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Preparation, li..nalysis, And The Tietermi:nation 
1he Properties OfiA Series Of Six Glasses 
Containing Bismuth,. A New Type Of Glass. 

I I • 

I. Introduction. 

I . 

Purpos!? of this study- The i main :purpose of -this study vra.s 
! 

to ascertain if, melting tog~ther silica, sode., e.na ·bismuth 
I 

oxide, 'would give a true glais, one vvhich would remain amor-

phous at room temperature, or whether a segregation of the 
I 

constituents would occur on booling the molten glass. In 
I 

the. second place, we wished. Ito know ! 
whether bismti.th acts as 

a decolorizer 

:fier, as does 

in glei,ss ~ as aiqes arsenic, or a.s an intensi­

iron. I:f:' it Jcte~ as a, decolorizer, glasses 
i 

could be made containing co:O:sillerable quantities of it, and 
i 

'(} possessing no undesirable c9lor, while if it acted as an 
. I . • 

intensifier, glasses contai~ing_ it would be practically worth-
i • 

less for anything excepting [cheap ·ware, such as bottles. • The 
I 

presence of iron oxide in g1ass in any aJ?l)reciabJ.e q_uanti ties 

( C~) • ·t· • I • 5 - 1. 'f/o g:i..v:es 1 • a gree1i color ·which rena.e:rs it unf'i t for 
i 

use in optical instruments. i In ·the third place, we ·wished to 
I 

i 

note the effect of' varying ~mounts of bismuth on the various 
i : 

p1·011erties of. glass such as! density, refracti v·e index, aj;s-
. I • 

I 
persion, a.urabj_li ty, etc. · ln important g_uestion involved is 

I . 

this: Can one :prepare fi g1$,Ss containing bismuth as its 
I 

I 

ehief constituent, ·with destrable optical p:ropertie~, having 

) 

1 
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a small coeffj_cj_ent of e:z:pa.nsion (not tending to crack: ei.1sily), 

riuffjcii:mt resistance to weathering, and ab~:rve all, :no tend.ency 

to devitrify? A purely scientific study of bismuth glasses of 

various com:positions can reveal the arn:nvers to questions such 

Previous work With res~·ard to silicates of' bisrrm.th- JJ t.tt-uris .. 1. 
, 

l:;ismuth s ilice,tes are 1tnovrn to e:z:Lst. C. tr. Kerste11.1.f ound cubic 

c stals of a red.c1ish-brmvn rrdneral, r;ometimes ye1lov7 01~ black, 

at Schneeburg, Daxony, which he·called eulytine. Analysis 

slwwed this to be birnnuth ortho1:1ilicate, Bia.(DiC4 }1;;s. A mono-
~ e,J 

clinic variet-;/ was f' ounc'l a.t J oha.nngeorgenotadt, having the same 

composition. A 

enzel fou:no. a :ferrugj_nous bi~ffm1th s:tlicate in the same local-

i ty, vvhi.ch he called bismutho:ferri te, its c o:xi-

ving density 4.47. 

J3ismuth silicates 

in different proportions 

and examinet'l. the ouucts thermally· and microscopically, anc1 ae-

terminea t ir densities. a result of his investigations be 

was drawn to the conclusion tm.,,t silicates Cov1ta4n41ng~ ~,4 n QYld .J.- 0,...1..._ ..L • .,.,:,,.. ..J...2 V 3 ~-,.,J. 

SiOQ in the following 
t:..t 

oportion21 are true chemical compounds: 

e;ncJ. 10 the 

fallowing are mixtures: • 6 

1. 
2. 

llor-T:ceatise On Inorganic &; Theoretical Chem. Vol. YI p. 82'·6. 
lJhem • .Al::istracts. r7, ( 19U5) , 3933. 



The color 0£ the first seven 

silicates varied from a gray in the case of the first through 

er-yellow, ye-llo1r1-bro-vn1, to brovm-.q:reen in the- case of 3J3izOG( • 
~ ~ ~ 

SiO,s,. It is of intc31•er3t to note that this laEt silicate exhibi tea. 
J:-,..; 

double refraction, inclico .. ting a :d10rnbic or r:;im:i.lar cr~rstaJ: strnc-

o:f sraall a .. -

mounts o:C bit3muth in both. silicate and borosilicate glasses. Eis 

glasses had the oornr,ot3i tions: 

R' = or K. 

• 5 11.n = Ca, , Zn, Pb or 

Bism1..lth basic carbonate ( 2 

varying from gx·ey to b:covrn to the majority of glaEiSe:3 v1hen l)re-

sent to the extent of 2.5 to , but others were colorless. In 

c5eneral, borosilicate glasses showed the least color, v'hile J)Otash 

gla.sses. co1Ytaining; boron were d.2trkest. On reheHting, the brown 

color was developed, the sses j_n some :1.:nst8.nces becoming 

opag_ue. It was thought that the coloratto:n in the case of the 

borosilica:tes was colloidal in character. }3asic nttrate of 1'.iis-

nmth :p:rod.uced colorB ler::is onounced than thoBe obtai:ned v,·i th the 

basic carbonate; but on reheating the glasses, this difference 

It would a~ppoar a.coora.ing to glasses have 

been made containing bitmmth in q_ua:nti ties up to 10;;. liowever, 

these glasses alres contained other basic elements besides the 

]'Jo data on these been pub1:i.shed, as 

1. Chem. Abstracts 19 
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f'ar as is imown. The e:paration ,smd study of t:ioda bismuth aili-

cates theTefore seems nev-er to heave been undertaken. 

close to bismuth in the perioclic table-

It rnight be in::::;trcwtive to see vn1at effect elements vrhich lie close 

to bismuth in the pe:riod.ic table have 

Thallous silicate has 1:rnen t:J.red 1 ... ..,_.....,.. uv ., 
l 

onboff~in the form 

0, w·hich are trans-

:parent at ordinary temperatureB., and UJ;J to 130°c, but Y:fhich above 

l:'l 

LIUller~ ~but it is to be regretted that these 

t ior1. 

senio, being an rwicl element, c1oes not form a silicate, 

but· operties of glasses. In the 

glass bs,tches 

to lessen the for1nfation of r1eedEJ, and to produce a s of better 
A 

trsJ:1s1Ja.re11cyM>. T11t1 t t arsenic acts as a decolorizer in 

glr.;1.,ss rnel·t s 11.as lJ een Jff10vv11 :for 

will :remove the green eolor tn gla:?JS due to the presence of iron; 

it v:1ill also rernove the 111 effectB Cf:\11Sed by an e:-r.:cess of' selenium 

OX' e dioxide in tea. tl1e 

decolorizing action of ars C 011 St:S containing small amom1ts 

of bismuth. He f ou:nd addition of .5 - of e-

1. or-Tresttise On Inorganic and oretical . ·•vol. 'VI.p. 826 
2. Bull. Soc. Chttnie (i~), 5, 164-, (1866). 
3. . li.st:eor1J1:y"E5iCEil seI'Vt1toI~y of~ I1 otr:)dtin1 4,3,1885. 
4 0el~~~a~r • _t_,_ t·=a~+a 9 7oo9 {7094) .-. c, ,.:;r -}J :.i.,.,.l<.-""..L.l.:J, ,,,,,,, ,J. -~-<-•V Vi-d, .-..J t ,_VU , ..... ,.,,,.~..,, ....-

5 o ]ft1--;tl1, , ~Cu:cr1e1~, ;_s,.11d 1?a.:r~J?.::in, ;:ro11..r~ .. t)oc~ C¼ E1B Tecf1~ vol.2[, 
no. 37 (1926) n.3. 

6•• 4½~~ 4"oq~rR~+m ~ (·1op~I \..J .L ... ,....i,..... .~.~ f_ ;._, ,.J ~ -1.,_--,;-\.. .. Vu t,.,J + .. :J~--..1t..l J 



vent ea. the f orrnatio:n of color, ex.cept after rehee,ting. In this 

connectim-1, a re-

arsenic causes discoloration, even 

.02 - .05% of As2o3 beine sufficient. The effect seems to be in-

de}) end en t of the 

It -.;vas :f orrnerly thought that the arsenic in glasc1 existed entirely 

es the pentoxide. 2 ~- 3 ever, v,ork 1-:ly Scholes and Allen and :c,ies 

S OIJ:19 

arsenic :ceniains in .the triva1e11t fo:rrn, that the :s;mount o:E' a:r-

senic determined by the cs..J::·bonatE; fusion method V\fas greater than 

that :f:ouna j_:n the resi clue le:ft a:fte:-c treating the glr:t.f3s v:ri th hyclro-

fluoric acid. Allen and es :found that the amount of' arsenic 

trioxide volatilized during the melting of the glass varied from 

.., J .1,- p r;:,-/J 
J... _ uO oo;,J of that added to the batch. Recently the results of an 

extensive inver:rtigRtio11 on the fu:rwtion of &,:eseni.c in glass have 
LL 

become available: enio tr:io::idde vrD.s aa.dea. to soc1a lime glass 

in amountr:1 v,=:~rying from one to ::~50 ts 9er 1000 p~rte of sand. 

8anc1 

n 

228 H 

The above investigators drew the following conclusions: 

l. As,.O,., i.s aa.clecl a:na. t1J.e be.tch is rnelted in closea 1Jots 
i:::, .-, 

at 1400°0, neBJ:~l;y· the 'Jhole of the arsenic i:::-:: retained when the 

amount adaea. doeB net cL;cc,ect 10 ,pe.rts per 1000 of sa:nd, ·whtle 6050 

-5 
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or more is retained even 

Under the condi i,j_ons of the experiment, ·with no oxidizers 

present in the batch, from 40 to 7 o:f tli.e arsenic retained was 

p-res011t' 

3. ]f o beneficial effect on. the :t'ate o:f melting hEi:s ·been found 

to be associated and with 

larger amounts of oxide, a higher temI:,en:;,ture is requirea than 

;;vi thout it. 

esence of As203 in amounts greater than. tvvo parts 

per 1000 parts of se,nt1 is liable in Boda lime silicatea. to oduce 

on the surface of glass a scum com1Josed nrnGtly of BJlica. 

per 1000 of sand does not to exert any beneficial effects 

011 t rate of refining of the glass. 

6. does quite definitely reduce the 

green tint due to iron in the glass. 

esent to the extent of 15 
~ /--, 

50 parti.5 per 

duoes glasses of varying degrees of opacity. 

l 
:Parkin anc'I Turner·-have studied the phenomenon of devi tri-

fication in arsenic-containing glasses. ir results are summed 

up in the f:ollovring table: 

1. Jour. 

per 1000 of sand) 

0 
50 
100 
200 
E50 

11emoerature of devi t:cification. 

Incipient 

620°0. 
610 
600 
1700 
700 

64.QOr, 
... Y• 

640 
640 
'750 
l"/ EJO 



Gls;sses eontai.ning under 100 parts of As2o3 per 1000 o.f sand shmved. 

only surface devitrification, while those containing over 100 parts 

of As203 changed. co:mpletely to a porcelain-like mass on reheating. 

Opinion seems divided 011. the question of' the effect of 

antimony or its compounds in glass . .As a result of his investiga­

tions, S:pringer1reaehed the conclusion that we must abandon the 

idea that antimony or its com1,ounds have any ef'fect on either the 

1 d 1 t • t· l • D 1 v ffl 2

• l 'k co or, eco oriza ion, or .ne c ear~ng o::r. gasses. .1: ... ]uwa, 1 "'e-

wise found that Sb203 produced no particular coloration in either 

-silicate or borosilicate glasses. He found, however, in the 

case of hj.gh antimony glasses (30;b Sb2o3 ), that reheating in a gas­

fired. kiln usually produced an iridescent effect, light grayish­

black to black in color'. on their surface. The observations of 
3 Rodkin and Turner bear out the latter statement. As little a,s 

.02 - .057!, Sb2o3 in a glass is sufficient t·o produce discoloriza-

tion when the glass is worked in a reclucing flame. This result 

is not altered by the presence of oxidizers or decolorizers in 

the glass. A borosilicate glass containing antimony seems to be 

·well suited for use in lamp chimneys due to its resistance to 

sua.den temi-rerat-ure changes. 4 Such a glass is composed of: 

1 .. 
2. 
3. 
4. 

Sb203 

. H3Bo3 15- 26% 

.Alke.li l - 4% 

. Silica the remainder. 

Chem. Abstracts 2133, (1916) 

Chem. Abstracts 3583, (lf23) 
Chem . .Abstracts 3, 3510, { 1920) 
Arion,. Chem. Abstracts 1,-- 688,. (1913} 

-7 



Lead, in t"he form of the oxide, is a very im1Jortant con.:;, 

stituent of glasses, especially those suited for optical purposes. 

Glasses containing large quantities of lead are realiseable in 

practise. A glass· containing a:bout 80% cif PbO has a refractive 

-8 

index of about 1.79. The follovi1ing table gives the density and 

optical properties of the two heaviest lead glasses listed by Sohott1 : 

Description Density 

Heaviest silicate 5.92 
flint 

Ve.ry heavy silicate 4. 99 
flint 

Total disuersion "v" value 

1.9044 .04174 21.7 

1.7782 .02941 26.5 

Peddle2has investigatea. the :properties of two series of 

soda-leaa. silicates, having the molar eom:posi tions 100 Si02 , 20 I'la2o, 

xPbO, andlOO Si02 , 40 Na2o, xPbO where xis made to vary from 5, 

10, 15, 20, 30 to 40 in the different batches. Peddle investigated 

the density, refractive ina.ex a:n.t'l dispersion, devitrification, 

solubility, and. durability of the above glasses. He found that 

increase of' PbO content increased. the density, refractive index, 

total dispersion, durability ana. resistance to devitrification; 

decreasing the melting point and the solubility in reagents. 

Gla,sses of high lead content exerted a powerful corrosive action 

on the clay 9f the melting pot. All of the glasses were very 

brilliant.• Peddle has carried out similar studies of potash­

lead-silieates, and of soda-potash-lead silicates~ The potash 

lead, silicates were much more soluble than the corresponding soaa 

1. Hovestadt..:. 11 ~ena Glass'IT, p. 392. 
2. Jour. Soc. Glass Teeh. Vol. 4, 1ro. 16, (1920) p. 288. 
3. Ibid, Vol.IV, 510 (1926}; Ibid, Vol.IV, 320, (1926}. 
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glasses. In nearly every case, the aensities of the potash glasses 

were lower than those of the corresponding soda glasses. How~ 

ever, the .potash glasses possessed a higher refractive indeJr and 

total dispersion, as well as a greater brilliance, than the soda 

lead glasses. As regards aevitrification, no marked tendency 

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

the surface of the reheated glass, which grew worse as the 

:potash content increased. The potash-soa.a-l$ad silicates were 

rn.aae in two series 100 Si02 • 10rfa2o . lOK2o . :x:J?bO, and 

. 100 Si02 • 20l'ifa2o, 20 K2o, xl?bO, where x 'Varies from 5 to 40 as 

above. They possessed a color and. brilliance intermediate be­

tween the co:rres~pon.ding glasses o:f ,,the Ns.20 and K20 series. In 

regard to refractive index, dispersion, and solubj.lity, the 

glasses lay midway between the_ soda and potash glasses; in a 

majority of cases. Glasses o:f the two series showed. signs of 

devitri:fication when the amount of silica was greater than 61% 

( glasses 100 Si02 . 10l~a2o • 10K2o . 5 .PbO, and. 100 Si02 . 

10 x2o. 10 PbO). As a result of his studies, Peddle concluded 

that glasses of the following composition would be suitable :for 

use in optical instruments:· . 

(1) Glasses in the vicinity o:f 100 Si02 . 20Ma20. 30Pb0, and 
100 Si02 . 20 NazO. 40 PbO 

(2) Glass 100 Si02 ~ 20 K2(). 40 PbO 

{ 3} Glasses in the vieini'ty of 100 Si02 . l01Te;20 • lOK20 . 30:t?bO, 
and 100 Si02 . lOlfa.20 . 10 K20 . 40 ?bO. 



II. Haw :Materials. 

Where obtai11ed- . The ra1,, materials used in the· glasses studied 

were, bismuth oxide, soda ash; EJodium nitrate, sand, and white 

arsenic. The bismuth oxide was furnished by The American Smelt­

ing and Refining Company, and was of a high degree of :PUri ty. 

The soda ash was a very pure Solvay J)roduct. The sodium nitrate 

used ca.:rne from a carton labelled C.P. The silica w~s a. pure 

sand, finely l)OWd.ered. The white arsenic was of a commercial 

grade, analysing about 98% pure. 

Purity of raw materials- All raw materials were analysed for 

moisture, and iron and alumina content. The silica and sea.a ash 

were also heated to redness and the loss of vveight determined, 

this being the loss on ignition. The soda ash and white arsenic 

were tested for purity by standard volumetric methods. The re­

sults of' the analysis are incorporated in the following table: 

... ~nalysis of Raw !\'.Ia terials. 

E.aw :Material Loss in Weig-ht 
at 120°0. 

Sand. 

Soda ash 16.23 % 

:ta ti'e ( 0 .:e. } 

:Bismuth oxide 

Loss in Weight • Purity Iron and 
on ignition. (% of main Alumina 

constituent} 

0.26% 

16. 637'0 

99.13% 

70. 25o/o 

99.67% 

97 971f • •. I 

0 61,;J/ • • JO 

078r,;/ 
• /0 

The sand, after treatment vri th hydrofluoric acid, left an 

-10 
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insoluble re due constituting. of~ t ght of the 

On te ing: ectrosc ioally, this residue found to contain 

sodium, shmvi:ng that the residue vra1::s Jirobably 21 odimn fluos i1ica te. 

It might ali:Jo be r ash v,as founc'l to contain 

1.7 of caustic soda. 

),uanti tie~! of re,vr rnaterirtls used in the batches- The glasses in 

the Eeries studied '1_ :'I nan 

40ITa,,0 • 
,::..i 

x vJaB E.5, 5, 7.5, 10, 1fi, and 20 in the 

different sses. It :i.s r3ee11 that t;hir-3 se:e:Le:::: :f:o11mrs closely 

Peddle's first series of soda-lead-silicates. It wbuld be inter-

ses .f1r1Ct 1.eac1 

osition. ~:he 
-

follo\Vj_ng table illustr:?tes the scheme for bui1ding up the batcb.eEJ 

rind tJ:rn desi tion of th£ different melts. 

liielt :No. 

100 40 2~5 

4 B 100 40 f5 .• 0 

100 ,¾O 17.5 

5 B 100 ,1-0 10.0 

6 B 100 ,10 15.0 

100 40 EO.O 

The bir:1muth was introduced as the trioxide. I-'t:trt of sodium 

vras introduced as the nitrate to gua:ca. againBt se_paration of 

metal1ie bismuth during the melting oceBs. 

employee!. as a deeolorizer in the melts, rm that the t;ical IiTO-



.,, 

1:ierties of the glasses coula. be more easily investigated.. Later, 

a series of melts will be carried ·out, without the use of arsenic, 

for the purpose of determining the trv.e color of the bismuth glasses. 

P;"eliminary .melts were carried out usjng batches of about 

100 grams.· Chemical analyses :for bismuth and sodiurn, and density 

ana. refractive ina.ex measurements wer\:) made on these glasses. 

Later, melts were made with batches_of about 300 grams. These lat­

ter glasses \Vere more homogeneous than those from the smaller 

batches, and could be.used for the determination of constituents 

present in smaller amounts, such e.s arsente, iron, and alumina, ana. 

for the measurement of dispersion values, and solubility., The 

following table gives the relative weights of raw materis,ls taken 

for each batch: 

Melt No. Sand Soda ash 1:{i tre Bismuth oxide Arsenic -
31:.""B· "' 40 g. 14 g. 22.8 g. 7.7 g. .5 g. 

4 B 40 14 22.8 15.4 .5 

4½B 40 14 22.8 23.1 .5 

5 B 40 14 22.8 30.8 .5 

6 B 40 14 22.8 46.2· .5 

7 B 40 14 22.8 61.6 .5 

If we calculate the combined-soda. ash and nit re as sodium oxide, 

and take into account the purity· of all the raw materials, we. find 

that the batch composition~ are as given. in•the following table: 



I -

Batch 1fo. ·si02 NaoO (.; Bi203 As2Qr;: 
~ 0 !!20 Fe203+!1_203 

Bl:s 61 2. 3efl.' • ,., /0 22.001i 11 85,:Jl 
•. JO 76if/ • /1 3. 77C:6 ""8(r! • ..., /t:! 

4 :s 54.75 19.67 21.19 .68 3.37 .34 

4*;;;R ., 49.50 17.79 28.74 .61 3.05 .31 

5 B 45.17 16.23 34.97 .56 2.78 .28 

6 B 38.45 13.82 44.65 .48 2.37 .24 

7 :s 33.47 12.03 51.82 .41 2.06 .. 21 

The glasses would have the following composition, were there no 

volatilization of the batch (except water) :nor :i;iOt attack: 

Batch lfo. Si02 Na2o Bi2_Qz As203 Fe .J. Al oxides 

3~B 63.62 22.86 12.31 .79 .40 

4 B 56.65 20.36 21.93 .70 .35 

4.;1.-B 2 51.05 18.35 29.64 .63 .·32 

5 B 46.46 16.70 35.97 .57 .29 

6 B 39.38 14.15 45.73 .49 .24 

7 B 34.16 12 .28 52.91 .42 .21 

The glass batches ha.Ve the following molecular con.111osi tions: 

3-t~J3 
"' 

100 Si02 • 28.55 :ilTa2o • 2.07 Bi2o3 

4 :s 100 Si02 • 41.30 ,.ia O 
J; 2 . 5.11 :Si203 

4?J·B _..,. 100 Si02 . 34.90 Na.20 • 7.55 :Si203 

5 B -- 100 Si02 . 35.00 Na.20 . 10 Bi2o3 

6 B 100 Si02 • 34.9 1Ia2o • 15.1 Bi2o3 

7 B 100 Si02 . 34.8 l"ifa,..,0 • 20.1 Bi203 .:, 

-13 
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III. Melting The Batch. 

Small melts- ]for the small melts a small gas-fired :furnace, .ca,p-

e,ble of holding but one crucible at a time, was· used.. The. general 

design of this furnace is shown in the accompanying sketch. The well 

mixed batch was J1laced 1.n the crucible, and the whole. heated. in the 

furnace till no more gas vYas evolved, and the glass 11va.s in a state 

of quiet f'usi·on. The fused glass was then poured out ttpon a bed. of 

sand in the annealing furnace. A button of glass was thus obtained 

suitable for density determinations, and for chemical analysis, but 

not for the accurs,te determination of optical properties. 

Large :melts- Inasmuch as the smaller melts gave glasses which 

contained. many striae, a series of larger melts were subsequently 

carried out. The amounts of all constituents were increased in 

the same ratio, 3 for the first three glasses, and 2.5 for the last 

three. 

Glassies 3½.B, 4B, 4½13- The furnace was of the smne design as .the 

smaller one uaed above, but had a capaci t;f of three crucibles. 

Therefore melts 3½:B, 4J3 and 4-½B were carried out together. The 

batch compoBitions for these glasses are as follows: 

Melt :l:-To. :iana Soda ash l!itre ·Bismuth 1\rsenic. 

31]·:B 120 g.- 42 g. 68.4 g. 23.1 g. 1.50 g. 

LJ: B 120 42 68.4 46.2 1.50 

4½B 120 42 68.4 69.3 1.50 

The three empty crucibles were set in the uncovered furnace and 



• 

,\_./ 

11 
,, 



allowed. to heat u:p :l:01~ about tvro hourE1 s,ncl one half'. As, the 

erucibles wer<➔ a little too small to hold the whole ba.tcJn, most 

tin at first, allowed to t dovm 1::1 J.ittle. and 

then the remainder addea.. The work was arrtinged 010 that as soon 

as this seco:nd addition bee:r-1 rnacle, xnost of the· ne:x:t batch 

could be added to the second crucible, arid so on. ~:he following 

table gives the schedule of melting: 

Batch No. First addition 

4 B 3: {35 

3:50 

Second Eiddi tior1 

~5: 50 
twt on) 

4:45 (cover 

Removal of 
Crucibles 

fi : 

5:25 

5:25 
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Nothings iking was noticed during the ocess of founding 

these th:ree glasses" }Excessive effervescence did not taJrn ace, 

the batch melting quietly to a clear 

the crucibles from the furnace, each 

s. J·tu51 t before removing 

was thorot1ghly sti:rrecl 

th a porcelain tube to remove striae. The crucibles were then 

immedi2;Lt;ely set into cla;y- IJOtH and packecl around with diatomaceous 

earth to retard ra tion as much as possible and thus_prevent 

excessive s ttering of 

-vrnre next can:•j_ ea out. 

Due to low su:o:plies of lJi::::irnuth 

in the case of 7B, the soda content vrn,£1 in-

creased in order to :i:01· the lack of nitre. '-l:1hese changeEi 

are rnade c1ear in the following te,ble for the .batch con1JJ0Bitions 

I 

I 



lilelt Ho. 

5 :s 

6 B 

? ]3 

100 g~ 

100 

100 

35 g. 

35 

k39. 8 

Bismuth Arsenic 

1.25 g. 

57 115.5 1.25 

4.-9. 3 154 

Due to the smallness of the batches, all could be added to the . 

crucibles 8.t one ti.me. Aside frorn this, the 1n·oceclu::ce v1as about 

:for heating is given t:n the follov.ring table: 

:Batch }To. 

5 B 
,., 

:B 0 

? I3 

Addition o:r 
nfa'L1Jb:. JPinishea_ 

4:40 P.. 

lost. 

Tirne of iounding 

t211. (~ 5 r.air1. 

2 h.10 udn. 

The pot containing 7 B broke about one hour after the batch was 

:placed. in th(3 furnace, so that this glaBs WB,s a total loss. 

Several j_nterc:3sting things vrnre noticed in connection with 
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the founding of' thEH:ie glE:Jsses. In the first place, glasses 5J3 and 

6J3 exhibited violent _frothing f:,,ncl e"'ien slight boil:i.ng over until 

all gas he,ci eL-Jcaped. They then settled into q_uiet fu~::ion. Glass 

7B had t:m extraordina:ry appearance vihen noti.ced ar)out :~O rninutes 

after the acldi tion of the batch. :Che batch cl.ia. not froth up 1)ut 

in a state of violent boiling 
., 

[-ill Ct bubbling, the surface of 

"" the glasfJ ::resembling bubbling lava.. The liquid vcras a.rxparently 

quite 1nobile. Just before the estimated time at i.7hich the riot 

broirn, 7]3 WSos losing bismuth o:xide by volatilization. T11e 1 • 
DJ..S-
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nmth oxide conde11r1ed on the coole:c :oorti.ons of furnace lid in 

_patchee-i of a reddish b1°ovm color. 

It \71::1.s thought t}1at 1::;tirring the glasses might do more harm 

than good in these smaller melts. :isrot only might s1:;:r1ae be dis-

tributed throu@1out the mass to a greater extent, but also the 

stirrer might entrap air bulJbles on its end - this not being hexnis-

pherical - and introduce them into the molten glgss. Therefore, 

the pots ,Nere transferred, at the end of the founding tirne, to 

larger :pots and pac:h:ed around viith uiatomaceous earth. 

l,_, 

rl. ~4..:nnealing )t'he Glasses. 

,Small melts- The aJ.1nes,li:ng oven v1as of 

in the annealing of large pieces of flint and crovm glriss. As men-

tioned before, in the case of the smaller melts, the molten glass 

w13,s poured in a round cako directly on the s1::tnd bed of the oven. 

The ten1pera.ture of the oven v:as grt:1dnally lovrerea during four days, 

in order tb.at the glass might cool 1vi thout setting up strains. 

Large melts- A slightly different procedure was followed in the 

ca.se of the larger melts. Due to tlrn coDrparati ve1y rapid cooling, 

the glasses hacl all ·brol::en into smaller aces. The pots were 

broken From each melt, two 

of the best a:nd la1°gest pieces v1e1~e selected e,nd ground ronghly to 

the shape of :r)risms. CVhese vrere the11 annealed by bringing them 

slowly nearly to-the softening temperature, then allowing them to 

cool a.uring four days. i_fl1e ·prisms were reserved for density, and 

refractive ina.ex and dispersion measureE1ents. Of each glass, ;..~0-25 
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grams of the pieces ·were freed from adhering clay and ground ttp .· •· 

for chemical analysis and solubility tests. 

V. Physical Aspect Of The Glasses. 

Small melts- The annealed buttons were carefully examined for 

clearness, color1 and for any evidences of incipient devi trifica-­

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

Glass No. 

4 B. 

5 B. 

6 B. 

7 B. 

Large melts-

Physical Aspect. 

Colorless, <1u.i te clear, with but few 
small bubbles. Lack of surface luster 
suggests surface attack by atmosphere. 

nearly colorless, quite clear, only 
very few bubbles. Surface a little dull. 

Very liglrt green, slightly bubbly, 
clear body. Surface quite brilliant. 

Light yellowish-gTeen. Rather bubbly, 
some bubbles of considerable size. Bril­
liant surface. ]ody not so cJ.eai" as 4B. 

Little more yellow than 5]. Many 
bubbles :present, sorne of considerable size. 
Body clear, surface very bri.iliant. 

Three trials were :made before this melt 
was successful. First trial gave a very 
bubbly glass of yellowish green color. The 
glass was badly cracked a.u.e perhaps to poor 
annealing. Second trial gave a glass the 
surface of -which became reduced on anneal­
ing. Very smoky in appearance, and badly 
cracked. Third trial was successful, giving 
a glass :more yellow in color ·bhan any of the 
others, rather bubbly ano. but slightly 
cracked. The surface was a little tarnished. 

The unannealed pieces of glass from the larger 

melts were examined. in the same manner as the buttons. The fol-



-19 

lowing table gives the :results of the examination: 

Glass lfo. 

4 B. 

6 B. 

6 B. 

VI. 

Small rnelts-i-

]?hysical Asnect. 

:trearly colorless. Contained bubbles, some 
of considerable size. Bad.ly strained. :tfot 
uniformly clear; he,d a dull area from which 
radiated needle-like depressions. General 
surface quite brilliant. 

Slight greenish color. Contained several 
fair-sized bubbles and many ver;l small ones, 
Badly strained.. Presented same dull patch 
as did 3-g-13, only spiral in shape; rest of 
glass clear. Surface of about scwne bril­
liancy as 3½B. 

SlJght yellowish-green color. Quite free 
from bublJles. Considerably strained, 
grinding up w:i.th difficulty. Clear, in 
general, but with small dull patch. More 
brilliant than !3½B or 4B. 

Light green but vii th mo re :pronounced yellow 
cast the.n 4½B. very little strained, and 
quite free from hubbles. Uniformly clear; 
and very brilliant. 

Light green, more yellow than 5B. Almost 
entirely free from bubble$. Badly strainea 
in certain places. Clear, and brilliant, 
more so than any of the other glass. Small 
dull J?s1-tch, however, visible. Very diffi­
cult to grind to powder. 

Preparation Of The Glasses For Analysis. 

The annealed buttons of were first broken 

into several smaller r;ieces, the largest being saved. for a density 

determinat:ton. These coarse :pieces vrnre still further broken up, 

by :oounding in an agate mor·ta.r. Small portions (2-3 e;re.ms) were 

powde1·ed to pass through a ;~00-mesh Si.eve. The <30ri'.lbinec1 portions 



of :;ovla.er were then t:cansfer1·ea. to erea. 1::iott1es end 

dried ttlJout s hours at l00-120°0. 

During the grin6ing, d differences ~ere noted in the be-

ha~ior of the different 

in bTi tt:LeneE;r; o:c ear:;e of grinding as the bismuth content increased. 

difficult to grind. The tendency to fly vrhen crushed was very 

noticeable in the case of the lower bismuth glasses. 

Large n~_e1 ts- }?ieces of these glasses, free f:rom adhering c1ay, 

were ground up in t11.e same :manner as l':J:.ove, 1)ut with mere caution, 

so as to obtr5n as much glass 1;,s 1')ossible of 150-meE.ih size. :3i:nce 

uniformity of size of the ticles of glass was desired for the 

solubility tests, the 150-mech powder of the 

gov,der fell 150-:r:iesh a i200-mesh 

sie 1le a:r1d tev01~ rernaineQ -behind after long shaking YiaS savecl 

size of whose Jarticles lay between 150-snd 200-mesh. From 20-25 

ssing the 150-mesh sieve, about 7 grams of uni-

forrn grams ·were obtainea .. 

Obvionsl;7, :no ,c;radual i:ucre8.E6 in ee,:c:;e of grinding couJ.a. be 

detected in the case 0£ these unannealaa glasses. 

VII. 

vrnre _::,urified, or a blank clet;e:crrii:nation 

rochloric, or sulfuric 
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were used without purification, the c~P. oduct being en~loyed. 

Ammonium hydro:::r.i oe-

tho bottle, t crnnte.in some 

.!'.i..b out fiOO co. were :fied at D, ti:m.e~ 

Ammo.ni nm carbontd::e-

silica, by aeconwosing a lOg s th hyc1rochloric acic1 evaport.'l,t-

ing to a.ry:ness, cUluting and filtering off the silice, Ythich vnts then 

buxnea.. The silica content being f'ouncl to ·be negligi1)le 

for the eso11t v:to:c1-r. 

by n.eutrali2,ing 100cc. of normal solution th hydrochloric acid 

adding 5cc. in excess, eva:p ore.ting to 03•ynens, and baking the l'(~Di-

due. CCtJ.e 1·esi due v,rf1.s dissolved in dilute hydrochloric twia. 2,nd the 

silica filtered off and washed v1ith dilute hydrochJ.oric s.cia.. .After 

burning to constant weight, the rei:.1icl.ue was trei:=.1.tec1 with hydroflnor--

ic acid and sulfuric acid, the f:1ilica driven off, and the Tesic1ue 

vrnighed. fiie di:f:feTence between the :first and second ·weighings 

gives the weight of silica. The silica content of the caustic sol-

ution viaB found to be 3 milligrams rier liter. 'Ihe analysec1 solu.-

tion vvas eserved in a paraffined 1-liter flask to guara against 

further contamination. 

Anrrnoniacal zinc oxide- Dilica YJt:,s determined in this Teage:nt as 

:follovm: 10cc. vlere treated Yrith lficc. concentrated hyo:rochloric 

acid, the 1:io1ution ev1.:1.:i:;io:catocI to dryness, baked, dilutea., ancl the 
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silica filtered. off t'tnd \Va.shed v;ith dilute hydrochloric a:cid. 

The residue was burned in the t:usual :manner ancl vrnighed.. The r:,jJ_i-

ca content of the reagent Vias founa to 1Je EO rnilligrt:i,ms :per liter, 

or .2 milligrams })er 10cc. 

Hydrofluoric acid- Com:mercial hyd:rofluoric acid YhJS used during 

the first analyses, but wa,s !'tbandoned clu.e to its extreme impurj_ty. 

It contain~ cl a 1Jout . 0042g. iron and alumina :per 18cc. , and a sub-

st a.nee which conts;mj_nrJ.,ted the bimnuth l;aBic ce,rbonate precdpj_ ta te, 

causing j_ t to turn red on he1:1,tj.ng. The amount of irrrpurity v.ra..s 

i'ound in one case to be .Ol5lg. for a bisnmth :precipitate weighing 

.3888g. Inasmuch as the ti:me required for detormining the im-

purity in each bismuth ;precipitate w·as as great as that required 

for the first two precipitations, the impure acid was discarded 

. and O. I'. hyc1rofluo1'iC acid 1rned al together. 

VIII. Chemical J\.113,lysis Of GlHSSes. 

Carbonate fusions- A stfmdard methoc. for the a.ecomposi tion of 

silicates consis·ts in fur:ling the fj_nely _powdered material v'Ji th 

potassium 

.b . ca.x· 011a,"'ces. J3y this procedu1·e, the silica con1bi:nes Ylith the 

ca:rbona:'ce forming r:rn. alkaline silicate and li'berating 002 . The 

cooled melt may be then taken up 1Nith acid, ch liberates sil-

icic acid as a gelatinous precipitate. This is dehydrated to 

form inBolu1:lle fiilica vvhich is removed by filtra.tion, the filtrate 

then containing the basic elements originally esent in the sil-



determined by this method. 

Pollowing the procedure i.n dcott11 g. of finely pov:rdereo. glass 

was v,eighed into a )latimun crucil)le of ;~Occ. cap8,city, mixed v.Tith 

7 :pts.) 

l)Otassiurn chlorate ana. the whole fused, the crucible being kept 

covered u:ntil decrepitation had ceased. The m:i.xture was kept hot 

until the v7hole mass Wf:.\8 in a liqrdcl. 121tate, and no further evolution 

rotc:1,ted while cooling, in orde1' that the contents might solidify 

in a thin skin on the walls of the crucible. After the mass had 

become solia., the cruci1:J1e v;,as set on a stone tiJ,ble ana. covered, as 

the contraction of the cooling contents caused. consiclerable sce,tte1·-

ing of fine :fJartj_cles. (t:1he cold crJre we,s taken up v1ith 50-l00cc. of 

hot Yiater and tranr~d:'erred to s, .-i;:io:rcele,in casE:1eroJ.e. 1I111en 10cc. of. 

concentrated HCL were added ana. colid ltnn.{)S of the ion cake vrn1·e 

crushed u:p so that all of the alk:ali silicate might be decomposed. 

casserole ws,s covered by a watch glass as 

the effe:cvescence causecl. consiaera1)1e Er2attering of solution. The 

cover vms thc3n 1·en10ved, the solution evaporated· to dr~'!less and heate(1 

about hour at 110-120°0. The rei::,i due v.ras taken u:o v,i th dilute :H0l 

and water, and the silica filtered off, w&u::ihed r::rnvers.l times v1ith 

dilute HCl to remove lJismuth, then -with hot v11:.1,ter till free from 

chlorides. The filtrate WE1.s evapo:-cated to ch·µ1ess, the reoidue 

heated hour Et t 110-120°c, tfaken up vli th dilute ECl and vrater, and 

the second nortiou of silica filterea. off and ·v1ashed a.s -r,rr:1s the 
• ~ -

first _portion. The tvrn precipitates 1.vere combined in a :i~latinmn 

crucible Etnd. igni tea to constant; vrnight. One or two dro1)a of H2so4 

1. 



-24 

l~d 10 -'~ '";jTl ., • ~:id t ,, ·1· •• a, 1 cc. O.t. L,i; vve.ce aclc,e o -cne SJ. ica, tne crucible he2.ted on 

the hot plate, to e1rpel silicon tetra.fluoride, then to dryness to 

exr1el excess so4 . '.l'he residue was heatea. in a blast :flame and 

vrnighea.,. The difference 1:)etvrnen the first and seconcl ,,Heights gave 

the vreight of Bam_ple, and t1:dr:i multiplied l)y 

100 gave the percent. of silica. 

The filtrate contidned the bismuth and iro:n ana alumina 1Js 

chlorides. Th,e bismuth was m:::ychloride a,s f olJ.ov1s: 

'.Vhe solution Ymf;:; evapo:r·ated do·-1v11 to a Yolume of' less than 100cc. 

and armnonia added t;ill a slight permanent cloucU.ness was o1)tained. 

Hot vmter vms added till the volume was 500-600cc~., m1a. c1ilute 

ammonia addea., till litmus v,as only faint1y reddened. The oxy-

chlor,icle of bismuth was allowed to ss:1ttle for several hou1~s some-

tirne:3 over night, the [-m17e:cnatant liquid decanted through a 

·weighed Gooch crucible, and the precipj_,t:_e:i,te transferred to the 

c:.cucible and V\Tt:shed wj_th 5 or 6 _portions of hot v:rater. Prolonged 

·washing v1ith water i,:3 undesirable, s.,s the JH0Cl is gradually changed 

back to the hydroxide. The Gooch crucible and precipitate was 

In the filtrate, i,ron ana alumina were p:r·(-HJipi tated by, add-

ing amrnonia, ancl filtering off the hydroxides v/hich were then 

1vashed ana. ignited to coni:d,a.:nt; weight. As the precipitate he,d but 

a light r~)ddish color, the iro:n was not ;3ept=:i,rated. 

This procedure -v;a::i followed until it found that the 

-
fusion mixture attacked the tinum crucible. A }20cc. crucible 

was s:poiled af'ter four or f'iva fufiio:ns. Hovrnver, t11e cau;3e of 

the destruction of the • a, J c:ruci o _e being not at once suspected, a 10cc. 



crucible -~;rt:is En1.b,3t:Ltuted for the larger one which ht::i.a. been shi~PJ)ed 

oiled in about the same 

ions d a ~9articularl~T cuustic action on TJlatinum. 

be said concerning the results of those anal-

ior to the destruction of the crucibles. 

11110 glasses used vrnre not thor3e in the ;3eries finally aecicl.ecJ. on, 

1Jut v;ri11 serve as exarnples. The fcl1owing sho'r·t ta·ble EJ1iovrs the 

result:3 of some analyses: 

i3ilica ( theo1·y} 

1 

3 

38.19 

38.16 

!30 

50 

49.7 

50.59 

:ti:b.e silica figux·es are uncorrected for the :cesidue left 011 evapora-

tion 

found to weigh <::.8 rni11igrams, ana to ve the pearance of fused 

bismuth oxide. Anothe:r glass h1:,wi11g a batch composition fJUJ):po01elUy 

13.en'cical wi·bh t of the precaading 

following results: 

Uo. 

1 

:3ilicE:i. ( f onna.) Bi,;, O,,;, ( theor·y) 
' -"' ,,ii..}--__ ___ 

( uncor:rect e d) 
36.45% 50 51.09 

40 35.27 50 .01 

th er 

t}ie folJ..OYling es for bismuth and :3ilica: 



l 46.9 

46.90 

keenly regretted 

;Jilica( found) 
(unc orrectect) 

., r'.' 8· Ll,.<:tt 
~ {. ~i'J 29. 

29. 

method so t}w.t mo:ce defi.ni te conclusions could be drav-v-11 from the 

figures. In fact, t echni(1ue d only begun to be developed on 

8 ·flJ..f3 i 011 S ., t11.e rnot1Jod. d to be abendoned. 

ti:nnm are dangerous. In the fir::3t 

place the silica retains even after with hydrochloric acid, 

a c onsi clera.ble amount of bis:muth. One exam:9le already been 

given. In the car:H~ of the ::::econa. nnalysi:=:i 011 glass , the resia.ue 

left on volatilization 

_provecI, on subse(1nent 1::1,nalysis to contain 6 milligrams of biBmuth 

much the same res1.1l ts f!,re obtained th antimony glasses, the sil-

ica being contamina·t;ed vvith a:ntimony oxide. il,.s a result of the 

c ompar at i vel;y g11 volatility o:f bismuth oxide at red heat, con-

siders,ble loss 1night occur, during the heating to co:natant v.,eight 

of the :residue. In the secono. :place, due to the variable contarn-

ination of the silica gures obtained fo1" the 

1)ismuth content of the g1ass are 1ia1Jle to var;/ considerably. A 

t they do vary, over one per-

if bismuth o:x:ide 

is so volatile - ~md obser·ve,tions on ba:tch fusions have shovrn 

tl1.2,t it is - rnust t1rnre not be a. considerable loss during the car-
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rJe xnade so that the btr.nnuth guTer:1 so obtaine a. could be eompared 

th tho2:e obtained by decomposing the ss with hydrofluoric acid. 

Oarbom-1te fusions vrnre perform.ea. in nickel 1:ci.nd iron crucibles, 

but no ar1.aly8es were made on the cold 1::1el ts. '.I.1he 1)0te.ssiurn chlorate 

vigorously- oxidi1:~ed the c:ruci1)le, so that si'lic.st Vifl.E:1 COilt[tlTI.il1tlt-

ad th metallic oxides. The metal of the crucible also reduced the 

bismuth oxide j_n the glass, a.ncl the liberated bJ.smnth e,llo;\red itself 

vrith the cTucible. Therefore, the carbonate fusion method ·wns 

abandoned EJntirely and the glass cleconrpmrna. vvith lQ;-dro:f:lu.orio acid. 

Decomposition of glass \Vi th hydrofluoric acid and determination of 

bismuth and sodiu.m- By thif3 method, [Lll the constituents o:f ·the 

glasses may be determined, except silica and arsenic trioxide. 

the method vvas first developed, only g1s.ss 413, 5:B and 6B of 

the small melts were available. Since then, and. '7]3 of the 

small melts have been prepared. Recently. the first five glasses 

from the large melts, 613 have become a:vailt:1,'bJe. 

The method remains Draotically the same for them. 

Of the finely rowdered and ~ell-dried glass definite por-

tions (. 5 or 1£,•:. \1 vrnre vreip:hecL into a 20cc. 1JJ.t=-1ti.num crucible, ana 
~ • - -

lee. of cU.lute 2iulfuric acid (1:1) addeci from a pipette. Tvvo or ~5 

then 9cc. of o.r. 48;'; hya.rof1uo:cic • d ( • 1 • El,Cl T,rns Vi8S 

later changec1 to 5cc.) were addecJ.. ~Che crucible Yfas placed. on a. 

hot 1;;1ate and rnoBt o:f the exceEJS h~yecrofJ.uoric acid drj_ven off. It 

was then covered with a ffCe of platinum foil, and heated until 

e:.Kcess elled. After cooling, the residue was 

taken up vvi th a v-,rarm ::rnlution of 10cc. of nitric acid in 10cc. of 
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VVEt t 01-- , Ell1 d ferred to a 600cc. beaker. The solution was diluted 

to about L.l:OOcc. vvi th hot wateis, E.nd aI:nmo:nia added till a i.-:Jlight 

permE1:nent cloudiness wr:,.s o·btained. An excess of ammonium carbonate 

1Nas add.ed, corresponding to 50cc. of lr2'}b solution. The flocculent 

bismuth basic cs,rbonate was e,llowed. to settle on the hot plate, 

ana. the clear su:pernate,;nt liquid decanted through a c1uali tative 

·NaE3heo. v1i th hot ·water. .About 15O-~2OOco. of wash water were used. 

'..Che filtre.te '\:Vas reserved :for tho c1etermj_nation of sodium. The 

acid 

and again precipitated as basic carbonate. This second precipita-· 

tion ensured the a1Jfsence of basic sulfate from the bii:-1muth e-

cipitat e. After filter:i.:ng anrJ ·wa,3hing the ec itate, it was 

dried on the paJ;ier in the oven. much ELS possible of the :preci_p-

i tate waEi removed ano. transferred 1co a watch ss. To remove 

the 1~emain1ng y;ortions from the paper, tvrn proced:u1·es vrnre adopted. 

In the case of 4:B, 5J3, ano. 6J3 o:i: the small melts, the 11aper tvas 

ignited 1:tnd allowed to burn over a weighed :porcela:i.n crncible, so 

that the rer::iidue f'ell into the crucible. The bismuth oxide so 

1n·oduc ed ·v1taE1 :partJ.3r :reducet'i to the metal. A fe-vv dro:os of nitric 

acia. were a.dc1ed to change the metal to nitrate. After removing the 

e:xcess I-TI:rn/7, the reE:ddue was converted on gentle ignition to the 
.:) 

The other ocecture vvsw adopted in the case of 

in the funnel, and the p:reci_pi ta te 

out- t " ~ • 1 t· • t • , • a t· • ,.,, • ·, • .u warm 0.1 u ·e ni ric aci ,, ,ne vvasu1ngs oe1ng caught 

in a ]) orcelain cruci 1)le of 2O-3Occ. capacity. The ,rrashings vtere 

oratea. to e:ryness and the residue converted on heating to 
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bismuth oxide. The rest of the J)recipitate from the ,Natch glass was 

then transfer:red to the crucible and the whole gently heated to con-

stant weight. Tests proved the precipitate to be free from sulfate. 

Due to the time occupied i11 evaporating the acid vrashings, 

and in view of the fa.et that no more consistent results were ob­

tained by this method than by the first method., it was abandoned and 

the first employed exclusively in the case of the glasses from the 

larger melts. 
{) 

The ~isrnuth oxide so obtained was contaminated with iron and 

alumina present in the glass. :fo orrtain the correct weight of 

oxid.e, the precipitate was dissolved in hydrochloric acid and the 

bismuth separated as oxyehloride, as a.escri 1)ed, above. In some 

cases-it was weighed. Iron and. alumina remained- in the filtrate 

and were :preci1?i tated as hydroxides v.rith ammonia. They were 

filtered off, washed with hot water, and burnea in a blast flame. 

The iron being very small in mnount, was not separated from the_ 

alumina. The weight of the oxides, subtracted from the weight of 

-impu:re bismuth oxide, gave the correct weight of bismuth oxide. 

The :fj_ltrates f:rom the bismuth basic carbonate contained all 

the sodium in the glass as sulfe,te. Spectroscopic tests made on 

the second filtrate revealed only e.. faint trace of sodium, so the,t 

at first this filtrate y:a.s discarded. The first filtrate was evap­

orated to dryness and as much ammonium nitrate as possible removed. 

• by strong heating on the hot plate. Part was volatilized, and part 

Y?as decomposed into nitrous oxide and water. The dish ws.s kept 

covered to preYent loss of material caused by the effervescence of 

the melted arnmonin.m nitrate. The :residue was taken up with hot 
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v:eighed 2orcelain dish. (C:he solu-

d::cy.1.10 s s, the rest of the ammonium :ni tre/ce 

removed by gentle heating over a flame Emd the dish finally- heatea 

to just lJelov: redness until it lor:it 110 n1ore ·weight. 

removed from. the beaker used in the evaporation. It w1::us ta.ken up 

v.'i th hot v:a.ter, the rer::idue fil te:r·ed off, Htished free frorn Emlf2,te 

and burned to con::=1te~n t y;re:Lght. The VIE:dght of the residue, sub-

tracted from the vrej .. f)1t of i1mmre ::rnd:Lum sulfate, gave the correct 

weight of sodium sulfate. Na90 euuivalent to this 
i,...J .,.. • 

'm-1D obtaine a by mu1 tipl:;rtng the weight of sulfate by 62 

'.1:he weig;ht: of i.r on a:nd sJ.umina from the bismuth oxide vHrn 

1:tt first taJ:::e:n as ·n10 iron and alumina content of the glass. Le,ter, 

the variability of the results lead us to abandon the determination 

of these constituents in-such sr.na11 ::,amgles. In the case of the 

ne-v7 meltr3, sam;1les of several g-ra:rhs will be errrployed for the ueter-

mina tion of iron, aluminec, ~lnd arsenic p,:.:mtcxide. 
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Resu.~ts of AnalyseE_ - A few words of explanation s1hould be given with. 

reference to the following tables. The first contains the percentages 

of bismuth and sodium found in the glasses from the earlier smaller 

melts. Very good, consistent results were obtained in the case of 

glasses 4B, 5B1 and 6B, when C .P. hydr•ofluo#ic acid was e:mployed. 

However, in the case of glasses 3½B, 4½B, and 7B, vs.riable results 

were obtained, until it was found that additional corrections were 

necessarv in order to obtain the correct- we:lp;ht of bismuth oxide. Where-
.., u ---

as, in the case of the first throe glasses, the weighed Bi2°3 dissolved 

in hydroch1oric acid to give a clear solution, this was not true of the 

last three glasses .. A considerable correction had to be applied for the 

silica removed from the beaker- used in the precipitation of the bismuth 

basic carbonate. 11he vireigl1.t 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 vvere low, and in some cases, ver·y high., The very low figures 

were finally traced to i.ncorn.plete precipta tion of the bismuth. A new 

lot of ammonium carbonate was used for these glasses. It was fom1d that, 

following the directions ~reviously given, 85--40cc. of 15% solution 

did not give complete precipitation of bismuth. It was found necessary 

to use about 50cc of solution •. As a result, the very low b5.smu.th figures 

must be rejected. No explanation foi> the high bismuth figures occasion­

ally obtained can be given.Consistent sodhm1 figures were at first 

diff'icult to obtain, the observed figures being much lower than those 

calculated. Results which check very closely can hardly be expectea. 1 due 

to the large weight of the dish containing the sodium sulfate, and a.lso 

to the correction for silica v✓hich had to be always applied. 
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Conclusions from bismuth and sodium_analys2s- It is seen that, in the 

case of the small buttons, the difference between observed and 

theoretical Bi203 content is positive at first, takes a large drop into 

the negative region, rises nearly to zero, takes another drop and then 

again approaches very near to zero. The difference between abserved and 

calculated N~20 content starts positiv~, reaches a maxin1mn at 4½B, 

(corresponding to a maximum for Bi203 difference) then drops low and 

again rises~ We must be very cautious in drawing conclusions from these 

facts, inasmuch as neither the silica nor arsenic content of these glass­

es have been determined. Much more 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 mixtures. More detailed information about Otin's 

__ methods ( see page. ~ ) will be sought. r.rhe uselessness of drawing any 

conclusions at the present time will be clear when we compare the resul,ts 

of the analyses of the small buttons and of the larger melts. 

)iIIltX.--,{. Determination of Silica And Arsenic Trioxide. 

Ih view of the fact that the silica in bismuth glasses cannot be 

determin~d by the usual carbonate fusion method, the treatment of the 

glass with hydrofluo:uic acid., the silica is volati:tized tetrafluoride, 

SiF4. As this loss of silica is quantitative., it would serve as a basis 

for the estimation of silica, ir all ole the SiF4 could be recovered. 

Previous employme-J, of the general principal_.- So far as .-6-earch of the 

literature can reveal, the volatitization;!method has never been employ-
-""'---==""""-

ed for the determination of silica. Its general principle has, however, 

been long used fibr thf) determination of fluorine both in organic and in 

inorganic compamnds~ The hydrofluoric acid, liberated from the compound 

by H2S04 is caused to act upon an excess of silica. Knowing the amount 

of SiF4 evolved, one can easily determine the fluorine content of the 

original sample. IVIuch work has been done in the past, and several 
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methods have been developed for absorbing the SiF4 and determmning its 

quantity~ A brief account of some of the later of methods will be given, 

in.the order of their development.-. 

Fresenius(reviewedl by 6ffermann1 Zeit 1 Angew,_ 0hem. 20 1 615 (1890) 

original in ibid 5, 1901 1866).was the first who really showed the 

worth of the volatitization method for the quantitative determination 

o.f fluorine, The fluoride sample weighing .5g., mixed with 10-15g of 

powered silica, was treated in a dry flask with 40-50 cc of strong 

H2so4 • The Si F4 generated was swept out with a stream of dry ail"~ The 

gas was first passed through two u ... tubes, the first of which contained 

fused calcium chloride, and the secon4 ·containing in one arm fused cal­

cium chloride and in the other anhydrous 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-luime, in one arm cotton moistened with water, and in the other 

cotton moistened with CaC12 • The third contained pumice moistened with 

strong H2S04 . The reaction mixture was heated to 150-160°0, for several 

hoµrs 1 cooled; the absorption tubes weighed and the increase in weight 

taken as the weight of SiF 4 Ab_so1"bed~ 

Penfield(American Chem.Jo111~.1,27 1 1879) has perfected a volumetric 

method for the determination of .fluorine.; He passed the SiF4 into an 

alcoholic -solution of potassium chloride~ 

The following reaction took place, 

H2SiF5-f 2 KCl :=:.~ K2 Si F6 +r 2HC1. 

The HCl liberated w_ as titrated with standard ~mmonia... • cochi·neal • r using 

as indication'. Very good results were obtained by Penfield; as the 

following table will show,-
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Analysis Of Fluorspar. 

Fluor spar F. (theory) F. (found) Difference 

.2464 g .1200 g .1199 g. - .0001 g 

.2039 .0993 .,0989 ·- ... 0004 
.2074 .1010 .1023 - .0013 
.2147 .1046 .1064 - .0018 
.9292 .4325 .4329 - .0004 
.4673 .22?? .2283 - .0006 
.9901 ~4824 ~4817 - .0007 

l~ffH30 ;~935 .49~23 ~ .,0012 

Hoppe ... Seyler (Ta,iunann-Zeit. Anal.Chem. 241 328, 1885; a review) 

developed a method for• esti:rnatfuhg fluorine inorganic compounds. The 

%ample is well mixed with silice, and treated in a flask with' concentrated 

rr2so4 • The SiF4 is absorbed in a solution of a barium salt, such as the 

bromide, modid.e 1 or acetate. Ba1"ium flu.osilicate is formed according to 

the equation, 3 Si F 4 -+ 2 Ba Br2 if' 2H20 ·- 2 Ba SiF6 -,f--4 HBr -+ Si02. 

It is rendered insaluble by the addition of 80% by volu.me of alcohol, 

(39,060 par-ts of 50% alcohol dissolve 1 part of Ba SiF6 ) The precipitate 

is.filtered off 1 well washed with 50% alcohol and treated with hydro­

fluoric acid to dissolve out the silica, also formed during the absorp­

tion of the SiF4 • The barium fluosilicate is then treated with H2S04 

whereby barium is precipitated. as the very insoluble sulfate, which 

is weighed .. From this weight one may find the weight of fluorine in 

the original sample. A slightly different precedure is to heat the 

barim11 fluosilicate 1-2 hours. on a steam bath with a solution of a:tlll111lon­

irun phosphate. The precipitate of barium phosphate is filtered off, 

treated with HCl again filtered and washed with Hcl. The filtrate com­

tains the barium, which is precipitated as sulfate and weighed. 

For the determination of fluorine in minerals, Tam:rnann 

(Toid, 24, 3281 1885) adopted the following procedure~ The sample is 

mixed wlth powdered quartz., placed in the generating flask, and strong 

H3So4 added. A stream of dry air is used to sweep out the SiF4 • For 

cryolite, fluorspar., and similar m:i.nerals, 6-7 hours heating at 160-

170° are necessary; for barii.i.m and potassium fluosilicates, 2-3 hours-
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are sufficient; 'llhe absorbing liquid is watel', and it contains all 

of the fluorine .from the sa:n1ple., It is treated with bariw.'1'1 acetate, 

the precipitate allowed to settle, and filtered. The ba1 ... ium fluosil­

icate is treated with h;ydrobromlc acid, '75% alcohol added, and the 

precipitate filtered and washed with alcohol,. The barium is then 

precipitated as Ba so4 and ·weighed. Very low resu.lts were obtained 

as indicated in the following table, 

Mineral(Cryolite) 

.5916 g 

.4754 

• ,:1749 

F.(theory) 

.3204 g 

.25'75 

.2572 

Baso4 (fou:nd) 

.61?2 g 

.4631 

.4E3t30 

F( foux1d). 

.30117 

.,2264 

.2372 
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Much better results were obtained by proeeeding as follow~arium flu­

oride was analysed. The SiF4 was absorbed in a solution of barirnn 

acetate containing hydrobromlc acid. The barium fluosiJ.ieate was almost 

completely precipitated by the addition of much alcohol. It was filte:red 

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

shown in the following table. 

Ba F2 taken F(theory) BaSo, 
LJ: 

weighed F(found). 

.7140 g .154B g .3150 g .1535g 

.5968 .12<::_);3 .2638 .1289 

.6934 .1.503 .3127 .1528 

A v-olumetric determination of fluorine was also worked out by 

Tammann. The absorption l:lqu.icl is treated with caustic potash and allow-

ed to stand. The precipitate is treated with hydrochloric acid, and KCl 

removed by washing with potasshun acetate. Twelve voluues of 80% 

Al·cohol are then added, then solution allowed to stand 2-3 hours, 

filtered, the precipitate washed w:i.th 60%; alcohol, and titrated vdth 

standard caust:tc. The equations involved in thths method are, 

( 1) 3 Si F\l: t 2 H2i) :;:;;:: 2 H --2 SJ.• Ts'" -o + Si02 , ( absor'JYt;ion of SiF4). 

( 2) FI2Si F6 + 2KOH ·- K~3 SiFs -r 2R,,,0 ,. (precipitation with If.OH). 
{,..• 
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(3) K2 SiF6 t 4KOH ~ 6KF f Si())2 +2H20• (Titration with KOH). 

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

of a sampke by determining the quantity of Si02 formed in accordance with 

equation (1) above. His procedure is as follows. '11he size of samp]rn to be 

taken is regulated by its probable, fluorine content, about l-l.2g for 

fluorspar, and a proportionably greater amo"Lmt fo1• mmnerals lower in 

fluorine. If fluorspar is used, the sample is mixed with 12-16 parts 

of silica and transfe1·red to a wel1 dr±ed flask provided with a three­

hole stopper. A glass tube through which well dried air may be passed 

is inserted in one hole of the stopper. Thr•ough the second hole passes 

a glass tube, widened at the end., and dipping into water in a test 

tubej This is the absorption tube~ A dropping funnel is inserted in :bhe 

third hole of the stopper. This cdmtains about 100cc of concentrated 

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 

dry air is passed for a few minutes. The mixture of sample and silica 

is then transferred to the flask and the current of air started again 

being so regulated that about 2 bubbles per secong, pass the absorption 

tube. About 50cc of sulfuric acid are allowed to'"drop into the flask, 

which is then heated slowly in an oil bath to 1700c but no higher. After 

about 3 hours heating., during which t-ime ·the flask is frequently agitated 

to assist the reaction, 25cc more of acid ar·e added and the heating 

continued a few more minutesto ensure completion of the reaction. After 

allowing the separated sil::te:ia acid to settle a few minutes, it is 

filtered o.ff, washed with weak acid,_:bhe precipitate heated to constant 

weight, and weighed as Si())2 ~ The weight of silica multiplied by 5.494 

gives the weight of fluorine. Bein 1 s results for fluorspar and sodiu.111· 

fluoride are given in the following table.-



Substa!lce 

Ca F2 

Na F 

F(theory) 

49.47% 

45.24 

P(fom1d) 

49.06% 

49.29 

f.1.5~02 

44.87 

It is seen that the observed .fluorine content is consistently lower than 

the theoretical value, due most likely to slight losses of SiF4 because 

of traces of moisture still remaining in the apparatus. 

Instead of decomposing the SiF4 , it may be abso1"bed by a solution 

of potassium :fluoride, giving the potassium fluoslicate., 

The amont of fluosilicate formed may be determined either gravimetrically 

or volumetrically. The former procedure was adopted by Coruot(Comptes 

Rendus 1141 750 1 (1892). This investigator generated the SiF4 in much the 

same manner as did Bein. Fo1~ 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% 

potassiu:m. fluoride solution. The tube conducting the SiF 4 is widened 

at the end and opens 2-3 millimetel""'s below the surface of the mercury. 

Thus the danger of clogging the tube is entirely eliminated.Caruot 

recommends a maximum temperature of 160°c for the generation of the 

St F4, and cmnsiders the reaction at an end when bubbles no longer appear 

at the surface of the reaction mixtu_re in the flask, about 1½ - 8 

hou1"'s• The fluoride solution in the absorption bottle contains the 

gelatinous.and barely visible potassium fluosilicate, which settles 

quite 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 precipitate 

is washed by decautation wlth 50% alcohol there transferred tp a 

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

and weighed as K2SiF0.The weight of K2SiF 6 multiplied by .3794 gives 

I 
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the weight of fluorine vvhich came from the sample .. The accuracy of this 

method abviously depend not only upon complete absorption of the SiF4, 

without losses due to moisture in the apparatus., but also upon the 

complete., or nearly complete, ins.olubili ty of K2SiF6 in 50% alcohol. 

Though H. Rose(Mellor,A '.treatise On i:no:r-ganic And Theoretical Chemis­

try Vol Vl P 919) atates that alcohol completely precipitates K2 S:tF6 

from aqueous solution, Adolph (Jour. Amer.Chem.So~ .. 3? 1 2500 1 (1915) 

throws doubt on this point. Also the ijelly-like character of the flu­

osilicate (Ivlellor-.Vol Vl P. 947) does not tend to make its handling an 

easy matter. 

The irolumetric method developed by Offermann( Zeit angew., chern. 

20,615,(1890) gives good results. Offermann carried out the volatitz­

ation at 150-160° and collected the SiF4 in a beaker of 1:vater, the 

bottom of which was covered with a layer of mercury• The SiF 4, was libe1"­

ated below the level of the mer·cury so that the tube did not because 

clogged with silicic acid. The flu.osilicicacid liberated was ti tratod 

with standard KOH, using cochineal as the indicator. lee of nOI'mal KOH 

is equivalent to .0190 g. of fluovine. Offermann's results for fluorspar 

are given in the following table1 

Weight of srunplke F.()found) F,.(theory) 

.. 300 g 
• of_ 

48. 4510 48.72%' 

.400 48.45 II 

.300 48.45 II 

.300 48.45 Ii 

Adolph(Jou1~.Amer. Chem,/ Soc .. 37 1 2500 1 (1915). has conducted an extensive 

investigation of the conditions most favorable to the success of Offermann's 

method. As a result, he proposes the following improved procedure. 

The sample of fl·uoride, equivalent in fluorine content to .1 ... 2 g., of 

fluorspa1", is well mixed with three times its weight of iginted silica. 

'J1he volatilization and absorption apparatus is shown in the figur•e. The 

dry mixture togetger with one grain of anhydrous Cu S04 is placed in the 
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flask F, and 25cc of 98.6% H2so4 added.the stopcock Eis now closed 

while the flask_is heated in the air bath H till after one half hour 

the temperature has reached 220°c. Eis then opened and air dried in 
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the drying towers A.,B,C., and D .:ts passed through at the rate of these 

bubbles per second.; It ms most important that the s.ir be absolutely 

dry.and free from carbon dioxide. Towers A and B contain strong H2 so4 

c: contains soda lime., and D calcium chloride. Flask F is shaken occas­

ionally to promote the reaction.; The SiF4 is passed through a drying 

flask G containing strong H2s04 ., then thJ:>ough the u ... tubes H, I., and ,J 

to condense ariy H2s04. vapor. H. cobtains glass beads., and I and J are 

cooled in water; The SiF4 is then passed into a test tube K containing 

about 50cc of water.; The end of the incoming tube is widened to prevent 

clogging with the silica which at first sepa:bates.; After 2-2½ hou1"s the 

test tube is removed and its contents titrated with 0.1 N-KOH using 

phen~lphthalein as indicator. 12 parts of KOH are equivalent to 3 parts 

of SiF4 , so that the weight of SiF4 is found by multiplying the number 

of cc of KOH used by .0026025., 

The succ.ess of this method depends on a number of factors. 

In the first place, Adolphe found that sulfuric acid considerably stronger 

or weaker than 98.6% gave results. Very low results were obtained using 

rr concentrated 11 acid( 96. 91b H2so 4 )_, only 40. 4% fluorine in CaF2 against 
~ 

48.52% theory. On the other hand; very strong acid gave high results 

owing to the fact that so3 was evolved at tha temperature of the exper­

iment, and raised the acid content of the absorption liquid.; 

In the second place,, temperature plays a very important part in 

the success of the experiment. The effect high and low temperatures on 

the amount of fluorine found in fluorxpav is well shown in the following 

table.-



J:'lffec t Of Variation Of Tem1Hn1a ture Of 1.<b:cperiment. 

1I1empera ture 1.!1 ( f ouJ::i.a_ ) J:11 ( the o ry ) . 

1[30° C 46.9 c:? 
/0 

180 4'7 .8 TT 

200 47 .4 

{320 47 .1 II 

230 4'7.6 II 

280 45.3 

310 35.'7 H 

310 ,-.,- C"\ ,, 

-.Jr::,• t) !I 

In the third place, the reaults were affected by the form of silica used. 

}Peldspar and preci})i ta ted silica gave low :re,::ml ts. Quartz gave tbe ·best 

results, though freq_uont agitation of the generati.ng flask W&.s necessary. 

The stronger th dehydrating agent present in the generating flask, the 

better were the results obt~ined. 



-44 

l) 

--- -- -/\ ·\ l ! 

\ I I 

\ A I I 
' I 

\ 
I ./ 

\ 
I I 

_) I 
~ 

., ____ 

) 



stuclies were carried out t® determine the experiment,,.l oondi tions 

m1der which the methoti would be m0st successful<!) The arrangement 

0f the apparatus dis shown in the sketch,. The glass was decomposed 

in the pla tinu.n1 crucible A with hydro fl uori o acid and sulfuri o acid. 

To the tep of A was fitted a platirtun1 cover to which was attached a 

platfum tube B bent tvvice at nig.1. t angles .. The tube leads the SiF 4 

int@ a small paraffined flask C oentaining ailute caustic potash0 

What SiF4 escaped absorptiG>n i:m C was lead by a paraffined glass 

tube Dint@ a second paraffined flask Ei also c@ntaining dilute KOH. 

A tube fr@m lil led to a Bunsen pump., by means 0f which a our:r.ent ©f 
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air was drawn through the apparatus.- An opening covered with a platinum 

cap was provided in the eever to A, ao that the hydro:fluerio acid cauld 

be poured in while the suction was in actiene The crucible was h.eated 

in a small sand.bath by means ef a '.Bunsen flar.a.e. 

For a determina.ti©n, about.5 -.?5g of glass were used& It was 

weighed into the oruc::ible.lco of 1:1 H2so4 ad.ded,and 2-3co of ·water., 

The cover was then fitted, and the apparatus se;p up, the first absori)­

titDn bttle c0ntainil1g 9Qcc ef N'-KOH, the seccrarl 50eo. Suctien was start­

ed. 3cc of 48% HF pourEHi into t:n.e eruci ble threugl-i the opening in. tl-a.e 

lid1 the small cever replaced and thr suc;ien adjusted as that 4-5 

bubbles per second passed the first absorption bettle;; The temr>erature 

of the sand loath was raised gradually (during about two hours) te 200-

220°, and kept there until no more H .F passed over. The exacjf time at 

ehich the bulk of the BiF11 was driven over coulcl be as certained from 

the change in the appearance of the first abs1~rption b0ttlell As the 

SiF 4 was absorbed• potassium. fluosilioate was :formed, which possessed 

a peculiar bluish iridescence in reflecte,'ll lighto J3y transmitted 

light, the color was bluish with a suggestion of vielet, towards the..-
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ena ~f the heating,a white sto.oke weuld sometimes appear in the bottles. 

This might have been due to S03i formed by the decom1,osi tion of the 

H2S04 i:n the crucible. Afeer the apparatus harl cooled 3 the flasks were 

rem.&ved, the connecting tubes washed eut Yd th hot water, and the two 

solutions analysed sepe,rately for their silica content~ to determine 

how much SiF4 haa passed the first bottle. 

Silica was separated from the fluorides present in the solutien 

as follows~(Scott-Sta~dard Methods of Chemical Analysis, 1920iV©l.1 

P• 1 '79) .. The alkaline liquid was treated with 5-10 grams of sol:i.d 

amaoni um carbenate bcdle(i for 5 minutes a:n.d e,.lJ.ewed to stand i:n the 

cgld for two or three hours. :By this procedure, the fluosilioate was 

completely decomposed, and flocculent SiO? was precipitated. This was .., 

filtered with gentle sucti0n washed with cold amm0nium carbonate 

solution and the silica burned to constant weight, volatilized with 

BF and H2S04i and the residue weighed,, the d.iff'erence between the 

weights representing the pure Si02• 

A oonsiderable amount of silica remained in the filtrate, and 

was separated as follows. The solution was evaported nearly to d.rynf:lss 

whereby some rumnoniun1 carbonate was removed .. The residue was taken up 

with water, ancl neutralized with 2-N liCl • using Phenolphthale:h1 as 

the. ~ndicator. The solution was boiled, restoring the color of the 

ind.ic0,tor.More HCl. was a.ddecl, the solution again be iled, and the pro­

cess repaeated until the pink color was destr~yed by the ad.diti0n ef 

1~2cc of HCl. about 5cc of arr,moniaoal zinc oxide were added to pre­

cepi tatex the Si 02 as zinc silil\oate* The mixture was be iled until 

ammenia was eompletely expelled. The prec:i.pi tate of zinc silicate and 

oxide was t!b-en :l;riltert:id off, washe~ with hot water, and redissolved 

in about 10cc of stroing HCl,. The solution was evaporated. to dryness, 

baked carefully to dehydra'b:e the silicio acid, and taken up with 107; 

HCll\! ~he SiO,.., was filtered off, washed with le% HCl and the Si02 _ ;:;::; , r ' ., 
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determined gravinve~rically. If it weighed m0re than 10 milligrams, 

the :filtrate was ~a.in evporteci ta dryness taken JQ with acicl and a 

secend portien ef s102 filtered off and weighed. LEmg w.king ef the 

residue is not neoeasary as the zinc chlori~e is itself a dehydrating 

-agent fused. It sh.€>uld be. remarked that when the suoticn was especi­

ally irregular, a third absorpti0n bottle was included. 

Results of the prelim,inary tests- at the time when tllis methed was 

first tried 0nly tlasses 4B,5B and 6B cf the small melts were avail­

able. Analyses were made en 4B and 5B, with the f'ollcndng resu1-ts. 

Analysis 

l!To 

l 

2 

3 

4 

5 

6 

Glass 4B 

Weight ef Silica f0W1d 

sample first bottle second bottle 

1.moooi two combi JJ.e d 

" fl fl 

.7500 fl ff 

.75QG ff " 
:': .7500 together .3823 

1.000 together .5505 

Glass 5B 

.?500s Hand 2 together .3620s 

.7500 .36?3 .0065 

thirci bottle 

.0101 

.0102 

.0063 

tetal .%SiO2 

95749g 57.,49 ~~ 

e5623 56.23 

.4408 58.95 

.4114 54.95 

.3929 52.:39 

.560? 56 .. 01 

.3683g 49.lL,0 

.3738 49.84 

The extreme variability if these results was mot explained, 

until I laappenea. to examine car~:fully the far exteri@r Qf the platinum 

benda It was found full ·t>f. precipi tatet silicie aeifl. As a result the 

entire sat of d.eterminatiens n.ad tebe rejected and the method abend.oned• 

Werk was net recommenced until the new melte were available for 

Analysis. Every precaution was then taken ta guard against lass of 

silica, either in the tube, or by too rapid suction •. Al though the 

analyses by the im1roved method have been a•finitely started, the 



-proposed preoedure will .be described. 
• -

Improved method for determinati<1.>n.of' siliqa- Among the imprevements 

intrQauced may be mentioned the substitution ef a second platinum 

tube with round bends 1111 J>lace ef tke, paraffimed glass tube laadinc 

f'rem the first te the second bettle. 1',e make certain that little or 
:· . . -.. . . . 

no silica was . caught in the platinum. tubes, t.heee yezcr heated to 
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redm.ess d!e cirive out all meisture present and weighed. Im order to 

el.imima te as mueh moisture as possible from the generating crucible, 

anhydreus HF gas was genera.tea. ia contact with the glass, by the 

actien.between ealcium fluorite and streng sul:f'urie acit. 

About .og of powdered. glass and 1.5g cf C.P. CaF2 were weigheci 

in.te th.e • :platinum well mixed crucible well mixed. anci the cover f'i tted. 

Intt> each of the absorptien bottles were poured 40cc ef 2N-KOH.After 

the apparatus had. been set up and moderate suction started 5cc ef 

oQncentrated H2s94 were poured inte the erueible, an.d the sand bath 

heatei slowly te abeut 100°c. Suetien was maimtainef.l stead.y, s,0 that 

3-4 bubbles per second ;passeCil tke first bettle. Tke temperature was 

raised eautie.usly ta 100°0 amd then :flame rezn0ved.. Seem, the SiF4 

bega:n to pass ever inte the abserptien solutie:n, as was eviGleneed 

'by the f'ormatien a precipitate cm the end of the tube. Alm0st pure 

SiF4 passed ever for a while QUri:ng which time it was neccessary to 

:s:ee that the emi ef the tube ciid not become elegged •. After excessi.,-e 

precipitation l'.Jas ceased., the temperature was raised te 220-2300 C,. 

arui maintained th.ere for half an hour -t& ensure rem0val of all S1J'4 • 

The crucible was then allewed to eoel te reem tempere, ture, the suction 

beimi maintained eonstant. The nask7were remGve« ,the tubes washed 

out first with. strong HCl than with. hotxwater an.d the washings added 

to· their respe-otive flasks, '?he tube.11 were carefully keated to re-

meve moistµ.re, t.hen te redness, eoolea aDd reweigh.ea te determine -
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the amount ef silica they still retained.. This weight(0-5 milligrams) 

was added to the weight of siliea found in the abs~rwtion solutions. 

The sil.ica in the twe bottles was el.ete:rmi.ned by the method 

outlined by Scott(l.oc. ci tl. 

This new procedure is certain to give concordant results, 

since no silica can :pessibly eluti.e either absorption in the bottles, 

or detection in the platinum tubes. Work will be pr0secuted in this 

direction at the very first 0pportun.it3a. 

Determi.l!,atiGn '4 trl,valti.,ni, arsenic- No work has been Elane as yet with 

regard to the arsenic trifluorid.e whic:h is abserbed together with 

the ail.icon tetrafluoriie during the progress of the v,1atilizati0n. 

,Suf'fieientle large batches are net yet available, so that sample a of 

five "rams or more may be analysed for arsenic trie,xirle. 

n1en and Zies (Jour.>..m.Cer.Sec.l,?~-86,1918) in their inveit­

igatiens on the eondition of arsenie in glass, empleyed the Telatitiz• 

atiGn.method for the determination ef trivalent arsenic., The glass 

was treated. with HF and H.zS04 il'l a platinum still, and the AsF3 

absorbed in sodium hydroxide solutien. The caustie solutien was 

evaporated. nearly te dryness and treated with a little hytirogen per­

exitde te convert the sodium arseni te to arsenate. Silica was then 

removed by treating the resiaue with HF and H28O4. The salt was dis­

solved in water, filtered,and the arsehic cietexminecl by any ef the 

standard methods, either volumetric or colorimetric. 

This method will be tried when the next large melts are avail-

able. 



Detenrdrn:i tion ical :P::ropertj_es. 

1. Densi tY:- Preliminary determinations of the densities of 

tr1e :pieces of glass from the srnall melts were carri ec1 out by the 

ir.o:mersion method. A piece of' the glass ·weighing 8-10 grsxns v:ra.s 

first weighed in r, then in and the loss in 

weight determined, t s giving, by Archimedes :principle the 

,Height o:f the diS;)ltJ.ced viate:r. By the use of tables, this vreight 

WEu3 changed to volume :in cubic centimeters. Di vi ding this into 

the weight of the glass gave the density of the glass referred 
20° 

to v1ater at L.1°C. ( denoted by d 4 0). 

Due to the :presence of bubb1es - sorne of them of c onsicl.er-

able size - in the glass, it v:as thought that the figures for the 

densities 117oulcl be in 0:rror. Consequently, the follovving method 

vvas tried. Small gieces of the glass vrnre ex.amined caref'n11Jl f 01· 

the alJsenee of :nearly all bubbles, and v1 eighed. A picnometer 

bottle of' sJ:)Out ~~5cc. ca:r;)aoi ty vvaB weighed full of' 1Nater at 2O°c. 

2:111e ]?:LCJlOinet 81"' 1N2'J8 t}1elJ, tied, the pieces o:r B s ~9 u.t in., t11.e 

picnometer again fill$d VvGJ_g.hed. Great 

ca:re vras taken to have the level of the Y/ater in the side arm the 

same in the two caGeE1. The d.ent1i·by of the glass v1as then cal-

culated b;y- weans of the follovdng formula: 

w2 

D = density of the glass. 
l'l -- c1.e·1·1,qi· +::-.,,,T ()--.-P ,·:,c;,•1-r.,r a ..... l <)oOc, .... ,~ . "'-' v.., J,.-.~-- \·Jc.,., ... lJ V - 1 (. .. , V • 

= weight of glass pieces 
= weight of full pionometer bottle without glass. 
- weight of full picnometer bottle containinf3' ftlass pieces. 



Weights Wi and. vV2 Ylere corrected for buoyancy ·of air. 

In spite of all possible precautions, concordant results 

could. not be obtained. This is illustrated in the following table: 

T1•ial. Glass Uo. 4B. Glass Iro. 5B. 
Densit;t bl Density by ;Qensity by Densi ,;y by 
immersion, :,eicnorneter im111ersion, -oicnometer 

l 2.941 2.760 3.333 A,3.339 

2 2.941 2.9456 3.333 3.375 

3 2.941 2.9413 3.333 3.335 

We see that, barring trial 1 on 4B, as possibiy due to error of 

weighing, the density figures are subject to a variation of sever­

al figures in the third d.ecimal place. The experimental error in 

determinations of density should not exceed one in the third 

a.eeimal place. The uncertainty in the above fignres is due wholly 

to· errors in weighing the picnorneter bottle when full of water. 

Unless the temperature is absolutely unif·orm throughout the body 

of water, a considerable error is introduced, as much as four or 

five milligrams. Errors in weighing due to the large mass of 

this bo.ttle and water are negligible, i't being found l)OSsible to 

move the lJOinter of' the bs,lance by changing the weight by . 0002 

gram. The evaJJOration of the water in the picnometer introa.uced 

a sensible error, even when the hole tn the cap for the side s.rm 

was closed y,ri th :paraffin. In one trial it amounted. to .-0004 

gram per minv.te. As two or three minutes were required for a 

careful weighing, it will be seen the,t an uncertainty of a milli-
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gram or more is introduced. Take, for example, the followiTI:g data: 

"'l. 1.8195 . g .. ;= g = 
\/'71 = 515.31?5 g. (corrected} 
W2 = 56.5988 g. (corrected) 
d = .99823g. per cc. 

whence, D = 1.8195 x .99823 
. 5382 

3.3748 g. per ec . 

suppose, due to the uncertainties mentioned al)Ove, that a second 

trial gave W2 = 56. 5948 g. (corrected). Substituting this ·above we 
!J ~(-· 

find D = 3.33~ g. J_)er cc. It is thus clear how small an ·error in 

w2 is required to make a very large error in D. 

It was therefore thought best. to try to im:i;)rove the imrr..1er­

sion method. By suitable precautions, nearly every source of error 

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

the glass. The temperature of the water in which the gls,ss :was 

suspended. was maintained. within 0.2°0 either side of 20°0. Any 

error due to the volume of the· v-dre immersed. in the virater was 

eliminated by weighing the suspended wire alone, submerged. -yo 

the same extent as when the glass was attached to it. l!To correc­

tion was made for the downward :pull exerted by surface tension 

on the wire. The glass was weighed in air•lying directly on the 

scale pan, this weight being certaj_nly accurate to within 
,· 

±. 0001 gre.ms. The Yrni ght of the glass in water could be deter-

Y!line d with a rnaximum error of ±· 0004 grams. The larger the piece 

of glass; the less effect does this last uncertainty have upon 

the final result. In the following table are given the densities 

determined by the improved irnmersion method. Due to the bubbles 

in the glass, these figures are not accurate beyond the third 

c1:ecimal place. 



4 :s 

5 B 

6 B 

7 B 

2.7E5 

2.941 

3.171 

3.333 

3.732 

4.110 

1.Jeight of glass in air. 

13.3287 g. 

3.1915 

17.4075 

16.2230 

8.2930 

8.8575 

The densities of the glasses from the larger melts were 

determined in e:imctly the ·same manner. As was mentioned in an 

earlier section, the density determinationswere made on the 

prisms ground for the refractive index and disyie:rsion measure-

ments. Inasmu.ch as these later gls,sses v.rere mu.ch frE?er from 

bubbles than the earlier pieces, vrn may be sure of the den-

.Si ties in the following table to vrj_ thin + 3 in the ±'01.u·th dee-

imal place. 

Glass Ho. 

5 J3 

6 B 

7 B 

' . 0 

Density 2~0 \Jeight in_ 
air. 

Due to the fact that t tee a_ 

glasses were also found to be 

imperfect, t:he density values _for 

the smaller melts were used for 

the curves~(see re£ractive index'. 



Conclusions ~ensity .,determi_nation.~­
i3 

It is seen from the first 

table that the density of bismuth glasses increases inith the bismuth 

content, a fact which one would expect. In curve 1 values are plotted 

against percentage of B1203 present. No curve be plotted showing the 

relation between density and moles of Bi2o;3 present, since it has 

been found that the composition of the glass no longer correspond 

exactly to the series 100Si00 • 40Na2o. XBi O. The following con-
~ 2 3~ -

clusions may be drawn fI•om the curve plotted, 

1. Density increases with increase of Bi O content. 
2 3 

2. The rate of increase of -d:e.nsity increases with in-

creasing Bi2o3 content. 

A comparison of the densitied of soda-bismuth and soda-

lead silicates leads to the interesting conclusion that not only are 

the bismuth glasses heavier than the corresponding lead glasses, but 

that the diffe1°ence increases in general, as we ascend the series. The 

facts are well shown in the following table, 

Density of Bismuth Density of Corresponding Difference 

Glitsses 

2.725 

2.941 

3.1?1 

4.110 

Lead glasses(Peddme) 

2.710 

2.912 

3.112 

3.282 

3.543 

3.756 

.015 

.6S9 

~051 

~189 

.354 

As yet, no explanation can be affered for the drop ir1 the difference 

for the fourth glasses in the table. 

We are now in a position to determine approximately 

the specific density of Bi203 , that is, the density of the oxide as 

it is present in the glass. For this purpose i:b will be sufficient 

to use 01111 the bismuth,sodirnn, and silica figures, the latter being -
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caloulated by eubtraoting fr0m l.00% the sum ~f Bi2o3 -Na2o. This should 

not introduee an error of mere thanJ.-1.5% in the result. 

where, 

'!'Jae Winkelmann-Schott :formula was used.1 

l.00 • .!, 
D <i.. 

' 

D- observed density of glass. 

p- % of exidea ~resent 

d- sJecifie aensities of the respective exide~. 

The speeific d.e~sities ef the :respective oxiaes.have been carefully 

de~ermined by w. L. J~a.illie1 (Chem .. Abstraets 1921, p/~,31'f>. Hae ·has 
. I 

found the value 2.24 f®r S102 and 3e20 fer lia2i• In the following 

table are given the bismuth and sedium. figures feund by analysis1 

the siliea f0und by difference, the liensi ty of the glasses, and the 

ealculatedl. values fer tb.e speoific density of Bi203, 

Glass Ro. B1203 °/0 

fJ· 
lla2o /6 

a: 
SiO2 It, Density d. for :Si203• 

3½B 12.0'91l R'4.3o "i1a 2.?25 I iL i! 

4B 20.6? 22.?3 56.60 2.941 13.02 
io .. 83 G"0,35"' l~1I~ 

4½B 29.52 2h-OO 49.3:8 3il.?l ~~ 

5 B 34,.34 18.23 4? • 1!-3 3.333 10.98 

6 B 45.75 14.48 8.,;77 3.732 12.75 

7 B 52.8? l.3,.55 33.58 4.llO l0.35 

i~ density ef Bi203 in the free state_is 8.98. In spite ef the 

extreme discordanee ef the above values fer a, we may safely eonclud.e 

that the speeifie tensity of B1203 is e@nsiderably greater than its 

density in the free state. 



X. Refractive Ind.ex And. Dispersion. 

• ~liminary eXI)eriments on pieces from small melts. In the 

case o·f these glasses, the principle of total reflection as em­

bodied in the Abb~ ana .. :Pulfrich refractometers, was employed .. 

Pieces of each glass ·were first ground with on·e face flat. A 

se·cond flat face vvas grot111d at a;:1_proxima te1y a right angle to the 

first, and the tvm faces 'Nell _polished, so that the line of in­

tersection of the faces we,s as shar:p and straight as 1;iossible. 

Por contact liquid,~ ·-bro:mona:phthaline was used for glasses 3i-B, 

4:B, 4lJ3, 5B and rnethy·lene iodide for glass es 6J3 and. 7B. Deter~ 

minations of refractive index were made on the first five glasses, 
,,, . 

on the Abbe refractometer. The position of the glass piece was 

changed from }.)lace to place on the prism of the instrument, the 

Qcale being read each t-ime. By averaging these readings, a 

figure was obta.inea. which ,vas certain, within one or two uni ts 

i:n the third decimal place. Two pieces of glass 3·1:B were r1re-

1n1.red and ground. The first gave an index of refraction s,bnor­

mally lov1, about 1.500, While the second, ·which ga.ve a much 

sha1·per edge on vrhich to set in the refractometer, he:H1 a higher 

it.1.d.ex. We felt justified in not considering further the first 

piece, inasmuch as we :J.e,ter found that. absolutely no edge at all 

could be detected on the Pulfrich refractometer, in the oase of 

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

the following table are given the values of the mean refractive 

index for vrhi te light for each setting, the simple mean of these 
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se'ttings, and the weighted mean, the latter giving the most :prob­

able value of the refractive index, the fourth decimal being 

omitted as uncertain. 

Setting 3-i-] 4}3 4½B 5:B 6]3 

1. 1.5365 1.5648 1.5984 1.6200 1.6698 

2 1.5370 1.5653 1.5985 1.6215 1.6699 

3 1.5375 1.5655 1.5989 1.6217 1.6705 

4 1. 5365 1.5989 1.6704 

5 1.5375 1.6704 

Simple mean 1.5370 1.5652 1.5987 1.6211 1.6702 
-, 

Weighted mee..n 1.538 1.565 l.fi99 1.621 1.670 

All of these glasses gave fairly sharp edges in the instrument, 

except 4B. This glass was so sma.11 that it coverea. only a small 

:portion of the total area of the prism. He:nce,,it gave a very 

diffuse edge, difficult to locate and set upon. 

The same :pieces vver_e tested on the Pu.lfrich refractometer, 

usj_ng a, strong sodium flame as the source of light. The refrac­

tive ina.ices of t11e glasses were then calculated according to 

the formula, 

where, !1r;i is the 
;,;~-' is the .!!.D 
J. i:3 the 

rnent. 

C'. 2. 
o1Yl J_. 

index of the glass. 
refractive index of the Pulfrich prism. 
angle read on the graclnatea. circle of the instru-

The angle i must be corrected by s_ubtra.cting the nnull-punkt" or 
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null-point rBading. Tables prepared especially for use with the 

Pulfrich prism gave the values of ~D for all values of i. 

The instru:rne11t ;Nas used first in a l~fboratory· partly 

darkened, then in a special dark room. The readings taken in 

the dark room are considered most trustworthy; only these, there-

fore, vvill 'be given. Glass 4B could not be :measured owing to 

its very small size. Two pieces of 7B were tested, but as only 

the second gave a distinct edge visible in the ?ulfrich telescope, 

the readings for the first piece were rejected as unreliable. 

:Number of Refractive Index, n J Setting 3t-B 4-1}3 5B 6] '713 ,., 

1 1.53632 1.60088 1.62589 1.66935 l.'71214 

2 1.53623 1.60116 1.62615 1.66927 1.71214 

J":i" .;, 1.53632 1.60070 1. 62580 1. 66927 1.71226 

4 1.53614 1. 60107 1. 62-562 

5 l.fi3632 1.60107 1.62607 

6 1.60088 

7 1.60088 

Simple 111ean 1.53627 1.60095 1.62591 1. 66930 1.71218 

Weighted mean 1.5363 1. 6010 1.6259 1.6693 1.7121 

Ylith regard to the disy;ersion of these first glaBses a 

great deal cannot be definitely· stated. G-le.ss 3l:B vvas the only 

piece which gave 1:.my· results at all. Settings v:.rere me.de on the 
- 1 

C and J:!1 lines of the hydrogen spectrum, but the G~ line was too 

f's.int to l)ermi t readings to be taken. ~h~ follovving table gives 
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.ihe values 0f mean disperFJion, part:tal disperslons , and "V" v·alue 

for each of the settings of the instrument., 

-6n 

__ 2 _______ " ___ , _~_0_l_0_9_~_L ------'-'"' o_ .. 0_._3_2_6 ____ ...;;•_0_0_7_6_8;..... ___ ,_~ ._l ~-
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6 " ,.01166 .00329 .,0073? 

" 001106 .,00772 
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Accurate measurements on the spectrometer. 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 Jr,nown. If now a b earn of light be 

passed through the prism in such a way that the beam is deviated or 

bent from its straight path to the maximum extent, then the refractive 

index of the prism is given by th equation. 

where 

Il= 

n= 

sirr;.r (A-D) 
si111,t A 

refractive index of prisme 

A= angle atwhich the faces of the prism meet. 

I)= angle of minimum deviation. 

By employing a hydrogen tube as a source of light,. the reg:tactive ind.ices 

for the c.F, and G 2 lines may be determined,. and hence the dispersion 

of the glass. 

VVe were extremely fortunate in having the loan of the large 

spectrometer belonging to the Spencer Lens Corn1)&-11y of Buffalo. 

This· j_nstrument had been carefully tested iltns its scale checked oner 

well, so that with it 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 
~ 

ana_ polished so ~he two faces to be used ~ ... accurately plane. 

The prisms were th~n~on the instrument, after preliminary adjustments, 

such as adjusting each face exactly perpend.icular to the plane of the 

collirnater and telescope, has been mad.e. It was fotmd that, if the 

angle of minimum deviation could l:.1e nead with an error not exceeding 

lfil seconrls of arc, the values for refractive index found vrnuld not 

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

the angle of the 1n•iram was known accurately. 
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CGnelusions :from curve~ ll l.i4"ld 111- T'he form Gf' curve l.l meikes it elear 
·,;,,_;.

0
_ -c-;·, _---~.a-=c.2"-o;,~C•~ : ~~·~c-,:>.r C.c.c;.._ .~.~~i-.,c ·.0.-=-,.5.:c;_·-.~;.·,_:--;::-~:,-;:-:·.- ,,_ ---::-···:x,;..>::c>·,-., ?7, ~,;-:·_·_:•cc-•: :--:e :··"°'·_.:--.:.·.;_·-:,.-~~----•-<:C•.- :::,--,,.---,.-~ 

that, not only does increase of' bh~rn:uth content cr~use a,n increftee in index 

ot refraction, but that the rate of inerttase 01' the- prope.tty becel'nes 

greater as we a3cend the serieth Comp~fl:Y 0ur fig;1ires wi t.h those Peddle 

{lour,. Soco Glass 'l.'eeh= mhl6.,299 ,l920l 11re eee that 1 tt)t only d.o bismuth­

soda silicates na,re a greater refri1,ctive itulex than the eorreapondin@; 

lea.cl ... soda eilieates 1 but that tlt.e di:ff'erence: inerea.aea in genel."al, as 

we ascend the se:rieti~ These fact.s are bf)t!P',jtt out in the f0llow111g table 8 

Nn et bismuth glasses li:;o of lead &JlaJ:3$~$ 

1. 536 3 1 QI 529~ 

l.117121 lo64?1 

Difference o. 

.. 0042 

,.0.249 

of' retraction 1noreases with B1203 content t it does so 111 a-n e.rratie 

manner .. '?here if:l a Vel'Jramall riee in N:n from glass 4l» til> 513" Now we 

see f'rQm ~om,al.'dlt:J&n of the analyses of the ~a:11 and large m.el ta tllat ,. 
'"' 

wltfte tbe biemuth f:i~ures ttl."e nearly 1denticai in the t'WQ 5ll glas$ea, 

the $Gd.i h1m figurEHi ditter s;l'ea tl.y • In the small 513 ai:,m;ple 16 the so<:li t111 

OX'.ide content iJJ 3.2,t% higher than in the 5B glass et the large melts. 

Peddle :has touad that addition er lia2 to l.ead 5laasee coataining more 

than 20 mols of l;'bO oau.$e~ a decrease in ID-a It would appear, t'hf3n 9 

tha,t b1,smuth giasses are unique, in that J,n.erease of lleweve.r., be dra,wn 

cenelu~io.n.$ ma.y be d~awia1 

l1a Aa the bi.s~a·th content of the glt~sa i11ol"eaaes,, lta total -
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di~~eJ:~i~~ ris1;11~ and. J.t1 I Yalue :tall$. 

21& 'Ille rt&@· of iaen1ase of total 41tt}:lt'!i'rsien with Ble~ JJ(;)~tent 

be@Qme'tf ~lt'eate•:r 6 'Yilu.le the ~ate oif deor.e,etcse .~'/; 'the: V va,lue dee:('e~efJ}, • 

~s Wf tl.l.$eead tht'J se:.riee • 

Cune Yl ~~w the relatlen between l"X:) ane. V •aiues £~~ \il.$:th 110.da.­

bima11t11 silicates am.d Hda .... lead.-silicate$,, liJ 1~ e~('}B that 8 in ~•e;,raJ. 

th;e bismuth gl:.aeses nave a lowi;r 'V value f'oJ:1 a g!.veii v-.l:11$ of' B~ T~ 

t• l.ea.4 1Al.astes. 'TM ·~ate of de~ea::,e of tlie Y Tftl.'t\e ~er b1$14utll gl$sses 

:l:® l6ss th.an the :rate ot '1eer~ase fer lead ili!\seesfl at llD vs~lues grei\ter 

If ·we plot density agaln:$t •n• VAL'tffi FOil lhe··btamutb tll!se.ee 

o-:f th~ ~•ll. •el.ts, we get practically a st~a:tght liti<h :S:, JlQtti~ denEJib' 

a{.ia.inet lf:o value tor th~ eommeire1al c~•wn and .flint gla$ses we. get a 

f.te:rtea e't p~dnts thro1u1h whieh a straight line .~ le tra(§ed,i, T~ graJJh 

tor 1edale11 s lea.d=5~tia glasses !s a $tra,ipt, line" These faets are brolJiht 

eut in the. accompanyi~ 11:ap'l10 The f(')llcnting Otlnclusi<>ns ~t \,e draa 0 

le lrer ~ y gi'V1Et?l densi.ty 'ftl.lue, th.e 1Ji$mnth gla$stas ~:1:ve a 1'1isller 

refraction i.•~ex than any eta.er c••erica:l. gl.asia, wb.etl'urr fli1't c>:r erewn m 

2., This dii'ferenQe in refractive 11).d.ex 1'.l',;3come$ rel~tive:ty 'bt!tpT a.111 

glasses ~:f higher and ld.gher densit::r ar~ coiie:tdered@ 

Inspect.ion of t:ke J'tot'J :,a~t1a1 d.t>speriilen~ et the b!smttth. glass.e$ 

'brings ~o l:Iin.t an ~xtrel'l!Ell.Y tnteresti~ and $.Japortant :;a.ct, !muse par,t1al 

beln.1 ••:J7k e:11ly ab1.lut half' .0£ th~ U;tiua.l val.nee t0r .t. 1.1ua t;.. f 
/)AM,51A;f 

ee~rical flbrtsQ ,,o~neee glasset,, <>n~;, th.e hara er~wnul have a ,~rt.iw. 

disl)ersia1:1 near tlu& value. T-ae b:o:res1llei'il.te a:nil tltt$:r e:i:owns lwve ~ 

:,a.ttial disJe~si@n lower than t.hat .of the b1$?l'!Ut:h gl~11se1t, bll't they ~l.e,f;; 

~:v~ .$ etrres1:1~ndii1g veey low in.dex 0£ :cef'raotiDft a~d tQt~;l dispe~1Si.~th 

'fJiffl bi\$~Utcli ~l~tis:el'$ a.pfear t.~ be ve;ry inil}t1ti int'hi» one :r®~peet" it ls.,,,, 



l'lb\1, _;r9f,iac,;t~11;i. t;,,.!e;_ij fi.f · R iamqtlt, gl~t-as.s,ii ... •· ! n a s()icUt ! on• ur ho:mf>~ neoul! 

mix.tar~ oil liquids, tlae ontttpo1:'le11ts of n1<Jt eombine ebere.tcally, 

tr.:e. SP'e~lt1c J:"efract1v.e J?Ov.er., i~ ad.d,!,t1V:e fun,~tic0n crt tl1tl :i:'e:pee-tb,e 

re:f:tuctivtiee of t:tte et.J'mpenen.te 1:reaerrtQ:~l1ua, 

K., lt2 etc. are the re.fraet1.vit1ea of the ~ompon.el'l.ta, 

P• 1 P•·~ ele'll are the pereent cf e.,n1.p<utents 1 12, ete,q ;pre~ent. 
Cc 

i11lotson ~pplied tl\:Ls torm:ul.1:1 to t:tie 1$'tttdy G:f slas$e8 whi.ch, in geller~l• 

are n<Jt true Qhemieal compounds, but hemogertfU'l"~• su.pereecletl liJftd.dso 

to t.ilbt1~,.1n the $,:ee1fic rel.>r1;;tetive pewer 1@:~ th,e • ~lasB, flllotsan used tlie 

well,..knewu LGrei1z ... I,cnrentz fem,ul.i1. 1 

iJ' deter1tr1n1~ t1'le dran~,tt•~y en<i • xefl'.f;',f:;ti:,;e il'Hifllt of tu~tUum !!!11icate, the 

G'Jeci-tic :refra:;;;,;t.i,v!d;y of' tt1i£} c@mpent could oo 0111l.<,,ulat~d. !illot~on 

I 

I 





Using the density and r-efnict:i.ve .tndex tor the :.,m$ll. m.elts, the 

1oreuz- I.Qr,in11z ~on:st:ant \ims eeleula:tcd -for .each glasa;?1the results 

beinis given in the following table. 

Gl&-SS 

~ln .;;., ... ,:;, 
-f.a 

4 :a 
4¼n -

2 
5B 

2 .. 941 

3 ... 171· 

]{ lt 
d. 

l.5iH9 iill42 

1 ... 621 .1055 

1.670 .. 1001_ 

The value$ c,f K ~Fe pla·tt$d 1.ig·~,inst d.oll'1$it;y-r in tb.e fol:l(}wii1g, graph. 

It is seeu th~t th-e rela.t.1011. is approxtrnate]3 l1near,.nurve YII!l. 

In cna:rve VII, K i1l plotttftti s11,11tineit 1?»• 

»y plottsng lI egaiast mol&r oompo:s1 tiotJi, Tillotson oo&:xable to 

nrove the ·~reseziee of 'the com.pound, 2 !fe. -ti• $ CaO" 5 S10" in one of - • ' ' . . ' 2 • 

the lime-~.a:dtt eilieates 1N:h.ieh he s:t-ndid. 



,S<l>~tlbili tJr tests- To determine their 1•elative du:rabili ties, solubility 

tests were carried_ out on the glasses frem the ll.arge melts(> As ment­

i@ned some time previous• the glasses were greund as tJaa.t they would 

pass a 150-mesh sieve out not one ef 500-mesl:i,, This siz:i.ng pr©cess 

eliminated all excessively five glass dust whioh would vitiate the 

results of a solubility determina,tion",Pure water was decided upon 

as the best dissolving agento It as decided at first to treat the glass 

with water, then estimate the amount m.ndissolved. by filtration11 

However~work by Peddle(J., Ssv.Glass Tech,, 14,36-37 9i92Q) makes it 

abundantly clear that this method is not to be relied in the case of 

double silicates, owing to the fact that inseluble silicates may 

be fo1--med by the reactien of the glass with" the water .. The Alkcilini ty 

of the filtrate frcim the glass is a mucl1 better indicaticm Gf solu .... 

bility~ Peddle ( l0c .. cit). digested 5 grams of glass with 10000 of Wetter 

fer ene hour at 80°0"" He then expressed the selubilitiee as number ef 

milligrams• ef H2Se4 required to neutralize the alkali dissolved 

fr0m 100g. of glass, and alse as milligrams of alkali dissolved per 

lOOg .. ef glass,. 

The prGcedure ad.opted fer the bismuth glasses was as fellows.a 

.Abeut 5g of glass was treated, in a pyrex :flask with 50cc of water at 

70-80°C1v This temperature was maintained constant for one hour~ The 

flask was theri removed, the liquid decanted from the glass, the latter 

washed with 3 or 4 :porti.Glns of 9 5% alcohol and the filtrate titrated 

with N-HCl using phenolphthalein as indica.tor. The pyrex flask was 
40 

tested for solua:bii:i ty but yeilecl. a negative result(; The fell©wirig 

table gives the results obtained,-

I 



Weight 'fitratien 

-.5020 29.81 

.6075 23.47 

llean 

4 :e .5042 j 7.44c,,e 

.5042 9.22 

ll.ean 

4½ B .1050 f: 3.66cc 

.5052 4.10 

Mean 

5 :s .0017 g 2.10 80 

.5068 ~h49c.e 

¥..ean 

6 B .3806 g .?Ooe 

.6312 .49 

.0084 .67 

.4996 .50 

l(ec:1.n 

-74 

Milligrams per gram 

HCl. required. 
te neutraliZ!,_!iltrate 

50.50 

54.05 

42.l.0 

48~88 

13.45 

16.'70 

15.08 

6.60 

7.40 

,.oo 
3.81 

6.30 

5.06 

1.68 

.'708 

1.23 

.912 

1.133 

~a20 dissolved 
f'r@m glass, 

3 

12.83 

. , Th.e results f0r the individual glasses agree :very p>eerly. It 

must be stated that every precaµtien was taken to perform these tests 

una.er id..emtieal experimental eendi ticuu,. Even se, it is. seen th.at 

semetimes less alkali was 4iss&lved f'r&m a large sample tlmn. f'rem a 

small sample of the same glass. Even samJles itiemtioal in weight, and 

treate<l in the very same,manner, gave widely varyill£ titratiens. The 

only explamatie>n te 'be effered for this very p>eeuliar 'beha:vier is tm.l!it 
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1.m small samples, the eff eot of surfa,ce is greater tha.n in large samples 

Large samples may :possess what might be called. a greater probability 

sf homogeneity .. Peddle used 5 grams 0f glass for his tests .. Vr'hen still 

larger melts are available, it will be possible te :per:ferm the tests 

0n bismuth glasses with 5 er mere grams. It is hoped that m©re oonw 

cGrdant results will be eb;ained. 

Conclusions from solubility test§- The table makes it clear that sodium 

oxide laas a m.arke<il. effect ®n the solubility ef bismuth glasses. Tho ugh 

the sodium eontent mf the glasses varies within comparatively na:crew 

limits, tb.e solubility varies between wide limits. This may be partly 

due to the powerful restraining influence whiol-:i Bi2o3 exerts on 

solubility. The questj_0n can be more fully decided when a second eeries 

of bismuth glasses of the :formula 100 SiO • 20 Na20• X Bi203 have been:: 
2 

studied. The small solubility of the bismuth glasses as compared with 

that ef the lead glasses is shown ifil the fell0wing tableJ 

Bismuth Lead Milligrar.as of Na20 per gram of glass. 
glass glass Bismuth glass Lead glass 

3½ B ·1ao A 38.25 199.74 

4 B 180 B 12.83 58.86 

4½ B 180 C 5.9'7 26.32 

5 B 180 .. D 4.315 21.67 

6 B 180 Jl .963 10.62 

This wGuld indicate that bismuth glasses might be empleyea :fer pur,oses 

fer whioh lead glasses weuld be un.suited because Gf their susceptibility 

te weatherimi• If we compare the solubilities of the lead glasses 100 

Si02• 40 Na20• XPb0, w,itla tlie°· st>lubili ties of the series 100Si02 .Na2o. 

XPbO, we are led t@ the c~nclusien that the bismuth glasses of the 
second series are very b1soluble,i. Thus bismuth glass might find use. 

in chemical glassware. 



X Summary And General Conclusions0 

1 .. Glasses centaining sodatsilica ancl Bismuth ex.ide as principal 

eens-'cituents h.ave been prepared. and studied.;. 

2. 'r]ae color of these glasses 11'1.ereasea with theiff bismuth 

centeneJ; sho·,ving the powerful effect ef 13129, on pot attaek* 

3.,. A method for the dete:rmination of Bi203 and Ua2o in glasses 

has been a.eveloped,. 

•~ Attempts have been made to em,10y the volatilization method 

for the cl.etermination et silica in bismuth a;lasses., 

Further work is be carried out in this direction.i 

5* The densi·~ies of bismuth glasst.H3 have been :found to increase 

with i~c:rease of Bi2o3 content, the rate of increase 'becoming greater 

as one goes up the series studied. The densi ti,es of the bismuth 

glasses a:re ~reater than those of the coJDlfH9sponr.ling lead glasses .. 

6 ~ The refractive indices and dispersions values Cteli\ C-D, and 
ou.-

Dt0F have been t"'-~d to increase with the bismuth content of the 

glasses.,, The''v" value has been feund to decrease with inoreasing 

bis.nuth content~ 

7~ Bismuth glasses have been found to :@Osseas a higher refractive 

index f0r a given densi "tr.f val.ue, than an:>r other kincil. of glass .. 

8.r. Bismuth glasses have been feund. to shorten the violet region 

of the spectr'Ul'.l'l more than other any glass of wqual refractille index,. 

9., Bismuth glasses have 'been itound. to pessess a mucl'l lower solubili·ty 

than the c@rrespondin~ lead er lime glasses~ More accurate solubility 

figures are to be obtained by using a smnple ef 5 or mere gxar11s of 


