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TNTROÐUCTlON

The exlstlng llterature on the teraary systen 1lthlwr
suLphate - anmonlum sulphate - watÊr le, to a oertaln extent,
lnaonplete. Certaln l eotherns have been studlled. and. only
tl*o of these would appear to hav e been lnvestlgated ul th any

degree of accuracy. It was fe1t, theneforo, that two nore
lsotherns sho ultl be stud"lett. fhe investlgatlon of these two

lsotherns woulil lndleate the acouraoy of th€ prevlous re-
searohes, as rûe 11 as lndloatlng the reglons of stabllity of
any end all dloubLe salts fornacl- ln the temperature range

over whleh the lnvestlgatlon rras car¡led oBt.
Further perusal of the llterature revealedl the possL-

blllty of the existenoe of hlgher hyclrate s than the nonohy-

êrate of ltthlur¡ sulphate. The evlclenoe was coRtrs.dlctory
antl unsub stantl-a].. The present research would renove the
eonfuslon that exlsted ln conneetlon ïrlth thls polnt.

Whereas, the tenBerature anil coßposLtlon of the tÌdo

þlnary outeotlc polats have been establLshod. wlth a rather.

large tlegree of.eertalnty, the tenperature and. oonposltion
of the ternary euteotle points has not been establlshed. lhe
dôtermlnatlon. of thls temperature and oonposltlon represent6
another phase of the present researoh.

Tho obJeot of the present study¡ therefore, ls the
lnvestlgatlon of lsotherns at zero and seventy degrees, a
iletermination of the nunber of stable hydrs,tes of llthir¡ß



D

s¡r\rhate that exlst over the tenperature range unttor lnvestl-
gation, a che ch of the blnary eutectic tenperatureg and. csm-

posltlons, and. ftnalþr a ðeternlnatlon of the ternary eutectlo
tenperatures anå oonposltlons.
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REVIE¡í OF TI{E IJÎEB{T{'NE

In-troduotlon

fhe lnvóstlgatlons that have been carrleð out on the

systen llthlun sulphate - smnoniun sulphate - ü¡ater were

oarrle¿l out by Schrelnemalers andl Splelreln worklng lnd.epenô-

ently at the beglnnlng of the twenttêth oentu¡y. Investlgatlons
lnto the eolublllttes of the tr¡ùo saLts and into the equllibria
of the blnary systens were carr"iedl out at a later itate. As a
reeult of further experimental. researoh, a certaln dlegree of
unoertafnty was cast upon the results of both of these lnveetl_
gatlons. the followlng resumé of the lrt€rature d.lscusses tbe

'oore. 
lÍrportant aspeets of the sr.rbJeot ln ordler to lnd.lcate the

lnfornatlon that must be coryeetecl, the rnfornatlon that n¡rst
be verlfied., antt ftna].ly, the new lnfornatlon that must be

ob taiaed..

nhe Blna¡y Bve ten- Llt.hlun Sulphete - lfater
lPhe unlvariant blnary equlllbrla, at oonstant pressure,

for the Êystee Llthil¡¡n suLphate - sater have been stualleð by
0anpbe11 (I). üslng the ne tho dl. of Davlson, va¡ Klooster,
and. Bauer (Z) ne cheokeð Dreyerss (5) neasurenents, ¡rhl eh haê

been mad.e for ooaeentratlons up to 4.b5/o llthlun sulphate, ancL

eontlnuedl hle measurements tlown to the euteetlc conposltloa.
Thls final d.eternlnatlon nas verlfled by the nethodt of thernar
analysls uslng a oopper - constantan thernocoupLe and. a sensl_
tlve galvanometer. Table I represents Canpbel3.r s results.



, T.ABI,E Ï
FREEztNe POIsîrS OF S0LUfIO$S OF L12gO4

\

Conoentratlon

Grans LlrS0 
A/l.:o} 

grans HzO

Freezlng Polnt â0

4.o?

?.79

Ll.50

L4.ð5

t7.6'l

21"96

?.4.86

27.1-

e ute stl e

- 1.?õ5

- õ.õo

- 6.11

- 7.O4

- 9.67

-14.65

-18.46

-2L.4

-2õ.o
All the loe polnts fel_l on a enooth eurve ant[, nhen

thls curve r¡ras extrapolatect to lntergeot Frlend.t s (4) solu-
b1t1ty cusv€¡ intersectlon ¡ras found. to occur at -Eg.A ðegreeÊ

anâ. 2?.9Ø anhytlrous 11thlûl sul.phate. Campbell etates that
there le no d.oubt ae to the euteatlc temperature, but that
the eutectle conposltlon rests upon two unoertaln extrapola-
tlons. IIe further etates that 1t 1s vlrtualLy lnposslble to
ðetermine the euteetlo ¿tlreotly beoause of the lnposslblltty
of preparlng a solutlon ot 27.9rt coneentratlon at any other
tenperature than the ou.tectlo tenperature ltself.
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A controverslal polnt has been brought out by Fblend.r s

(4) sol¡rbtltty ttata as glven 1n îaþle II. HlÈ neasuremeqts

lnd"leate that the solublllty decreases progresslvely as the

temperature lncreaseg. Etarê (ã) haél prevlorrely lnôleatetl
that the solublLlty lnores.ses ¡raplat1y fron the euteotlc ten-
perature, passes through a naxlnun below zero d.egrees, andl

subsequeatS-y d.eoreases.

A¡other polnt to be vertfled 1n the present research

te the nature of the equtrllbrll¡n sollil phase at 1ow tenpera-

tures. Frlenal (+) frae stated that the dthydrate Å28ô4,2EZO

exlsts at l-ow tenperatures. Intleed., he lnd.ieates the posslble

exlstenoe of hlgher hyd.rates Ln thls region. H1s methoal of

analysls ¿nti subsequent Laek of agreenent of che ek resultÉ

ind leatecl hts lnterpretatton nlght prove lncorreot. ÇamFbeLl

(1), fa testlng thls polnt, carrleð out ¿u.]-atoBetrlo experl-
nents on the system llthlun sulphate - lrater at -12oC and il1d.

not dtetect eny dLlseontlnulty. fie also lnvestigatedl the equ11l-

brlun d lågra& llthlu¡n suLphat e - llthlun ohlorltl-e - rdater at

-1.2.25ø to test thls natter fr¡rther. Hls evl-tLenee polnts to

the exlstenoe of the monohydrate ae the etable phase.

The Latest work on the solubll-lty of llthltrn sulphate

ln water has been oârrletl out by Appleby, Crawfonil, a¡il Gord.on

(6). Thelr results are tabulatetL in fable IIf. 0n conparlson

wlth Frlenill s ôata¡ one notlee€ rather gooê agreenont over the

tenperature range oormon to both lnvestlgators.



fABLE TT

SOLI'BTLITY OF LTÍFTTI'M SUI,PTT¿,TS IN 1ÍATER

Solublllty
Grane anhydlro us ea]-t/L00 gråßs gotutlon

Tempe rature
ø^

27.32

27.2+

27.L8

26.28

26.õt

?.6.o?

25.96

25.96

25.9ä

26.4?

2,5.28

25.12

25.00

24.82

24.7L

2,4.34

24.06

?,3.?6

2õ.?2

23.72

-L6. o

-1ö.o

-11.5

- 6.5

o.6

14.O

l-6.5

7.6.?

19.6

51.8

õ8. O

42.2

43.V

õ1.6

52.4

65.?

?7.o

94.9

10õ.o

10õ.o



TABIE III
SOLIIBILÍîY OF LI?HÏI,M SUL,PH¡,îE IN I'ÍAÍEB

Solubl1lty Temperature

Gra.ma anlryd.ro us salt/l0O graes solutlon oC

23.4

26.5

23.66

28.65

94.9

1.00.5

102.6

t-o4- o

The B lnar:l Systen. Anmonlun Sulohate - ïfat€g.

fhe eolubillty curve of anmonlun sulphate has been

d.etermlnedl by Mülder (?) ln 1864. De coppet (B), Budorrf (9)¡

ant!. Guthrle (Lo) nave successlvely stedLled- the branoh of the

eurve corresponôlag to the Lce phase.

The euteetlc polnt, aocoril1ng to De Coppet, ls at -1go
antL acoord.lng to Gutbrie ls at -1?o. Beoauso of thls d.isa-
greenent, Matlgnon antL Meyer (1t) nade â ngr,ir cle ter¡nlnatloo of
thls tennperature, antl neasuredl the sol_ubltlty of the salt at

-16ð.
The results of all these experlnents are gLvea ia

?able IV (11).



T.ABI.E XV

SgSrEU, A¡{MOI\¡II}U $ULPSATE - ffAtgR

TenBerature llftlder De Coppet Rlldorff êuthrle Matlgnon

cc êrame Anhyd.rous gaLt,/10o grane lrater 
Moyer

-L9.o5

-L?

-18

-16

-11

-10.8
_ ?.9

-6
- 5.4ã

- 5.20

- 2.8

, - 2.6

- 2.6

- l-.10

o ?0.6

lo 7õ

19

20 75.4

62.2

60.0

40.0

20.o

õ0

N
to

7L.5

66.7 64.8

40.1

26.o

1:..1

7?.2

?6.L

Cont.
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Matlgnon anê Meyer found. that at -16e, lOO grams of
solutlon oontalned õ9,56 grans of a¡nnonl.um sulphaie. Thle

val¡¡e 1s higher than that obtaLneil by lnterpolatlon fron the

experlnenis of Ðe Coppet, and. glves a nore regular fo¡n to the

solirblllty curve.

fable V J.lets representatLve values of oxperlnental

results of the so1ub13.1ty of annonlun s ulphate 1n wåter over

the temperature range -16.õ to lOO degrees as conpltreil ln
Güelln (12). orlglnal references are g!.ven opposlte eaoh resuLt.

lable VI represents the d.ata whl eh yleldls'the lee 1lne

for a solutlon of ammonl r¡n e uLpirate andl lee.

fabLe lfII ls a eonpllatlon of varlous s:qrerlnentaL ðe-

ternlnatLons of the euteetlo tenperature andl conposltlon for
a¡nnoRl un sulphate a.nil loe.

The-D,oubl-e $a1t. Llthlun A¡nnonlun Sulohate

F. A. K. $shrelnenakers (eZ) has lnvestlgatect the

solublllty of the above tloubLe saLt ln water at varlous ten-
peratures. Ills resulte are recordett ln TabLe VIII. fhese

results lncLlcate that the sollrbl1lty of the dloubl-e sa].t 1e

nearly lnctepend.ent of tenperature.

Further lnvestlgatlon by the sane worker (ZZ) te re-
cord.etl ln Tab 1e IX ¡shleh represents the freezlng polnt of

aqBeou6 solctlons of Llthlum ammonlr¡n sulphate.

By tleternalnlng the polnt of latersection of the

eurves of Eab1es VIII and IX Schrelnenekers has sho$n that
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r3BI.,E V

SOLUBILITY OF AMUONTTN{ SULP¡TAÍE IN T'ATÉR

Tenperature cC ifelghr fi ßn¡ ræn Ëeference

-16.õ8

-1,6. O

-1õ.O

-11.02
,-10"6

-10,@

0.o

lo. o

2,0.o

26.o

go.o

40.0

60.o

60ro

?ouo

80.o

90.o

100.o

40n 1*

40.1*

40.41

4O. 5s

4to.6if

40. 6{Þ

41.6

42.2

42.99

49.46

43.60

44.8

46.77

46.80

4?.80

48.8

49.88

50.45

(1õ)

( Lõ)

( 1õ)

(r¡)
( ra¡

(14)

(rs¡

(ro)

( re¡

(rs¡

(rz¡

(re)

( 16)

(rz¡

(rs¡

(ls)

(ao)

( rs)
s0oneentratlons were orlglnally expresseô ln equlvalenta

amllonl uE sulphate per 1OO0 noles of watef.
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î.ABLE VI

THE IgE LIIIE. SySfEM, A¡,IMONIIIM S',ILPHAîE - lilAfER

Íemp erature oC l{elght fr ('sÉn) 
rsOu

Referenee

- L.05

- 1.99

- õ.?o

- 5.29

-?. 10

- '?.94

-l-o.15

-10.4õ

-1?.00

-L9.99

-15.99

-Lt.49

8.246

6.516

L2,.2ã

17.I0

22.4A

P'4.26

28.9?

29.!4

õ1.8?

84.47

37.2A

üö ¡ õt)

(21)

(zr)

(21)

(2L)

lzz¡
(22)

lzzl
lzz)
(1¿á)

lze¡

lzz¡
(zz)
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T.ABI.E VII
TUIETfTG:,åù{MONITß{ ST'LPRAIE - lfATEn

Tenpe:rature cC $elght Ø (nE).son Referenee

-1.8. õ4

-18.50

-19.o5
*1"9.o5

-19.0ã

-19.5

õ9.90

39.?6

59.4,o

59.86

õ8.40

õ8"48

T.ABT.E 1rIX.I

(zz¡

(Pl)

(2õ)

(24)

(eo¡

(zo)

ÉOLi'BItIry OF LIfHIIJ¡4 .AIÍMONTOM ST'¡,PHATE IN IIAIEA

feaperature 06 Welght f, salt

- lo.0

o.0

10.0

?o.0

õo" o

40.o

50.0

60.0

?0.o

ôõ.28

õ5.ð6

õ5.56

õ5"80

õ5.8?

55.89

õ6.oo

56.O5

56¡18



rÁBi,E TX

TREEZING polNt 0F åÊ,uEous sotrTIoNs oF LrNH4go4

lenperature oÕ 'l'felght I Sa:rt

- o.58

- o.9?

- L.õ5

- 2.o5

- 5.20

- +.4Õ

- 5.12

- 6"60

- ?.63

- E.56

- g,5g

-ß.52
-L2.44

-1õ.11

-14" 96

-L5.22

-16.Uõ

-18.25

-L9.28

-20.15

I.õ72

2.496

õ.660

5.436

9. lo1

12.ol?

aB.ã24

Lã.8õ

19.82,

2L.O25

22.?g

â.4,29

26.79

27.54

?9,?8

29.84

s1.14

32,84

õõ,99

õ5.o2
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tho cryohydirle eolutlon w1ll- côntaln õ5.1õ% èouble galt anci

that the cryohydlri o tenperature ls -20.?è. Ils secured. a

eryohydrlo temperature ot -2O.?ëA by üråot rlLeternlnatlon.

the Ternary Svste¡o. Llthlue Sulphpte -
Anmonlun Sul¡hate - lfater

?wo workere have oarrlett out lnvestlgatlons upon the

eqEtllbIrlus exlstlng ln t?re above ternary syeten. Sohrelne-

¡.lakers andl hXs co-¡uorkers carrled. out lsothertlal lnvestlga-

tlons of the equlllbrluo exlstlng a,rnong the tl¡ree cooponents,

Llthtum suL¡rhate, ammoniun sulphate ancl water at õO aåd. 5O

ôegrees wh1le MLle. OeclLe SpleLreln (28) oon¿uateê a rather
ðoubtful andl sketêhy lnvestlgatlon lnto the eq$lLtbrla exlst-
lng at tenperatures of 2O, 5?, ancl g? dlegrees" Qualltatlve
agreenent has been obtai.nedl by the two rssearohers.

Schreinenakerø, asslsted b¡r !4r. Ð. H. 0ocheret, (2?)

for¡ndl that trhen LITSO*E O was aôdetl to a eaturated (Ng4)eSO4

solÉtlon e¡¡ocesslve eeparatlons of th6 fo1Low1r¡g salts oeotrr:

a¡ûponl un eulphate, amnonl un suLphate an€i d.o ub l-e salt, double

salt, anhyd.ro us Llthlun sulphate and. d.o r¡ble saLt, anhyclro us

llthlum sulphate, and the moaobydrate of llthiun sulphate.

thelr results are conplleð ln SabLe X, The graphleal repre-

6entå.t1on of the se resuLts Is glven ln Flgure L, the systen

belng treated. as a eond.eRseil systom, an¿ the phase dlegram

balng representeil by the fan11lar Roozeboôn equllatera].

trlangle ne thoè.
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T}BIE X

fEE TERNARY STSfEM; brñu - (Nã4)2S04 - gf
fenperature = õOoC

Nu¡aber Solutlqn .i{et Resldue Nature Of
Ø(irnn) rson fit"t"æn Í(Hnn) rsou fiatrsou sãiiã-prrase

L

<'

õ

4

5

6

,l

g

o

10

lit
1Ð

1õ

t4

15

t6
L?

18

o"o

4.89

o. oo

8.44

9.42

10" 6?

10"93

1:2.+6

3'2.28

3.'."6+

14.30

]"4,27

L9.29

?,6.27

28.76

õ2. 15

55.56

õ6. õ7

2,5.L

,¿4..O7

2õ.6?

gõ.09

23"06

2?'.49

?2.6L

21.88

2L"?L

21.99

20.õ5

l_9.94

16.68

12.68

10.78

9.5r
7.9+

?.69

1.58

2.67

5.69

4.80

5.85

6.9?

19. õg

26.26

24.O9

19.40

õ8.õ2

4'o.50

43.â6

4L.69

42.82

45.29

4'1.34

6?.23

62.78

62.12

õ8.4õ

58.85

65.2L

48.5õ

5?.96

46.66

2õ"30

34"9+

õ3.65

54.I7

28.56

2?.28

e8.66

50.ã4

In3so4%o

f

$

!

It

ll

L12SO4H2O +

LlNg4s04

t¡

I

L1NH. gO ,14
í

Í

¡'

I

fl

s

I

Cont.
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T.ABI8 T çONTTSIJED

THE TEB!¡.ARS srgrm4, &2ffi+ _ ($94)2904 _ Hzo

lemperature = *:O

Nunber Solutlqn .l{et Resldtue Nature Of
f (NH4)2s04 ftI.c-zso| fi$r+A'l zso4 1át t"rson gorld. phase

'to

20

2L

22

o4

24

6,69

6.42

6.6?

6.26

2.9õ

o.o

69.65

59..38

õ9.55

õ9.56

40"95

44.1

7L"94

49.59
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?L.99

?"23 LtNE4g04 +

(NH4) 
eBo4
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LTNH, SO,+4
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(NH4) zso4

- (Nã4)zso4
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Polnt 1. õ3 grslns LlZffi+ per 3.00 grans of solutlon.
14.2 grans (UUn),SOU per 1O0 graes of ão1t¡t1oa.

Polnt 2. 11 grans 
"trtOU 

pe" LOO graøs of solutlon.
50 grans (NE4) gg04 per lo0 grses of solctlon¡

Shls wo:rher also found¡. tbat a dto uble galt exlsted. of the fora
L12so4(NH4) 

PSO4.
In a later paper $plelrefn (p9) reportecl d.ata for three

Leotherns. The results, er(p¡.eõseel 1n Table XI are as they were

obtalned. fron the 1lteratni.e.

TABT.,E .XI

T}¡E CO!,IPOSITTONS OF ÍHE INV.ARIAI{r SOLI'TTONE

t = 2OoG

ITi
t = 5'7oC

ITT
t = 9?oC

XIT

LI_SO'¿4 58.8 L2.6 58.6 18.¿ õ8.0 Lo.6
($%)zso4 L?.a ?z.g r1.5 ez.z tg.z 9õ. I

The soüdt phases at polnt I are I,1USO4HZO uoil LlIil¡l4SO4

antl at polnt rr are (tlttn)rson and Llt{Hnson. rt 1s assu*eê that
tbe above co¡npos ltlons are 1n graes of anhyciro us saLt per 10O

gra¡ls of water althor:gh the point nas not establlsheê 1n thts
påpe?. These'three lsotherns wefe superposeô by Éplelreln on

a horlzontal proJectlon, 
",:írd. 

she subsequently stateE that tbelr
so1ublL1ty renalns eenslbly conståat nl th tenperature¡ a¡ä there-
fore, the heat of sol_utlon of the tlo BbIe salt is n1l at aLl
these tenperatures.



æ
fhe leleng¡ry 8ysten. A&sonl qe_ églphate -

Sodlun Sulphate, - _Eat- r
Thls systen ls conposedl of oo¡ûponente r.ath,àr eloseLy

analogous to tbose u¡¡d.er lnvêstlgatlon ltr the present

research. One lrou1dl, tlrerefore, posslbly e4geot to obtaln
slnllar behavlo¡r ln thls systen to that und.or lnvestlgatlon.
llatlgaon a¡¡ð Meyer (õo) å¡¡ê Ðawson. (SL), wotrktng lncl.epentt-

9nt1y, lnvestlgateet the syeten arnnonl.u¡n auS.phate - sodüun

sulphate - sater. F:reeth (õ2) also lnveatlgateil the systen¡
but at a s onetirhat later d.ate.

The oonponents of tbls system oonblne to forn two oon-
pouaels namely, Glauberrs salt, I{argonrloËpO, andl the i[oub].e salt
NaZSO4(t{H4} 

Zffi4rÆEO. The propertlee of these t!úo conpounds

largely d.ete:mlne the e!¡aracter!.st1c featr¡ree of thl s syet6¡¡.
tpon s tuilyLng t.he equlllbrfun ¡elatlons between -p0o aadl

1o0o a¡cl fll-r¡stratlng the results on dllagrans, these inveeir-
gators f o unet that the d.o r¡bLe salt nas fe¡mecl .fron êlaube¡r s

salt and. annon!¡m s uJ-pìrate at a l-ower tenperetirrre llnlt of -16e.
Thls double sart tleconposed wlth tbe fo¡natron of the anþdrouå
slnpJ.e salts at 59.õôc. Between -t6o end. 2oo the double sar.t
dleoonposeil, upon treatnent wlth. water, ¡¡f th i¡.e formatfon of
êl-auberr s salt, wh1le betueen 4L.6 anö 59.5o it ä.ecomposedl

r'rlth the fo¡rnatlon of the anhydl.ro us sodll un sulphate. The tranel-
tloa tenpsrstqre fo¡r Glauber! s eal.t lnto anhyil-rous eodtl r:m1

sulphate was d.ep:resseÉl to 26.5o by the ad.dltlon of asr¿oalun
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6u1phate. The eoIi.d. phases 1n equlllbrlun wlth the solutloa
at thls teng:erature were Glauberl e saLt¡ anhyclroue soclluÞ

sul-phate, and the double sal-t.



22

E'PERIilg$TAL IBOCEÐüM

IntLoäuotlon
Tbe experlnental, aspeat of thls 'rork oen be classl-

f leil ae follows:
Flrstly, the ohooklng of the tlco blnary euteatl@

tenperatures and. oonposltlone was oarrled. out bÍ the nethodi

of therne]. analysls.

Se oon{lJ.y, the @heeklng of Frlendr s (4) oontentlon
that hl.gher trycbrates than the nonohyttrate of 11ür1un sulphate
e:c1sted. at low tonperatrre s ¡ras eårj¡leiL or¡t üuorrgh the use

of a dLlLatoneter as ¡rel.I as by a s turly of the zero clegrees

l sothern"

The thlrd. polnt of interest that was investlgatodi wae

a dleternlnatlon of the reglon of stablllty of tbe dlonble salt
and of the nonoh¡rð.rate of llthlun sutphate. Thl s r,ras carrlei!
out thro ugh the stud.y of the leother¡cs at O aniL ?p dlegreee,

uslng the fs.nl lta^r ne thodt of swet reglðueer as lntrodtuoedi by

Sohre.lnenalrers.

Ehe cleternlnatlon of the tenperatìrre anð oontr)osltlon
of the tero ternary eutectlo eoLutlons was the flaal lnvestl-
gatton. Thls was earrloä out, onoe agaln, by the nethodt of,

thernal anaL¡rsfe.

Each of these cl_asslflcatlons lll1l_ be deelt ¡rlth
separately 1n the srrbeequent dl.lEeusslon.
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Prepardt:Lon andt.lurlflcatloa gll Êtartins Mat€rl€j.s

All tlre reagents ueecl were stand.arê ¡eågont gradg

naterlale. The llthlun sulphate, .A,naLar gradLe, ¡ras a Brltlsh
Drug Eonse proih.ret ¡slth the fo11owlng naxlnum 1lnlte of 1n-
p url t 1es.

0h1or1d.e ..... O.OaZfr

rron . . o.oooÐø

Beavy Metals .... ... 0.AA\6

¡fltrate
fhe anrnonlun s ul.phate was C.P. Bakerr s Analyzetl, guarant€eaL

to aeet A.C.S. sta¡ttarôs. It ruas free of pyr!.eEne and assay-

ed. 99..7fi.. Before uslng lt was reerysta].llzed. fron water andl

tlrled..

The iLoubS.e eulphate of llthlun and. a¡nrrlonlu¡o l¡ras prepar-

etl by adctlng these two sulphate s, ln equl-lroLe€u1ar propols-

tlous, to water untll tJre hot solutlon T,üas Ju€t satnrated., ft
was conoentrated. by evaporatlon, allowed to oool to roon tem-
perature, when the crrystals nero fllteredl unêer €uotlon. The

rêsuLtant tloBbl"e ealt was then reorystalllzeil twlce ancl sub-
soquently ärledl for soree weeks ia a suLphurle aclaL dessloatonr

l{loho1s tsereury netaL andi Anala:r grade ohlorofornr
whlah were usedl 1n the oallbratton of, the thernocouple, were

both redllsttLleit before u6e. tarbon cLloxlile, l¡hl ab was usedi

l'n the Êolld. forn for the se¡ae purposêr lras obtalned fron a
ctty supply house and lúae ue€ôr for obvlous reaaons, wlth no

further purlficatlonr
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t{etbod oli_:ba}rgts
å rel"atlveLy qulok aBè aocurate nethod was ðeslredl

by whleh the sonposltlon of aqtreous soLutlons of llttrlun and.

amnonlun sulphate oouldt be ileternlnecl. It wae ileoldedl to i[e-

terrolnê total sulphate content an¿ total- anüonla eonteat rhlLe

the Llthlnry content ¡¡as tleternlnedl by rllfference.

A great iteal of research hae been cemLed. out gonoernlng

the estlnatlon of sulphate. the eta¡¡d.aril ne thoGL ls, of Goüra€¡.

to preclpftate the sulphate as barlu¿ sulphate. !4any lnveettga-
tors, howevotr, stress the lns,ceuracy lahêrént ln thl s method. ctue

to the great tendlenoy to occ].uale other loas. E. f. A11en and.

J. Johnston (A¡), ¡. Johnston andt L. H. Atlame (g+) have oarrlecl

out a Ruþþer of l].lEnlnatlag lnve stlgatloü,s l¡tr)oa the phenoaena

of oeclusloa in preelpltatee of barl¡¡n sulphate. F¡.lenrl (+) fn
hls dletermlnatign of the solr¿blllty of ltthlun sulphate¡ åbã.nalong

the barlun sulphate ¡¡ethocl eotspletely Ln farror of s 1o!û êv&pors.-

tlon of the saapS.e ancl subsequent voLat1L1zation. ?h1s ne thodl

¡vas testecl by the present lnvestlgator and, whlle rea].Lzlag that
f untlanentall¡r thls ls a soundl roethodl, Lt was abandloneð tlue to

the great suseeptlbll-lty to spLatterlng nlth a resultlng Iow

eetlnatlon of suþhate eontent. A volunetrtc ne thodl that wae

fornulatedL by ?ll iey (SS) ana that hae been asecl suacesslvely by

Santlers afi€l Ðobblns (56) was lnve stlgatect, but amnonlun aoetate,

ûhleh ¡las forne d. ln the oourse of the anaLysle, ¡¿as founê to ln-
ter.fere ¡r¡lth the external lnillcator, ancl. therefore, thls nethod

was abandloneal.



It was tleclåed. to test the nethotl of preelpltatlon
as barlurn eulphate, to measure the astual dlegree of oealu-

elon t¡ltb the par.ttouJ-ar lons under lnvestlgatlon. tJelng the

methoel as outllnetl by Kolthoff and Sand.el]. (gZ), an accuraey

of bettEr thaa O.5ø was eonslstentl-y obtalneð. Mlninr¡s co-
preelpitatlon ïaa eneuretl by observlng the fol.low1ng pre-
eeutlong" fhe e.cl¿tlftedL sulphate solutj.on anil the bafluB
ehlorlde sol-r¡tton llere heate¿ alnost to theLr bolllng polnt
before they were rapldtly adtdlecl to eaeh other. Slnce ths non-

eo-prealpltatlon of satlons ffas dleglred., tho sulphate Eo1utlon

was raplêly attded to the chlorld.e solr¡tion, ancl tho resultâJrt
soLBtlon t¡ag. alloueil to s tani!. for a nlnlnun period. of tnenty
for¡r hours before flltratLon throrrgh Whatnants No. 4p fLlter
paper. lFb.e firet dtrops of flltrate r¡ere testeô wlth sllyer
nltrate solutlon to ensure oonpLete preolpltatlon of the gul-
phate lon ¡yhl Le avolcLlng a Lêrgo exoegs of barlun shlorlcle.
fhe ba¡lun sulphate oryetals were sasheil wlth hot r*ater r¡¡tl1
the ¡ragh ¡¡ater sho!,¡ed a negatlve ohLorldLe j-sn test. The pre-
elpltate wês then !.gnlted. very slowl_y Ln platlnua eruclbles,
oar€ belng exe¡'clsed tl¡at the fllter paper dll d. not oateh flre
at any tls¡e as thls lrouLal reiluce the ba¡lu¡a s uJ_phate. Ëavtng

observeil all these preoautlons, it was felt that thls nethoal

of anaLysls was the nost satlsfactory for thls partleular
lavèst1gatlon. As prevlously statedi, the qaxl¡nun error ever
oþtainedl on test samples was less th*rrt O.íft, and., in the
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naJotlty of eases, the accuracy far exceêilect thls. fhese
tests rúere carrl ed. out 1r¡ a Erâ.r¡ner slnulatlng aetuaL ¡rork-
1ng oond.ltlons.

fhe deter.nlnatlon of the a¡$¡¡onla GoÃtent ¡¡ag oarrledl
out by ths stea$ ili-st1ll_atlon of a baslc soLutlon of the
eample. The d.ls tlLlate.'¡¡¡as ebsonbea ln a þorla aotr d. solution
of appror.lnate]:y 4fi atnength followlng the nethott as outll,nedl.

la Pleree and. tleenLseh (ae¡ 
"n¿ 

orlglbal_Ly proposeå by WlnkJ.er
(S0¡. Tho anount of a¡rmonlun borate fo::ned[ lúes eleter¡llnedt by
tltratlon with standLa¡d lryd.roohl_orlc acLdl, uslng bron_o¡egoL
green as the ind.l.câ"tor. fhe ac1d. rrae etandarillzed. nrl tJr soill un

ea¡bsnate (40), A b 1åak was run in both caseÊ. Onoe agaln¡
tlrls methoil was oarafully testedt before belng aitopted_¡ the
Eax!.num erx"or obtalaed. belng 0.5f.

, ALl glasswe.r€ useä ln the analytloal lror.k ¡¡as call-
bratedl before use. plpets and. voLumetrlo f]-askÉ, fihl eh úeïe
ueeil to obtal'n allquot port!.ons, ¡vere ear,lbratedr relatrve to
each other.

eallbratlon ¡:L the Thelaopouple

To neasure d.lff ereaaes of tenperature, an l¡ron-oonstaataa
the rroo eo up le ïas use¿l ln aonJ unotlon i,rl th a sensLtlve poten-
tloneten. Through the courteey of the Natlotral Reseerch
Counell Llbra"rtr, a photostat of tho nethoiL ad.optedl by Roeser

and Dal¿L (af¡ ¡u" thelr eallbratlon of an l¡ron-eoastantaå
the:rnocouple was obtarnedl anû gtudledr. fhe no thoil adropteer
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by the present lnvestlgator was essentlal3.y that of Roeser

and- Dahl vrith the exceptlon that raa¡y of the preeautlons

adoptedl by then ¡¡ere not useê. T]re reasons ruere two-foIê,
ftratly, ân aceuraey of J L degree was all that was desireê,

ancl seeoniü.y, for the snâlL tenperature range over r¡hloh

the present investlgatlon na6 carrleê out, the calibratlon
curye !{aB essentlally a stralght l1ne.

The followlng flxeit temperâture polnts were ueedl to
callbrate the the¡nocoupLe!

1. the freezlng polnt of, nercury. .,-ð8.9 degrees (¿2)

2. iuJne freezlng polnt of ohloroforn. .....-65.5 Aegreee (4p)

õ. the subllnatlon polnt of carboa

dl9xlðe.......-74.5 eegretis (+Z)

4n the mel,tlng polnt of lce... 0.O d.egrees (4p)

5. the eoLd. Junotlon useê by anothen

tnvesiigåtof..."..+29.8 d.egrees (+5)

For polnts L, 2, and õ, the hot Junotloa r¡ae the neltlng iee,
t¡hlle for polnt 5 the neltlng'lee serveal as the colal Junotloa.
' Tbe tl.eterslnatLon of the voltage prod.uceil ïfhen one

J unctlon of the thernocouple r¡as maintalneti ln freezlng ner-
cl¡ly ¡rhlIe the other Junctlon was nalatalnett in nel_t1ng loe
¡,¡as oarrled. out 1n tl¡e follorrlng Banner. A beaker oontâ1n1ng

the l-lqutd *ercory ¡¡¡as lmnersedl Ln a Large flash. fhis flask
lfas l .acedl ln a large d.ewa¡. fIask, andt solld. earbon dloxld-e,

whlch acted as the refrigeralt, was placed. between the wa116
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of the cleútar andl the flask. Ar¡ lneulateê top aontainlag tlro
holes was placeil over the asse!0b:-age, and. the thernoeor¡pLe

a!ra[ eotor õ.rLìren stlrrer were lnsertoê lnto the holes. lhe

hot Junetton ïas testeil for eonstanoy by oontlnuaL observa-

tlon of the reatllngs of a stanila:rtl thernonete¡. Ehe dlf,f-
erenc€ 1n teioperature betraeen the hot anil eo ldl J rrnotlons of
the thermocouple rcae reoortletl by taklng two nlnute :readllng s

oa the potentlometer untll e. oonstant voltage was obtaJ.neÉl¡

lndloatlng that the üerou¡ry haè reaehedl lts f,reeztng polnt.
A slüllar procedure was earrleil out rrhan c.frLoroforn

replaced- tho neroury ¡rrlth the erceptlon that the alr Jacket
was onltteat. tdhen the so1ltt oarbon allontde was useilr the

oolél Junctlon of the thermocouple wae plaoetl dlrectly lfi tbe

d e¡rar flask oontalalng the carþon ¿lloxldo. Polat nunber 6

was obtalned. by a reversal of the Junotlons. Íhe hot J unc-

tlon !rå.s pLaoetl 1n the ¡rater v¡hL oh i¡as naintalneil at â Go¡r-

stant tenpe¡atu¡re of ¿9.8s (45), ¡{h1Le the eoLù J unotlon was

lnnerseê 1n the meltlng lee. X'lnally, the tr¡o Junotlons we¡e

placedi ln the neltlng lae antl the voLtage proclucedl v¡as notedl.

Table XII represents the results that r,¡ere obtalnecl¡ fhe

voltages shoçn are nean values. Flgure 2 represents the oon-

pLeted caLlbratlon curve. the voltages for the flxed ten-
pera.ture polnts r¡ere oheekeê every slx nonths wl tb no appre-

elable change belng observeil..
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TÁBLE ]&TT

ÏRO¡I-CONSfAI{T.åI{ THER¡{OCOI'P¡,8 CALIBRATTOI{ CUBVS RESULTg

¡{ot Junat!.on Teßperature CoLaL Junotlon Íenperature E.M.f'.
eC nl1llvoLtsec

29.8

0.o

o.o

o.o

o.0

0.0

0.o

-ó8.9

-65.5

-?9.ã

L.Z?

-0.oõ

-1.69

-2.66

-õ.29
The Blnary Eutectlo: .A¡nnoalun Sul¡rhata - Iee

Table VII glves a conplS-atloa of verlous e4gerfuaental

tl.e ternlnatlons of tt¡e eutectto tenperature aad. eonposltlon fo:r

ammonlua¡ sulphate andl lceó TheEe ileternlnations rsere cheekedl

la the present tnvestlgatlon. lPhe apparatu€ useal was ltlentl-
os.1 îtLth that ueeit ln the oallb¡atlon of the thernooor4>16

$1th the êxeeptloa that two alr Jaekete ¡qere usoil to lessen

the ¡ate of eoollng. DlfferenoeE of tenpeîature between the

solutlon of aßEonl un s u3.pbate anÉt the neltlng lce tùer€ neasureil

by the oalibrated. thernoeouple. Tbe a¡¡¡onlum sulphate solutlon
was agltated at aLl tlnes by a ¡notor drlven stl¡rrer to naln-
tal.n equlllþrlun. I{hen the observetl voltage attalned a GoE-

stant value, a ç aapre of the equi_Ilbrlun golut:lon ¡¿as renovedl

by neans of a frlttecl gJ.ass flJ-ter stlok of flne poïoslty. tbe
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fllter stlek hatt beea oaref,ully ilrteti anÕ ehlI1ed. before

lnsertlng 1t lnto the euteatic ¡¡ixtere. Sentl_e suctlon ¡¡as

appL1ed. to the flLter stlck by ne ans of a r¡ater suotlon pump.

fhe wl thdlrann eanple lras qulokLy trar¡eferrecl to a welghe<t

costalner andt the welght of the sanple wae asoertaineiL. It
¡¡ae traJrsfeffÊdl to a 250 n111111tre vofu¡net"lo ftask anit dll s-
tllled, water was aôile dl. to bnlng the solutlon up to the ma¡rk.

A 50 El1lll1tne pipet, whlcå had been callbrateil. rolatlve to
the flask, was rrseal to obtaln an allquot portlon. llhe per-
eentage asnonlus sulphate eontent uas ileternlneil by analy-
zlng for. annonla. content¡ antl this value ¡sas ohe eledl þy ana]-y-

zlng for total sulphate. Theso analynes nere eamlecl out ln
the nanner lntl.lcatetl ln rMethotts of Analyslsr. The followlng
results were obtalneô from t¡¡o d.lfferent sanplee¡

TABIE XIII
ET'ÍESTIC ÍEMPERAÍIIRE A¡{D EOMPOSTTTON,

A¡dMONTU!{ SIJTPHATE - WATEB

Ûonstant E.M. F.

Reacl.lng nvs.

Eateorlc frl'Ijuul rson ø($84)zso4

vla vla
feup. o0 a¡monla anaL. sulphate uaa1.

1. -0.?9
2. -o.85

-19.O

-19.9

õ8.9

õ9.1
* 39'6

89.4

The nean of these results, ylelð.s a e¡¿teotle tenperature of,

-19.5o6 ar¡tl a euteetle conposltfon of 59.2fr apøoalr:n eu\¡hate.



51

fhe Blnary Eutectlc. Llthlun Sulphate -= lnlatel

Aeoorälng to Canpbell (1), the euteatla tenperature for
thlø systen uas -23¡0 d.egrees ¡¡hl1e the euteatlc conposltlon
wae 2?.9% ar¡hydro¡rs Llthl¡¡n eui-phate. ?he eutectlo oomposl-

tlon wa.s obtaÍ.nedl through the e]çtrapolatlon ot Frlenêr e (4)

soLub1l1ty ourvs and. Canrpbellr e 1ce 1lne. fhe preeent ln-
vestlgator attempted to aheck thle tenperature a:xdl con-

poeltlon ln a nannsr analogous to that ¡lsedl 1n ctreoklng tbe

euteatlo tenperature â$tl ooloposttlon for the annoniun su:.-

phate - rsater systen. 2?.9 gråns of anhyal-rous 1lth1um

sulphâte and. ?2.1 grans of d.lstllled. rrEater ¡¡ere thororrghly

nlxett. A slnilar procodLure was carrled. out ¡rl th thls soLu-

tton ae wlth the arûnoal un sulphate solutLon. A constant

E.M.F. v¿1ue, however, ws.g never obtalneð. It ¡sas tho ught

that poaslbLy the rate of cooLlag ¡ras too :rapld anil. naskeê

tbe brea.k ln the ooollng ourv6. the rate of eooLlng $ag

aeoortLingly J-essenedl, but onoo agala no d.eflnlte E.M.F. vaIue,

oorrespond.lng to the vaLue at the euteotlc tênperature, I{as

attalaeð. Exoess of Llthl u¡o sulphate ¡rae sdldedL to the ln1t1aL

eolutlon and. a bettel systen of stt-rnlng wae clevlsedl, but no

va'l ue hraa obtalneil ¡sh1ch coultl be lnterpreteå as belng the

euteetlç tenperature. Samples were wl thdrawa at a tenperature

of -e3.O degrees whleh uere fo uni[, upon ana3.ysls, to oontatn

26.1ø ALthltln su3.phate. Ehis lndloates rongh agreeneat ¡rlth
Celpbet-l| s resulte. fhe present tnvastlgator ls unab 1e to
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state uhy a oheck of the eBteotlo tenperature andL conposltlon
was lnposslbl-e. fhe above ro ugh agr.eeaent and. a later result,
however, are a strong 1nd.loatlon that Ganpbelll s are coæeot.

Llthlun 9ul-phate

In an atteapt to prove or r!.lsprove Frlendl e (¿) son-

tentlon that hlgher hydlrates than the nonohyðrate of llthlun
sulphate exlstecl at 1o¡r tonperatures, and. to co¡roborate

Canpbellr s (1) reseaneh concernlng thls eontroverslal point,
uE¡6 was natl.e of the faot that, Lf sueh a transition tlldL osour,

1t woultl uniloub te dlly be aoconpanleô by a ohânge 1n yolume. A

d.llatoneter was eonstrueted to neasure thls volunetrlc ohange,

fhls cltIato¡neter r¡as eonstrueted. ln the usual nanaer, a Long

caplLlary tube belng attaebeaL ts a buLb contalnlng the Llth-
1un s u).phate nonol¡rêrate ln oontaot wlth a smaLl ano unt of
illstllled water. ToLuêne servedl a€ the lndlcator fluld. The

helght of this lnitlaator fluLtl was measurecl wl t]¡ a cathe-

to¡aeter.

The bulb of the él1latoneter, contalnlng tho nolstened.

llthtun eulphate nonohydrate, was lnnersed. Ln an lee-sodtlun

chl-o¡rlêe eutectle nlxture ard the lithlun s uJ.phate wes eoo Ieé[

slowly. fenperature wae reoord.eè wlth a eallbrated. toluene

thernoroeter. faþle ÌIV ls a eoapllatlon of the temperatures

of the nolstenêd sal-t and. eo*esponð!.ng helghts sf the

lndicator fluld.



TÁBLE J(IV

DlLA[OmlEn BEADTNGS FOn L128O4920

Helght of, 0ap111ary
centlne tre s

Tenperature
oc

6L.78

87.93

54.5?

õ2.93

49.23

46.88

42.æ

õ8.5õ

õ4.8L

õL.44

2,8.28

24.92

21.õO

L8.1.6

t 4.09

9.40

5.5ã

õ.23

1.19

0.¿g

* O.5

- L.1

- 2.6

* õ.O

- 4.O

- õ.0

- 6.0

_ ?.o

- 8.0

- g.o

-Lo.o

-1.1.0

-1.2.o

-15.O

-14.1

-15.L
-L6c õ

-L?. o

-17.6

-17.9
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Flgure 5 represents the pl-ot of these results. The stralght
llne lnd.lcates that a transltlon fron the nonohydrate to a
hlgher hydrate dl,se s not ooeuro

It wae thought that the transitlon nlght ta.ke place lf
more time túas allolre d. for lt to occuf. .Accorôlngly the bulb
of the d.ilatometer was Lneersod- ln a large nlxture of tee a¡¡dl

sod.ium chloriðe, and the aontalnlng d.ewar flash was very we.L1

lnsul-ateiL. Gathotoneter reaellng s were Roted until. s eonstar¡t

read.lng was -obta.lne d!. thls reacllng was¡ of oourse, the voLune

of the nolste!¡ed. llth1ua s ulphate at the eutectio tenperêturo
of lce and. sodlun chlorlde. fhe tenperature ¡sas notedl" The

entl¡re as se'nblage vas thoû allowed. to etand. for tweaty four
hours, at whlch tJ.ne, the tenperature anô he lght of the inôl-
cator fLulcl were agaln reoord.edl. Table XV glvee the va.luog

that ïrere obtalnett.

TABLE XV

ÐIIATO}ûIÍER AEADI$GS FOR tl gO H O2 42

Ëelght of 0ap11Lary
aentlne treg

tenpe:rature
ec

July õ

Júl-y 4

0aee agaln,

trånsl tlon.

4ð. L]-

44.OO

tho evlilenee polnts to

-eLO

-20.0
the non-sccugenee of a
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A.,n attempt was natle to eeo lf one couLdl d.eteet, upon

coo1Lng, any vlslble change 1n the orystal strueture andl

!Íater oontent of a nolstened sanple of llthlun Êulphate noBo-

hyêrate. Aeoord.lngLy, sanples wene sealed 1n glass eontalnerê

and. coole¿l ln lce - socllum chlorltle Blxtures. Thoee samples

were exanlnetl after pertoals of llrüerslor¡ ranglng fron twenty

four to seventy two houre. No vietbLe change ln elther the

erystal structure or the Ìrater oontent oouLd be deteotedl.

The Zero Degree fsotherm, L1¿gO4 - 
,(NIl4)2904 

- HZO

The lsothernaL solubll-lty aurve of the euLphatee of
1lthlun andl annonla ln rrater uas dleternlneð by saturatlng the

soLutlons by stlË1ng ln contaot wlth so1ltl phase ln tubes

suspended ln a keroseRe thoraostat.. fhe stlrrlng tlne was

nevor l"ees than twenty four hourg. The oonposltlon sf the

equll.lbriun soLld phase ffas tl€ternlnetl thro ugh the eaploynent

of Sohrelnema.kerr s methodi of I wet ¡eslalues I .

fhe thernostat was reguLateê by neane of a nercu:ry

therno-rogulator ulth a preclêlon of ! .06 clegrees. A Be olnann

therraoneter, whl ch hað been prevlousliy set ln neltlng lce, was

esetl to lncllcate any posslble tenperature va¡latton. fhe

keroeone thernostat eoaslsteil of a Large glass cyliscter fl11edt

t¡lth keroeene. fhls eyLlntter !Ías plaeÊiÌ ln an outer tank nhlctr
¡úas also ftLled rslth kerosene. Coollng was supplledl by a
coollng col1 placeê 1n the outer bath. fhls eoollng eol1 ¡'¡ag

was attaehed. to a refrlgeratlng untt, the refrigerant belng
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nethyl ohloråcle. Fleatlng was stpplledl by a õO r+att 1Lght

bulb ¡¿hl oh was partlalLy lnnerseil ln the lnner bath. The

bulb, the thêrßo-reguLator:, and tho refrlge"atof,¡ wef,ê coa-

troLlecl thro ugh uae of a st ai¡dlard. Ánerlaan Instrunent Conpany

tlouble tube, êouble throw, elght polnt sontrol. Thlc oontroL

utlflzed. super seneltive nercr:ry relays.
ga.nple s of the eoLutlone, after eufflelênt stlrrlng ln

oontaat ¡rlth the solld phase to ensure that equlllbrlrrn hadt

been establishe<l, were d.ra¡qn off by suotlon lnto a welgheél

reeelver. For thls pur?o6€, flne frltted-glase f11ter stleks
we!'ê rtsêil¡ lhls equlllbrluE llquld phase was drawn away fron
the solld as conpletely as posslbLe ¡r¡ltho ut the rlsk of appre-

clabLe dlehydratlon due to the passage of alr thro ugh the sol-lê

masg. A sarop3.e of tbe nolst resld.ue ¡ras renoveô antl welghedt

ln a gJ.ass stoppe"ecl bottle. - þproxlnately two grån eäslpl"sÉr

of, both ilquld. anet solld. phaees tûere taken. Both the tlqutd
anal nolst sol1tl sen¡rlea rrere ôiseo].veê ln water to yte3-d ÊõO

nlLl-ll1tres of soLutlon. Separate allquot portlons of these

solutlone were anaLyzedl for totaL sulphate oontent andl a.nnonia

content ln the lra¡¡ner prevlousLy tlleeussetl. F¡ro¡a the welght

of barlun sulphate obtalned and the nunbe:r of ¡nlllll"ltree of,

standlerð acldl requlreil to tltrate the a.¡¡nonlum borate, tbe

11thlun suLphate anð. anmonl un sulphate eontent were caleulatoél.

3he resuLts expressett 1n term6 of nelght poroent åre representetl

1n Table' )fi/I, The eorre sponÉllng 1so therrûdL phase d.lagran 1e
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glven 1n Flgure 4, the entl sf each tle 11ne 1n eaoh oase

lndlcatlng the conpoeltlon of the pure equlLlbrlun solla
phase.

fÁBia xvl
ISoTEERM !'On 0.1oe (jo.oso)

So l-utlon þlet Beelttue lilatr¡re of, the

fr(Nnu) rso¿Ll¿su øßE4l z*ituzso4 souê Fhese

'L. o.o 26.5 - Llzgo4Ezo

2. 6.4 ?,6.4 2.3 64.4 $

õ. 6.2 26,2 I.O ?g.g í

4, 9.7 34.4 14"1. ã1.0 LiASO4IteO ard
tit'IË49o4

5. 9.8 24.8 25.3 55.? n

6. 14. 1 20.9 õ8.o õ6.1 L1NB4SO4

?. 18.4 L?.t õ8. I õ5.9

8. 18.5 L?.õ 40.o g4.c ß

9. 20.6 16.g 4016 34.4 $

10. 24.8 13,8 4L.6 82.2 n

LL. õ6.1 8.4 ?9.6 2.6 L1$HU3OU and.

(NE4) 
zso4

!2. ã6.2 g. 1 g2.1 4.1 í

1õ. 3?.'t 5.õ 84.5 2.L (Nir4) 
2so4

aA. 98.7 5.5 e2,.4 t.4 I

15. 4t.g o.0 il
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?he ?1.9 .ÐeErçp lgothern_

The lsothe¡.nal eolubtLlty cü.ve r¡ae dleternlneil by

saturatlng the sslutloas by stlrrlng ln oontaet wlth sol.1ð

phase 1n tubes suspentleð ln an aqueous bath. The proeeäure

fol-lowoå, r¡as sinllsr to t!¡at a&opteè ln the lnvestlgatton
of the zero d.egree lsother.n ¡¡tth t¡¡o alnor change e. The outer
bath anð the ooollng oo11 were renoved whlle a heatlng ool3_

was eubstltutedl for the 1lght bu3.b. tha thernostat ¡qas heavily
lnsuLatecl antl a coatlng of o13. was p3.aoeel upon the aqueous

layer to nlnlnlze evaporetlon

fbe neroury therno-regulator r'ra6 agaln enployetl to

regulate tbe thernoetat¡ but the preclslon that eouLcl be

attalned ln thle ease, when checbed, wlth a Be obnann ther-
nomê tez', Þ¡aê not better than I O.1 <tegreee. Ehe solutiong 1n

t.he suspentledl tubee were agltlited., 1n contact ulth the respeo-

tlve soLltl phases, for a ¡al Rlnun perloð of twelve ho r¡¡s before

sêapLeÊ were ulthdraïrn, undler suctlon, by means of tbe frlttedl
glass fll"ter etlcks. The p:rocedure followed fron thls polnt
on was exaatly Êlnj.].ar to that enployedL ln the detertsinatLon

of the zero ilegree Lsotherr. The results, expreseeil ln welght
percent, a-re oonplled. Ln Table I(VII, whlle the eorre sponèlÊg

phaee dlagran 1s glven ln Flgure 5.
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TABLÉ XWI

ISOT'¡ERM F.R ?L.Bo (1o.loo)

$o1r¡tloa

ß$snu\ ,sa;øtraso4

Wet Resltlue Satu"e of the

ñßH4l zsai¿H¿son Bot-rril P]¡ase

1. 0.o

2" 2"4

õ. 5.6

4. l-e.l

5. .20.L

6. ?,ø.4

7. 26.6

g. 32.L

9. 44.9

10. 45.L

11. 41.9

LITSOUH'O and

LlNfr SO44
L1¡1H4S04

n

It

fl

LINEUSO* ani!.

($H4) 
2so4

(Nl¡4)âso4

ü

î4.2
23"6

26.L

21.9

L?.1

L?;2

L4.2

10.5

6.2

EÃ

o.o

!.2
2.L

8.5

48.2

4?.4

44.9

46.8

66.2

?6.8

oo. o

62.5

59.6

40.o

ôã.2

õ5.O

õ5.4

t9"õ

LtsoHo2 +2
B

2e?
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The Ternarr .Euteqtlgq

It i.s well known, that l-n a ternary system eonsistlng

of tr,'ro salts and. an aqueous lLquld phase¡ there w111 be two

ternary eutectl-e polnts when the two salts eorobine to form a

eompowrd. l++\ " These ternary eutectle points represent an in-
varlant systern: tfrree solld. pha-ses oÊ.n exj-st ln equlllbrlu¡n
t¡lth a ternary solutlon¡ only when the latter has one fixed.

eonposltloa and- rn¡hen the temperature has a d.efinlte value.

The three solld. phases ln equlllbrlr¡m r,¡lth the ternary

solutLon ln the system und.er examlnatlon were (tUHn) 
ZSA+o

L1NH4S04, 1ee, and for the other euteetie polnt ,r*UOnrr},
LiNIf4S04u lee" The d.etermlnatlon of these tt¡o euteetle tes¡-

peratures, the l-owest temperatures attalnable with the parti"-

cular three eolld- phasese r¡as deslred" The two euteetle

eomposltlone r'üere also to be determlneiL, as wel-l as an out-
llne of the shape of the three eutectLc. curves.

Thermal ana.Iyste was employed. to supply thle lnforma*

tlon" ffire proced.ure followed nas símila"¡: to that eruployed

Ln the d.etermlnatlon of the tenperatu-res and eomposltlons of
the two bLnary eutectle po3-nts. Tl'¡o alr Jaekete were usei!. Ln

all.eases to lessen the rate of cooLing* DLfferences of tem-

perature 
.Ì¡rere agaln reeord-ed. through the use of the caltbrated.

lron*constante,n thermoeouple, meltLng lee servång as the

hot Junetlon" The salt måxture was agåtated. at alt tlnes by

a motor clrXven stlryer.
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Lirsoo
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The lnlt1al eomposftlon of the solutåsn was deterr¡iåned

by weighlng eaeln salt and the a¡oount of v¡ater neeeseary to
d.Lssolve thLs ea"lt rclxture, KnowS.ng the lnj"tåal Go¡nposltlon,

oRÇ I¡ras able to d.etermlne t\te shape of the eutectlc survesê

The eoropositLon of the final equlllbrlum solutlon was d.eter*

mlneå by wlthÕrawlngo witb gentle suetlon, samples of thj.s
solutlon and. analyøLng, as before. The fritted. glass fllter
strcks were used. for thts plrrposeo Theoreticallyu if one

eomgrenced. wlth any lnltial solutton containlng the three
soaponents one should., by contrnued. eoollng, obtai.n a final
solutlon coruespond-lng to one or other of the eutectte eomposl*

tlons" rt was found.u ln actual practtoeu that one had. to
have lni.tlal solutionø having a eornposltlon ratJrer ct.ose to
the ternery eutectle eolutLon conpositlon to obtatn a final
solutlon cCIrrespond.lng to the eutectle conpostr-tLCIn" Thre

po3-nt ls, of coutrse, read.lly und.erstandaþleu The three
i-nterned.iate polnts r'iere obtalned by coollng an aürueous

solutLon of the prevlously prepared d.c'ubLe salt. Tab]-e xvTII
oomplles the values obtalrred, whj.le Figure 6 lnd.løates the
general shape of the three euteetle curves. These curveg

represent unlvarl"ant systems 1 a.fr a gLven temperature two

solld. phases can exlst ln equ.lltbrlu¡n with a ternary solutlonu
only "w-hen the l,atter .tras a d.eflntte eoloposttl"onn

From an exarainatLon of the taþLe and. the å.ceompanylng

å*rære&ffi\t
G\-'è
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flgure, oae notee the following eutectlo tenBeraturee anè

conpo sltlonso

-2?oC ¡,Éth õöø lNW4) 2Ðn ana Lofi H¿S*

-coàc },Étn 10ø (NH4)pson aad z'\fr Hzffi+
Eb,e solldt phases th¿t eeparatodl out at -}?eC a¡E annonlun

sulphate, tlouble salt, loe whLLe at -õOc they are the nono-

hyðaate of Llthlum sulphate, iloublo saLt anct !,oe.

T^ABJ,E TIWII

TIIE TERNANT EINEOfTC CT'RVSS

Temperaturo Flnnn\ rsou lltt go'24

-19.5

-22.5

-2?.ø
*26.9

-26.o

-23.O

-õ0.o

-24.O

-26.O

õ9.2

õ?rO

38.2

23.3

20''4

18.õ

1.o.6

6.O

o.o

o.o

5.1

10.5*

16"2

1g.g

?ß"9

27.4*

26.9

27.9

nThese tleternlnatlons represent ihe two eutectlo temSreratures

anil oonposltlone. llhe y are nean valueg.
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ÐISCUSSI0¡Í Ot' ÊESt LTg

The Blna¡y Euteetlc. Annonlun SuLpbate - lfater
fbe value fsr the eutectlc temperature and the euteotie

eomposltlon obtalned. by the present lnvestlgator, ågreea rre1l,

wlthin the Ltnltg of ex¡rerlmental Êrror, ulth ttro ee lieteti. ln
the llterature as lndleateê in fabj.e VII. fhe euteotlo tempera-

ture obtalneal ¡ras -19.5t0, ¡¡hil_e the euteotlo conposltlon was

ö9.2fr ammonl r.¡m sulphate.

The Blga¡y Suteetlo. Llthlqlq Sui-.phate - Vater

A tleflnlte ohe ak for the euteetlc tenperature andl ooEF

posltlon for thls systen as :.isted by Canpbe3.1 (L) was not
obtalneil. One of the coollng ourves exhlbl.ted. a ohangç tn
slope at a tenperature oî -23.. A sample wt thdtra$n at t*¡1s

tenperature analyzeð. 26.V6 Afiinlrxa eulph.ate. Bhls val_ue ls
1n :rongh agreenent wlth Garapbèl1re value oî E?.gf,. The above

coollng curve dltå. not, however, exhibft a deft.nlte haLt aßd

thüs thls flgwe ls, at the beat, t¡nce:rtaln. later evldlence,

ae ileplcted 1n Tabl-e XVIII and Flgure 6, tends to substan-
tlate Canpbellr s resuLts, ÌIpon exanlnatlon of the rlgbt hanå

eutestlc curve lR Flgure 6, one notes the smooth curve obtaiaedl
when Canpbel1r s values are lncLuêeti. fhe tlepresslon of Lo of,

the blna:ry eutectlo temperature rrpon the addltlon of, 6Ø aiu¡on-
lum s ulphate seenÊ feas1b1e. In the 1lght of these tÌ¡o pleees

of evlêenoe, the present lnvesti.gator coaeurs r,rtth Canpbellr s

valuee of, -2õ.Oo for the euteotlo tenperature and. 27.gÍ6 anhydro us
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l-lthi un sulphate fon tbe euteetlc oonposltloa.

LLt¡!¡e_gtltphale,

Íhe dllatonetr!.o experlnents aarrled[ out la th€
present research, all iatlloate that the hlgheet hyd.rate of
l1tbiuß suþhate that exlsts at low teßperatureg Ls the nono-

hydFate. fhle le ln d.leagreenent wl th Frlend.r s (4) eonten-

tlon andl subst¿ntlates Canpbelll s (f) researoh. Vlslble
evlaloaoe a].so lndloated the noa-êxlsteÞoe of a tra¡rsltlon
fron the nono to a hlgher hyilrate. Mor€ svLcienoe ln support

of the v1e¡s tlrat a traitsltlon d.oee not oocur, wa.s oþtalnedl.

froe the zero and hlgben tleg¡ree lsotherns. The equl ltbrl un

solltl phase ¡yae at all ttnes the nonohydrate. Thls 1_ast pteee

of evld.enee, of eou?se, has nerely i .sp"oved. the poeslblllty
of a transltlon oecurrlng at tenperatures above z€ro ilegreea,

but when one lnslud.es aII the evld.enee obtalned. la the present

lnvestlgatLon together nlth GampbeLlr s (I) results, t?re possl-.

bi.Uty of a transltlon to a htgher hydrate ts vlrtually
exslud.et[.

The Zero Degree Isothern, Ut"U% - (nrn)rSOn - n O

Íhe resuLts obtalne dl for t!¡1s isotbern ladleate very
goodl agreenent !r1th Schrelnenaleret resultg fo:r the õ0o feo-
thera ânô wltb Splelrelnr s Llnltedl results fo:r the 20å lsothern.
The double salt ls stll-t clulte stable wlth no lnt[oatton of a

tlo¡rnwarês transltloa. All attempts to estaþllsh the exletenee
of other t¡nkno¡sn åouble salts by varylng the lnitlsL anounts



46

of thê stnpl-e saLts used for the equl llbr5.un Éeasurenents,

fallect. A¡r examlnatlon of the equlJ.ibrlun sotlci phases showe

no evltlence of såy hlgher hydnate sf llthlun sul.phate than

the monohydrate" The phase tllagram, ln aêd.ltlon, l_ndJ.categ

that the equlllbrlun so1lcL ¡lhase ls the llthlun sulphate
nonohyclrate rather tþan the anhyêro us salto As prevlously
polnted. out, houever, a very Éûs,J.l_ enalytlcaL error eouldl

ooncelvabLy resuLt ln an laeorrêct lnterpretatlon of the
equl llbrturn soL1il. phase,. If eoL.1cl. solutlon d.oes occur, the
present t.eêearch proves that the extent to whl eh lt oocì¡rrs
1s very ilnltecl.

The ?1.8 Deerce.-Lsothern

The reguLts fo¡ this leothern agaln coryospond. closely
to those for the 5Oò lsothern of Schrelnemakers. The agre e-
r¿ent ls not so eLoså wtth Ml1e. Splelreints results for the 5?

åntl 97 tlegree lsotherns, but, as prevlousl_y. nentíoneil, the

accuraoy of thls lnvestlgator¡ e results Ls sonewhat cioubtful.
An exanlnatlon of Flgofe 5 polnte to the stabl11ty of the
d.o ubLe saLt at thls tenperstu¡e and. the non exletenee of aa

upper transltlor¡. Once agaÍa the exlstence of other unknown

d.ouble salts 1s exeluclecl. It wo ulð e.lso lncU.cate, as 1n the
zero d.egreo lsother.n, that lf solld. solutlon d.oes occur, the
e:rtent of thls solld solution ls very llnltedl.

Íhe lernary Euteot4oe.

Tb.e t¡ro e¡¡tectlc tenperatures and conposltloas have
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been ôete¡¡alneil fron thernal phenomena obtatnetl fron the
systen of two phases shen a thlrd phase åppears. the values
as ltsted ln Íab1e XVIII are nean values.

lhe three euteotlc curv€s l,¡ere obtalneel through the
use of ooollng ourve ¡¡easuremente. fwo of the curves are

üottedL because d.tffieulty Ì¡fas eneo¡¡Rtered ln anal_yølng the
coo 1lng ctrrves.

F urthe r_Di s c Bs slon

Flguro ? repr'gsents a oonposlte cLlagram that inelu<les

the eoortllnates of all th6 lsotherns stualledt for the systen
Lltblun suLphate - eñÉonlun sulphate - water. Ifhen thl.s
d.lagran ls aontrasted wLth tho slnllsr allagrån for the systen
sod.lum sulphate - amnonl um sulphate - watelr, ao shown by

Da¡uson (õ1), one notee the strarp aontrest in the Llnlte of
stab1L1ty of the respectlve doubLs ealts. nhe dtouble sal_t

I,1NH4SO4 Ls stable over the entlre ten¡rerature range studlerl.
Frsn the exsllnatLon of Flgure 6, 1t 1s extreraely ðlfflcult
to state whether a dlor¡nward or ¡¡pwaral trensltlon le favoreil.
The tiouble salt NarSOn(¡{i¡4)ZSO4r4Itr 0 howeven, ls forned fnon
GLauþerr s eaLt anil ¡rqnonluli sutphate at -160 and. dleeonposas

wlth the formatlon of the anhydlro ue slmple safts at 59.õo.

fhe Llthlu¡n sulphate - a,Íutonlum sulphate - water

systee' dllffers fÍon the sodlfu¡n sül_phate - annonlum sul_phate -
water systen ln that the oonponente of thls latter system

oo¡¡blne to forn two conpound.Ê, nåJûe1y GLaubert e saLt

NarSOnr1oflr0 and the ctouble saLt NargOn(NE4)Zg04r4g O.
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1" The binary euteetic temperature and. compoËitåon for
the system ammonLrr,ri sulplrate * hrater has been eheoked. at -1g,5ê6
and. õ9.Zfr amnontum suLphate*

2. The blnary eutectl"e temperature and. eont'oosltlon for
the systenn ll"thir¡m sulphate * water has been roughLy eheeked.

at -23øC and 2V" llthlu¡a sulphate"

õ' "A transltlon at Low temperature from the monohydrate

of llth1un sulphate to a higher hyörate d-oes !.ot exlst.
4" The 0"1o lsotherm for the systen llthlum sr¿Lphate *
am¡nonj-um sulphate * water has been futly investlgated.,
Ð, The 71'8Þ lsotherm for the system llthturn sulplrate *
a,nnonium sulphate * ruater has been fully lnvestlgated.,
6" The temperature and. eomposltlon of the two ternary
eutectle poj-nts has been d.etermined.u The¡r are respeeti.vely:

1" *2yÐü wlfit 33Ø (NH4) 
Afio+ ane Io% LLzßo4

2u *õoo0 wtt]r. to% (i\T¡1") -so and Z?fr t t s0+2 4 2 &
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