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PHASE STUDLIS O THE HRACTION
HagB On 100 = NapligOn.8ligd + SHg0

Por many yoars an expsrimsnt bas beon ssrried
out in the Advenced fhysleal Chexlabry course of this
school denling with the heat of hydratlon of the deoa
hydrate of boraz. Data was lacking vhereby thormodynanie
ealouiantions could be made. By Imowing the vapor preasure
variation with temperasture of the deoa hydrate, the
neeessary data could bs obtained, Fiadin; bub one value
iz the Inteyrmational Critical Tables for this pressure,

this work was ndertakens.

HISTOHICAL PART

“he diasogiation preasure of hydrates was {iret
resognized as a definite physical phenomenon in the
iabltor pert of the 19ith conbury. Defore 1875 iheo work
done was of 1little value owlng to the wague idons
congorning the nature of the phenomenon. bLobtweon L8756
and 1881 severnl independent invesdtigators satablished
the fundamentnl faot that at o definite tenpbrature a
aixture of two hydrates is negessary to nroduge a definlte

presmure of waber vaper. From this $lse on the work
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developed rapidly. Inveastigators used the vapor pressure
1dea for substantisbing some thermodynanioc laws, fox
hwaddity control, and for the consbtruction of phase
aiagrans,

Horax cogurs rather wldely distributed over ithe
earth in natural wabters, old lske Leds, ote., %The sarly
Greeks snd Fomans wore well acguainted with sone of its
properties and used 1t to the beast of thelir mowlaedje.
in 1829 Payen (1) discovered and proved the composition
of the ponta hydrate or ootahedral Dorax. after this tinwe
comaliderable work was done on determining whether olher
Ihrdrates wore formed or not, A4t the preosont tinme thia
aab ject of the oxiating hydratos of Lorax between the penta
hydrate and the anhydrous aalt 18 only nariially solved,

The methods used In measuring dlisseclation presgsures
may bo divided into three olaases: atatlo, dynade and
indirects "These will be discussed briefly under these

headinge.

STATIC HuTHODLS

The static mothwd wasa, of courss, the {irst used,
The early equipment consisted ocnly of a baromobor tube
into whleh the sample was placed., Yhe depredgsion of iho
oolumn was taten as the dissociation pressure. Debray (2),
Loegooeur (3), vWiedensnn (4) and Pareaun (5) were among the
oarly investigators to use this metizod. %he ehlefl ervor in

these esrly exporinments was that 1o atterpt could be made to



alirdnate adaorbed and occluded alr fruow the s wselnom,
~pmong the aueccessful sattempts to silmiaate this Alffieculty
are rscorded the work of Fpowein (4) who developed the
Proweln Tenslmetor, and modifisailons by audrsas (7)),
sehottiy (8) and Henzies (9). Other methods of atotic
charaster have been developed by Johmaton (10), Dolte
{11), and Frazer and Lovelace (12). ill of theass men
adopted means of Liret Lolling out the eysbten and then
allowing a confining liguild to reach eguilibrium with the
wabter vapor gensrabed by the hydrate systen ou one alde

with a Itown preasure on the other alde.

IAMANIZC TVOD3

“he first dynansie method was a diXfusion method
develeoped by Muweller and brzbash (13). In thds method,
the rute at whioh water esoaped fron two Ldentleald Tlasia,
one of wrdeh eenteined the hydrais, while the olhor coniained
pure water, both being placed in a dossicator, was taen as
inddoating the relatlom Dotwesn tho Ltwe vapor pressuros.

Tarmenn (14) in 1897 introduced the air flow method.
This consiats of passing a known volume of dry alr through
the mixture of the hydrates and welghing thoe waber sbsorbed
by the uir. Yhen

Vapor pressure = gus, of Ha0 absorbed x it?
18 x wvel., of alyp

This method has been brought to a nigh degree of refineucnt
L S

by Baxter and Lansing (13), Highberger (1s), and othors.
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Yhds meotiod has nob beon used on salis whilch are owm
o approach egallibrium slowlye Yhla is a vory slow nelliod.
Johnaton (1%) in 1008 devisod tho isoteniscope mothod.

Vs comalsts of trapeing o llguid in s bald, allowving 4t

to Loll for a tine to roswve puses ond volatile L1aparitles,
and then parmitiing the tomporaturs Lo fall unzil the
pressure o0 cash side of the trapoing 1iqald iz the amwe
“he presgsure read Limedistely glves the vapor pressucge ab
the obaorved tomperature. Uhis nebthod eusily eliminantes
gasps and is rapid. Smith and Jenzles (138), and Darbye
and ¥Yngve (19) have used this method on pwre iigquida with

MIch SVOCOBH

TRLEEET THNLs

Any Indirect method doos oot meagsure the vapor
presaure directly, but brisgs the hydrate sysbtem inte
sguilibriduwn with o substance of mouwn Vvapor prodsurcs Qe
Hmost comgaon Lype is Lo balsnece Lhe gystom in a desicealor
with sulfwrle aeld, DBy varying the consentration of the
sulfuric seid, 1¢s vapor pressure is varied. hen
godilibriwa is obbalned, on anslysis of the aecid will give
W vapor pressare of the syaboun. uolder and srebach, and
Tampaann (14) and others have used this motnod suscessiiily.
Linebargor (20) £irst sugested ob.alning egailibrlum by
ghazing the hydrates with an exgess of o Ligquld in =hieh
they are inseleble, but in whileh water 12 sonewiwt solublo.

e Ye ilsom (81) and loyes and Jeatbrook (22) have used this



mathod alon: with a condustinetris nethod Mi‘v analysias,

THAQNESICAL DIBCUS3I0N

if soue hydrated salits are exposed o tho
abmosphere a fow will seen to orumble mnd detsriorate,
others will remaln apparently unchanged, whille othors
may even form aaturate:’ solutions, The first and lasd
tranaformations are of interest in the prosent rosearci.
In the first case, the sulli loses its water of oryatallie
zation, In doing thias, the losa does not tale plaece all
at once, but gradually. 48 tho tranaformaation proceeda,
either a lower hydrate or the anhydrous salt ias formed.
This causes two hydrates (or one hydrate and the anhydrous
salt) to Le presemt. Cousid ring now the transformation
into the saturated solution, the hydrate iakes on sulficlend
wator to ocause & part of 4t to o inko uolution, Left for
a longer Uiue, the entire mass willl disasolve. Defore this

happona, there are present a sult hydrale sd a saturoled



golution of this hydrsete. These clvwasteristics of
hodrated salts are dapendent pon Uhelyr VA or prossiin .
Wilierd Gibba {23) 4n 1878 gave Lo asclience Lis

development of the Pouse ule, This a3 beon expressed

mathemiicnlly by 40P +2
whiore 2w nuber of phases present

i m depgress of reodo
¢ = mumbor of soapononte
In the 1ight of this equabtion, leb us emunine the first
gysten of hydrated salts Just deseribed. The phases prosond
emalist of the teo hydrates and the vapeor, nalting JSe “he
goaponents are the anhydrous sait and wator, malting 2.
Substitating these valunes into the above sguation we oblalin
on solving for P Pael+2-=3
¥ aul

This means there 1a only one independent vardable, I e
temperature is varied arvitrarily, sll other veariables,
prassure, oto., will vary dependently. %Shuas the wapor
preasure of a hydrate systen 1s a Dunetion of the tamporature.

Yhe use of lsothermal Aehydration is a vory effectlve
o0l in satablishing which hydrates are in ogullibrlum. hen
a hydrate is dehydrated ever so aslilghntly, the eguilibrium is
aestablighed eeause o seonmd a0lld phane Lo at onge forrmwd,
48 long as bthoss two phases are preasnt and the tenparature
rosaing constant, the ressure wlilil rvemaln constant, I we
plot the amount of watex lost from a kRoown welht of a

hydrate as the abssissa and he prossure as tho ordinate, we
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shouldd et & sorifes of hadzestel lloes shovlng conabtant
pressure sepsrated by a sevies of vertleal linesa, cach
presaurs iing being lower than 1ts predogessor, The drope
mean that the last trace of e hdghor hydrate has dis-
appsared and that a new sysien has beon formed, Hy nowing
the smount and whieh hiydrate ie present at thie start, it
is slaple to caleuwlate the existing hydrates of any sall.

Consider now the derivaiion of the Van't Hoff
isoshor eguation upon whileh some very interesting caleoula~-
tions depend (24), Il hine buen shown that

43 = AL + pav (1)

By differventiating this egquation with respeet to volume at

eonstant temperature we obialn for any isothermal process

=703, -57).. @

i we Giflerentiate again with respeot o Lepoersture

esping the volwme constant, we oblain
b s\ = Y 2 -
C\'o/) - 7‘(~_--—-() ° )+ (‘li _[2TEN (s
2}7—‘1/‘ buc)?‘ a’/']— avé)r
Now, sinoe S$he volume ia econasbtund

wixiehh on rearraydng gives

o PR e {5)
A7l 5=
Py adfrerontiating {(38) wisth reepect to voluns we obiain
*S !
Pe V() . A oV /-

It onn be aghovm alasg Lhat
- (7)
c &

Karle S
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whioly on difforentlaling with respeot o U and V glves

Die L [2e ‘
A L [3e ; (e)

In respoct to the rrocoss of vaporization, the preasure p
is indepondent of the voluws. Alase, we nmay replace the
infiniioalnal %%Zr by the expression o2 whieh refers to
one mol of the substance in question. lence, Tor the
vaporizabtion of any substance we Linve the rolation
de | os (10)
d7~ - aov
Sinoe the proosss is roversible
L M .
oS 2T (11)
dubstitubling 11 in 10 we @@h;ﬁﬁ? N {12}
but AVER A (13)

The molal volwae of a gas 18 very larges in conparlaon to
the molal volume of ite liguid, and therefore  nmey bhe
disregurded without sausing any apprecianble error.
squation {12) now beoones .
‘-;(,4?— = fﬁé (14)
ut v = 0T {30)
v = ®/p (18)



Y

Jinee for preasures of less thuan onod ataoaphere (the
pressures in this researeh were around 1/7 th of an
sbacaphere and less) practically all gauses obey Boyles®
Law qulte closely, oquation (10) nmay be substituted in
equation (14) for Vg without destroying the validisy of

the eguatlion. e obtaln

oA L AHp :
;i;% S {37}

If now we oun debermine the varistion of the vapor
rragaare with temperature, wo huve an equation by moans
sf which we osn caleulate O over a range of temperatil o.

Solving equation {17) for & H we obtain

{18)

“he term aetivity has beeon defined by Lowis and
“andall a9
F, w BT In ay + 0y {19)
Pros thls we can obtain the chonge of free eneryy in joing
Prory o Btato where 4 has an z2etivity of o o a atate wheode
A has an activity of ! by the sguation
AF, mAT In a'/a (23)
Conalder any resotion
i + Wl m el + B (21)
in whieh 51l substanges are in & atabe much Uhat thelr

agtivity is a. Thon
Py = R? 1In a, (28)

Fpys = BV 1n ap (23)
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and a9 forthe Then

? ot o ] ’ﬁ
Aéa = 1% dn 4y “«5@’

afl By
Connsider ithe pane reaction ocourring in a astabe suoh
that all substaneces have an activity of a « “hen,

similerd
RHArsy LFgt = RE In nga;f

a® ap (25)

The change in free onergy for the reacbtlion Laliing plece

a8t Hwo Sifferent asotivities »1li then be

Ly molg! moF miT Inafofl

ot o2

YHow 40 we consider the reaction as ecarried out In thwe

firat stage with an asetiviiy of a ag thw rsforence soint,
or, as we ssy all substanges sre in thelr standard state,
sholy activitiesn will be anity and eguaiblon (206) will

heoo:e ,
OF m BT In a® ﬁ‘g‘i

o

Let us now look at a conerete exaaplie, Lo reastion

{a7)

involved in this ressurch, It ia
la,b 400 10M0(5) = HaghyOp.Sig0(e) + SHpo(g) (20)
In this eguation the two hydrates are solids and are
therefore in thelir standard etates, thelr aotivities boling
unity. Por this reaction, egquation (27) will reduse to
AP =m - 0% In aﬁﬁg {29)
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AR AND APPAUANTTS

dor the work at hand we desired a range of
tamperature of from 26%C to aveout 80%C, Previous
work by ipuberger (iC),earrisd out in t:is isboratory,
had denmonstrated that the alr flow method was not
satisfactory for temperatures of 507C and a.ove, Thereiore,
anothor method had to be oblained. & mwet od that was
rapld, allowed for the elinmination of absorbed aly, and

ane SJiving pressure roadings good to at least one tenth

of a nillimater over the range was desirocd., After asaraoh
ing the literaturs the lsotenlseope metiod used by dnlin
ang Honsies (18) seened to 4t owr purpose., The meihod

ap garried out by these men involved a oonstant pressure
and & variable temperaiture. It was considored betier oy
thia problem o malntein a constant temperabure and oporate
by varying the presesure, S1th this i view the apparabus
wagd set vp as s own diasgramatieslly in e acuonpanying
shoteh = "ige 1o “he glass parts of thoe apparatus were
made of pyrex. IDulbs F and O were sbout 20 2. in dia,
Into & was sealed e espillary tubs of Y . Doro. Hefore
sgaling this in, a 1line was etohed arsund 1€ noar the
middlee Bulb H was used as o trap te svevent the condining
1iguid in ¢ frox being dravn back into the sawle, wdiash
was econsSalned in buldb I, Hald P served aa a Lrap Lo

nrevent condensed water vapor fron flouing bLnrek inte hoe
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other was eomscled huoush a variable rhwostad direotly
to the power line. {his latier one was usoed as a conbtinuous
heater keeplng the tenmporature o few dogroes below the
desired point. The bath tomperatwe was road by meuns of
& gallbrated D junction tharmoecouple, made fron Uriver !lards
Mo, 84 cobtion covered wire labeled Id-al and Coarpt, The
potentisl was read on & Lweds and Northrap studont double
range potentlometer.s For higher temperasures than aboul
50°¢ the bath was covered wiih a layer of melied puaraffin
Lo deerease tho hest losses by evaporation.

Whe metiod used in making the delfemainations was
as fellows: Into bulb ¢ was plsced dibuiyl phihaelateo antll
whe eaplllary rise colneided ,am the etohed idne on thoe
eapiliary. +his method of £Lliing insured abtmosphorie
pregoure both sa the caplilery and on tho body of the Llguld
wideh insared pressure equilibriws when ths 1igoid was laber
adjusted to this aame wmark, Dibutyl shithaleate was oliosen
a8 & oomfining ilguid boonuss of 1ts low apoeific gravivy
{about 1.01) and Lecause of 118 vary 1low vADOr Drassuc.
4t roun Lenperature 1ts vapor measure is legs then et of
meroury. Ilts rate of ineresse isg a little wr-e than hab
of moroury. 4he sxtenslon tube was ther gealed off. “hwe
bualb way then immersed in waler, =ith provielon for all
surfases of the Hthmlade o Do at ainwapheric prossure,
at %% o “he ieomperature was them raised to the bolling
point of wader, ‘he moniscus was observed with a eanthelouotey

to find out if any change oecurred in the relutlion of the



@ 15 -

rmenigcus Lo tho ctehed Lline on the eaplllarvy on chnng

of Samperaturs, Yhe construstion of the apparatus was

anoh thal the nondiscus always coineided with ihe ebehed
line over tie Loaperature rangs esployed. dHome deca and
ponte hydrates of Lorax (it was lsnbey found that the pents
was not needed) were ground Logether and placed 4 bulh I
whiclh: was then sealed in place, ' 1ith the bath Lesperature
adjusied and the bulbs in thormal eguilibriwg with the

bath, the entire systom was evacuated untdl, «iih the pump
furned of £, & eoniinous strean of bublles flowed oul of

tho oapillery 4n G. Shis allowed all of the aly to Le
waaned oub of bulbe I and I, After gome Ling < poriwups

anr howr or longer = 0 bolliing out, alyr wag adalbted inbo
the gysten through B,C, ¥ with 0 cloased. I too mush air
wias adaitted, O was opened and a 11ttle drawn oub, J having
beon oravioasly ocosplotely evaguated. In whils rnwnner the
pregesure in ¥ was adjusted so that the height of the liguid
in the caplllary of O agaln colnglded with the etehod line.
After boelin: sure that I wag at thoermal and gsregsure egullie
beixa - determdned by whether there was any movemont ol the
meniseus In the capillary on standlng some tlae - the arasowre
in I, whieh was the wapor pressure of the hydrate syslen, wus
equal o the manomotric pressure, Iy reading both the nang=
mebter and the barometer at the same tine on the samw acale,
all correctlions exeent texmperaniure woreo olirminatesd as
neglizible, and the differance betweon the two gave the

vaiue ol the vapor ;ressurod.
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MATHITALS VGRE

The borax ased wvas the Tlneat sodium tedSraborate
desnivrdrate cbisinable fron nllinclkrodt Cheuleanl CUopany.
This was farther purified by reoryatoliization Lrom walter
at 330%3. Phe ponta hydreate was prepared by recrystalilzation
of the sane atotk material at the temperature of bolliing
of its saburated solutiomn, HBDoith wers mmalyzed by fusion
in o platiman oruelible and found o beo the pure hydraltos.
Yhey were sbored in well stoppered botiles Lros wileh they
worg aken and ground as needed.

The dlbutyl phihalate used as a gonfining iliguid
was obtalned from the castman Zodak Copany and used as
roseived. It had a boiling point range of from 203°% to
200% ab 20 ma. presauwre.

The sereury used in the aanometer and Daromeber was
washed o times tiwough a solution of INidg « HJi0gz. Uhis
waghed nmaterial was then distilied in a current of aiy
agcordling to fulett and dnehin (28). Mo dlstililed product
wag filitored throusgh a pin hele directly into the desired
tube,
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5 oDala

In »seder thabt Lhe beaperatare of the bath counld
o accuvately read, the thermoooupls had to be galibwraled,
The most sensitive nethod of arlibration is one in wideh
& vory lorge change in e properiy oocours for a very sanll
change of towerature, he varlalion of e yrolerty with
Teoaprature saat be known o a high dogree of precision,
Lt wan devided that the vapor pressuye of pure unber was
tha noat soensitive propority avallable for our uss, U2
veriation of thie proporty of waber wilh teuwpsraiure s
een vopry carefully worked out. It gave the degres of
sensitivity desired for the csilbratlon of ihe thormogounic.
Jhis owns done LY pleeing twics distillad walter In the buib
of the feoteniseope, ihe Lhevongouple - unge juxwilions
boing frmersed in dibutyl phibalate - was 3lasced direelly
beside the buldb beln: used, The vanoy presswe wag road
a8 dosaribed previously, and the poiontliomeber was rond,
411 rendings were ghoeked on esslh bulb, The pressure readings
enuld be ehsenod 0 I 0408 rr., wid the potensioneter resdings
coald bo chockes GO £ Dl00F weVe olailar dats was then
obiaioed on the obbheor Lulb, It was observed Lhnt the
heraswter In Lo babh bad ¢ variation of 3 Q.ﬁr@gﬁ. WX W
of tiils variation wes probably due Lo drufts on the lovy; sten
of the theraommwier, oJlnce the swaple was encased in jlansg

and no% stirred, snd sines on atanding wunder continual
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observation at equilibrium the rmenlacus in the appsratus
did not s-ow change, 1t was consldered that theé thernonsslor
varlation did not sheow the warlation in the saple, and
that the saple d4ld no? vary In tenporature neaeprly as nuehy
bab wag at the wmwan seunperature of the bath. This condition
should be true for the thermogsouple Loo. Vo find whwab
variation there was in the thoernoeouple, the stondard celil
was eheekod upon and a roading of the tharwoesouplie was nade
avery threo ninuteas over & period of an houre nls was done
st all points in the ealibratisne. sash of the readings Las
in iy the poasibilisy of error in the actual Seperabure

of the hall: and nlseo ervor in sebiling the instruwmente A

Syplond example of these readings ls Avwen in sbie I,
b

Tabie I

Tariation in babth temperabure ab 66,89

31isvolts Doviation Irom ileV e Degvliation from
dean 080
12.879 - Q000 424 B8 +e 0017
R o i3i34 - 0003 12,866 4o OOL7
434 03804 - o D005 12,860 @.ﬁﬂ%‘?
13,0580 *;%@1‘? iﬁ.ﬁm
1248304 l"" I
124008 12,804
12865 1224802
12,808 ;g,%

12.883

“he average of the deoviablons i3 3 Q001

gan be read mm the polantiawtbaer.

wivial 48 logs than

~8 ntated balore, Wia
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ingtrunent conld be read o ht 0002 for certainty. In

view of this, then, 1% is quite snfe to say the

variation of the bath fa & f).ﬁloc}. Having now 2 sressuwroes
and 8 millivolit readings on sach balb, the presuwes weso
sorrgatad to mereury atb 0%, “he 4 roadings were then
averaged, as wore the polentlomeler readings. Uy use of the
vapoar vrogsures tablies for eater in the inlernmilonal
Criticeal Yahles the teperature corresponding to the
averaged pregssmre wns obtained, Uhis was done for badh

@~..‘ L35 y i "
torparatures betwean 25 ¢ and 86%. those va.ues gave

Calibration data ls given Iin Table 2.

Uable £

Lalitration of (wrasoouple

shoruogouple rceadin;s
a0l d3ivnits

24,90 4a552 mv,
f&.m b.“%ﬁé&
5554 10075
86,59 12,377

;-
Q

Lenperaturs 1o

Begsnsn of the size of paner roguired fo orapgh thils dalta
with “ho samo preelision aw e readings, it was thought
adviasble to nss an eqirtion instouads The duta was thon
uped 1 obtaining the following eguniion:

290 m 1,065 + D.S10V = 0,00WE  (54)
The thorpnocouple wan thon tesbted for hysteorosias wnd none

waa found,
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Having now calibrated the teaperabure nwusuring
oquipment, the bulbs of the Lisolondscope woere gharged
with o adxture of the ground dega snd pente hydrates of
Faghiglr. in obtaining &hils data the sane procedure wos
followed: the balb was boiled oub and aliowed to cone
L0 thermal end pressure eg:ilibriuws, len two suocossive
readings cheeked on the smme bulb to 2 0,08 ma. and the
potentiomater readings checlked to ¥ 0,002 mv. the socond
bulb was uvsed and cheoked in the sane nanner. Averaglng
the four corrscted pressures {(correessd to meroury at 0%)
and the four millivolt readings, the tenmperature was
obiained Ly equation (34). The data for this hvdrate

aysben s glven in Table 3.

Yable 3

Pel Variation of ithe !lydrate System

Cempeceture in O° rossure in e of
g et 0%,

20.076° 20.00 ma.
464000 61476
59,523 153,68

B

Pop o benefit of fubture cdaleulstions U:is dabs uwsa pulb
into an egquation whileh took the Loy of

D = = 43.503 + 4,264458 - 0,120000t" + 0,00100274t° (35)
where t 1a €9 ang P 48 m1me of Iz ab 0%. i ¢data 18
plotted dn Fige 8. 7o work by De 2. Tighibarger (loce.cit.)

by the air flow aweihoad and the sarly worik in dils $hosis
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bry the isoteniscope nethod whworelin bHoth cases
TShernmeters were ugsed for measuring houperature were in
agrewaent «1tdn exporinental errors “his laast data,
using a thermosouple, gave a cuwrve alighily higher but
paraliel bo thoe orevious work,

In order to be sare that he deeoa hydralto of
Dorax and the penta Lydrate vwere In egulilibriw: with ensh
other, the apparstas was odified siightly and an
lgotheral dehydratlion of Hogliglw.l0ind wos careled oub.
in plags of one of the swmaple bulbe was plased a round
siags jolnk, one ond of whiieh cgarrvied a auall vottle w igh
eoand Do plased on the balanee snd welghed. 4 wolighed
#a ple of the deos hydrate of borax wag plaged in tndoe
bottle. This was then placed on the lsobteniscope and
bolled out for z considerable tinme. & pressure reading
was bakon In the usaal way afbter eguilibrium had beoen
roaahed and the Lottle tnben off after the pressuwre in
4% had Deoon brought baolk to atosapherie, capped and
wels ed, The tamperature ab wilch tids wans garried outb
was 45,456%, After many sush readings the loss of E:ZQQ
wasd olotted agalinast tho pressure, JSeveral runa of hia
type wore made. inor changes ad Yo be nade in the
apparatus Lo overgome orperdaental diffienwities wdeh
developed. 4L very low prossures the dbautyl shibalsto
invariably mbbled over inbto the saaple bottle causing
the loss of the run. BDosause of the lack ol time, tuis
study was nobt esarried rmel beyond Shae first break in the

wryg. Whe time reguired for the saople o cone Lo
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equilibriam at this very low pressure was esceedingly
longe oinee the preassuare 1s so very low at this rather
high teuperature, it seenms wuhlilely that any hydrate

of Lorax exists elow The ponta hydrate. In other words,
the penta Lydrabte exists in equiliberlium wlth the anhydrous

galbtse ‘he data i3 given in Toeble 4 and is ploited in

Pige Ge
“able 4
Isothernnl Dehydration of HanhOn.10H,0
at 45,480%C, g.@@-ﬁ ww
Grama of Ha0 Prossure in s, of
lost | g at 0%
Cad53 5847
0.408 083.8
Q.4380 HB8
0.400 50.4
0. 008 58.1
0. 201 4.5
? Gl
2 4o

A veory careful congideration of all posalble buoyunoy
corrections led bto the conelusion bhat :ds wolpght
gcorrection was neglisgibleo for this wori.

In previous work LU was observed that 1 the
tempearatare of the pentn - deea hydrabte aystom yose to
above 61%C the saple becamo stleky indienting liquld
formatlons Inowing this 14 waa deelded Yo run the vapor
pregsure ourve of the saturated solullion ol Lhe penin
hydrate. Tids curve ghould inlerssct the ourve for thw
penta - degs hydrate system alt ths transition point of

the systen. “his curve was oblained with tie sam
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technigque snd apparatus sse was used for bthe curve of

the hydrate sysbon, Yo bo usre of the solulion being
suburated, a satwated solaltion was nsde up in a Doaler
ut temperature higher Lhan that ot wideh the »un was
%o be made and allowed o Srystallige 1n the balh at the
highest Lenperalure degired in the vin. This polint wes
deteradned fPipst, Zach sucoessive lower temporatite wos
taken 4in ordere “his inswred tihe 1iguaid bein: at ail
Plawa 41 60 librius with the solld hwdrate and seved
t4me in walting for saturatien to be recched, This daba

is glven in Yable & sand 48 plotlied on Filg. Ra

Tanle B

#=7 Relation of daturabed solution of Fenta
Gydrate of Dorax

_remperature in ¢° ? 4n ran, of Hg at 0%

[t

80,8750 14704 .
85,720 185.49
TQSTNY 27 .81

ThermaoQynanics regulres fhat e salbwabed soliusion
surye of the deeca hydrate mhinll intersest tie saturated
selution cuwrwvwe of the pente at the sanze point alt which Uh
latver cupve intersecis the dlsacchation owrve of Ui poenta
hydrate = degs hydrate systom. To abeek up oun this poini,
she vapeor prossure gurve of the sabturated polution of the
doca hydrate of borax was debdorninsd iu the smme sanne?r as

bofore. This data is given iu ‘gble § and Is plotted on



Table ©

PeT Data of Satureted Jolution of 10
ydrate of Dorax

P in mn. of jz. at 00

28,99 mnm

58.54

64,58
115.96
137.75

By plotting these gurves on ospeolially large papex
all were found to intersect at £0.,3%° ¥ 0,2%. This
i3 the transition point of the deca hLydrate into the
penta hydrate,



CALCULATIONS AYD JIUans

in the theory of thla papoer was derived an

sguation (13) by means of which AN eould be ealoulated,

The equation is ¢k
o1 w TE n? {18)
P

By dirferentiating equation (55) with roapoct So t we

abtalin
dp/at = 4.26445 - 0241798t + a.meazm (50)

Almo, by eqation (58) we gan ealeulate the vapor rossurs
for any desired tomporatuwre. wildh these valuss 12 1s an
ousy matier Lo csloulateo AoH for the resstlon

1/6 Nagid 0n.20050(8) = 1/ lagheOn.Bligo{a) + Iipulg) (a7)
Thia was done, the dabta baling given in “able 7 nnd belng
plotted in Mig. 4. A glanes at this cuwrve showy 1t Lo be
very wmsual. & detailed discussion of all expori ental
errors and thelr propagmbtion will follow, The one
erroriess factor was nocesgarily csonsidered o be The
vapor sragsure tables of »ire wnbsr in the international
Critioal Tables woleh wope used for oslibrustion, These lad
to e conslidered as absolile, Do She onlilration of e
theyunocouple, Lhe error of % 0,05 mo. 4n reading the
manone tes nnd Lhe error of < 0.002 av. in roading the
potentiomoeter glve an accusilative error Iin the terperature.

his apewnileiesd grror ¢an He calex ai&wﬁ‘fl “m‘ mg aqmammﬁ

Final error in ¢t w ﬂbfﬁv)ﬂ(ﬁww in V)ﬁ (@*”"% in roading

§
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ﬁ\t’\é 2 (.002)% & {.ﬁé&a)a {59)
This gives an average erroyr in ¢ of 2 a, 013° over the
range sed, iexd, thaere i wn error in ihe pregsurs due
to tha error In € and slaso due to the eorror in reading
the manoncter, This asedauiated error in pressurs oan
be osloulated by an equntion of thes same Jorm as was used
above (38). Thness values are:

alb Z%ng;; the error in p = 3 ﬂ,(}&:ﬁ i 2

at 45%C the error in p = & 0,051

at 0% the evvor in p = & 0,000
The error in dp/dt was caleulated similarly for the
gase range of temperabures. Those eorrors rangs rom
2 p.001 to : D007, Considering all of these errors,
and eonsidering the constant 5 to be orrorless (ihe
arvor in the sbsoiubte temperature T was fownd %o be
negiizible) the fractional ervor in AH gan be caleunlated

by the squatiom

S MBS CRT o

whare /A Ls the srror In each funetion juss »enitlonod
above, Calouleting these frseiliomal errora and {(range
formaing then dnteo absolute evrors, wo find the erpoy
in A for reastion (&7) as written to be

tyror inOH at 500C = & G. onls

drror Inol at 455 = £ 3, cals

Prpor dIndi ot 607°C = o 2. onls

In csloulating thegse errore every opporbunlity was used
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to incresse rathor than decrease the arror. Upon
axaaination of these oryors and of the ourve 1t ia
plain shat even 1F the ¢error as aaleuiated ware to be
tripled, 1t would not account for the variation in the
eurye, LT thie surwve wore dus Lo D experinental
eryror, 1t woald napdly e possible o draw a sowoth
gurve throwt all of the poinis. 4L LU %18, sll of we
points 1l¢ on a smostn ourve wiith the dxeeption of one
ey tuo whish are agesunted fur LY Whe suloulatmd ercor.
In gsaleulationg of ast too gread precision LI
ie ordirarily sonasidored to bHo constant over a small
range of cemperature., For sore presise caloulablons,
ite variation foar many subatances and reastion fe found
o be gredusnl. The eguition for expressing this wristion

is obtained by Integrating the sgualion

(@5 AE) m OO0y (41)
* /p

Suppose we omaslder thw reastion
A4+ B mC +D (42)

Lot the variation of the apecilfic heat wiith touperature

af sach conatituent of resction (42) be reprasentsed by
Cop m g +m7 + 7% & 0y7% & mweme (43)
Cop m Ig + mal ng!ﬁ’g + Qg’ﬁ'g A e a1
Cpg = 13 + mal + i%’fa + 03’3?& & oo {45}
Con wm Lz + mg? + m&?ﬂ + mgfa & womme {45)
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The total change in heat capeaslity for the veastion
(42) 1s then

DGy m OQpg + Opp = Opp ~ Cp {a7)
Putting egquations (43) so (48) inclusive in their
proper plaves sand sombining all like terns we obtain

LCp mol ¢ oml +on38 + 2078 (48)
By substituting equation (48) in equatien (41) for
AGp and integrating, plasing the term Ny in place
of the ocomstant of integration (meaning that this is
the value of OH if the reastion scould be carried out
et O°A) we obtain

AR woilly 4 237 + Fon® + 3300 4 § oot (49)

This equstion should £1t the sxperimental ourve., There
muat be some phanomenon causing this variation in the
heat capaoitioas of the zolids which fn bhurn oauges the
variation in AH, It was thought that there might be a
ohonge, af orystal strusture at about 35°0, whers the
break in the ourve coours, In an endeavor $o confirm this,
borax was orystallised on xorossope slides at 43°C and
20°. Photonicrographs wore made of each, and each was
exanined under a polarising mlerdscope. These examinations,
since the rate of orystallisation had to be considered
sffecting the outward appearance of the orystal, daid not
show any differenge between the two orystals. It was then
decldad that the differense amight not be of suffielent
magnitude to be shown by these methods, 8o sowe Xeray
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plotures = LY the powder eihed - were talton, The
saples, &3 Lefore, were grystallized at 43% ana

ﬁm{’%::, groand up end wixed with Puso cement. Alier

2 teohnlque had been sequired, two sullicgliently good
plotures were sbiained, After the ngeossary galeulabions
had boen carried oul, all the lines un each film aheched
agol: othor within the 1%:1ts of erroy of the expasriment,
Wnds ahowed the Bwo oryetals to Le of the sawe sirucbhure
s0 far as the atoma refleoted e Jerays. The only
other infiuencing fagtor not yed considered was Uw
variatlon In the speeifis hwalb of the conatlitnonis,

Tils vardation lor water ia very well koown, Howavaer,
for the twoe hydreates, uothing relliable gould Lo found,
It sooems rwat probeble that the es®ination of the aab
ganacities of the 30lid aonsbtituants of thisz reaciion
woald apenmunt for the varlation in tiis funation. This
shase of the worl is belng sarried on in this laboratoery
in order Lo ey o find the yemson Lfor the shupe of thia
gurve, Lt should be pointed oub, Lwwever, Gl tho work
witi: tha migroacore and the Neray waa 207 or legs orude.
It is possible (hat expert tesiindcians wiih thesno two
vools b ohE bo gbhle with wore refined apparabas Lo show
agome GLfMarentce bobtweon gryveisais nmade ab Uhoze Lwo

tempe atares, In alld proviouvs worlk, muthors of paneras
fnave used bhe nethod of pletiing log p aspainst I/ o
obtain Ald. Uy malbtiplying the ulope of Hie atove



nentioned curve by 2,35020 p/fT® the waluo of AH in
obiained. “rds method 18 nob nearly as asgurate as the
one used in this paper. In he first pluace, if o large
rargre iz regquired 1t is inpussible Lo obtain large
enoush greaph paper so that the plot nay be rwde «with
the same degreo of preclalion as the dlata. Segondlry,
the mothods of obbalning tangents Lo nearly stralght
iines are very inasgcurate, IPf one onn obbain a
vregision of 3 200 ocalories by the above o thod one is
Inoky, The above data was plotted In this way sl an
egaentially straigit line was oblained, The valune of
O by this mothod wes aboul the wesn of the caloulated
valzes - 2875 cals, Caloulations in carlier work by
trie bangent method w.owed sindlar varlations v lely wore
atiributed Lo errors in the mebthod. After carefwily
considoring all possible errors, “hHe mrve appears O Le
anthenslo and Lo Indigate a phenomenon rzsﬁ? yﬁ@ BRL o
iz oparating in the syaton.

iy equation (51) thw value of O F for the reactlon
was caleoulsted, This fa dven Lo Table T and is pleotied
11 Yige O

Dy mwana of equation (32}, A3 was caleulated. This
date 1s glven in Vable ¥ and ls plotted in Fige. 8. Yiis
ourve is guite peeullar also, Uhe brealr beling at about the

saqe bterperature as the breasll in e A H surve, The samo
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explanation will no doubt apply to both owrvos,

By means of equation {(38) AE was caloulated.
This dsta is tabulated in Table ¥ and plotted in Fig,
e A8 to Ve expeated, this ourve rosombles the AI?
curve.

By reading the slopes of the A and AE curves
with a tangent meter values of Afp and ACy were
obtained, 7These values are tabulated in Table 8 and
plotted in Pig. 8«



Yaluas for the Hoaetion
1/6 FagheOne10gd(a) = 1/6 HaglaOn. 50 (8) + lp0(g)
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Table 7

Soe  £90 T4 P in P in  OH AP AL A galas/
mite  aln, cnls, oals gals  deg.
1 H0.0 G014l 18.18 (OR300 420038 8034 +2386 220
2 S0.0 $03.1 21.80 Q2589 2718 2156 2116 180
3 $2eH G05.6 28 5318 2800 20468 1004 174
& KN ) DGO ;.1$ DATTE 2058 BORYD 1940 i.62
5 S5.0 5001 3000 Q3058 23584 1977 1013 1.68
g K 310,06 35.49 04488 25281 1881 i8035 208
4 SBe S S1ll.8 $7.98 04084 2526 L8567 1907 215
8 S a0 318,1 59.1¥ 0H1b4e 2588 1036 1904 Hed8Q
o 40,0 313,11 41l.81 Q5501 20528 1504 19046 AN X
10 40,5 S$13.8 435.18 08813 2850 s 1908 H % §
i1 4240 G186, $7n$? @uﬁ&ﬁ 2839 IS pREY I .80
ig 45,0 318.1 ; 2554 10630 iae2 a0
15 47.0 320.1 OBGDE 255% 1560 1924 5,12
14 GO0 383,11 LO5S 2508 1455 1917 S %
135 5@.3 ;5?3311 . A s g&% 1&8& 3.2}@.3 ;ﬂgi}ﬁ
18 DHD 328,31 L GOE 2553 1280 16828 JeBE
7 e 3301 , R4y 28106 1211 186l Se DB
18 S0,0  S35.1 142,485 18748 2484 21108 1824 4ol




Pahle 8

Variabtion for e hesotion

1/5 NagBaOn. 1080 (8) = 1/5 NaghgGn.Sigi(a) + Hai(g)

Ay DGy cala. Asy oels
S ""1%.99
@m ”%gm - ﬁ@ugﬁ
S10 + 0,96 - 2,02
m + 3o + L.iB
516 + 4,08 + 4,04
218 + So 08 + l.98
SB0 + LoGi8 - .84
SR - -?aﬁm - 2.%
W - 5428 L P
326 w 5480 “ T30
3% - ‘?.m - @ﬁM
S0 - QAR - 11,30

-~ Wt%

o8 ~11.,58
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i. The vapor prassure variation with Semperature of
the systen desa hydrate of borax in equilibriws
with the penta Iypdrate of bvorax has beon sbudied
vetween 30°C and 60”C. It &8s represented by the

D om e 43,005 + 4,204450 « 2,120890¢

2+ Thse vapor pressure variation with temperaiture of a

0

+ 0.00100174t°

saturated solution of e ponis hydrate of borax has
beon studied betwsen 60°C and 70°C.

S  Thoe wvepor megsure vardation with terperaiure of a
saturated soluitlion of the deca hdrate of Dorax hag
been studied between 30°C and 60%.

4. T intersectlion of the three vapor pregsure gurves,
wyl consequently the btrarsition point of the deca
hydeete wvas obialined end found Yo be G0.5% % 0,8%,

G The thormo@ymanle velves of O, OF, A, D5, A0,, oly
nere been saleulaied Fop the ranction
/5 FagBalyi0n0{e) = i/6 Hay,lgln» Bip0{a) + Mgoly)

Ge & peouliar wvariabtlion 11 the Al curve Tov the reaction
wag oSbianined wiloh g nol gel Veon aveombed for, bub
ware work is beling earried oul in Yhla labormltory in an

atiennd to find the oxplanibion.
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