weights of raw meteriale taken

for esch batch:

uel% Yo, Sand sode ash Hitre Bigmuth oxide Arsenic
5;:‘..% "; g. 14‘ g‘ EgaB & e 7-7 g- 05 gn

2.8 5.4 «5

12
t
s
o O O
-t
>
V]

hl
t‘a
i

If we calculate the combined sode ash and nitre as sodium oxide,

Qu

=
@®

4

and take into account the purity of 21l the raw materials, we find

o™

that the bateh compositions are as given in-'the following table:



ch Wo, "54i0s Hea0 Bis0Ox As o0z HoO FeolxtAloly
1 ~ o a7 7 it
:3‘ blc»ak)[\) 11 .8513 ° 76\{‘7 50’7’7;3 .L::' ‘"3

8
B 5475 19.67  21.19 .68 5,57 .54
49.50  17.79  28.74 61 5.05 !
B 45.17  16.23 34,97 .56 2.78 .28
B 56.45  12.82  44.65 .48 857 o4

B 35,47 12.08  51.82 .41 2.06 2

The glasses would have the following composition, were there no
volatilization of the batch (except water) nor pot attack:

Bateh llo. 510, Uas0  BisOx Aso0: Fe + Al oxides

5B 63.62  £2.86 12,31 79 | .40
4B 56.65 2036 21.98 .70 .35
438 - B1.05B 18.35  29.64 .63 .58
5 B 46.46 16.70  35.97 .57 .29

B 54.16 2.28 52.91 .42 .21

4 B -=- 100 ﬁiﬂg . 41.80 a0 . b5.11 Biy0g

glass batches have The following molecular compositiong:

0 . 2,07 Biy0

= @
A Py 4 W e
118 - 100 810, . 34.90 Tay0 . 7.55 BiyOg
™ ~ P o

=



IrTI. Melting The Batch.
Small melts— For the small melts a small gas-fired furnace, cap-

-

able of holding but one crucible at o time, was used. The general
design of this furnace is shown in the sccompanying sketeh. The well

ed in the
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mixe@,batehvwas placed in
furnace till no more gas was evolvaﬂ,‘aﬂc‘%hévglaSS was in a state

of guiet fusion. The fused glass was then mouréd.oaﬁ upon & bed of
send in the ammesling furnsce. A bubton of glass wes thus thainé&
suitabie for deﬁsiﬁy‘éeterminaﬁions aﬁ@ for chemical aﬂalysis,bbuﬁ

not for the accurate determination of or iical properties.

Large melts— Inasmuch as the smeller melts gave glasses which

contained meny striase, & series of larger melts were subsequently
carried out. The amounts of 21l constituents were increased in
the same ratio, 3 Tor the first Tthree glasses, and 2.5 for the last

three.

Glasses BB, 4B, 43B- he furnace wag of the ssme design as the

smaller one used above, but had a cepacity of three crucibles.
Therefore melts 358, 4B and 448 were carried out together. The

bateh compositions for these glasses are ag follows:

lelt No. wand s0da agh Hitre ‘Bismuth Arsenic.

358 120 g.- 42 g. 68.4 g.

0
[
-
}.J

[¢2]
-t
*
en
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1.50
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1.50

The three empty crucibles were set in the uncovered furnsce and






sllowed to heat up for about two hours .aﬁd one half. As the
erucibles were a 1ittle too small %to hold the whole baﬁch, most
st, allowed to melt down a little, and
then the remainder added., The work wag arran g d so that ag soon
his second addition had been made, most of the next batch

t
could be added bto the second crucible, and so on. The Tollowing.

table gives the schedule of melting:

Batceh Ho. First sddition Second addition  Removal of

Time o
“Crucibles Tounding
3B 2:56 P. I, 5:;85 F. 5:25 P. M. 2h. 50m.
4 5 5125 - 3:50. 5:26 - R2h.  Om.
} put on) ‘
1 Py, = ; . k) =
458 5350 4:45 (cover 5:25 1lh. 3bBm.

noticed during the process of Lfounding

e T

these three @]ogaes Ixcessive effervescence did not talk place,

the bateh melting quie tlv to a clear glass. Just before removing

i’
q
Q

the erucibles from the furnace, each glass was thoroughl y atirred

with a porecelain tube to remove gtriase. The crucibles were then

immediately set into elay pots and packed around with diatomaceous

earth to reterd radiation as much ag possible and thus prevent

Lgh e

sxcessive shattering of the glasses on cooling

Glagses 5B, 68, 7B~ Helts BB, 6B and 7B were next carried out.

Due to low supplies of bismuth and nitre, slightly smaller oai ches

o
?

and in the case of 7B, the soda ash content was in-
creaged in order Yo make up for the lack of nitre. These changes
are made clear in the following table for the bateh compozitions

rl=sses:

£
&

of the sbove three



elt io. Sand J30da ash Hitre - Bismuth Argenic
5 B 100 g. 2b g. o7 g. VA - :v1-25 g.

(o]
vl
=
O
S
o1
5

57 . 115.5 1.25

7 B 100 59.8 49.3 154 1.2b

Due to the smallness of the batches, all could be added to the .
crucibles at one time. Aside from this, the procedure was about

“the game as in the csg

(]

of the first three wmelts. The program

')

for heating is given in the following table:

Batch Fo. Time of founding

: - ar o .
5 B 2:1b 2. I 4:40 2. I 2h. 25 min,

The pot containing 7 B broke about one hour after the bateh was
placed in the furnace, so that this glass was a total loss.

Several interesting things were noticed in connection with

the founding of these glasseg. In the first place, glasses BB and

6B exhibited violent frothing and even slight boiling over until

2ll gas hed escaped. They then settled into cuie?t fusion. Glass
"B had an extraocrdinsry appearence when noticed sbout 20 minutes

after the addition of the bateh. The bateh did not froth up dbut

was in a‘state of violent boiling and bubbling, the gurface of

- the glasgs resembfang bﬁbblimg-laﬁa, The liquid wag apparently

guite mobile. Just before the estimated time at which the pot

broke, 7B was losing bismuth oxide by volatilization. The big-
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muth ox cide condensed on the cooler portiong of the furnace 1id in
vatches of a reddish brown color.

It waee thought that gtirring the glasses might do more hvrn

3

then good in these smeller melts. Nobt only might strims be dis-
tributed ﬁhroughouﬁ the mass to a greater extent, but also the
stirrer might entrap air bubbles'on its end - this not ﬁeing hemlg-
pherical - and introduce them into the molten glasgs. Therefore,
the pots were transferred, at ﬁhe‘enﬂ of the founding time, %o
1arw pots and packed around with diatomaceous earth. |

)

IV. Annealing The Glasses.

Small melte- The annealing oven was of the gas-fired type used

o

im the annealing of large pieces of flint and crown glass. AS men-
tioned before, in the case of the smeller melts, the molten glass
was poured in a round cake directly on the sand hed of the oven.
AThe temperature of the oven was gradually lowered during four days,

in order that the glass might cool without setting up strains.

4

arge melts— A 8lightly different procedure was followed in the

cage of the larger meitu. Due to the comparatively rapid cooling,

<k

he glasses had 21l broken into smaller pieces. The pots were
broken and the glasses separated and boxed. I'rom each melt, two
the best and largest pleces were gelected and ground roughly to
the sghape of prisms. Thése were then annealed_by‘bringing them
élowly nearly to'the'gof%@ning temperaturé, then allowing them to
cool during four deys. The prismg were res erve@ for aenol ty, and

refraotive index and disyer310n measurement%. Cf each glass, 20-2b
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grams of the nieces were freed from adhering clay and ground up. -

for chemical analysis and solubility tests.

Small melts— The

clearness, color,and

/

Physical Aspect O0f The Glasses.

amesaled buttons were carefully examined for

for any evidences of incipient devitrifica-

tion. The following table contains the results of the examination:

Glags Mo,

i

€
e

4 B.

A
4B,

KB‘
6 B.
7 B.
Large meltg~ - The

melts were examined

fhysical Asvect.

Colorless, quite clear, with but few
small bubbles. Lack of surface luster
suggests surface attack by atmosphere.

fearly colorless, quite clear, only
very few bubbles. Surface s little dull.

Very light green, slightly bubbly,
clesr body. Surface quite brilliant.

Light yellowish-green. Rather bubbly,
gome bubbles of considerable size. Bril-
liant surfece. Body not so clear as 4B.

Little more yellow than bBB. Hany
bubbleg present, some of considerable gize.
Body clear, surface very brilliant. '

Three trials were ma
was successiul. First trisl gave a very
bubbly glass of yellowish green color. The
glass was badly cracked due perhaps to poor
annealing. HGecond trisl gave a glassg the
surface of which became reduced on anneal-
ing. Very swmoky in sppesrance, and badly
cracked. Third trial was successful, giving
a glagg more yellow in color than any of the
others, rather bubbly and but slightly
cracked., The surface was a little ternished.

de before this melt
T

wiennealed pieces of glass from the larger

in the same manner as the bubttons. The fol-



lowing 1

b

45B.

B

Lo
Lek]

[}

VI

Small melts— T
into gevs smal
determination., T
by pounding in an

powdered to pasg

uble gives

the resgults of the examinstion:

Ehysieal Agpect.

fiea rly colorless Contained bubbles, some

of considerable zye. Badly streined. ot
uniformly clear; had a dull area from which
radiated needle-like depressions. Genersal

surface quite brilliant.

5light greenish color. Contained several

fair-gized bubbles and many very small ones.

Bedly streined. Fresented same dull patch

2

ag did 4B, only spiral in shape; rest of
glass clewr. Surfaoe of about same bril-
liancy as 9= :E:?'. »
QLight yellowisgh-green color. Juite free
from bubbles. Considersbly strained,
grinding uwp with d 13”jcu1ty GClear, in
general, but with small dull )aﬁeh. More
brilliant then 4B or 4B.

Light green but with move yronouﬂeed yellow
cast then 443. Very little strained, wnd
guite free Trom bubbles. ,Ehlxorﬂlj clear,

and very brilliant.

Light green, more yellow than 53. Almogt
entir l; frbe ffom bubbles. Badly Q-Tglneﬁ

in certain places. Clear, and brillisnt,

more so than sny of the other glass. umall
dull patch, however, vigible. Very aiffi-
cult to grind to powder.
Preparation Of The Glasses For Analysis.
he annesaled buttons of glass were first broken
ler pieces, the largest being saved Lfor a density
hese cosrse pieces were still further broken up,
agete mortar. Small portions (2-3 grams) were
through a 200-mesh sieve, The combi portions



of powder were then trangferred to glass-stop;

“t

yered bobtles and
dried about six hours at 100- 1”o°ﬁ

During the grinding, marked differences were noted in the be-

havior of the different glasses There was a vercepntible increase
in brittleness or ease of grinding as the bismuth content incressed.

The glssses conteining most $10, and Hey,0 were the hardest and most -
difficult to grind. The.tendeucy to fly when crushed wae very

noticeable in +the case of the lower bismuth glasses.

Large melts- Pieces of these glasses, free from adhering clay,

in the same manner as sbove, but with more caution,

fad)

were ground ug

L

s0 ag to obtain as much glass a8 vossible of 1B0-mesh size. Since

r";

-

uniformity of size of the umrtjrl g of plass wag degired for the
golubility tests, the 1BO0-mech powder (meaning that all of the
powder fell through a 150-megh sieve) was Thrown onto a 200-mesh
gieve and whatever remained behln after 1ong Shaking vas saved
for +the solubility tests. A glass nowder was fthus o,tﬂlneﬁ the
gize of whoge particles lay between 150-and 200-megh. From z0-2D

the 1B0-mesh sieve, about 7 grams of uni-

—
()
(4]

Obviously, no gradual increase in ease of grinding could

o
(€]
.

detected in the case of these unannealed glasse

vIiTI. Chemicals And Reagents.

In all caseg where the ourity of chemicals or reagents was

in doubt, the materials were purified, or a blank determination

o

was made on & sample. Acids, such asg hydrochloric, or sulfuric



were used without purification, the C.F.

Ammonium hydroxide- C.P. ammonis was used at first as it

the bottle, but since

3

giliea as luwpurity,

About £00 cc. were purified at a time.

Amnonium carponate-—

ammonium carbonate wasg anslysed for

gilica, by decompoging a 10g sample with hydrochloric scid evaporat-

to dryness, 4110u1ng and lllter ng off the silice which was then

burned. The silica content being found %o be .001% was negligible

for the present work,

by neutralizing 1C00ce. of normal solution with hydrochloric acid

adding Boc. in excess, evaporating to dryness, and baking the resi-

due., The residue wag digsolved in dilute hydrochloric acid and the
gilica filtered off snd washed with dilute hydrochloric zcid. After
burning to constant weight, the residue was treated with hydrofluor-

ic acid and sulfuric scid, the silica driven off, and the residue

weighed. The difference between the first and second weighings
“gives the weight of silica. The gilica content of the caustic sol-

ution was found to be & milligrams ner liter, The analysed solu-

tion was preserved in a paraffined 1-liter flassk to guard against

pes3

Ammoniscal zinc oxide- Hilica wasg determin ed in thig reagent a
o -

follows: 1lOcc. were treated with 1bec. concentrated hydrochloric

~acid, the solution evaporated to dryness, baked, diluted, and the



silica filtered off and washed with dilute hydrochloric acid.
The residue was burned in the usual manner and weighed. The sili-

ca content of the reagent wes found to be 20 milligrams per liter,

or .2 milligrams per 10cc.

Hydrofluoric acid- Commereial hydrofluoric acid was used during

-

the firet enalyseés, but was abandoned due to its extreme dmpurity.

t contained about .0042g. iron and slumine per 18cc., and a sub-

stance which contaminated the bismuth basic carbonate precipitate,

@

.

cauging it to turn red on hesting. The amount of impurity was
~found in one cage to be 01Blg. for a bismuth precipitate weighing

.5888g. Inasmuch as the time required for determining the im-

p...

L ‘“3

purity in each bismuth precipitste wa

.8 as great as thet required
for the first two orecipitetions, the impure scid wasg discarded

cand C. P, hydrofluoric acid used altogether.

VIII. Chemical Anslysis Of Glasses.

s

Carbonate fusions- A | method for the decomposition of

0
f:!*
I )
“n
P’)

silicates consists in fusing the finely powdered materisl with

sbout 4 times ite weight of a mixture of sodium and potagsium
carbonstes. By this procedure, the silica combines with the

carbonate forming an alksline silicate and liberating SOB. The

cooled melt may be then taken up with scid, which liberates sil-

icic acid as a gelatinous precipitate. This is dehydrated to

1 -
by

s

form insoluble gilics which is removed iltretion t‘ 1ltrate

-

then containing the basgic elements originally nresent in the gil-
N L5 <&

&

icate. UOVlOLSlV the alkalis, sodium =2nd votassium, cannot be
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determined by this method.
o . ; v c L. -
Pollowing the procedure in Seott™1 g £ finely powdered glass

eighed into a platinum crucible of 2

4g. of Tusion mixture (E.C0. B ots., WasC0s
»poftasgiunm chlorate and the whole fused, the cﬁu01ble being kégt
covered until decrepitation had ceased. The mixture was kept hot
‘until the whole mass was in a liquid state, and no further evolution

A

took place. The crucible vas gresped with tongs, and gently

o
w

rotated while cooling, in order that the contents might solidify

Qu

in a thin skin on the walls of the crucible. After the massg ha

v

become so0lid, the crucible was set on & stone table and covered, 28

the contraction of the cooling contents caused considerable scatter-
ing of fine particles. The cold ceke was teken up with 50-100ce. of

hot water and transferred to a porcelein casssrole. Then 10ce. of

concentrated HCl . were added and solid lumps of the fusion cake were
ushed up so that all of the alkeli silicate might be decomposged.

During this nlu sgtion the casserole was covered by a2 watch glass as

ence caused considerable gpattering of solution. The

ot
Fy
®
o
|””A
(D
»d
(7/
é

K
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cover was then removed, the sgolution evaporated to dryness end heated

about % hour at 110-120°C. The residue was taken up with dilute HGL
and water, end the silica filtered off, washed meverasl times with

dilute HC1 to remove bismuth, then with hot water till free Irom

lryness, the regidue

(‘x_,

chlorides. The filtrate was evanorated to
heated % hour at 110=120 taken up with dilute HCL and water, and
the second portion of si ilica filtered off and washed ag was the

first portion. he two precipitates were combined in a platinum

crucivle and ignited to constant weight. One or two drops of iq 304

1. Becott {1926

iition, Vol. II,‘?Ckif'on,ﬁiscellaneoua Analyses)



and 10ce. of HF were aodded to the silica, the crucible heated on
the hot plate to expel silicon tetrafluoride, then to dryness to

expel excess HESOQ. The residue wag hested in & blast flame sznd

weighed., The difference between the first and second weights gave
the we ghé of silica ih the glass ¢ ' ample, and this multiplied by
100 gave the percent. of gilicsa.

The filtrate coutained the bismuth and iron and salumine as
chlorides. The bismuth was separated as the oxychloride 88 follows:

Pl

The solution was evaporated down to a volume of less than 100cc.

o

and gmmonia added till a slight permenent cloudiness wag obtained.

kel £

-

Hot water was added +ill the volume was 500-600cc., and dilute
ammonia added till litwmus was only faintly reddened. The 0xXy-
chloride of 1 smuuh was allowed %o séﬁtie for several hours some-
times over night, the supernatant liquid decanted through a
‘”elﬁbea uOGCﬁ crucible, and the precipitate transferred to.ﬁhe
crucible and Wfﬂheﬂ with 5 or 6 portions of hot water. FProlonged
washing with water is undesgirable, a8 thebﬁiﬁﬁl ig graduvally changed

back to the hydroxide. The Gooch crucible and precipitate wasg

+H
¥

dried at 12 0°%¢ and weighed.

oo

ﬂrv

he bi muth was fig

n the filtrate, iron and alumina were precipitated bV.ﬁddf

N

ing ammonia, end filtering off the hydroxides whi

washed and ignited to constant weight. As the precipitaete had but

a light reddish color, the iron was not separated.
This procedure was followed until it Tound that the

fusion mixture attecked the platinum crucible. A 20cc. crucible

was spoiled after four or five fusdions. However, the cause of

the destruction of the crucible being not at once suspected, a 10ece.



crucible wag Subsﬁituted'for the laxrger one which had bee
"SWay for repair. The eawllvéjﬁéiele»was gpoiled in about the same
length of time, showing unquestibrabiy thet the bismuth glass fus-
ions had a particularly csustic action on platinum.

A few words may be éaiu concerning the resuits of those anal-
yses which were performsd prior %o ﬁ}evées truction of the cruoibles.
The glasses used were not those in the series finally ﬁecidé& upon,

rt table shows th

Yo. §iliea(theory) ilies(found) Qinﬁgf*heory) Bi, 0. (found)
=9 Slob 1 TRe0TY)  Slgbgliound
1 40% s 58.25% 50%
2 ' 40% 58.19 50

I

40% . 38.16 50 . 50.59
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“The gilica fis
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AT

tion with hydrofluoric acid. In the casge of analysis 3, this was

Tfound to weigh 4.8 milligrams, and to have the snnearance of fused

b

bismuth oxide. Another glass having e batch composition sug

W

identical with that of the preceeding glass wasg anslysed with the

LOllO'

- Y
q\r {._(/1‘1 ,I

[ty -

51.09

22401

A third glasg v wag analysed giving

he following
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mnle 3B8.

To. Silica(theory) Silica(found) Bigl., (theory) Bi,O.(found)
: (UIEorrected) TR TR T
1 4v.84% £29.31% 28.07%

8 4:6090 /:11";':).98‘.2 - uv abl .3 (2;8.)?0’!0
It is keenly regretted that more analyses were not made by this

laﬁ more definite oouclualﬁns could be drawn ffom the
figureg. 1In fact, technique had only begun to be Geveloged on
these earlier glass fusions, when the method had to be abandoned.
, See why the above method ig undesirable, agide

from the fact thet fusions in »latinum are da

m
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place the gilics

a considerahle

given. In the cage of the second analysis on gls 25, th agidue

ol

left upon volatilizetion of the silicse wei

proved, on subseguent analysis to contain 6

oxide, and a trace of iron. Sharp of Hamburg informs us that

much the same results sre obtained with antimony glasses, the sil-

-

ica being contaminated with a?tlmon» oxide. As esult of the

N

ct

comparatively high volatility of bismuth oxide at red heat, con-

~
el

giderable logs might occur, during the heating to co

i

1wetant welght

€
G

‘

»

T

f

of the residue. In the second place, due to the varisble conbam-

in

o

ation of the silica with bismuth, the figures obtained Lfor the
bismuth content of the glass are liable to vary considerably. A4
glance at the tables will show that they do vary, over one pner-
cent, in gcme cages. In the third place, we agk, 1f bismuth oxide

is g0 volatile - and observetions on bateh fusiong have shown

that it is - must there not be a considerable loss during the car-
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honate fusion? It is

Chat some more fusions could not

he made sc that the

Jarbonate fuglong

The potassium chlorate
vigorously oxidized the crucible, so that the silics was contaminat-
ed with metallic oxides. The metal of the crucible also reduced the
bismuth oxide in €k

with the crucible. Thervefore, the carbonate fusion method was

abandoned entirely and

Decompogition of glags with hydrofluoric acid and determination of
bigmuth and sodium- By this method, 81l the constituents of the

lasses may be determined, except silica and

was firet developed, only

the small melts were available. ©Since then, 3

smgll melts have been prepared. DNecently, the firast five glasses

B8, 6. have become available.

The method remains practically the same Tor them.

ey

leec. of dilute sulfuriec acid (1:1) added from g pipette. Two or &

later changed to Bec.) were added. The crucible was placed on a

A S e 2 e [ < e
hot wlate and most of the excess

wag then covered with a piece of platinum foil, and heated until

excess Hp350, had been sxpelled. After cooling, the residue was
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a 600cc. beaker. The golution was diluted

ammonig added till a glight

inees wag obtained., An excess of ammonium carbonate

i =C)
exrmaenent cloudi

was added, corresponding to 5Ccc. of

solution. The flocculent

bismuth basic carbomate‘u@% allowed to settle on ﬁh@ hot plate

and the clear gupernatant licuid deczm ed through a qguelitative
paper., The precipitate was trensferred

washed with hot wa er. About 150-200c¢cc. of wasgh water were used.

The filtrate was reserved for the determination of sodium. The

-

precipitate was redissolved in 20cc. of dilute (1:1

Ly
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and again precipitated basic carbonate. This second precinita-—

tion ensured the absence of basic sulfate from the bismuth pre-

cipitate. After filtering and washing the precipitate, 1t was
dried on the paper in the oven. Ag much as posgible of the precip-

itate was removed and ftrangsferred to a waltch glass. To remove

the remaining portions from the paper, two procedures were adopted.
In the case of 4B, BB, and 638 of the small melts, +the paper was
ignited and =2llowed to burn over a Weigbed porcelain crucible, s0
that the residue fell into the crucible. The bismuth oxide go

ly reduced to the metal. A few drops of nitric

[l
o)
w
@
[

producead

A

acld were added to change the metal to nitrate. Alter removing the
8XCess TﬂOg, the regidue was *onvefﬁed on gentle ignition to the
L%
4 = 15 A - e S0 o = - ] S s JEC S JE T e P o~ P Wl’;}
oxlde., The other procedure was adopted in the case of glasses &3B,

and 75 of the small melts. The peper, alter being freed from

he precinitate
washed out with warm dilute nitric acid, the washings being caught
in a poreelain crucible of 20-30cec. capacity. The washings were

vanorated to dryness and the residue converted on heating o
o £ o
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bismuth ox <ide. The rest of the precipitate from the watceh glass was
then transferred to the crucible and the whole gently heated to con-
%ta t weight. Tests proved the precipiﬁate to be free from sulfate.

et . ) be 28w iy 3

Due to the time occcupied in evanorwulng the acid washing gs,
and in view of the fact that no more congistent results were ob-
teined by this method than by the first method, it was abandoned and

the £

arger chLS

x
ey

-

tained

t employed exclusively in the case of the glasses from the

The nuth oxide so 0b was contaminated with iron and
~eluming present in the glass. To obtain the correct weight of
oxlde, the precipitate was dissolved in hydrochloric acid and the

bismuth separated as oxychloride, as described ahove. 'In some
cases 1t was welghed. Iron and slumina remeined in the filtrate
and were Qfecipi%aﬁ@& as hydroxides with smmonia,. They were
filtered off, washed with hot water, and burned iﬂ g blast flame.
The iron being very small in amount, was not separasted from the
alumina., The weight bf the oxides, subtracted from the Weiglt of

®

~dmpure bismuth oxide, gave the correct weight of bismuth oxide.

?he filtrates from the bismuth besic carbonate contained all
the sodium in the glass as sulfate. Spectroscopic tests made on
the second filtrate revealed only & faint trace of Sodium, g0 ﬁhat

et Tirst this filtrate was discarded. The first filtrate was evap-
orated to dryness and ag much ammonium nitrate as possible removed
by‘ﬁ*TOMW heating on the hot plate. Part wa ’volaﬁilized, and part
wag decomposed into nitfgus oxide end water. The 6 ah was kept
covered to prevent loss of material caused by the effervegcence of
the.melted ammonium nitrate. The residue waé taken up with hot



tion.was eveporated to

‘removed by‘genﬁle heating over a flame and the dish finally heated

to Just 1 clow redness until it lost no more we:

5 2

The godium sulfate so obtained conteminated with gaf

;.;.
-
[
o
o

rvmovod from the beaker uged in the evaporation. It was teken up

with hot water, the residue filtered off, washed free from sulfate
and burned to congtant w e regidue, sub-

tracted from the weight of impure

eguivalent to this

wag obtained by multiplying the weight of sulfate by _ 62 .
140.26
e e k4
5 [ ., N - SO, ] n < 7 Lo Iy o2 g ey o PR | -
The welght of iron and slumina from the bismuth oxide wag

aken ag the iro nd slumina content of the glass. ILate
he variability of +the results lead us to sbandon the determination

of these constituents in.such small ssmples. In the case ol the

iles of geveral grams will
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Results of Analyses - A few words of explanation should be given with

reference to the following tables. The first contains the percentages
of bismuth énd godium found in.the glasses from the earlier smaller
melts. Very good, consistent results were obtained in the case of
glasses 4B, 533 and 6B, when C.P. hydrofluo§io acid was employved.
However, in the case of glasses 35B, 44B, and 7B, variable results
were obtained, until it was found that additional corrections were
necessary in order to obtain the correcy weight of bismuth oxide. Where-
ag, in the case of the first three glasses, the weighed B1203 dissolved
in hydrochloric acid to give a clear solution, this was not true of the
last three ﬂlas 168, A considerable correction had to be aanLed for the
silica removed from the beaker used in the precipitatbtion of the bismuth
basic carbonate. The weight of this silica usually lay between 2 and 5
milligrams, though in one case it was over 16 milligrams.

During the first analyses of the glass from the larger batches,
extremely variable results were obtained. In some cases, the bismuth
- figures were low, and in some cases, very high. The very low [figures
were nally treced to incomplete preciptation of the bismuth. A new
lot of ammonium carbonate was used for these glasses. It was found that,
following the directions previously given, 35--40cc. of 15% solution
did not give compléte precipitation of bismuth. It was found necessary

to use about 50cc of solution. As a result, the very low bismuth T

o

gures
must be rejected. No explanation for the high bismuth figures occasion-
btained can be given.Consisﬁent sodium figures were at first
difficult te obtain, the observed figures being much lower than those
calculated. Results which check very closely can hardly be expected, due

to the 1avge welght of the dish containing the sodium sulfate, and also

to the correction for silica which had to be always applied.
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Conclusions from bismuth and sodium analyseé— It is seen that, in the

case of the small bubtons, the difference between observed and
theoretical BioOz content is posikive at first, tskes a large drop into
the negativé region, rises neafly‘to zero, btakes another drop and Then
again approaches very near to zero., The difference between abserved and
calculated NggO conbtent starts positive, reaches a maximum at 44B,
v(corresponding to a maximum for BigOz difference) then drops low and
again rises. We must be very cautious in drawing conclusions from these
facts, inasmuch as neither the sillca nor arsenic content of these glass-
es have been determined, Much ﬁore work must be done along this line
before definite conclusions can be reached regarding the character of
the various‘bismuth soda silicates, whether they be true-compounds in
the chemical sense, or mixture$.'More detailed informaetion about Otints
- methods (ses page. 24) will béjsought; The uvselessness of drawing any
conclusions at the present time will be clear when we compare the results
of the analyseé of the small buttons and of the larger melts.
yllla,ﬁVDetermination of Silica And Arsenic Trioxide.
ITh view of the fact that the silica in bismuth glasses cénnot be
determined by the usual carbonabe fusion method, the treatment of the
glass with hydrofluoric acid, the silica is volatikized tetrafluoride,
SiF4. As this loss of silica ié quantitative, it would serve as a basis
for the estimation of silica, i all 6f the SiFy could be recovered.

Previous employmenékof the general principal.-So far as dearch of the

literature can reveal, the volat;ﬁizationﬁmethod has never been employ-
ed for the determination of siiicagrlts,geﬁeral principle has, ﬁowevef,
‘been long used for thgdeterminationiof fluorine both in organic and in
inorganic compdunds. The'hydrbfluoric acid, liberated from the compound
by HoSoys is caused to act upon an excess of silica. Knowing the amount

of SiFy evolved, one can easily determine the fluorine content of the

original sample. Much,work:hasfbeen done in the past, and several
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methods have been developed for absorbing the SiF, and determmningvits
quantitye A brief account of some of the later of methods will be given,
in the order of their developmenb. .

Fresenius(reviewe@ by Offermann, FKelt, Angew} @hem. 20,615 (1890)
original in ibid 5, 190, 1866) was the first who really showed the
worth of the'volatitization method for the quantitative determination
of fluorine, The fluoride sample Weighing +08e, mixed with 10-15g of
powered silica, Was‘treated in a dry flask with 40~50 cc of strong
Hosoy. The 81 Fy generated was swept out with a stream of dry air, The
gés was first passed through two U-~tubes, the first of which contained
fused calcium chloride, and the second containing in one arm fused cal-
civm chloride and in the other ahhydrous copper sulfate mixed with
pumice. The absorption tubes were three in number and were accurately
weighed before the experiment. The first contained in the bottom bend
soda~lime, in one arm cotion moistened with water, and in the other
cotton moistened with CaClo. The third contained pumice molstened with
gtrong HoSO0y. The reaétioh mixture was heated to 150-16000; for several
hours, cooled, the absorption tubes weighed and the increase in welght
taken as the weight of SiFy Absorbedé |

Penfield(American Chem.Jour.l,27,1879) has perfected a volumebtric
method for the determination of fluorine. He passed the SiF, into an
alcoholic solubtion of potassium chloride. |
The following reaction took place, |

HpSiFg + o xo1 = Ko Si Fe +- 2HOL.
The HCl liberated was YTitrated with standard émmoniag using cochineal
as indication, ’Very good results were obtained by Penrield, aslthe

following table will show,-
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- Analysis Of Fluorspar.

Fluorspar F. (theory)  F.(found) Difference
.2464 g .1200 g 1199 g - L0001 g
« 2039 . 0093 -, 0989 -, 0004
2074 +1010 « 10253 - ,0013
2147 » 1046 . 1064 - 0018
« 9292 ‘ + 4325 « 4329 . - 0004
+ 48735 « 2277 . 2283 - 40006
, 9901 L4824 #4817 : -~ ,0007
1,D130 . 4935 4923 - 50012

Hoppe~Seyler (Taumann-Zelb. Anal,.Chem. 24, 328, 1885; a review)
developed a method for estimating fluorine inorganic compounds. The
gample is well mixed with silice and treated in a flask with concentrated
HoSo,. The SiF, is absorbed in a so1ution of a barium salt, such as the
bromide; todide, or acetate, Barium fluésilicate is formed according to
the equation, 3 Si F, + 2 Ba Brg 4 2Hg0 = 2 Ba SiF; + 4 HBr 4 SiOg.
It is rendered insaluble by the addition of 80% by volume of alcohol,
(59,060 parts of 50% alcohol dissolve'i part of Bé*SiFs) The. precipitate
is filtered off, well washed with 50% alcohol and freated with hydro-
fluoric acid to dissolve out the gilica, also Formed. during the absorp-
ﬁion of the SiFy. The barium fluosilicate is then treated with HpSO4
whereby barium is precipitated ... as the very insoluble sulfate, Which
is weighed. From this welght one may find the w?ight of fluorine in
the original sample, A slightly differeﬁt precedure is‘to heat the
barium fluosilicate 1~=2 hours on a steam bath with é solution of ammon-
ium phosphate. The precipitate of barium phosphabe is filtered off,
treated with HC1 again filtered and washed with Hel. The filtrabe com-
tains the barium, which is precipitated as sulfate and weighed.

For the determination of fluorine in minerals, Tammann
(Ibid, 24, 328, 1885 ) adopﬁed the following proéedure; The sample is
mixed with powdered quartz, placed in the géneratimg'flask, and strong
HoSo, added, A stream of dry air is used to sweep out the S1iF,e For

cryolite, fluorspar, and similar minerals, 6~7 hours heating at 160~

170° are necessary: for barium and potassium fluosilicates, 2-3 hours-
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are sufficient; The absorbing liguid is water, and it contains all

=0
el

of the fluorine from the sample. It is treated with barium acetate
the precipitate allowed to settle, and filtered. The barium fluosil-
icate is treated with hydrobromic acid, 75% alcohol added, and the
precipitate filtered and washed with alcohol, The barium is then
precipitated as Ba So, and weighed. Very low results Were‘obtained

o -

as indicated in the following table,

Mineral (Cryolite) F, (theory) BaSoé(found) F(found).
5916 g ,5204 g L6172 g <3017
4754 . 2575 L4631 - .2264
« 4749 £ 2572 « 4880 « 2372

Mueh better results were obtained by proceeding as followsBarium flu-
oride was analysed, The SiF, was absorbed in a solution of bariun
gcetate contalining hydrobromic acide The barium fluosilicate was almost
completely precipitated by the addition of much alcohol, It was Filtered

off and treated in the usual manner. Good results were obtained, as

shown in the following table.

Ba F, taken F(theory) Ba804 weighed "P(found).
7140 g .1548 g .3150 g .1535g
« 5968 £ 1203 « 2638 +1289
« 5934 » 1503 . 3127 « 1528

A volumetric determination of fluorine was also worked out by

Tammann, The absorption liguid is treated with caustic potash and allow-

ed to stand, The precipitate

Py

et

8 treated with hydrochloric acid, and XKCl1
removed by Waéhimg with potassium acetate. Twelve volumes of 80%
Alcohol are then added, then solution allowed to stand 2~3 hours,
filtered, the precipitate washed with 60% alcohol, and titrated with
standard caustic, The equations involved in this method are,

(1) 3 81 Fa 4 2 Hed = 2 Hp SiFg 4 Si0g , (absorption of 8iFa).

{

(2) HpS1 Fg + 2KOH = Ky SiFg + 2H;0 1 (precipitation with KOH).
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(3) Ko SiFé + 4KCH - = O6KF -+ éi@z + 2Ho0, (Titration with KOH).

S. Bein(Zeit Anal.Chem. 26, 733, 1887) estimates the fluorine content

of a sampke by determining the. quantity of 810, formed in accordance With
equation (1) above. His procedure is asnfollqws; The size of sampke to be.
taken 1s regulated by its probable, fluorinercontenﬁ, about 1l-1.,2g for
fluorspar; and a proportionably greater amount for ménerals lower in
fluorine, If fluorsparvis used, the sample is mixed with 12~16 parts

of silicakandrtransferred to a well d¥ied flask provided With a three-
hole stopper. A glass tube through which well dried air may be paésed

is inserted in one hols of the stopper. Through tﬁe second hole passes
a‘glass tube, widened at the eﬁd, and dipping'into water in a test

tﬁbeg This is the absorption tube; A dropping funnel is inserted in the
third hole of the sto?per. This céntains about 100cc of éonoentrated
sulfuric acid od specific‘gravity 1.85, To ensure complete dryness of
every part of the apparatus, the flask is heated and the current of

dfy air is passed for a few minuteé. The mixture of samplé and silica

is then transferred to the flask and the current of air started again
baing so regulated that about 2 bubbles per second pass the absorption
tubes About 50cc of sulfuric acid are allowed to-dropinto the flask,
which ig then heated slowly in an oil bath to 1700C but no higher. After
about 3-hours heating, during which time~thé flask is frequently agitated
to assist the reaction, 25cc more of aéid are added and the heating
continued a few more minutesfto ensure completion of the reaction. After
allowing the separated silicle acid to settle a few minutes, it is
filtered off, washed with weak acid,bhe precipitate heated to constant
weight, and welighed as Si@g; The weight of silica multiplied Dby 5.494
gives the weight of fluorine, Bein's results for-fluofspar and sodium

fluoride are given in the following table.-
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Substance F(theory) F(found)

Ca F2 49,474 49.06%

| 49,29

| Na F 45,24 - 45,02

S | | | 44,87

It is seén that the observed fluorine‘content isieonsistently lower than
the theoretical value, due most 1ike1y to slight losses Qf.SiF4 because
of traces of moisbure still remaining in the apparatus. o

Tnstead of decomposing the SiF,, it may be absorbed by a solﬁtion
of potassium fluoride, giving the potassium fluoslicate,
The amont of fluosilicate formed may be determined either»gravimgtrically '
or volumet®ically. The forﬁer procedure was adopted by Coruot(Comples
Rendus 114,750,(1892). This investigator‘generated the SiFy in mueh the
same manner as did Bein. For sweeping out the gas, either air or carbon
dioxide dried in sulfuric’acid towers may be used. The absorption
contains a layer of mercury overwhich is poured 20cc of pure 10%
potassium fluoride solution. The tube conducting‘thevSiFé is widened
at the end and opens 2-3 millimeters below the surface of the mercury.
Thus the danger of cldgging the tube is entirely eliminated.Caruot
recommends a maximum temperature of 1600¢ for the generation of the
SE Ty, and‘cbnéiders the reaction at an end when bubbles no longer appear
at the surfacé of the reactlon mixture in the flask, about 1li -~ 3
hourss. The flu@ride golution in the absorption bottle contains ths
gelatinous. and barely visible potassiﬁm fluosilicate, which settles
guite readily. The aqueous solution is decanted, and the mercury is
washed With portions of water, The combined portions are treated with
an equal volume of 90% alcohol and  allowed to stand, The preoipitate
is washed by decautation with 50% alcohol there transferred tp a

tarred filter and washed free from fluoride. It is dried at 100°C

and weighed as K SiFg, The weight of KoSiF g multiplied by 3794 gives
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the weight of fluorine which came from the sample. The accuracy of this
method abviously depend not only upon complete absorption-of the SiFg,
without losses due to moisture in the apparatus, but also upon the
complete, or nearly complete, indolubllity of KgSiF6.in 50% alcohol,
Though H. Rose(Mellor,A Ereatise On inorgénic And Theoretical Chemis-
try Vol W1 P 949) atates that alcohol completely pfecipitates Ko SiFy
from agueous solution, Adolph (Jour. Amer.Chem.So0®. 57,2500,(1915)
throws doubt on this point. Also the felly~like character of the flu-
osilicate (Mellor-Vol V1 P,947) does not tend to make its handling an
easy matter,

The volumetric method developed by Offermann(Zeit angew, chem.
20,6815, (1890) gives good results. Offermann carried out the volatitz-
ation at 150-160° and collected the SiF, in a beaker of water, the
bottom of which was covered with a layer of mercury. The SiF, was liber-
~ated below The level of the mercury so that the tube did not because
clogged with silicic acid. The fluosilicicacid libérated was titrated
with standard KOH, using cochineal as the indicator, lcc of normal KOH
is equivalent to .0190 g. of fluopine. Offermann's results for fluorspar

are given in the following table,

Weight of sampke F.0found) Fo(theory)
300 g | 48.45% 48.72%
« 400 48,45 "
300 48,45 t
+300 | 48,45 | n

Adolph(Jours.Amer, Chemd Soc. 37,2500, (1915). has conducted an extensive
investigation of the conditions most favorable to the succegss of Offermann's
method. As a result, he proposes the following improved procedure.,

The sample of fluoride, equivalent in fluorine content to «1=2 g, of

e

fluorspar, is well mixed with three times its welght of iginted silice.
The volatilization and absorption apparabtus is shown in the figure. The

dry mixture together with one grain of anhydrous Cu So4 is placed in the
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flask F, and 25ce of‘98.6% Ho30, added.¥he stopcock E is now closed
while the flask 1s heéted in the air bath H till after one half hour
the temperature has reached 220°C. E is then opened aﬁd air dried in
the drying towers A,B,C, and D is passed through at the rate of these
bubbles per second, It &s most important that the alr be absolutely
dry and free from carbon dioxide. Towers A and B contain strong HgAsoé
¢ contains soda lime, and D calcium chloride., Flask T is shaken occas-

ally to promo»e the reaction. The SiF, is paassed through a drying

flask G containing strong HpS0,;, then through the U-tubes H,T, and J
to condense any HeS0, vapors. H. cobtains glass beads, and I and J are
cooled in water. The SiFé_is then passed into a test tube K containing
aboﬁt 50cc of water. The end of the incoming tube is widened to prevent
clogging with the 1]10& which at first sepabates, After 2-2% hours the
test tube is'removed and its contents titrated with 0.1 N~KOH using
phenolphthalein as indicator. 12 parts of KOH are equiﬁélent to 3 parts
of SiF,, so that the weight of SiFy is found by multiplying the number
of cc of KOH used by 0026025,

The success of this method depends on a number of factors.
In the first plaCe, Adolphe found that sulfuric acid oonsiderably‘strongér
or weaker than 98,6% gave results. Very low results were obtained uéing
"concentrated” acid(96.9% HpS0,), only 40,4% fluorine in CaF, againat
48.52%Vtheory. On the other hand; very strong acid égge high results
owing to the fact that S0z was evolved at the temperature of the exper-
iment, and raised the acid content of the absorption liquid.

In the second place, bemperature plays a very important part in
the success of the experiment. The effect high and low temyeratures on

the amount of fluorlne found in fluorspar is well shown in the following

table.—~
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Effect Of Variation Of Temperature 0L lxperiment.

Temperatufe - (foﬁnd) F(fheary}.
1800 ¢ 46,9 % 48.8%
180 ‘ 4a7.8 n
200 47 .4 "
220 47.1 "
230 47.6 i
260 45.5 | n
310 257 "
310 52,6 o

In the third plsce, the results were affectedmby the form of silica used.
?eldspar and‘preeipitated silica gave low results. Yuartz gave the best
results, though frequent agitation of the generating Tlagk was necessary.
The stronger the dehydrating agent present in the generating flask, the

better were the results obtained.
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Preiiminary expexriments on the velatitization methed= preliminary

gtudies were carried out to determine thes experimental conditions

under which the method would be most successful., The arrahgement

of the apparatus #s shown in the sketch. The glass was decomposed

in the glatinﬁm crucible A with hydrofluoric acid and sulfuric acid.

To the top of A was fitted a platinum cover to which was attached a

platﬂﬁm tube B bent twice ot night angles, The tube leads the SiF,

inte a small paraffined flask € coentaining dilute caustic potash.

What SiF, escaped absorption in C was lead by a paraffined glass

tube D inte a second paraffined fiask By also céntaining dilute XKOH.

A tube from E led to a Bunsen pump, by means of which a current of

air was drawn through the apparatus. An opening covered with a platinum
cap was provided in the cover to A, ao that the hydrefluoriec acid ceuld
be poured in while the suction was in action. The cruecible was heated
in a small sandbath by means of a Bunsen flame.

For a determinatien, aboutes =.75g of glass were used. It was
weighed into the crucibleslcc of 1:1 H,80, added,and 2-3cc of waters
The cover was then fitted, and the apparatus set up; the first absorp-
tion bttle containing 90cc of N=-KOH, the second 50cc. Suction was start-
ed 3cc of 48% HF poured into the crucible through the opening in the
1id, the small cover replaced and thr sucpion adjusted as that 4-5
bubbles per second passed the first absorption bottlie. The temperature
of the sand hath was raised graduslly (during about two hours) te 200-
220°, and kept there until no more H F passed over, The exach time at
ehich the bulk of the BiF, was drived over could be as certained from
the change in the appearance of the first absorption bottle. As the
Si¥, was absorbed, potassium fluosilicate was formed, which possessed

a peeuliar bluish iridescence in reflected light. By transmitted

light,; the color was bluish with a suggestion of vielet, towards the-
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end of the heating,a white smoke would sometimes appear in the botiles.
This might have been due to 80z, formed by the decomposition of the
Hz804 in the crucible. Afger the apparatus had cooled; the flasks were
removed, the connecting tubes washed out with hot water, and the two
solutions analysed separately for thelr silica content; to detemmine
how much Si¥F, hafl passed the first bottles

Silica was separated from the fluorides present in the socluticn
as follows.(8cott-EStandard Methods of Chemical Analysis, 192C,Vol.l
Ps 179)s The zlkaline liguid was treated with 5-10 grams of solié
ammoniun carbonate boiled for 5 minutes and zllowed to stand in the
cold for twe or three hours . By this precedure, the fluosilicazte was
completely decompesed, and flecculent SiOQ was precipitated. This was
filtered with dentle suction washed with cold ammonium carbenate
solution and the silica burned to censtant weight, volatilized with
HF and HoS04,; and the residue weighed; the difference between the
weights representing the pure Sils.

A considerable amount of silica remained in the filtrate, and
was separated as follows. The selution was evaported nearly to drynéss
whereby scme ammonium carbonate was removed. The residue was taken up
with water, and neutralized with 2-N MCl, using Phenolphthalein as
the indicator. The solution was teiied, restering the ceclor of the
indicator.More HCl. was added, the solution again boiled, and the pro-
cess revseated until the pink color was destreoved by the addition of
1-2ce of HCl. about Scc of ammonizcal zine oxide were added to pre-
cepltatex the Si 0o as zinc sil¥cate., The mixture was beiled until
ammenis was completely expelled. The precipitate of zinc silicate and
oxide was then filtered off, washed with hot water, and redissolved
in sbout 10ce of streing HCiL. The selution was evaporzted to dryness,
baked carefully to dehydrate the silicic acid, and taken up with 107

HCL, The SiOE was filtered off, washed with @p HC1, and the Si02 -
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determined gravinvegrically. If it weighed more than 10 miiligrans,
the filtrate was again evported to dryness taken yp with acid and a
second portien of SiO2 filtered off and weighed. Long taking of the
residue is not necessary as the zinc chloride is itself a dehydrating
agent fused. It should be remarked that when the sueti@h was especk-
2lly irregular, a third absorption bottle was included.
Results of the preliminary tests- at the fime when this méthed was
first tried only glasses 4B45B and 6B of the small melts were avail-

ables Analyses were made on 4B and 5B, with the following results.

»Glasg 4B
Analysis Weight of Siiica found
No sample first bottle second bottle third bottle t&tal %8102
i 1.0000g two combined 45749¢g 57$49Vﬁ
2 " " " | #5623 B6.25
3 J7500 " L . 4408 58.95
4 7560 " " | W4114 54,95
5 47500 together .3828 ,0101 3929 52,30
6 1,000 together . 5505 0102 5607 56,017
Glass 5B |
i «7500g Hand 2 together .3620g <0063 36858 49.11.01@
2 27500 3873 0065 _ 3738 49.84

The extreme variability if these results was not éxpiained$
until I happened to examine carefully the far exteriocr of the platinum
bend. It was féund full'@f precipitated silicie acid. As & result the
entire set of determinations had tobb rejected and the methed abendoﬁe&-‘
Vork was not recémmenced until the new melts were avalleble for
Analyeis. E#ery precaution was then taken to guard against loss ef

silica, either in the tube, cr by t00 rapid suction. Although the
enalyses by the improved method have been définitely started, the



piepmsed procedure will be describea,_ |
Improved method for determination of silica- Among the improvements
introduced may be mentioned the éubstitution of a second platinum
tube with round bends in place of the paraffined glass tube leading
from the first to the second bottle. To make certain that little or
no silica was caught in the'platiﬁﬁm>tubes, theeé were heated to
redness 8o drive out all moisture present and weighed. In order teo
eliminate as much moisture as possible from the generating crucible,»
anhydrous HF gas was generated in contact with the glass, by the
‘actien:between calcium fluoride and strong sulfuric acid.

| About .5g of powdered glass and l.5g of C.P. CaF2 were weighed'
into the platinum‘well mixed crucible well mixed and the cover fitted.
Into each of the absorption bottles were poured 40cc cf 2N—KOH.After
thé apparatus ﬁad been set up and‘mederate suctien started 5ce of
cehcentr&ted H,586, were poured into the crucible, and the sand bath
héated slewly to about 100°C, Suction was msintained steady, so that
3=4 bubbles per second passed the first bottle. The temperature was
raised cautiously to 100°C and then flame removede Soon, the SiF,
began to pass over inte the absorptien selution, as was evidenced
by the formation & precipitate on the end of the tube. Almest pﬁre
SiF4 passed over for a while during which time it was neccessary to
see that the end of the tube did not become clogged. After excessive
piécipitati@n haé ceased, the temperature was raised to 220-230° C.
and maintained there for half an hour to ensure removal of all SiF,.
The crucible was then allowed to cool to room temperature, the suctien
being maintained constant. The flaskYwere removed ythe tubes‘washed
out first with strong HCl then with hotmwater and the washings added
to their respéctive flasks, The tubes were carefully heated to re-

move m@istyre,'then te redness, cooled andkreweighed to determine —
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the énount of silica they still retained. This weight(0-5 milligrans)
was addeﬂ to the weight of silica found in the a2bscrptien solutions.

The silica in the. two bottles was determined by the methed
eutlined by Scett(loo.cit).

' This new procedure is certainvto give concordant results,
since noe silica can possibly elude eithef absérptien in the bottles,
or‘detéction'in the platinum tubes. Work will be prosecuted in this
direction at the very first epbortunity.

Determination of trivalent arsenic- No work has been done as yet with

regard to the arsenic triflucride which is absorbed together with
.the‘sblicon tetrafluoride during the progress of the vdlatilizatien.
Sufficientle large‘batches are not yet available, so that samples of
fife‘grams or more may be analysed for arsenic triexide.

#llen and Zies (Jour.Am.OereSec«l,Vﬁg~86,1918) in their invest=
igations on the condition of arsenic in glass, employed the velatitiz-
ation method for the determination of trivalent arsenic. The glass
was treated with HF and Hp80, in a platiﬁum still, and the AsFz
absorbed in sodium hydroxide solution. The caustie solution was
evaporated nearly to dryness and treated with a little hydrogen per-
exide to convert the scdium arsenite to arsenates Siliea was then
removed by treaﬁing the residue with HF and HpBO4. The salt was dis-
solved in water, filtered,and the aréehic determined by any of the
standard metheds, either volumetric or colorimetric.

This methed will be tried when the next large melts are availe

able.



IX. Determination 0L Physical Zroperties.
1., Density- Freliminary 6euTrU1gﬁtﬁons of the densities of

the pieces of glass Ifrom the small melts were carried out by the
immersion method. A pilece of the glasg weighing 8-10 gremg wasg

e

s . . . . . . PN 1 ;-
first weighed in air, then in water at 207C., and the loss in

welght determined, this giving, by Archimedes principle the
Weight of the displaced water. DBy the use of tables, this weight
wag changed to volume in cubic centimeters. Dividing this into
the weight of the glass gave the dengity of the glass referred
209
Due to the presence of bubbles - gome of ﬁhem of congider-

)
=33

1\“

thought that the figures for the

L2

able size - in the glasgs, it w

<

1T

densities would be in error. Consequently, the following method
was tried. ©Small nieces of the glags were examined carefully for
the absence of nearly all bubbles, snd weighed. A picnometer
bottle Qf about 85cc.rcﬂ:aglﬁV’wau weighed full of water at £0°C.

The picnometer wasg then emptied, the pieces of glass put in, the

nienometer again filled with water at 20°C., and weighed. Gresat

w
f‘[)

¢
2

o

care wag taken to have the level of the water in the side arm the

L

game in the two cases. The density of the glaass was then cal-

culated by means of the following formula:

™

S—
o
=
(o}
g
i

density of the glass.
& density of-water at 20°
Wg = weight of glass pieces
Wy = weight of Full picnometer bottle without glass.

No = e L&ut of full picnometer bottle oontﬂlnlnd glass pleces.
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Weights Wq and W, were corrected for buoyency of air.
e

In spite of all possible precautions, concordant results

£

o]

]

could not be obtained. hig 18 illustrated in the following table:

Trial. Glass o, 43B. J Glags lo. BB,
Dengity by Densgity by Dengity by  Density by
immergion, pienometer immersion. nicnometer

5.589
2 2.941 £.9456 3.353 5.5375
3 2.941 £.9413 5.838 5.835

Je see that, barring trial 1 on 4B, as possibly due to error of
weighing, the density figures are subject to a varistion of sever-
al figures in the third decimal place. The experimental error in

1.

deverminations of density should not exceed one in the third

(O]

decimal pléee. The uncerteinty in the above figures is due wholly
to errors in weighing the picnometer bottle when full of Water.
Unless the tempersture is absolﬁtely'uniform throughout the body
ofkwater, a considerable error ig introduced, as much s four or
five milligrems. EHrrorg in weighing due to the large masg of

the bottle ané‘water are negligible, it being found possible to
move the pointer of the balance by changing the weight by .6008
grem. The evaporation cf the water in the picnometer introduced

a sensible error, even when the hole in the cap for the side arm
was closed with paraffin, In one trial it amounted to ;0004

gram per minute. As two or three minutes were recuired for a

careful weighing, it will be seen thet an wncertainty of a milli-

WL ¥ o rerr ome o -~ e



)
Rav]

gram or more ig introduced. Take, for example, the following daba:

= B5.3175 g. (corrected)

=
s
88 g. {corrected)
JBESg. per ce.

|

i

(6>

o3
) W

whence, D = 1.8195 y 998288 - 2.9748 g. per co.

suppose, due to the uncertainties mentioned above, that a second

trial g. {corrected). Substituting this sbove we

find D = 3.3848 g. per cc. It is thus clear how esmall an error in
Wg 1e required to make a very large error in D.
It was therefore thought best to try to improve the immer-

gion methed. By suitable precautions, nearly every gocurce of error

could be eliminated except that due to the presence of bubbles in

PN

§

the @1ass. The tempersture of the water in which the glass wa
ugyended was masinteined within 0.2°C either side of 20°C. Any
error due to the volume of the wire immersed in the water was
eliminated by weighing the susyeﬁdeé_wire alone, submerged to
the seme extent as when the glags was attached to it. o correc-
tion was made for the downward pull exerted by surface tension
on the wire. The glaess was weighed in air lying directly on the
scale vpan, thig weight being certainly sccurate to within
i.OOOl gramb; The weight of the glass in water could be deter-
mined with e maximum error of 4.0004 grems. The larger the piece
of glags, the legs effect does this last uncertainty have upon
the fingl result. In the following table are given the dengities
determined by'tte improved immersion method. Due to the bubbles
'in the glags, these figures are not accurate beyoné‘ﬁhe thir&

decimal place.
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iR : 2,795 15,

5] &.
4 B 2,941 1915

45 BERLG! 17,4075
5B o 5 .55 | 16,2250
6 B 5,75 - © 8.2950
7 B £,110 8.8575

o

The densities of the glasges from the larger melts were

- . 3

determined in exactly the seme menner. A8 was mentioned in an
sarlier section, the density determinations Were made on the

prismg ground for the refrsctive index end disgpersion Heasure-

\D

ments. Inasmuch as these later glasses were much freer frov
bubbles than the earlier pieces, we mayv be sure of the den-

sities in the following table to within + 8 in the fourth dec-

imal plac /
‘ Cenf
N - - . 20 —_— .
Glass Ho. Density 5 vielght dn
4 81T,
2 - » " . .
9B - Due to the fact that trese.

slasses were also found to be

B imperfect, the density vaslues for
5 B the esmaller melts were used for

\
5
.

6 B the curves.(See refractive 1:.w
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Conclusions from density determinations=- It is seen from the first
table that the density of bismuth glasses increases with the bismuth
content, a fact which one would expect.'ln curve 1 values are plotted

1

against percentage of Bigoq present. No curve be plotted showing the
[/ ' . e

relation between density and moles of B1205 present, since it has
been found that the composition of the glass no longer correspond
exactly to the series 1908102. 40Na20; XBi2O5;Th§ following con-
clusions may be drawn from the curve plotted, o

1l. Density increases with inoréase of BiéO5 content.

2. The rate of increase of dmnsity increases with in-

creasing 51205 content. |

A comparison of the densltied of soda-bismuth and soda-
lead silicates leads to the interesting conclusion Fhat not only are
the bismuth glasses heavier than the corresponding lead glasses, but
that the difference increases in general, as we ascend the series., The
facts are well shown in the following table,

Density of Bismuth Density of Corresponding Difference

Glasses ' Lead glaéses(?eddée)

2.725 » 2.710 015
2,941 2,912 \ - Lo20
Se171 3.112 .689
5;355. 34282 . «051
36732 S D43 «189
4,110 5,756 o . 354

As yet, no explanation can be affered for the drop in the difference
for the fourth glasses in the table. |

We are now in a position to determine approximately
the specific density of BijyOz, that is, the density of the oxide as
it is present in the glass. For this purpose it will be sufficient

to use only the bismuth,sodium, and silica figures,vﬁhe latter being -
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calculated by subtracting from 1007 the sum of Big0; -Na 0. This should

net introduce an error of more thanl-1l.5% in the result,
The Winkelmann-Schott formula was used,

—-————1001 2, + 2o 'ﬂgs +mete,
D dt: dﬁz d3 '

where,
D~ observed densiﬁy of glass.
p=- % of oxides present

d- specific densities of the respective oxides.

The specific densities of thé respective oxides.have been carefully
determined by W, L. _Bailliel(ghemuAbstracts 1921, p3374). Hhe has

found the value 2.24 for $i0, and 3.2 for Nagh. In the following

table are given the bismuth and sodium figures found by analysis,

the silica found by difference, the density of the glasses, and the

calculated values for the specific density of BipOg,

Glass No. 310 7, Nas0 % S1057, Density d for BisOs.,

3348 12,6972 2430 6&%& 2,725 1&.43
4B 20,67 22,73 B58.6C 2,941 13,02

_ R0.83 580.35 10.15
438 29,52 23x30 4918 33171 9590
5 B B4eB34  18.23 47.43  Be533 10,98
6 B 45475 14,48 FGLTT  B3.732 12.75
7 B 52,87 13.55 35,58  4.110 1028

d4¢ density of Bigly in the free state is 8.98. In spite of the
extreme discordance of the above values for d, we may safely conclude

that the specific density of BiplUz is considerably greater than ite

density in the free state.



Z. Refractive Index And Dispersion.

pieces from small melts.  In the

=i

Preliminary experiments on

]

case of these glasses, the principle of total reflection as em—
T "o - P .’ i 25 . . o . ‘. . .
bodied in the Abbe and Pulfrich refractometers, was employed.

Pieces of each glasg were first ground with one face flat. A

second flat face wag ground at roximately a right angle to the

.

Por contect liguid

1, & ~bromonanhtl

P

L3, BB and methylene iodide for glagses 6B and 7B. Deter-

<0

minations of refractive index were made on the first i

on the Abbé refractometer. The nosition of the glass piece was

e

changed from nlace to place on the prism of the instrument, the

1¢. By averaging these readin

i
k)
C‘

<«
e g v

o

8

seale being read each ti
figure was obtained which was certain, within one or two units
in the third decimal vlace. Two pleces of glass 548 were pre-
pared and groﬁmc, The Tirst gave an index of refraction abnor-
nelly low, sbout 1.800, while the second, which gave s much
sharper edge on which to get in the refractometer, had & higher
index. We Telft Jjustified in not congidering further the first
niece, inagmuch as We lster found thet absolutely no edge at all
could be detected on the Pulfrich refractometer,:in the case of

this piece. The second piece gave an edge sagy to set on. In

the following table are given the values of the mean refractive

index for white light for each setting, the gimvle mean of these



settings, and the weighted mean, the latter giving the most prob-

4

refractive index, the fourth decimal being

o

2hle value of th

n

onitted as uncertain. -

Setting BLB 4B 433 5B 63
1. 1.5565 1.5648 1.5984 1.6200 © 1.6698
2 1.5370 1.565% 1.5985  1.6215  1.6699
5 1.5575 1.5655 1.5989 1.6217 1.6705

4 - 1.5%65 1.5989 1.6704
5 1.5375 1.6704

simple meen  1.5570  1.5652 1.5987  1.6211  1.6702

1
Weighted mean 1.558 1.565 1.599 1.621 1.670

ALl of these glasses gave fairly sherp edges in the iunstrument,
except 4B. This glass was 80 gmall that 1t covered only o smell
vortion of the total ares of the prism. FHence, it gave a very

diffuse edge, difficult to locate and set upon.

- The game pieces were tested on the Pulfrich refractometer,
using & strong sodium flame as the source of light. Uhe relrac-
tive indices of the glasses were then calculated according to

the formula,

[

B . 2.
ﬂ@ - Slﬁgl.

where, Iy is the dndex of the glass.

'E%'is the refractive index of the Pulfrich prism.
is the angle read on the graduated circle of the instru-

The angle i must be corrected by subtracting the “null-punkt™ or



null-point reading. Tables vrepared especially for use with the
Pulfrich prism gave the values of By for sll values of i.

The instrument wes used first in a laboratory partly
darkened, then in a special dark room. The readings takeh in
the dark room are consiaeredvmost trustworthy; only these, there-
fore, will be given. Glass 4B could ﬁéﬁ,be measured owing %o
ite very small size. Two pieces of 7B were tested, but as only
the gecond gave a distinet edge visible in the Pulfrich telescope,

the readings for the first piece were rejected as unreliable.

Wumber of Refréctive Index, b
Setting 5B 4%B 58 6B 7B
1 1.53652  1.60088  1.62589  1.66955 1.71214
2 1.58623  1.60116 1.626156  1.66927 1.71214
'3 1.58652  1.60070  1.62580  1.66927 1.71286
4 1.55614  1.60107  1.62562
5 1.58652  1.60107  1.62607
6 7 1.60088
VA ' 1.60088
$imple meen 1.5%637  1.60095  1.62591 © 1.66950 1,71218
Weighted mean  1.5563 1.6010  1.6259  1.6695  1.7121

With regard to the dispersion of these first glasses &
great deal cannot be definitely stated. Glass 3%B was the only.
pilece which gave any results at all. Settings were made onlthe

. i
C and F lines of the hydrogen spectrum, but the G%‘line was t00

faint to permit readings to be taken. fLhe following table gives



iﬁe values of mean dispersion, partial dispersicns , and "V" value

for each of the settings of the instrument.

Dispersion Values For Glass 39 B

_60

SEtting Refractive Mean dis- Partial dis- Partial dis- V.Vadue
No, ‘index(HD) version{F-C) persion(D-C) 37r510n(ﬁ-D) ggf%ﬁ
1 L, 556952 «01102 00322 00780 48,7
2 " -01094 « 00326 200768 49,1
3 " + 01150 200346 « 00804 46,6
4. " 201109 + 00329 00780 48,4
5 " +01159 00329 s 00830 4642
6 " «01166 + 00329 «00737 49.5
7 " 01106 » Q0354 , 00772 48,5
) " 201063 200315 200748 5046

Mean 401119 2003529 s 00777 48.5




Acéurate measurements on the speotrbmetér. For the accurate measure-
ment of refractive and dispersion, &a good spectrometer is by far the
best instrument. The glass to be tested has the form of a prism, the
angle between two of whose faces is kmown. If now a beam of 1ight be
passed through the prism in such 2 way that the beam is deviated or
bent from its straight path to the maximﬁm extent, then the refractive

index of the prism is given by th equation.

= sing (4A-D)
sing A
where n= refréctive index of prism.
A= angle atwhich the faces of the prism meet.
D= angle of minimum deviation.

By employing @ hydrogen tube as a source of light, the regtactive indices
for the C,P, and ¢ 2 lines may be determined; and hence the dispersion
of the glassg.

We were‘eitremely Tortunate in having the losn of the large
spectrometer belonging to the Spencer Lens Company of Buffaloc.
This instrument had been carefully tesfed ang its scale checked ober
well, so that with iﬁ angles could be read to one second of arc.

The two best pieces of glass from each of the large melts

were ground to the approximate shaped prisms, which were then finished

WAL ,

The prisms were thgﬁkbh.the instrument, after preliminary adjustmeﬁtg,
such as adjusting each Fface exactly perpendicular to the plane of the
collimater and telescope, has been made. It was found that, if the
angle of minimum deviation could be meed with an error not exceeding
10 seconds of arc, the values for reffactive index found would not

vary in the fifth decimal place. Several settings were made g0 that

0

the angle of the prism was known accuratelye.

i_
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Conclusions fro
fhét,rﬁat only does increase of bismuth content cause an increasse in iné&x 
of refraction, but that the rate of inexease of the property bhecomes
greater as'we.aseend the series. Company our figures with those Peddle
(Jour. Soc. Glass Tech. no.16,299,1920] we see that, not only do bismuth-
soda silicates have a greater refractive index than the corresponding
lead=soda silicates, but that the difference increases in general, as
we zscend the series. These facts are bought out in the following table,
Bp of bismuth glesses Np of lead glasses  Difference.

1.5363 1.5299 . L0064

1.5650 1,5558 0042

1.6010 1.5761 « 0249

. 1.625% 1.5927 . 0332

1.6683 1.621% +0474

Le7123% 1.6471 + 0650
The same concluslions cznnot be drawnffrem~aurve'111§ Though the iadex
of xefraeﬁian iﬁqreases,with 31203 content; it does so in an erratie
manner. There is,a vexrysmall rise in Ny ff@m glass 438 te 5B, How we
see Tfrom compurbson of the analyses of thelﬁﬁall and large melts that,

whide the bismuth figures are neaxly'identicéifin the two 5B glasses,

the sodium figures differ'greatly. In the small 5B sample, the sodium
oxide content is 3.247 higher than in the 5B glass of the large melts.
Peddle has found that addition of Yap to lead glasses containing more
thon 20 mols of PPU causes a decrease in Np. It would appear, then,

that vismuth glasses are unique, in that increase of however, be drawn E?/

at this time.

Conelusions from curves 1V and V- As regards the relation of mean total
dispersion and 2 value to the composition of the glasses, the following

conclusions may be dr&wn,
1, As the bismuth content of the glass inereases, its total -
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iimpersion rises and its ¥ walue falls.

2., The rase of increase of total éisp&xsiaﬂ with BigOs; content
ecomes greater, while the rate of decrease of the ¥ walue éecﬁeases@'

13 we ascend the series.

Curve V1 shows the relation between Hp and Y'wa&a@s for both soda-
bismuth ailicaﬁes-aﬂﬁ‘saaﬁaleaéssizieﬁtes» Is is seen that, in gemeral
he bismuth glasses have u lower V value for a given vdlue of Wy THAR
the lead glasses. The rate of decrease of the V walue for bismuth glasses
'S léss than the rate of decrease for lsad glasses, at Ny walues greaier
han 1.60e |

If we plot density against Np VALUN FOR The bismuth glasses

f the small melts, we get pxaetieaily~a straight line. By pletting densisy
gainst Np value for the commerelal erown and flint glasses we get a
eries of points through which a straight 1line may e traced. The graph
‘or Peddle's lead-soda glasses is & ﬁtraighﬁ line, These facis are brought
ut in the accompanying graph. The fellewiag eeﬁc1usi6ns‘mﬁy be drawn,

1. For aﬁy'givem density value, the bismuth glasses have a hﬁgher
efraction index than any other commerical glass, whether flint eor erow.

2. This difference in refractive index becomes relatively larger as
iasses of higher and higher density are considered.

Inspection gf‘@he,ﬁtoﬁ partial déspersions of the biemuth glasses
rings to light an extremely iﬂteresting’and.imporsantjgaaﬁg'ﬁhasg partial

ispersions are abnormally small as compared with th balk dispersion

eing zmzkk only gbaut half of the usual values for
' ang S
ommerical flints. Chances glasses, only the hard crewns have a partial

general nun o €

iisgersian~near'this value., The borosilicate and fluor crowns have &
artial disgerﬁiaﬂ.lawer‘ﬁhanvthat of the bismuth glasses, but they slse
ave a cerresponding very low index of refraction and totai-éispersi@ﬁe

he bismuth glasses appear to be very Bnigue inthis one respect. It is~
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koped that, in the very near fu@um@,llarger~m@1$@ of glass may be made,

sc that the partisl dispersicns may be determined with the utmost

gertainty.

1 gluageca~ In a solutien, or homogeneous

mixturs of iigquids, the components of which de ned econ ubine cherieally,
the specifie refractive power, is sn additive function of the xepectiwe

reftactivties of the componcnts @Eﬁ%ﬁnﬁag?hagp

2 v : - e _ :
E, ¥, Tillotson=J.Sud.Eng.Chen. LYRE,pR46,

Vhere,

B~ specifiec refractive power of the mixture.

K., Ho etcs are the refractivities of the components,

Pey Po ebc. are the percent of components 1,2, etc. present.
ﬁillatsan,agﬁlie& this formula teo the study of glasses which, In general,
are net true chemical compounds, but homogeneous, supercooled liquids.

To obtzin the specific refractive power of the glass, Tilleoison used the
well-known Lorenz-Lowentz fermula,

Hp -2 4

: i . . godium

whﬁ?e,=§—is the refractive index of the glass f@x whbe-1lights

cady ¢ is the density of the glass. 5
By substituting for d the density of silica in the combined siate, %ill@ﬁsmwa
‘was able to celeulate the rvefracturty of ihis @@a@@mamﬁ; |
By determining the dmnslty snd vefrestive index of sedium silicate, the
specific refractivity of this cempent could be caleulzted. Tillotson
then determined the refractive index and density of czleium silicate and
thus foumd the specifie refractivity of Saly He then studied a series of

goda~-Lime~ silicates,using the knewn figures for percentage cempositioen,

density, snd specific refractivity of the compenenis to @&1&&1&@@ the

refractive index of the giasses.
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The caleulated velues for refracﬁive index agreed well with the observed
values.

Using the density snd refrsctive index for the smsll melts, the
Lorenz~ Lorentsz constant was csleuinted for each glass, the results
being given in the folilowing table,

Glass Dengity ﬁé £
zin 2,725 1.858 .1142
4 B 2.941 1:868 L1106
ats 3,171 1,599 1675
£B8 B BBE 1.621 108D
&5 %6 738 1L.8670n Jinol
78 4,110 1.712 09481

The valuves of Z Angt dengity

"‘4
Poade
o
£
D

follewing greph.
it is seen that the relation is sprroxinmetely linearlecurve VIILY.

In curve VII, £ ie plotted sgainst I

s

D
By plotténg X sgainet wolsr ﬁampﬂaitiﬁw, Tillotson wassable o

prove the presenee of the compound, £ ﬁﬁ?@° 5 Cal" B 810, in one of
3 =3

G .

™

the lime-gods siliecates which he ¢

&

ﬁw

bud i ed
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Sobubiiity tests- To determine their xelative durabllities, sclubility
tests were carried out on the glasses from the karge melis. A&s ment-
iened some time previous; the glasses were ground as that they would
pass a 150-mesh sieve but not one of B00-mesh. This sizing process
eliminated all excessively five glass‘dust which would vitiate the
results of & solubidity determinatioen.Pure water was decided upon
as the best dissolving agent. It as decided at first to treat the glass
with water, then estimate the amount @ndissclved by filtratione
However work by Peddle(J., Secw.Glass Tech. 14,36-37,1926) makes it
abundantly clear that this metheod is not tc be relied in the case of

deuble silicates,lewing to the fact that inseluble silicates may
e formed by the reactien of the glass with the wéter@ The Alkelinity
of the filtrate from the glass is a much better indication of selu«
bility. Peddle (loc.cit).digested 5 grams of glass witﬁ 100¢c of water
fer ocne hour at 80°ce He then expressed the solubilities as number of
milligramsm of H2594 required to neutralize the alkelil disselved

from 100g. of glass, and also as milligrams of alkall disselved per
10Cg. ef glass.

The procedure adopted for the bismuth glasses was as follows.

About S5g of glass was treated in a pyrex flask with 50cc of water at
70=-80€C, This temperature was maintained constant foi one hour. The
flask was then removed, the liquid decanted from the glass, the latter

washed with 3 or 4 portions of 95% alcohel and the filtrate titrated

Withzg‘HCI_ using phenolphthalein as indicator. The pyrex flask was

tested for solusbizity but yeiled a negative result. The following

table gives the results cbtainedg-



S@lubility Testss

Glass Ne Weight Titration »Milligrams per:ggam

i HC1 required Nao0 dissclved
h to neutralize filtrate from glass.
3% B 5038 g 27.95ce 50450 |
| L5020 29,81 54,05
(BO75__ 28.47 42,10 »
Mean _ | 48.88 o 38425
4B o +5042 j  T.44cc 13,45
_ .5042  9.22 16470 |
lean | | 16,08 12,83
4% B .5050 g 3.66cc 6460
i 5052 4,10 .40
MEan' : 7,00 , 5497
5B 5017 g  2.1C ge 3,81 |
3 5068 B.49cc 6,30
Mean 508 4,315
6 B 43806 g  <%0cc  1.68
L6312 o409 <708
«5084 67 1.23
4996 .50 912
Mean | 1,133 963

- The results for the individual glassés agreé very poorly. It
nusy be stated‘that every precaution was taken to pefferm‘these tests
under identical experimental conditions. Even se, it is seen that
semetimes less alkali was disselved from a large,samgle than from a
small sample of the same glass. Eveﬁ samples identical in weight, and

treated in the very same manner, gave widely varying titrations. The

enly explanation to be offered for this very peculiar behavior is that
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in small samples, the effect of surface is greater than in large samples
Large samples may possess what might be called & greater probability

of homogeneity. Peddle used 5 grams of glass for his tests., When still
larger melts are'available, it will bve possikle to perferm the tests

on bismuth glasses with 5 or more grams. It is hoped that more conw
cordant results will be ebtained.

Conclusions from solubiiity tests- The table mzkes it clear that sodium
oxide has a marked effect cn the seclubility of bismuth glasses. Though
the sedium eontent of the glasses varies within comparztively narrow
limits, the sclubility varies between wide liﬁitse This may be partly
due to the powerful restraining influence which 31203 exerts on
selubility. The guestion can be more fully decided when a second series
of bismuth glasses cf the formuia 100 Sngu 20 NapO. X BioOy have been:
studieds, The small solubility ef the bismﬁth glasses as compared with

that of the lead glasses is shown in the follewing tableg

Bismuth Lead Milligrams of NapO per gram of glass,
glass glass Bismuth glass Lead glass
3% B 180 A 38425 199,74
4 B 180 B 12.88 - 58,86
. 4% B 180 C 5,97 26 .52
5 B 18C D 4,315 : 2167
6 B 180 E « 968 10.62

This would indicate that bismuth glasses might ve employed for purpcses
fer‘which lead glasses would be unsuited 5ecause of their susceptibility
to‘weatheringa If we compare the seclubilities of the lead glasses 1CO0
810g. 40 NapO« XPb0, with the selubilities of the series 1008i0,.Na,0.

XPb0, we are led to the conclusion that the bismuth glasses of the
second series are very insoluble. Thus bismuth glass might find use.

in chemical glassware,



-%8

X Summary And General Conclusions.
1. Glasseé gontaining sodaysilica and Bismuth oxide as principal
constituents have been prepared and studied.
2« The color of these glasses ingreases with theiy bismuth
gontens, shnwing the powerful effect of Bizq5 on pot attacks
5. A method for the determination of Bis0; and Nas0 in glasses
has been developed. |
@, Attempts have been made to employ the veolatilization method
for the deﬁermination of silica in bismuth glasses.
Further work is be carrisd out in this direction.
5s The densities of bismuth glasses have been found to increass
with ipcrease of Bijs0z content, the rate of increase becoming gredter
a8 one‘goes up the series studied. The densities of the bismuth
glasses are greater than those of the copgesponding lead glasses,
6, The refractive indices and dispersicns values Cto¥, C-D,; and
Dto¥ have been fihd to increase with the bismuth content of the
glasses, The V value has been Ffound to decrease with inereasing
bismuth contenﬁg
7. Bismuth glasses have been found to possess a higher refraetiﬁe
index for z given density value, than any other kind of glass.
8. Bismuth glasses have been found to shorten the violet region
of the spsctrum meia than othexr any glass/of wqual refractime index.
9. Bismuth glasses have been flound te possess a much lower solubility
than the corresponding lead or lime glasses. lMore accurate solubility
figures are to be obtained by using a semple of 5 or mere grams of
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