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' The study of borylllum sulfate and lts tryd.ratos has

occupled. the attentlon of a la:rge nr¡mþe¡r of lnvestlgators
durlng th.e past half-conturSr. Thek, flnd.ings to d.ate have been

largely contnadietory and. consld.enable confuslon still- exis.ts
ln thls field.. The existenoo of hyd.nates sf borylllr:m sul-
fate wi.th waten eontents ranging from ono to soven moles

of wator pen mole of salt, rn ad.d.ttion to the hemlhydrate

anê the anh¡rd.rous fonnr¡ has been noportedo The evld"ence

for the existence sf several of tb.ose hydrates appears to
þo sonewhat super.flcral and. has been d.isputed. by several
workens ln this fleld.. Mone oxha.ustlve lnvestigatlons
appear to lndlcate, the exlstene-e of only thsse hyd.nates with
zeror gno, twor foun¡ and fLve moles gf waten per mole of
s,alt. The tetr"ahyd.nate ls hrown üo be the stable nyaråte
und.er ond.lnany room condltlonso At a highen ternpenatr¡:re the
tetrahyd.rate ls tna¡rgfonmed. to the d.ihyd:r.ate. rhe presumed.

meÈastá.b1llty of the latte¡r wlth nespocü to tho mono}¡ydir.ate
(le¡ has boen eonéiluåfvety d.ispnoved by A. J. sr¡lrava (zz)
and the chlef uneertalnty at the pnosent tlne seems to eentro
on the exlsüence op rroâ-êxlsteneo of tho monohydraüo of
berylllun sulfaüe. Tho present stud.y is langely concerned.

wlth thls pr,oblom.

The sysÈem¡ beryllil.¡m sulfate sulfunic acld. - wato¡r
has þeen invostlgated. by sukava over an extend.od nange of
acld coneentratlons at 25t 50, and ?5 degnees and for. low
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acid. coneentrations only at 85 and 95 d.egrees. The schreine-

maker method of r?wet residuesil was employed. in each case

and. the phase d.iagrams were ropresented by the famlLiar 
,.,.,:,,r

Gibbs equilateral trlangle method. The transition tempera-

ture for the transformation of the tetrah.yd.rate to the nent

lower hyd.rate Ì¡uas accurately il.etemined. and. was further ,..: :

ch.ecked. by a d.ilatometric study. The solid phase vuhich ,,.'-".

appeared., thaf is, the next lower hydrate, was found. to be the 
,.,r.,,,.-.

d.ihydrate and this was oonfim.ed by X-ray stud.ies. An approx-

imate d.etennination of the transition temperature for a

presuned. d.ihydrate anhydrous transformation was also made.

The present stud.y is a sequel to the above inves- l

tigation and is chiefly concerned. with ühe transition from

the dihyd.rate to a lower hyd.rate or frôm the dihydrate to
the anhyd.rous fols!.. An attempt has been mad.e to extend. 

,

,

the 95 Öegree isothems for the system, beryllium sulfate :

sulfuric aciiL - water, to higher aeid. concentrations. Tbe 
i,: r.,,,1;t-: ::

isothertaal phase öiagrøm for the systerr, beryllium sulfate 1i,,,,,,,
. .:-.:t1.1

- ..: .::.::ethyl al-cohol - water, has been d.etemined at 2l d.egrees ,':''''

and the system, beryllium sulfate - propyl aLcohol - water,

has been investigated. at 9o d.egrres. The two ra'bter 1n- 
ìì,i,,:r:

vestigatj-ons were und.erüaken in ord.er to d.etemj.ne i ¡

the usefuLness of these two alcohols as dehydrating

agents. I'urther iletalled X-ray stud.ies have been made us- 
:

lng carefully d.eh.ydrated samples of beryllium sulfate cor-
respond.ing to water eontents of l.ero to two moles of water ì,u._:.,,,,.::r:r:.':.

:

l,'
t..
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per molo of salt" vapor prossur3e measuremonts have þeen

mâ.d.e on samples of heown waton content at temporatures
from 5O to 5O0"degroes.

There has þeen of neoessf.ty a conslderable anount
of repotitlon of the work of sukava. Ðuo aelcrowlodgemonü

of ùh1s fact has been mad.e wheneve¡l posslbre. The sectl,ons
deallng with a nevlew sf the precod.lng llteratr¡.re a¡rd. with
Eomo of tho inltlal expenlmental procedure are practleally
ldentical wlth the eorrespond.ing soctlons ,Ln sukavars
tho sls.
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Antrydnous Berylllirm Sulfate - BoSO4

Tho exlstence of antryd.rous beryJ-lil:m sulfate has

been concluslvely established.. The onJ.y d.lspute seems to

be conoorned. wlth lts mothod of preparation. The¡re aro ln
general tbroe mothod.s of prepanlng the anfryd.nous salt:
1 - dlrect d.ehydratlon of the saLt hyd.ratos by heatlnge

2 - d.ehyd:ratlon of the Tryd.nates by eontact wlth eoncentrated.

sulfu¡rLc acld., and. õ - noactlon of concenËrated. sulfuntc
acld. on the oxld.o on fqrd.noxlde of benylllumc The latter
two methods ha.ve been used. by F. Tabour'5r (23t and. F,

Leboau (16) respectlvely but nolther author has sì.rggested.

any means for subsoquent nemoval of tho esoess aeid.o

Krauss and. Gerlach (11) employed. sLmllan method.s and. removed.

tho excess aoid by w¿shing with absolute alcohol¡ Most

authors are agreed tbat d.lrect Treatlng of the salt byd.rates

wllL pnod.uce the anhydnous fonn. The mLaimum temperatures

they he.ve suggested. as necessany in ord.on to prod.uoe ühe

anhyd.rous salt range from 2ZO to 3ZO d.egrees (9) (11) (1p)

(14).

C" L. Parsons (fA¡ bas d.isputed. the posslbility of
ob.üalnf¡rg puro anhyd.nous benylllum sulfate by any of these

three methods and has claimed. übat betwoen 5oo and. 4oo

öegrees the hydrato w111 stant to loso wato¡r, and. sulfurl.o
anhydrtd.e sfmulte.noouslyo IIe has þasod. thls cLalm sn the

fact ths.t whenever be pnepaned. the anlqrd.rous salt in any of
these ways r ho always obüalnod. a sne.ll amor¡nt of insoluble



-5É

reslduo. Thls reslduo he i;âs6nn.€d;::ìi:j to bo beryllir-rm

oxlde arislng f¡rom the partÍal decomposlùlon of tho sulfate.
Fr¡rüher exporlments by lÞ.boury (?,6) and. K:rauss and Gerrach

(rr¡ on the progrossive thermal d.ehydnatlon sf bonylllurn

sulfate tetnah¡d.rate to the anhyd.rous form, followod. by

heatlng prod.ucü to lts d.ecomposltlon tomporatürer have

lndicated.' however¡ that a tomporatune Of at leasÈ 540 d.egr.eeo

ls requfued. fon the decomposltlon of the anhydnous salt"
Honce they have noasonod. that the surftr:ric antrydrld.e ob-
served by Pansons between 5oo and 4oo degnees must have boon

d'ue to the presence of traces of f¡ree su].funic acid. r.etalnod.

by the hydnate even after sevonal crystalllzatlons from ab-
solute aloohol. a later. stud.y by T. N. Hlad.un (ro¡ has

shown a stlll hlgher d.oeomposition tompe:rature for the anhy-
d.rous sart, the decomposttlon beg.inning at 650 d.egrees alrd.

bocoming measì¡rable only at ?oo d.egrees" As far as can þo

d.oterrnlned¡ none of theso authons has suggested. any explana-
tlon fon the small a¡ror¡nt of insoluble resld.uo presont when-

ever anhyd.rous ber.y11lum sul-fate is propared. by any method.

lnvoLving ooncentrated. sulfurlo acld..

Bery1ll* SB$"tu He*try

Tb.o exlstenco of the hemlhyd.rate of berylltlm sul-
fate has boen craimed by Taboury (zs¡ buÈ no other lnvesti-
gator has veriffed. thfs olalm. ïn fact l{rauss and. Gerlaeh
(11) conslder that valid. evldence for tho exlstenoe of the
hemlhyd.rate d.oes not exlst.
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BeryLllum Sulfato Monohyd.nate - BeS04.HgO

The preparatlon of the monohyd.rate of beryllium
sulfato by hoatlng the tetrahydrate salt to approxLrnatoJ-y

15O degr.ees.has been claLmed. as eanly as J:gTg by Ao

Atterbong and. again ln 1891 by Gn Ktatzo ( 11) . r,ater ln-
vestlgators have verlfled. the existonce of the monoþdrato
ehlefly on the basls of experfurents on the prognesslve d.e-

hyd.ratlon of tho tetnahydrateo The,temperatures they havo

suggesfed. as necessary 1n onder to pnod.uce tho monohydnato

are as follows:

F. Tabou:r.y (26)----r¡-ã----- 1OO ¿egneos

M. Levl-Malva¡ro (f+¡---- 145-l5O n

T. N. Hlad.un (10¡---- ZZO rr

R. þb¡rer ( re ¡ has na,de an extensive study of the
system, borylllum sulfate sulfurio aold. - water, at loo
d'egreesr ìrslng schrelnemakerrs method. of rrwet nesld.ues,r to
d'etenmlne the nature of the sol.id phase ln equilibnlr¡m wlth
the varlous saturated. sorutlons. The resultlng isothormal
phase d.lagnam lnd.lcates that the monohyd.rate is tho ontry
stablo soLld. phase at that tompenature a.t all aold. corrcoïr-
tratlons fnom zero to about 9O pon eent.

fn d.írect contradlcülon to the above nepor.t¡ Krauss
and Gerlach (11), uslng measurernents bassd. on HiitËlg,s
tensleudlomete¡., have for¡nd. no evfd.ence for the exlstence
of the monohyd:r'ate as a chemical indtvldual. Thelr data
and. dlagrams for a progresslvo dehyd.ratÍon of beryllil¡m sul-
fate tetrahyd.¡rate show an abrr:pt t¡ransfomatlon at about
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120 d.egiroos when the toünahyd.rate changes to the d.lbyd.rato.

lürauss and. Gerlach have suggested. ths.t the monohyd.nate nay

stllf extst but tbat lts range of oxistenee is probably re-

. strlcted by lts tend.enoy to fozsr solid solutlons wlth botb.

the äthydrate and. tho anhydrous salt. The obserÍ/atlons of
Ifacksplll and Kleffer (9) d.lffo¡r only sllghtly fnom those of
I(nau.ss and. Gorlaeh" They lnd.ieate a falrly abrupt tnansltion
from the tetnahyd.nate to the d.lhyd.rate but further. d.ehyd.ra-

tlsn seems to be contlnuous except fon a slight d.epartire
from eonÈ1nulty when the compositlon of the me.tonlal correÊ-
ponds to the monohydrate" The x-nay powd.er experlments of
sukava on progresslvoly d.elrydrated. samplos of benylllupr
surfate tetrahydnate neveal no ovldeace for the exlstence
of the monohyd.nate but appear to j-ndícate that a senlos of
soI1d. solutÍons exlsts botwoen the d.lhydrate and. the antry-

drous salt,
Berylllum Sulfate Dihyd.rate - BeS04.2H?O

Tho dlfryd¡rate of boryllil¡m sun^fate may be pr.epared

by dehydratÍon of the tetrahr¡rd.rate at approximately loo
degrees (rz¡ (r+¡ (16) " Taborrny (er¡ has- aocomplished the
tetnahydrate - dihydrate transfsrim^atlon by heatiag tho
tetrahydnato in a curronÈ of dny air at 5o to 6o d.ognoes.

Tho ex¡perlments of K-nauss and. Gerrach (11¡ as ïyell as those
of HaokEptll and Kioffen (9) lndicate a more on less abnupt
üransformåtlon at 120 degnees whilo Hlad.r¡n (10) consld.ens

16o d.egroos to be the transitron temperature, r,evl-Malva'o
(t+¡ bas obtainoê a totrahyd.rate - dlhyd.nate Èransi.tion
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polnt of 111.5 d.egnees by molstenlng the dihydrate salt
wlth the requislte amount of wator, lnrnersing a thermometer"

1n the mol-st salt¡ and observing the temporature nlse.
Prevlous experi-nents of a simllar nature had. indlcatod. that
the d.lhydrate suffe¡.ed. no appnoclablo hysterosls on nehydra-
tlon.

Rohmer I s stud-y of the systom, boryllirrm sulfate
sulfurlc acid. - wator¡ and hls exporlments on bolling sat-
unated. solutl-ons of boryllir,rm sul_fate in waten have led hlm
ùo conclude that the dlhyd.rato ls rinetastable thnoughout lts
range of exlstoneo. aceord-ing ùo Rolrmor the boiling polnt
of such a saturated. solutlon passes thnough throe su.ccossive
values: !L?, LLZ, and IOg degneos, conrespond.i:ng to ùhe

presence of tetnahyd.rato, d.ihyd.rato¡ and. mongþdrate respec_
tlvely as ssLld. phases¡ Els lnvestlgatlons show that the
saturated solutlon 1n contaot with excess sorld. boils at
11? degr"eos fon the first ton mlnutes of tho expenlment¡
d.ecreases to constamcy at I1p d.egrêês¡ and. flnalty decreases
to 109 d.egreee after about ninoty mlnutos have elapsedn
He eoneludes that the monohyd:eato is the stablo fo¡zi above
?6 d.egrees and that the d.lhyd.rate is metastable with respect
to the nonohyd.nato throughout its rar€e of exletence. rra a
rathen arbltrary manner he fixes the llmlts of thls metastablo
rango of exlstence as from Bg.4 to 11r.6 degnees. He admlte,
however¡ that the equilibria invorvlng the d.ihyd.r.ato can rast
fon msre than a month d.espite contlnuous stl*lng and. theno_
fore mlghË easily be regard.ed as sùable"

r.-.. :i: :i
ì:: :''i:,::

1: i:ì,.:'l
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a, r.ecent experlmenÈ by sukava ls ln dlroet contra-

d.ictton; to tho ob:ssrvatlons of Rofrlrer, UsÍng an equili-

brlum st111 maintainocl at exactly ?60 mllllmetires of
- moroury by means of an electnonically controlled. barostatr 

.,ì:

he has found. no chango ln the boillng poLnt of saturated '""r''

soluti.ons of bery1llr:m sr-rlfate evon afte:: sevenal hours of

, contlnuous operatlon. He malntalns therefone that Rohmerts
. '.::::

ooneluslons as to th.e metastàbllity of the d.lhyd.rate are r,1:,ir
'

probably not well found,od. Fr.rrthen d.llatometric expeniments 
,:,.::,,1

by Sukavaras well as isothermal süudlos of the.systonr¡ ::.;:;

bo:ry11lum sulfate su-Ifurlc acld - watoter indicato a tetna-

hydrate - d.ihydrate transition tomperature of 89"0 d.eg:roes ,

I

and. a stabl-e range of d.ihydr.ato exlstonce from B9.O to at

least 2OO degnoos¡

Berry1l1um Sulfate Trlhyd.rate - BeSO4'6H2O ;

Only two lnvestlgatore¡ Y. A. Fialkov and- S. Ð"

Shargorod.ski (5), have actually cIalmed. the existenee of '

';,1i:-'¡.;
. j::-'

opinÍons on the tnterpretatlon of cortaln end.othormal ef- ,,:,..,* .. ::::,::.It:

fects observed. on heatlng the tetnahyd.rate. I(rauss and :':'

Gerlaeh (11) krave reported. the p:reparatlon of a hyd.rato

" : of ber.ylllum sulfate wþose waten content corresponds to the
,¡:. ¡ ,-trlhydrate but thoy do not eonsid.en thls as suffleient r,;;',r

evldence for reg*.rd.1ng the tnihyd.rate as a d.eflnlte cheml-

cal ind.ivid.ual.
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Berylllum Sulfa-to Tetrahyd.rate - BeSO4',4H20

Under ordlnary room cond,ltions the tetrahydrate of

beryllinm sulfate ls tho stable hyd.rate, As lndicated be-

foro lt may bo road.lly dehydnatod wlth a nise ln tempo:raturo.

Par,sons (f0¡ states that tho presence of a d.elryd.rating agent

such as phosphorus pentoxld-e ls suffieient to produce a

slow but eonti¡ruous loss of water, Tabouny (23), howeverr

has for.md. that no.d.ehyd.ratlon will occur when the tetrahy-

drate 1s kopt ovor coneentnated. sulfur.lc aold. 1n qn evacuated

deslccator.

According to, t. W. Mellor (15) Berzellus flrst pre-

pared. and. stud.ied. the tetrahyd-r"ate of berylffu¡rn sulfate.
His method. of preparatlon, stlll used. by most lnvestlgators¡
conslsted. of beatlng the oxld.o¡ hydiroxid.e¡ or eanbonate of
ber,y111timw1thanexcosSofsu1fu¡r1cacid"and.thennemov1ng

the excess acld. by evaporatlon and by washing with strong

alcohol. Dlseusslons of this method wlth sJ-lght modlflca-

tlons he.ve been given by such aughons as Parsons (16),

Levl-Ma1vano (1a), Tabourry Q3) t Krauss and. Gerlach (Il),
and. tr. Scbrei.ner and. A. Slevents (20). In add.ltlon to the

above method.¡ Sch:r.elner and Sieverts preparod the tetra-
lrydrate from berylllr.m nitnate by ovaponatlag twlee Èo

fumlng wlth sulfurlc ae1d. and neor,ystallizlng the berylllum
sulfate twloe from d.1lute sulfurle acid."

The crystallfue structure of berylllr:m sulfato totna-
byd.rate has been roported. as tetragonat bod.y-centned by R.

Frlcke qnd. E" Ilavestad.t (0). The unlt ce]I d-lmenslons are

I rrì;ti:,

l'ri¡iil
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given as g = 8oOõ angstroms

simllar lnvostlgation by P'.

well with these resultsß

and. c = 10.75 angstnoms. A

Schonefeld. (f0¡ agrees very

Beryll-1u¡n $ulfate Pentahydrate - -BeSO4"5I{AO

A recent stud.y of the sysÈem¡ berylllum sulfate -
sulfurie acid - water¡ has been made by Roluner (18. Hls

lsothormal phase d.lagram foir thls system at L?.5 d.egreos

lndicates that the equillbr"lum solid phase at thls tempena-

ture up to an aeld concentnatlon of gug per cent ls the

pentahyd,rate" F'rom the d.qta on this system and, from therrral

analysis expeniments, be conclud.es that fr,om -16o 4 to -1g.5
d.ogróes the pontahyd-rate is tho stable solid. pbaso in equlll-
bril:m wlth a saturated. solutlon of berylllum sulfe.to 1n

wate¡:. Accond.lng to hls ¡rosults a euteotlc polnü oxists
for loe-pentahyd.nato at -19,5 ôegroes whlle a metastable

lce-tetrahyd.rate outoctlc lies at -2L.5 d.egrees. sch¡reiner

and. slevertsr on the othen hand., claÍm that a stable lce-
tetrahydrate eutectlc oxlsts at 1g.o degnees and thå.t the

tetrahyd.rato ls the equlllb:rium soIid. phase from :1g.O
to 1OO degnê€s¡

Beryllltm Sulfaüe Hexahyd.nate - BeSO4.6IJZO

The evldence fon the exlstenoe of th6:c hydrate of
berylllum sulfate appears to be ra:rgely contradfctoryn

1\uo methods of ¡lneparatlon of the hexahyd.nato have been
elaimed by Levi-Malvano (r4). These are: r, - treatlng
the canbonate or hydroxtd.e of beryllii¡m wlth a smaLl exeess
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1n pure Tyater at 26 degroes ls 29,94 graras of salt per IOO

grans of solì¡tlon" Thls agroes very well wlth. rator solu-
b1llty d.oterml.natlons by N. .v, sld.gwick and. N" B. rþ.wls (et¡.

Aooond.lng to Wlrth la:rge, transparent hexahyd.nate

onysfals porslst ln sulfurlc acid. solutlon r:ntil tho acfd.

concentnation becomes gneater than 4b por oento Thon tho

hexahyd.rate enystars becsme transfoïmed. into a flnely
d.lvlded whlte powd.on whlch sottles slowly 1n the bod"y of
fhe solutlonn Thfs whlte powd.er he regard.s as the tetra-
þd:rate" The change ln appoarance of the so11d. phase on

lncneaslng the sulfupic aeld. content of tho solutlon cor-
nespond.s exaotly to that found. by othor lnvest*gatons fon
the t¡¡ar¡sfonrnatlon of tho tetrahydnato to a rowo¡l hyd.rate.

Numerous investigators (1), (1r), (1?), r-tave attemp-
ted to preparo the hexahydrate, but to d.ate none has been

successful. They havo concl-ud.ed. that the suggestod method.s

of prepanatLon are questlonable and tfia.t aonclusive evldence
fon the exlstenco of the hexahydnate of beryllirur sulfate
he,s not beon pnod.uced.o

Berylllum Sulfato Heptaþd¡rate - BeSO 4.?HZe
The exLstence and pneparatlon of borylllr¡m sulfate

heptahydrate has been clalmed by such ea:rly workors as
G. Klatzo¡ C. IVlarignacr &rrd Á," Attenborg(g).Moro recent at_
tempts by Pansons (16), r,evi-Malvarxo (14), and. ,Krauss and

Gerlach (rr¡ to p:repane the heptahyd.rate have all been r¡n-
succossful and" those authors are agreed. that thls hydrate
does not exist.

j.:.::,
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A neport publlshed ln 1945 by B. Ghosh (?) d.oscrlbes

;e s of be:ryllium

, sulfate and- lndlcatos that the starüf.ng matenial was the

heptahyd.rato. No lnformatlon fs givene howover, as to the
source of thls substarxce or tho method.s fo:r lts preparatlon.

i,'.
I':'
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Tþe System BeSO¿ - HeSO¿ - HeO at 95.OOoC.

rt was d,eeid.ed. to attempt a more eomplete isother-
mal stud.y of the system, BeSoa - HeSo¿ - HeO at 9i d.egrees,

because the region of high aeid. concentration had. not been

lnvestigated. by sukava at s5 and. g5 d.egrees. For this pur-
pose pure bery]-lium sulfate tetrahyd.rat,e was prepared uslng
a proced.ure similar to that employed. by parsons (lól and.

Krauss and Gerlach (11). This procedure has been ad.equate-

Iy d.escribed by sukava (zz) . As a check on the purity of
the preparation, quantitative analyses of the resulting
product were made for both beryllium and suLfate ion. ì

The agreenent was invarlably good although the possÍbility
of a sright itegree of d.ehyd.ratlon in the process of prepara-

tion was arways inôicated. The cal-eurated. wêúght per cent

of berylrium sulfate in the pure Èetrahydrate is 59.)z per

cent. The observed. weight per cent of berylrium surfate in
the prepared, tetrahydrate rivas always one to two per cent

higher. As pointed. out by Sukava this may be attrlbuted. to
the fact ühat the d,ihydrate orystaÌlizes out of solution
above 8t clegrees. sinee the recrystartization from water
was always carried. out by concentrating the solution by boil-
lng, it is possible that some of the sorid would. appear as

ühe d.ihydrate on crystallization.
For Ëhe d.etersrlnation of the lsothermaL solubirity

curve of beryllium suLfate 1n aqueous sulfurie acid. at 9i
d.egrees, the solutions were saturated. with excess solid. lri'.,'::ì
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phase by lnternlttent stlnnf.ng ln en all-glass assembly

fltted, wlth a removable gnound.-glass ph¡gr a sintored.-glass
fl].terr and a receivlng vessel as shown in Flgure 1. Iü
was found fmposslble to have the recelving vessol lmraersed

ln tho thormosüat llquld.¡ sinco on removal of the assombly

from the bath tbe contraction of the glass effectlvoJ.y
sealed. tho reeeivlng vessol to the nest of the assembly.

To prevent und.ue evaponatlon at thls hlgh temporatüFê¡ a

rtrorcürf,-seal stfuren was used.. The stlrnlng tlme fo¡r each

trtral' was r.lsually three on four d.aysn The themostat llquJ.d --
panafflnor -- rüas contnolled ag g5.oo d.egrees by means of a

mereury the¡uonegulator with a gravltl r¡mako-breakrr relay"
To mlntmlze ùhe hoatlng lag on eLther sld.e of t he rrmake-breakff

the therroostat vosser was sur.nounded. by felt. A preclsÍon
of t o.O5 d.egrees was obtalned. ln thls wâf,e Ber-yllium sulfate
tetrahydraüe was used. as the solid. phase initlally. At the
very hlgh acld concentratlons samples of the salt were câ.tre-

ful1y d.ehyd.rated. to correspond. to the wator. contont of tho
dlhydnate.

Afte¡r stirnlng tho solutlon intermlttently for th.neo
o:r four days to ensure propor oqulllbrlum, tho mercuny-soal
stlnnen was nemoved. and. the glass prug qulckly wlthd.narrae
allowlng the satunated. solution and the solid. phase to settle
on the slntoned-glass filter. suctlon ïuas then applied. to
the receiving vessel- and. the liquld. phase wlthd.¡rawn Ínto the
welghed contalner. Tho sepanation nas mad.e as rapid.ly as
posslble, tho nenaÍnf.ng soLid belng tamped..oonüi-nilotr:Sl$¿
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glass
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Figlrre 1

FiLter Assembly f or Separation of Liqlrid. and. Tüet Solid phases



-L7_

d-uring this time. The equlribrium l1quid. phase was

then withd.rawn from the solid as completely as possibre,
without allowing the passage of an und.ue amount of air
through the solid. rnass. .A. sample of the wet so1id. was re_
moved and. weighed. in a stoppered weighing bottre. A vessel
containing the liquid phase was d.etached. from the renrainder of
the glass assembly by gentre tapping, stoppered. and. weighed,.

Both the liquid and wet solid samples were then d.is-
solved. in water and. diluted to exactly Z5O n-illilitres.
separate aliquot portions of these solutions were anaryzed.
for total sulfate and. for beryllium. The sulfate ion was

precipltated, ïritb barium chloride in the presencé of hydro-
chloric aciil, filtered. und.er suctioa j-n sintered.-grass
f ilters, and d.ried. overnight at approxlmately 120 d.egrees.

For the estimation of beryllium the ber¡rflium ion ü¡as pre-
cipitated. as the hydroxid-e with strong ammonia in the pre-
sence of ammonium chlorid.e and. firtered. by ord_inary means.

After stand.ing overnÍght to all-ow for thorough d.rying, the
precipitate was ignited. i.n a platinum crucibre. The filter
paper was fÍrst charred. off and. the resid.ue reduced. to a

greyish-yellow ash. The ash was then covered. wi-th concen-
trated. nitrie acid and. heated. very gently until al_I the sol_id
had. d.issolved.. IVlore acid. was add.ed if necessary. ft was

fhen evaporated to dryness by cautious heaÈing to avoid.

spattering. A minlmum of eight hours ignitioa of tb.e finar
resldue was found. necessary to prod.uce a reasonably white
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prodìrot -- beryllilxn oxld,e -- of constant weigb.t. Fþom

the welghts of ba:rLr¡m su.lfate and. beryllium oxlde obtalned.r

fhe boryllium sulfate and sulfurle ac1d. contents of the 1i-
quld. and wet solld phases could be read.íly calculatedn

These were expressed. ln tenms of welght per cent and. the

results are glven 1n Taþle 1. Tb.e coruespondtng pbase d.la-

gram ls glven 1n Flgure 2o In oach ease the end of the

tle llno lndicates the conposltlon of tho pure oqurlibrium
so11d. phaso.

Ðiseusslon -- The sepanatlon of l1quld. and wot soIld. 
:

phasos uslng the abovo assombly was.,,'for¡nd to be lncreasingly

croaged.oEvenw1thd.1nectasp1ratonsuct1onorrthor.ece1.Û-
j

lng vossel and. contÍnuod. tanplng of the solld phase, ten to
, , Èwenty mlnutes of eontlnuous suctlon were nor.mall-y requiredr 

I

:bêfcjib ùhe solid. pha.se appeaned. to bo neasonably free o,f' sr*,r-

furl-c aeld.. Tho d.irectlon of tb.e tle llnes obtalned- ln this i

way almost lnvari.ably lnd.lcated. a eonsi.derable d.ohydratlon i

of the wot solld. and. yet in every case the pencentage of oc-
cluded sgùfurlc acLd. was stl]l r:nduly h1gh. Therrfilter-
stlckn technlque d.escnibed by Sukava was also attempted but 

lì

wlth no gneater süccossr Henoo the nesults of all these r'

t,,," triaLs are somewhat r¡nüortaln and" pi:obably not verSr reliable.
Theydrirver1fythefacttbat1nso1ut1onatg5d.egreesühe

r. -9---

díhyd:rato ls the ssabLe fsrm and they seom to lndlcate that
.

1nso]ut1onswhosesu1funicae1dcontentsarebe1ow?6percent

l_.
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there ls no tra¡rsltlon to a Lowen hyd.r'ate at g5 degrees.

In all probablllty the est'lmatlons by Sukava of the appro-

xlnate composltlons of the tornary solutlons correspond.f:ag

to a dlbyorato -- anhydrous salt transfonratron at z\e 50,

and 75 d.ognoes ar:e fan too Iow. From the prosent study 1È

seoms llkery that at 25 d.egneesr at Ieast, thore would. bo

no eueh transfolm^atlon. Accordinglry the ostlnatod tnansi-
tlon temporature of 8oo d.egrees basod. on the above approxl-
mato couposltlons w111 ln arl llkerihood. be welt bolow tho

true tnansLtlon tomperature.

TABI,E å--
BeSO4 - HZSO4 - H1¿O ^t

g5.Oooc" (+ 0.05)

Solutlon

ftneso n %nzso +

Natu¡ne of Sslld.

Phase

Wet

/æesa n

hosld.ue

%nsso n

1.

2.
4
Lta

4.

ua

6.

7'.

8.

.2õ.10
16"04

9" 16

4.6õ

4.89

6.O4

' 6'.9O:'

'l "45

?.2,96

õõ"89

46.40

6L"24

69"36

?o.95

75.42

76.80

5õ. õ6

5?.20

44.39

42"50

26 "86
õ8"9o

5+.7 5

õ9"20

:'9",5A

19.96

20.99

29 "?L
46 "30
67.35

45,20

43.25

Be SOn. ?HZO

n

It

$

ll

ll

?

?
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Tho System BoSO4 - EtOH - I{20 at 25"OOoC.

The posslblllty of uslng an alcohol as a dehyd.ratlng

agent was consldenod and. a stud.y of tho sysÈen¡ boryllluar
sulfate - ethyl alcohol - ÌiyatsFr was ma.d.e at 25.O0d.egnees.

As before the satureted. solutLons wlth sxcess solld. phåse

were stlnnsd vlgorously for one to threo d.ays to en,suro

proper equlllbnlu¡n and the liquld and. wet soIld. phasos sepa-

ratod. and. d.lluted to 250 mlllllf.tres ln the proBer vo'J.umetrlo

flasks, å,llquot portlons were then analyzed for sulfato 1n

tho nor.rnal us.nnor" To d.oter'¡n1ne tho alcobol contonts of the

üwo phases¡ al-lquot portlons were v¡lthdrawn from the voh¡-

metr.lc flasks and. the solutions d.1st1l}od. through an efflclont
condenser lnto a ïrelghed. recolving vessel" The d.istlilatlon
was pnolonged. untlL tho remafnlng solutlon contalned. vir-
tually no alcoholr a's shown by the tomperaturo of the d.ls-

tlIlate. The reeelvlng vessol was then ftlled by dil.utlon
wlth water and. welghod. agaln. Uslng a small pylnrometer and

a water bath contnolled. at 25.OO degreos, the relatlve den-

slty of the aqueous alcohol ln tho necelving vessel was d.eüer-

mlned¡ that 1s, the d.enslty of the e.qìreous alcohol at Zõ

d.egroes relatlve to the d.enslty of pure water at the same

femperatìrr€¡ Fnom,tables 1n the Hand.book of chemlstry and.

Physles the comesponding welght per cent of aleohol was

found'(26)s1nce tho total welght of the aqueous aleohol was

knownr the a¡nor¡nt of alcohol pr.esent in the aliquot portlon
and. hence the alcoþpil conüont of the orlgtnal llquld or wot

sol1d. samplo could. be read.iLy cal-cul.ated..
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The solublllty curve for ber.ylltirm sulfato ln
aquoous aleohol at 25 degnøes was determlnod. by the above

method. and. the results plotted. as before on trianguran Gao?-

dinato paper. The results are glven 1n Table p and- the oor-
rospond.lng lsothermal phase d.lagram ls givea in Flgure 3"

Dlseusslon -- The sl1ght dlseontlnulty 1n the solu-
blllty cu¡r'vo corrospond.s to the tetr"aþdnato - d.lLryd.rate

transltlon' -{t all hlgher alcohol coneentratlons Èhe stabtro

solld phase¡ as lnd.lcated by tho ond.s sf the tio llnesr is;

seen to be the d.lhyd.nate. The posd.blrlty of a pantlal nls-
clblllty phonomonon occurr{ng ln thls system was consid.orod.

but was not obsorvod ln any of the trlals. This may be eJ.-

plalned. by the fact th^s.t a range of aleohol eonoentnaÈlons

from L2 þo 65 per cent sas not investlgated.. From this ln-
vesËlgatlon 1t was oonelud.ed thât etkryl alcohol would. not
ba.vo sufflclent d.ohydnatlng power to causo any transfo¡.rna-

tion boyond. tho tetrabyd.nate - d.lhyd.nate tnansltlon.
TABT,E \ 3 ,

BeS04 - EtoE - HZO AT Z5.OOoC. (+ 0.05)

Solutlon ï[et Resld.ue Nature of Sof'ld.
/æeso a /ætott

f . 20.5f ].,?.L4
20 2.10 64.91
5u O:51 gg.5o
40 0.50 gg.oo
50 0"2g gg"20
6 " 1. 01 grl .43
7 n L.o5 gg"95

O"38/o

89 "25%

4.23
LL,g7

41,Oõ 27 "gg
õ8"04 57.11
'42 

"70 29 "9549,95 51"70
48"10 36"27

BeSO4

ETOH

BeSO4"4H2O
n

BeS04.4H2O and.
It

n

BeS04.ZH2O
lt

No.õr4, and 5)

BeS04.?.TIZO
il:

It

47 .Q5
49.50

Invarlant Solutlon Composltlon (mean of i:"': ì:i:
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The System BoSO - PrOH - o at go.ooc.

To fuivestlgato the d.ehyd.ratlng acülon of propyl alcoliol
on tho hyd'nates of benyrH¡.¡m surfator the rsothonmal phase

d.lagram for tho systom, be'yllrur surfate - propyl ar-cohol -
v¡aterr was dotezmlned. at go.o degnees, Tho pr.oeed.uro was
simllan to that used for tho systom benyllÍ.rrm sulfate
ethyl alcohol - wator' The only litoratune values relatlng
relatlvo d.ensitÍos of aqueous pnopyl areoho] solutlons to
welght percentages ar.o given for 15 d.egrees (4), Because
of the pnaetlear difficulty of keeplng a thornrostat at 15
dogrees, a senles of ¡rolatfve density deterrminatlons Eero
mad'e at ?5 d.egrees on aecurately welghod propyl a100ho1
solutlons corrospond.lng to wolght poroentagos of zers to tono
fhe extnapolated. r"esults fo¡r the intognar welght por .conü

values from zaro to tea are shown in Tablo õ a,"d aro comparod.
with the litoratune values fsr 15 d.egnees.

TABT,E \ Y
RELATTVE DENSITIES OF PROP]'L AECOTÍOÏ, - I¡¡ATER

ftercn Exporlmontal
Relatlve. Density

25/25

Lltoratu:re
Relatlve .Density (4)

L5/L5

$oLutlons

oo
L
2
3
4
5
o

7
I
I

10

l.OOOO
o. ggg4
o.9966
o" 9951
o.ggõ7
o.gg22
0,9907
o. ggg5

o.gg7g
o. 9g64

0.9850

l.OOOO
o.gggõ
o. 9966
o.gg52
o"9957
a "99?,9
o. ggog

o. 9g96
o.g8g5
o.g87L
0"9959
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An exüensive miscibllity gap was found. ln this system

at 90.0 degrees and. the linits of partial miscÍbllity ïyere

carefu]l-y d.eferm1ned.. The remaind.er of the phase d.iagram 
,...,,,.:,,,

was also investigated.. The rezults are given ln Tables &

and. 5, and the correspond.lng phase d.iagram is shown ln
Figure l+' 

...:.:
No fransÍtion was observed. 1n this isothe¡:rral- sËud.y ,',','ì.'.,.,

and. it was concluded. that propyl alcohol d.oes not have suf- 
..,,..,;.i.

ficientd'ehyd.ratingpowertocauseanyfurühertransforrcatj-orIs.

Table ¿¡.

:

i
T.TMTTS OF PARTTAT MISCTBIITTY TN SYSTMil

BeSO¿ - ProH - HeO at 90.0"c

Top Layer

/æesg+ /æron

Bottom Layer

/æeso4 f"erCIn

: 1.01 80.88

1.30 80.70

Mean

1.r5 80.80

41.81 1.33

t+?.L8 I.28

Mean

bz.oo I.3o

' Table 5

Be-S0+ - PrOH - IIaO at 9O.O"C. (t 0.1) 
i.::,:¡.,,..,1
j"':i;:.'.t'ìi

Solution Wet Residue Nature of Solid
finesan /æron fiBeso* /ærcn Phase

o.3l+ 89 .60 5o.ol 29 .26 BeSo* .ZHilO

O.O8 99.t5 E? .75 ' jj.Lb t
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Yapor Pressure Measurements

To investigate further the possibility of a transi-
tion fron the Oihyd.rate to a lower hyctrate or from the di-

i hyd.rate to thè anhydrous saLt, it was d.ecid.eil to do vapor ,', '

pressure neasurements on samples of beryllium sulfate of

known water oontent. For pressures up to one atmosphere an

, all-glass system incluiling an ord.inary closed nercury mano- iì1', , ,,_ 
,,,' , ,.-: , ..,

met,er was used , 8s sbown in Figure 5. Tbe nereury used. ia
' 

" 
,l-:

, 
, ,,., ..,

the manometer was thoroughly cleaned by t?scratbbingrr wÍth , "

nitr1cacidand'byd.isti1}at1on.Therigbü-hand'sid'eofthe
manometer was evacuateö by means of a hyvac oil pump and. 

,

the mercury heated. to expel all vapors and gases. The evac-

uat1onwascontinuedforaboutthreehoursand'themanometer
wasthensea1ed.off.Afterplacingasa1tsamp}eofknoilwr

l

water content in the bulb of the apparatus, the remaind.er ',

of the system was evacuated. and. eventually sealed. off. The :

:

apparafus was immersed. in a bath of water - white ngyro1 Jn i...::
oil with only the upper half of the closed end of th.e mano- ]'"" 

'

: . :: .. __.

meter protruding above the surface. A cathetometer was used. l-', ,

to read the d.lfference in the mercury levels. The initÍal
leve1 of the mereury in the capillary tubing was ¿r.8

millimetres below the level of the nercury ln the reservoir. ¡.,:,.,-i1
l: ì l.ir'r:;:.rr ;

This was in fair agreement with the calculated. eapillary
depression effect. The oil bath was controlled. at a

series of temperatures from 50 d.egrees to 180 degrees by 
i

means of a &ercury theru.o - regulator and the corresponding : . , .
li_l: . r



ercury noservol:r

, .sa1t
tample

Flguro 5. Assercbly for Vapon Pnessut"€ llleasurements"
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vapor pressure readings were d.etersj-ned. by means of the

cathetometer. Two samples of beryllium sulfate were

analyzod. as üo water eontent and were then carefully de-

hyd.rated. by heating 1n an oven. The extent of dehyd.ra-

tlon was checked. at frequent lntervals by cooling ln a

d.essicator and. weighing, until the water contents of the

salt samBles eorrespond.ed. to approxlmately 19 per cent.

The data of Tabre 6 represents the moan vapor pressures

obfained. for these two samples aü the varlous oo¡rtroll-ed.

temperatures.

For vapor pressures above one atnosphere it was

found necessary to use a manomeüer sealed. off at atmospherie

pressure. The apparatus, si-milar ln d.esign to that used before,
uras constn¡cted entirely of capillary glass tublng. An air
bath was constmcted of wid.e glass tubing and, alternate
layers of asbestos and. Nichrome resistance wiring. Th" 

''tt

'

glass furnace was mad.e large enough to alrow tlrelwhoLe vapor
' ,, . ì l

pressure apparatus to be suspend.ed. entlrely insid.e it and.

slits ï¡ere cut through the asbestos rayers front and back to
permit proper observatlon. 4.fter int'rod.uction of a salt

_sample of known water conüent, both sid.es of the apparatus

were sealed off at atmospheric pressure and. tb.e assembry

was suspend.ed inside the glass furnace. Two theruometers

were suspended insid.e the furnace in such a way that their
bulbs vrlere respectively threè' inches above and. below the
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salt salnple. The temper"aturo gradlent was relatively snraJl¡

never exooedl.ng flve d.egrees. A variable nesisÈance ln
sori-es with the heatlng coils was usod- to gd.vo an app¡loxùnate

temperatur:e contnol- for varlous tomperatunes frgm l8o degrees

to õ5o degrê€eo The correspond.lng vapor pressures were caL-

curated by applyfng Boylers Taw to the compressed volume of
alr above the mercury ln the night-hand arrn of the rnanometer.

Throughout the lnvestlgatlon the lnltlal volume v1 was tho

d.ifferenco ln helght betwoen tho sealed end. of tho eapillary
and the mercuny level at the timo of sealingr whlle the ini-
flal pressure Pt was the aümospheric pnessurê at the tlmo of
seallng. For each subsequent tempenature sottlng the new

volume v, was obtafnod fr.om the appropriate cathometon read.-

lngs and. the cor¡respond.ing pressure p, ror that temporature

could. then be noad.lly calculated by applylng the Boyl e r s r,aw

relatlonshlpr Pl Vl = PA VZ. fn orde¡ to deterarlne the ac-
tual vapor pressui3e of tho salt sample, 1þ rJras necossary to
ad.d to P, the dlfforence 1n helght between the two mercury

Ievels and subtnact f¡rom thls sum the obsenved atmospherlc
pressurpe at the tlme of sea.llng" A. sample of beryll-ium
sulfate whose water content corrospond.ed to approximately 1g

per cent wae lnvestigated, in thls way. vapor trressure read.-
ings were taken fon both increasing and. decreasireg tempora-
tures. lhe agreemont throughout was very good.. Mean vapor
prossure values obtalned- at the varlous contnol_led. tempena-

tures are glven 1n Sable ?"

': t: i:

ïndlvld-ual gnaphLcal plots of 1og p versus l/T, whore
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P was the vapor pressure of the saLt sariple at the absolute

temperature T, wero mad.e fon pressures above and betrow one

atmosphere but 1t v.¡as not consldered necessary to reprod.uee

thenr horen rnstead. a comblned. plot of 1og p versus t/,t tor
the compl-ete temperaturo range lnvostlgated. 1s glven in
Flgune 6o

ranrn \ ,t t

VAPûR PRESSIJRE MEASUREMENTS: P(f ATMO8PHEAE

Tenpenature
(To K. )

Vapon Pressu.re
(P um" )

r,og P t/v x to5

1. 324

2. 337

5. 551

4" õ69

5n õ81

6. 395

7. 408

8. 420

g " 43'l

10. 440

11". 449

12. 453

1õ. 4ã7,t
, (c/
,o

10õ

5"1

6.8

1?.1

õõ.5

64"9

TIz

t82-

344

383

510

577

684

0"115

Q "492
o.8õ5

r"?3+

1"525

1 "812
2.O50

2.26l.

2"566

2" 58õ

3 "708
2.7 6l
2"855

õ"086

2;967

2.8,49

2"71'.1

2 "62õ
2"532

2.45l.

2.581

2.28,8

? "27 3,

2.?.27

2"208

2.188
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TABÏ,8 ì( T?_

VAPOR PRESSURE AIEASUREMENTS; P> 1 å,TMOSPTTERE

Temperature
(To K. )

T

Vapon Pressure
lr rnm" )

I,og P t/t x toó

1

2

3

4

5

6

?

I
o

10

11

T2

1õ

t+

Lõ

16'

17'

18

19

20

2L

22

467

488

492

497

508

51õ

õ2t

548

5õ5

540

646

545

55õ

56õ

57.õ

578

585

59õ

605

611

6?,2

955

1556

1968

?.296

6034

645r

4645

5082

593?-

6918

7295

7447

7889

8979

9550

10Lo0

10870

11860

L?.420

15500

L4520

l-4860

2" 980

3"L92

6 "294
3.36r

6.482

õ"5õ8

õ,6õ8

3"706

3"773

õ.840

z;"863

3"8'l?

3.89',1

5"95õ
ì

3.979

4.OO4

40036

4.070

4"O94

4"!24

4.160

4"I72

2"T4L

2.O',Z.A

2.Q33

2.OL?

1.969

r.949

1.91"9

1.894

1" 869

1.852

L"848

1.8õõ

1.808

1"776

L*745

1n730

1,709

1"686

1"658

L.65',7

1.608

1.600625
,¿ 1Ð

4,ffi
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A Vlsua1 StudJ of tho Behav _1or of
Beryllil:n Sulfato Dlhyd.rate on HeatLng

An approxlmato d.otermÍnation of the uppe" l1mft for
the stable exlstence of bonylllum sulfate dlhyd.rate was ''''.,,,l,

made. A small furnaee was eonstrlctod. of wid-e glass tubing

ajr.d altennato layers of asbostos and Nlchnome reslstance

wlrlng" A freshly prepared. samplo of slightly dehyd.rated. 
,l:.",,,,

berylrlu:n sulfate d.lbrydrate was put lnto a shont capirlar-y , ,.t
. it,i..'-i,''tuber sealed. off r and suspend.ed. lnslde the furrracêo A sînnll r''i!,i¡,:

window was cut lnto the asbestos layers to permit vlsual ob-

senvatlon of the salt sample. To perrnlË a slow r¡nLforsr 
l

rlso ln temperatune several varlabre neslstanoos were in-
cluded ln the heatlng elrcult" A sharply-d.eflnod tr.ansltion

:

was observod aE ?.69 to 27o degross ¡ wlth a consld.erable por- 
i
j

tlon of th.e sol1d. sample appeanlng to go lnto so1ut1on.

sevenaL sj¡ailar d.etermlnations gave ld.entlcal results wÍth ' "

the transltlon oceurrlng shanply at z'|e d"egr€@$c :, _,..,.r,i,
: : lt:::^':X - frey lowd.er Dlffraetlon M.e-gslf-eÍri.ehûs 
,,,,.
: :,1.: _:

T-ray d.lffnaetlon patterns servo as a means of i¿en- ','i',"t,',

tlfylng crystalllne substances. Each erystalline spoci-es

produces lts own chanacteristlc pattern whrch is d.lffei:ent
":' :tt"'from the patte¡rns glven by other speelos (5). Thus a unlque 

i..:.:',,1.

d.iffraotlon patte:rn ls sufficlent evldence for the exlstence 
:

of a chemlcal lnd.lvidual. A mlxtr¡ne of two or more substances

glves a pattenn consistlng of the superfmposed. pattenns of ;

the lnd.lvLduaL eomponents" sol1d. solutionsr on the othen 
,,.'.....!¡

hand.e give d.iffraotlon patterns whleh a¡r.a ¡ ln gononal, inten- '- ,"
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med.lete wlth respect to both ühe positlsns and tho intenslüles

of tho arcs botween those of tho pure constltuonts" Ttro cases

must, howeverr bo d.istlngulshod here. If two solid. sì¡bstances

are mlsclble ln al-l proportLorrsr they w111 forq a contlnuous

serles of so]'id. solutlons with one anothor and the dlffrac-
tlon patterns of all such solid solutÍons wilL be 1n actual

fact lnterned.laüe betwoen those of the two pune constituonts,
ft is often possible to estlmate the porcentago of each coÐ.-

stituent in guch a solutlon by a visual companison of the

solld solutlon pattern with those of the two pune constitu-
ents. Ife however¡ two solld. substances (A ana B) ar,e ,, -.'j

mlsclble to a llmlted exüent onlyo they v¡ill form a discorx-

tlnuous senies of solld. solutions. Pure å will d.issorve

lncreasing amouïlts of B, fonnlng a senies of homogenegus

solld. solutlonsr r¡ntil A þecomos eatunatod wlth B" Slnllanly
puro B w111 d.lssolvo lncnoaslng amor.rnts of A, fornnlng anothor

serles of homogeneous solld. solutloasr untl1 B becomes sat-
u-raüed wlth An Between these two s aturatÍon llmlts there

w1ll bo a so-called. rnlsclbllity gap or range of hetorogeneå,ty

in whleh tho two satunated. end.-mombe¡rs co-exist in varylng
propontlonsn 

. 
å.n x-nay investlgatlon of the whoro range of

compositlon betwoen pure A and pure B will revoal tt¡ree

types on serles of d.iffractlon patterns, Tho pattenns con-:

rospond.lng to Ëhe range of composltlon from pure A to a

saturaüed sorutlon of B ln A will be ossentlally ùhe pat-
tern of pure A wlth only a sllght d.ispraeoment sf lines wlth
changlng composttlon. sl¡ollanty the patterns correspond.fng
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to the range of compositlon from pure B to a saturated sol-
ution of A in B will bo essentiall;r tho pattern of pure B

with onl¡r a sl1ght d.isplacement of llnes wlth changlng com-

posltlonu Since tLre mlscibillty gap contalns a mlxture of
'the two satunated. end.-members , the patterns corresponding

üo lts range of composltlon will conslst of the superfunposed.

patter.ns of tho two end-mombers.

The theony und.erlylng the varlous aspoots of X-ray

powder photograpþ can be for:nd. ln any textbook on erSrstal-

lograptryo fn pnactlce a narrow monochromatlo beam of X-nays

ls passed. thnough a small speelmen of tho powd.oned crystal-
llne soLld., Numer€us cones of dlffraoted. beams emerge from

tho spocimon and. these are reoond-ed as ares on a sbrip of
f1lm enclrellng the speclmen. Each arc on tbe stnip of
fllm represents the combined. d.lffracted. bea.ms fnom all the

onystals 1n the powd.er speelmen whlch happen to be suJ.tabry

o¡-lented. fon neflectlng the prinary X-ray bea¡r wlth one

partlcular set of planos. The f\rndamental equå,tLon of
X-ray d.iffnaotlon by cnystalllno solid.s is lüxowrr as Bragg t s

Law and ls Of the form

(õ)

wheno À ls the wqve-length of the ï-nays¡

g is the distance bebween successive id.entlcal
planes of atoms ln the cnystal¡

e ls the angtro between tho pnfmary X-ray bearq and.

these aüomlc planes,

and. n 1s any wbolo nu¡riber. A measuremenË of the llnoar

I
2 sln€

d.

n
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d.lstar.ces between corrospond.ing ares on elthor sld.e of t}le

prlmary-beam d.lrectlon pormlts an evaluatlon of the angles

of diffractlon €. Slnce the value of À 1s kreown and.

constant for all the lines ln any one photograPh¡, it is then

posslblo to calculate the lattice spaclngs I of the powd.er

speclmen under l¡rvestlgatlon.

The X-ray photographs takon 1n thls study wer=e ob-

Èalned from powd.er rollfngs of sampl-es of beryll1um su.lfafe

whose wator''contents hrad. been ad.Justed. to ths d.esired. values

by propen delrydratlon. In overy ease tbe stantlng material

was tho d.ihydnate and. the d.ehyd.rablon was aceomplishod. by

heating. To prepare samples of the anhydrous salt 1t was

Rooessany to heat the dihyd.:r'ate at õOO d.egrees fon sovenal,

hours" Tho powd.en :rollÍ.ngs were mad.e as quickly as possible

to mlnimlzo the posslbllity of :r.eLryd.ratlon and the rolted

speclmens were kept over concentrated sulfurio acíd. whl}e

d.rylng" After d^rying over¡ concentrated sulfunlc aci.d. fgr
a d.ay¡the speclmens rìrere mounted ln the camgras ln the ap-

propriate manner and. exposed. to copper K-alpha ¡radiatlon

for the nequired. length of tlme. In accord"ance with stan-

d.a"d. procedur:en the llnes or aucs on each negatlve were

¡¡read.tr and, tabulatlons of reLative lntensitles J and. lattlce
spaelngs d. were rnado (22'). Tables I to l-2, inclusive¡ ro-
pnesent d.ata obtained 1n this way for ber.yIIfu.ul sulfate sarn-

ples of varylng degrees of hydratlon. No attempt was mad.o

to d.etermlne the unit celL d.lmensions of the dihyd.rate and.

the anhyd.rous forms. A pnerequislto for such a dote:mlna-

t. ..
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tlon ls a }aaowled.ge of the crystal structu¡ro of the so1id.

and. if Tuas not found. possible to d-o a cnystallognaphic

structure d.etemrlnatlon 1n thls work.

TABLE E" g 5:
]I-P,AY POIIIIDER DIFFAA,CTïON PATTERN IOR BeSOn "äÍtZO

4.897
5.9?5
8"594
3..392
2.847
2,6L4
â.5õ5
2 "3982.195
e.056'
1" 996
1" 956

rABrE Þ 1 k?

X--fiAY POI/UDER DTFFRACTTON PATTERN FOR BeSO 4cl9 oLSFo F'eO

I
4

10
Ð

6
2
2
3
5
oa5
0"5
5

L
1
2
o.5
1
Oo5
oo5
I
I
0"5
0"5
I

1,88õ
1"854
L.773.
1"?O5"
1,656.
1" 601
1.554
l" 508'
L.449
1" õ99
1u559
L"3201

I
4

10
o
6
2
2
3
5
o.5
o.5

4"860
3.923
5.590
3r3'lg
2..832
2.629
2"549
2"391
2"I95
2.061
L"992
1" 945

I
1
3
o.5
I
0.5
oo5
c>

I
0"5
I
1"5

10994
I"847
1"786
1.705
1.656'
1" 608
1.559
1.515
1.461
1"404
1. õ66
1.5õ4
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TABI,E }O l.J

X-frAT POllllDER DIFFAACTION PATTERN FOR BeSon s !4"5540 HZO

0.5
005
4
4
2
6
I
1
2
o.5
1
2
L
l-
2

6
I
0"5
o

10
2
3
1
5
0.5
2
5,
2
3
4
I

ã,P'93
4"864
4.47L
õ.906
õo 580
3.39?.
5.200
õ.oõo
2.8,67
2.7'-5
2.644
2.õ49
2"398
2.3!4
2"?QQ
2.T?L

2"O6L
l" 996
1r 951
1,894
1"84õ
1"789
1"709
1ê656
1"60õ
L"559
1" 504
1n461
1,404
I" 561
1"5õO

TABT,E }$ I \d

ï-RA'Y PolfrÐER DraERAcßroN PATTERN FoR Bosû4r Lo"Be% Hzo

I,dId.

2
L
oo5
2
o"5
3
I
o
2
Ð

1.5
1
1

,r

0"5
10
I
1
2
I
6
o.5
3
3
7
3

8"293
4"449
3.928
õ.566
3"392
6"?23
5.069 \

2,860
2"7Lâ
2.637 '

2"542
2 "3672.200

2"LL6
2.046
1"988
1.895
1.840
1"77 3
I"7?'6
1c605
1"492
1.469
10402.
1,555
1"525

I :l::,i',r:j
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TABTE 12 I

X-BAY POIJIIÐER DTFFRACTTON PATTERN FoR BoSO4

7 5..5e5 2 2"to,7

oo5 4.42'7 0"5 f . gg4

10

7

õ"889 1 1.g?g

3"552 2 I"7'13
oo ã 3*666 00 5 l,zzn
1 g.200 2 1.601

Oo5 3,"OZg 1 lu4gg

2 2"832 2 1.46ó
2.. 2.629 I 1.404

2 20522 0"5 J-o35?-

2.355 0.5 L"324

3 2,,lg5

Experiments on th.e Natrrre of ùhe SoLid phase in
Equllibrir-rm-with Saturated So}rtions of Beryl-lium Sulgatg,iq;; S.1}{rrri.c1,A@1$1-, ¡;

irii:r.:,. ;

tl

Ïn ordor to gain add.itional infor"maÈ1on on the nature ,' 
.

of 'the soI1d. pha.se 1n equlllbrfi¡n wlth aqueous sulfunlc acld 
'..'.,.,¡at vartous temponatur.es, it was d.eeid.ed. to apply a simple

technlque prevlously used. by sukava for a somewhat slmllar
purpose (22) " ^A,quoor,rs soluttons of vanylng suLfunLo aold. 

i,.,,,,.i::i::Ícontent wore mad.e up and. satunated. wlth beryllirrn sulfaÈe
dlhydrate at theln nespoetlve boillng pointso rn evory
case the solution ln contact wlth at loast two or thnee i '

i

grams sf oxeess sol1d- phase was refluxod for throo tg four 1,,,,,.,

1,.;¡:...'houns" The hot llquid. and solid. phases were then rapidly 
,
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separated by filtoring und.er suctlon and. a pontion of the

hot J"lquld. was lmmed.iately tnansferned. to a stoppered.
welghlng bottle for analyslsu The wet solld was wash.ed wlth
acefone to removo water and sulfurlc aeld and. was then tnans_
foi:rod to a flask and :refluxed with acetono for a feiv mlnutes
to complete tho removal- of occlud.ed. sulfurlc acld-. Afton
washing wlth. acetone und.on suctlon on,ce more, tho solid. was

tnansfe:rred. to a po,rouÈ,rprate and. exposed. to a cunnent of
dny aþ fon a fov¡ mlnutes to removo any adhening aeetone.
Both sol1d. and llquld. phasos wore then analyzed for,berylrium
and for sulfate ion rn the usual $1å.rLrspo The 'esults of
theso analyses wore usod to calculate the sulfur.ic acld. con-
tenü of the original solutr.on and the composÍtlon of the
solfd phase in equillbrlun wlth the solutlon at its bolling
pointo rt was forrnd ln eveny caso that onry negltglbre
amotuts of sulfunle aeld stlll adhe:rod. to tho solld tr¡haso
after the vlgonous tnoatmenü with acetoneo

Table 15 glves a tabulai: sumnany of the oxpenfuental
resul-tsr lncr-ud1ng. the obsenved boilfng polnts of tho

va:rlous solutlons. A gnaphlcar plot of the sulfuric acld.
contents of the sorutÍons vgrsus the water contents of the
equillbrlun solLd. phaso ls glven ln Flgune 7-. À d.istinct
bneak 1n the curve is evfdent at a waten soatent of approx-
lnrately 19 per cento slnce thts expenlment was performed.
well ln ad.vanco of the vapor pressu*e and. the x-nay work,
the slgnlfieange of the d.iscontlnulty at rg per cent was
not fully reallzed. until later" ft d.id_, howover, result

i:,



-37-
':

t&*'" 
*ft'1n the use of beryllir:m sìrlfate samples of appnoximatoly 
t':''

19 per. cont wator content fon the vapor pressure

rnea.surenentg.

TABT,E L6

Compositlon of Solld. pha,se ln Equllfbnlr¡m

wlth Bo1llng Aqueous Sulfurlc Aeld.

Oþsorved. Bol1lng E9SO¿ Content ofPolnt So1utlon(oc.) (/"n*sol--
HeO Cs¡¡ent of
Solld. Phase

Ønro¡

115 õgoõ ?5"2

1?g ." 52o5 3?.2
1õ9

L46 65.0 21,O

165 ?o.o zoo4

LgA 78"2 19"6

?.29 86"0 16.0
2ü- Bgoo !4.6

ì.1 ; : :;1:1;1

i

:
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Tbo Ternany Investlgatlons.

Tbe ovldence obtained from the thres tornary lnvesti-

gatlons und.ertaken ln thls work has served. malnly to oonflrm

tho prevlous obeervatlons of Sukava (2O). The lnvestigation

of tho system¡ berylllum sulfate sulfuri.c acld. - watorr

at 95.O d.egnees has conflrmed. that at that temperature the

totrahyd.rate no longer exists and. that up to a mlnlmtm acld.

concentratlon of '16 por cent the d.ihydnate 1s the only stable

solid. phaso oncounterod. " Wlth lncnoaslng acld. concentnation

the¡.e 1s a tend-ency fon the tle llnesr notably numbers 7 and.

B to rrwand.errt. Acconding to oLomontary phase rule theory

thls lnd.lcates the formatlon of solld solutlons between fho

dlhydrate and. a form of trowen watez' content" The lsothermal

phase dlagram for the systom, bery1llum sulfato - propyl al-
cohol - watern pr"ovid.es a fgrther índ.Ícatlon of the fact that

the dlhydnate of berylllum sulfaÈe forms solld solutlons with
a forror of lower water content,

X-Ray Evl€noo

A, careful and, extenslve stud.y of the patterns of the

nwnerous X-raÏ photographs taken neveals only two unlque

d.iffracË1on patterns in the rar¡ge of corûpositlon lnvestlga-
ted.r namely¡ thsso of the dlkrydnate and of the antryd.rous

sa1t. The data for thoso two unlque pattorns are given ln
TabLos I and L2. There ls, howovon, concluslvo evldence

of tho forznatlon of a d.lseontinuous serlos of solld solu-
tlons between theso two chemlcs.l lnd.lvlduals. l,tflth d.e-

onoaslng waten eoatent of tho powder samplos¡ the d.ihydrato

pattern penslsts¡ exeept for a very sllght but deflnite
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dlsplaeement of the l1nes¡ untll a wator contont of approx-

imatell 19 per cent is roached.o On further d.ehyd.ratlon

the X-ray d.lffracÈlon patterns become s'û.d.don1y more complox.

All the l-lnes of the dllrydrate pattorn can sÈill be nead.lly
.., 

t.,

i ttecognizod but thore are a consld.enable number of ad.d.ltlona1 r' l

llnes whlch cofnclde exactly with tb.e lines of the anhyd.rous

pattern" ?he pattern eomplexlty porslsts d.own to a water
i ...::.-.:',..

I contont of approxluately 11 per cerrto On furÈher d.elqrd.ra- .t,r,,;.
::

; tlon tho llnes coruospond.lng to the d.lhydrate patter.n d.ls- r,::,,.:,:

''ttt: 

"1
appear ontlrely and. the anhyd.:rous patterrae wlth only a sllght
d.isp1acementof11nes,charaoter1zesatr-1powd.erphotogrraphs

of samplos of lowor wator eontent, The de.ta for tho patterns 
iil

I of the two so-called. ond.-members of the abovo rango of hoten-
:

ogeneity are glven 1n Tables g and 11r. and a tabular surnnary 
i

l' of the observod. patterrr changes 1s glven ln Tal¡1e l- 4" i

I

Thone was no lnd.lcatlon of any unlque monohydnate

diff¡:actlon patt€prì¡ A number of -E-r"ay photognaphs wore I

takon of sarnples of beryllfu-in sulfato whose water contents i,,..
' :. :_:

corresponOäd. to that of the monohydratoo Table 10 glvos :,,.,.
t 
't"'' 

t'

' ' the d.ata obtalned f¡rom ono of, theso photographs " A comparl- 1 
:

sonofon1ythef1nstfew].1neSofTab1o].owiththosoof

' ' ,: :tern 1s 1n actual feot a corÌrposlte of the 19 pen cent an¿ i:,ir'

the 11 per cent patter.ns" Ttre possÍbl}lty of the exlstence

' i' ' of the monohyd.rate as a chemlcal lndlvid.ual ls thus oonolu-
-lsively ellmlnated.n

The nu¡rerous x-nay diffr-aetÍon photographs¡ whleh were ,,:,
:taken ln the course of thls lnvostlgatlon¡ lnd.lcato cloanly 
i
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that thono ls no abnrpt transltlon from tho d.lhyd.nato to a

forqn of lowe¡r saten content¡ süch as was found.for the tohra-

þdrate - dihryd:rate transformatlofi. with progressive d.ehy-

ûratlon of the dlhyd.nate.r homogeneous solld. solutions (of
tho alpha serles¡ say,), are fonmed.¡ conslstlng of the dlhy-
drato plus incneaslng amounts of the anhyd.rous salÈ. The

sol1d. system nemains homogoneous untlL a water content of
approxlmatoly 19 per eent is neachod.. At that point the
d.lhyd:rate 1s satunatod. with anrrydrous salt and funÈher d.e-

hyd.natlon causos the appoarance of tho other. satunated end.-

momber (of the bota sorlose salr ) tfrat isr a satunated. solu-
tlon of dlhydnate ln the anhyd.nous sart. The system o"*airru
heûor:ogeneous¡ formlng mgre and more sf tho beta end.-membor

at the expense of the alpkrar untll an ovorall water contont
of appnoxlmatery 11 pen eent is reachod.n Tho alpha ond.-

membon then d.isappears ontÍ,nely and. homogenooì¡s sorid solu-
tíons of ,the beta sorles¡ contalning d.ocz.easÍng amounÈs of
d.ihyd.nate¡ persfst until the salt ls completely dehyd.ratod.

to the anhyd.nous form.

- -:r-' ^
f/r
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*ABL,Err{M åI
Tá.BTTLAR SUMMARY OF PATTERN CEANGES

ltrÏTH ÐECREâ,STNG T'II¿,TER OONTENT

Tllaüer Content of powd.or llpe of X-Ray pattern
SamFle

25o5O per oent '

19"1õ ll tr

lg. OO It il

1?"OO rr rr

16.00 n n

14"5Ð il . tr

L2,"76 n rr

1O.gO il n

g"gõ n il

5.10 il il

O.OO $ ll

d.lhydrate only
!t tl

d.lhyd.rato and. anhyd.rous

ilrtt

Itilil

llnIt

rr tt tt

anbyd.nous onl¡r
:

ll¡t,

ll It

tln

The rr" T plot
givon in Flgure 6 ane ln excollent agreoment wlth thg Clauslus -
clapeyron r.elatlon for. tnivar:iant, equllibnla. Theln pofnt of
i-ntersectlon at 27t, Qsgvees must accond-fngly correspond. to rii{.:ì

a point of lnvanlanco. Applylng the baslc relationship ôf
Phase Rule to a unlvanlant¡ .two-componont systêm, it ls seen
that tho numbe¡'of phases must bo thnee to justlfy the ox-
perimental lineanlty above and. bolow zyo d.egrees. consequonË-

:
1y the systems und.on investlgaÈlon both aþove and. bolow zTe l
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d.egnoes must conslsù of two cond.ensed. phasos and a vapor

pha"se. On. the basls of X-ray.evldenco the 19 por cent wator

contont of th.e salt sa.inplos lnvestlgated.)coruespond.s approx-

lmatoly to the up¡ler llmlt of the m1sclbll-f ty gap in the

d.iscontinuous sorles of sol1d. solutlons formod. between the

d.lhydnate and. the anhyd.rous salt" The two eond.ensod. phases

of the unlvarlant system bolow 27O degrees must thorefore

bo the two end-members of the alpha and. bota serles ( o(oand.

Qo , sal)¡ fonming the thnee-phase system

do* Qo * vâPo:lr

LÈ 27O dogrees 1iqu1d. solutlon makes lts appeãrance and the

system þeeomes lnvanlant und"er aå observod. equillbnlum pres-

sure of ?1õO mlll-lmetres of mercury on g.õ8 atmospheres,

Ilìllth the appllcatlon of more hoat the alpha end-momben o(o
eventual-Iy dlsappeans and the th:ree-phaso system

?o * J.lquld solution + vapor

ls forrredo As the tempefature nises abovo z?o d.egrees and.

the solutÍon bog5.ns to evaponate¡ the bota end.-member pounaer-

goes progr'esslvo d-ehydnatlon forrnlng solid solutions of the

beta series wlth decneasing water contents. The l-inear por3- 
:

tlon of the log P versus frlt pfot above p?0 d.egnees thenefore

comespcnd.s to the univanlant, three-phase system

? + llquid solutton + vapor

The phase change at â'7ê d.egrees lnvolvlng the d.isappoa.rianee

of the alpha end-menber g(oand the appeararrce of líquld
solution 1s borne out ln a strlklng manner by the visual

.;.
experlment 1n whlch a slightly d.ehydrated. sample of beryl-
l1u¡r sulfate dlhyd.rate was careflrlly heated. in a seale.d
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Câp Sü19 r

The excellent llnearlty of the two portions of tho

1og P versus frlf pfot glven 1n Figure 6 pe¡mÍts a calculatlon
of the enthalpy changos lnvolved. 1n the correspond.lng phaso 

'

reactlons" TLro Clauslus-Clapoyron relatíon for univarlar¡t

equ1llbr1a may be readily lntegrated. over a finlte tempera-

ture and- pressuro change¡ 1f tho enti"ralpy chango II 1s 
:,,

assumed. to be constant wlthin the lntegratfon ll¡nlts. :

i ,.oA,n expresslon of the forrr

is obtalned where

Pl and T, are the l¡ritial pressure and. tempe:raturor i

P2 and. T, are the flnal pressure and temperatüFoe 
lAH1stheentha}pychangeforther"eact1onconsid.ered-,

and. R ls the molar gas conbüant¡ p calorles per degree

per mole"
i

The phase neaction for the linear portlon of the 1og 
,,,,

P versus t/t p3ot below Z?O d.egrees is ',,1

o(o(s) = Po(r) + nro (e) . c . (t)
Applylng the lntegrated. form of the clausj.us-clatrpyiron nela-
tion to thls portlon of the plot, the onth"æ.lpy ehange fs

found. to be 1õ650 caloníes, that is, ôH¡ = 156õ0 calorles"
The phaso r-oactlon for the llnean portlon of the log

P versus f/t pfot aþove 2?O d.egrees is
soh,rrlon Ç1.) = Pf") +tt.o (g) . o. pA)

where solutlon (2) refors to an aqueous solution satunaÈed

z.{osr"*ff =# (+r-+r)
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with respect to the beta serlos of soI1d. solutions. The

cal-culated. enthalpy change fon this reaction is found. to be

6160 calorles¡

that 1s, A HZ = - 6160 calories.

The phase reactlon at
enthalpy cLrange involved. ln
talnod. by applylng the Hess

to the above two roaotlonse

(1) ' to get

the tnansltlon polnt and tho

thls transltlon reactlon a¡ro ob-

law of Constant Heat Sr-¡mratlon

that 1s, subtractfng (2) from

oco(s) = Fo (") + HrO (e) AHI = - 1õ65o calories
solution (/) = P(s) + nro(g) AHA = - 6160 catortes

oco(s) = solutlon (L, A

The eancellatÍon of po(r) ano p tr) 1n the above subtrac-
tlon 1s justlfied since at the tnansltion pof.nt po t") ls
id-enüical with p tul. The neù reaction at the tnansitlon
polnt ls thus seen to be a tr-a¡sformatlon of the solld. alpha
end-membon to a saturated. solution of tho beta serles sf
solld- soluÈ1ons. The solid. beta end.-member lsr of coüree¡
pnesent before the transltion polnt and. ls r:nchanged. at
27o ôegrs€sr llt/1th a rise 1n tomperature, howover¡ the bota
end-memben Lnmedtatoly begins to d.ehydrate forming the beta
serlos of solid solutlons.

The tetrahydnate - d.lhydnate transltlon has been

shor¡r¡n by sukava (22¡ to occun at gg.o degrees und.er. atmos-
pbrle pr¡essureo The quad.nrpre point Gorrespond.ing to thls
transd. tlon must of nocesslty be somewhat d.iffenont fnom

' , ._:

r.ls Salt T¡ransition
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89"o d.egrees since lt nepnesents the temperatune at whlch
the tnansitlon would occu¡t 1f the systom were und.en lts o1¡vrx

equllibr'fu:m vapor prossure" A complete investlgatlon of
)..the blnany systeme benylrfuim sulfate - watert in the noglon ::

of the tetrahydnate d.lhSnlnate transltlon tempenature would.
z'esuLt l¡r a dlagran slmllan to trr,at represonted by Figure g.

Foun pressure temporature curves, representlng the equili- ,.,:,

bnlum pressures of foun unlvarr-ant th:ree-phase systems. at 
i.,,,varlous temperatLlres¡ lntOnsect at the quadruple point :.1'

The fou¡r curves might posslbly be labelled. as follows¡
I -- tetnahydrato - d.ihydnate - vapor 

i

2 -- dfhydrate solution _ vapor 
I

õ -- tetnahyd.rate solution _ vapor
i4 -- tet¡rahydr.ate d3hyd.ir,ato solutlon. 
;*{s has been shown by the present study, the d.lhydr.ate

and the anhyd::ous salt fogo a discontfnuous serles of solld.
solutlons" [he dihyd¡rato _ anhyd.nous saIÈ transition ls

--- 
' .'. 

'therefo'e not a tr"a'sltlon between two chemical ind.ivi.duals 
r., ,,

but 1t is a tnansltlon between two serles of solid. sorutlons" "'
lh'e temperature of the quad.nrple point correspond.lng to thls
tnansl-tlon has been shown to be p?o degrê€so rn ord.on to
desc:ribe accurately the pressuno-tgmperatune relationships i,,,t
of the four unrvarrant three-phaso systems in the regf.on of
the dlhyd'nate - anþd.rous salû transltlon tompenaturo,
the foun unlvarlant curves of Figure g should be labelred i

es follows:
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1 -- alpba ond.-momþer - bota end.-membar. - Irapor

2 -- beta soLld. solutlons - solution - vapor

6 -- alpha solid sol-utlons - solutlon - vapor

4 -- alpha end"-raembar - beta.end.-nombêF - solutlon.
The pnessuro temponatune coondlnates of tho quadruplo

polnÈ aro 9.õ8 atmosphenes and. ZYe d.egnees.

l:.



'. i6Ì..ì,{n:.'::.: ' ' '
r:!i,i.il,

{L::i..:::.,

l:üi : j,..

i¡Ì:+,:

: .lj:1::.1: .

l:: ''

a)
L.
J
3t
]n
q)
L-
ù

rotureTempe

Flguro 8" Prossuro - Tomperature Relationshlps.



GENERAE DISCUSSTON

l'i ¡:: ì



-48-

Tho results of this lnvostigatlon have shown that of

the hyd.rates of benylllum sulfate wlth two moles or less of

water per molo of salt only the dlhydrate and. the anhyd.rous

salt can bo consid.ered. as chemical lnd1v1dua1s. The con-

cluslons regard.lng tho non-existenee of the monohydrate are

1n close agreement with tho findings of most reoont lnvestl-
gators. Uslng measureraents based. on H{ittlgrg tonsl-eud.io-

metor¡ Krauss and. Gerlach (11) found no concluslve ovldence

fon the exlstence of the monokryd.rate as a chemlcal ind.firld.ual.

They suggested e however¡ thåt the lack of evld.ence regard.lng

the exletence of tho monohydrato mlght bo due to a tendeney

of the monohyd.nato to form solld solutlons wlth both the

dihyd.rate and the anhyd.rous salt. This posslblllty has been

eoncluslveS.y d.lspnoved by a careful study of the large nutn-

ber of X-?ãT d-lffractlon photognaphs taken 1n the course of
the presont lnvestlgation. Hacksplll and Kleffon (g) also

found no eonclusivo evidenoo for the existence of tho mono-

hydnato" The progrosslve d.ehyd.ratisn of the dthydrate seemed.

to bo continuous oxcept for a very sllght depantune fro¡a con-

tinulty when the composltlon of the materlal coruesponded ap-

pnoxÍ^mately to that of the monohyd.rate. CIn ühe basls of the

presont ovidence the d.lscontlnulty observod by Eacksplll and

Kieffe¡: probably corrospondod to the mlsclblllty gap ln the

dlscontinuous senies of sol1d. solutlons forrned. betweon the

dihyd.rate and. the anlrydnous salt.



SUMMARY

ì :;:
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1o The oxlsÈenee of the monohydrate of ber-5rlllum sulfato

has been concluslvely d.lsproved by oxb.austlvo X-ra¡r d.lffrac-

tlon stud.les.

2n Tho nango of composttlon between tho dlbydrate of
benylllum sulfate and. the anþdnous salt has been found. to

corrospgnd. to a discontlnuous serles of soLld. solutlons.

õ. Tho misclblllty gap ln this d.iscontlnuotts sÐries of

sol1d. solutlons has been found to bo bounded. by two satur-

ated. ond.-memborsr a saturated- soIld. solutlon of anlqrdnous

salt 1n dlþdnate and- a saturated. solld. solutlon of dlhy-

drate ln anhyd.rous saltr with respoctlve water contonÈs of

19 pon oent and 3-1 pen cent.

4n The dihydr.ate - anhyd.rous salt trarisltlon occurring

at 27O d.egrees und.er an equlllbnium pnossuro of g.õ8 atruos-

phenes has been found. to þo a transitlon from the dlhydrate

(or alpha) end-member. of tbo miscibfllty gap to the anhy-

d'rous(orbeta/end.-memberofthom1sc1b11ity8aPrand.hence¡

essenüially a tiransitlon f:rom one serlos of soI1d. solutlons

to the other serles of solid solutfonse

.. :::.

; , ": lI'
i i : ::-.ii
j,,.;f,;,.1
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