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TETPHRCDUCTIOH

For the paat fow yesrs a atudy (1) hes been made
in this leboratory of the hydrates of sodium tetrae
ﬁbf&tt; A study of the change of the vapor sressure
rith tennerature has pﬁrﬁitta& eertain dmrortant
-Eharmﬁﬁ?ﬁﬁwia @gl@ﬁia%iéﬁa; In this investigation
the work on sodivs tetraborsete Liss been continued by
" making é $%ﬁﬁy of the agquecus asluticns of borax. The
neat of #é}utinn of the salt nnd the s-ecific heat of
the polutions have been debternmined at a namber tf
’ailutiaau" From the results seversl parﬁ&al molal

guentities hnve been calenlated,



REVIZ® O THL LITSRATURE

The only value given in the literature for the
heat of solution of sodium tetraborste decshydrate
iz one wvhich was obtaine’ by Thomson (£, This is
an intesrsl hest of solution and was detersined st a
dilution of 1600 mols of water,

nandsll and Blsson (3) have exoerimente: with
rouecus sodinm shloride solutions, They mesaured bthe
hest of selution at many dilutions and from these
resultr ralonlated the certisl @molsl hest content,
Brecific hests and heats of dllubion were nlege detere
mined, éll of this work was done at 25°C,

Rondall snd Roesini (4) studied the acuesus
sclutions of several electrolytes including the halides,
nitrates, and sulphstes of rotassium and sodiuvm at
35”6‘ The esppereat molal hest caracities and rartial
‘molal hest caprsclties of the solute and eolvent were
caloulated, These velues were ahown to be linear
funetions of the szguare vout of the molality and
nag sueh oould be sccurebely interrcleted to infinite
dilution. Thé partinsl melel heat capecitles of iens
were shown to be additive »% infinite 4Allution,

aesnimz (5,6) haa alpo csloulster the artial
m@iul heat capsecities snd anparent molsl hest oeracitics

for a great many electrolytes and hse showsn thelr relo-



tion to the Uebye~iuckel theory of sbrong electrolytes,



THECOVETICAL DI1CUSLIOK

when a mol of sodium tetraborate is dissolved
in eneugh~wa§er to form 8 given sclution the heat
absorbed is called the totsal or integral heat of solu-
tion, If tec a given solution of sodium tetraborate
sn additional amount of the solute is sdded the heat
absorbed per mol is celled the »artisl or differentisl
heat of solution., The total and partisl heats of
solution become identical st infinite dilution.

In order to caleulate the free energy of a
reaction st one tempersature when the free energy at
another tenperature is known it is first necessary
to obtein the velue of AH, the 1lncrease in heat content
accomranying the reschlon, This quentity 18 defined
a8 the difference between the heat contents of the
substances formed and the heat contents of the sub-
stances disappearing., In case one or more of the
substances involved in the resction occurs in solution
we must use not the molal hest content, H, of the pure
substance but the heat content of the substance when
in solution at the glven concentration, 7The quantity
f 1s the partial molal heat content and 1s defined =s
the increase in the hesat content of a luarge smount of
the solution at the given concentration when one mol
of the substance is sdded to it,

It 1a not nossible to determine the absolute

. for any substance but 1t is cosszible
value of H or H e
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ter geoortalsm how mueh greater or less tnils is than the
hest content of the sane substance in gsone chossn stota,
At any benmerature Lf ome Lr desling »ith the rartiasl
molal hent eontent of waber im a zolution in »hieh watep
is the molwvent, rure liguid water may be chosen as the
reference sbate snd dealgnated nﬁ‘ﬁg. In eonsidering
a solute such s sodium tetraborate, e reference state
must be ahaa@n; In this work the infinitely dilute
eclution rather than the s0lid salt i3 chosen ar the
reference stote, snd is ﬁanetaﬁ‘bg;ﬂg. The 4ifference
between the rartial m@l&l hest content of eny conatie
tuent of = solutlon and the molel heet content of its
reference stnte 1s aalled the rolstive hent content
and 1e designsabed by Z; Por solvent and golute, repe
pectively,

Ly=H -1 (1)

Tos M, -W ()
and at infinite dilution Tys 0 and Iy » O,

If to & solution already oontaining ny mols of
water and ng mols of salt, dng more mols of salt ere
added at constand temrerature sand pressure and g is
equal to the total Iinerease in heat conbtent, then g
is ecual to the partial heat of sclutiom of the ai?%
ner m0ls Represendting the ao0lsl neat contant of the
solid salt by Ho(a), the heat eontent of the sslt nsed

ia Ho(sldne, ‘Then,

.E,

an {ﬁ) . ?&2 "‘L‘g {33 (3)
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where Tp snd Lo(s) are the eorves-onding relative hent
gontents, Le(n) 18 determined by messuring the hest
of aalutian«ef‘tnﬁ.saluﬁa in an $nfinite amount of

solvent., In this ocsse L, = 0O, and

~@g = ~Ia(s) (4)
when Lp(s) 1s known Tp may be caleulsted st any other
ditlution.
The total hest content of a solution may be

represented by the equation,

Ho» niﬁi* ngiy, (8)
and the total relative hest content,

LeR =08 «nd8, (6)
Substituting (8) in (6), 2nd then subsbtituting (1) snd
{2) in the resulting equetien,

L e nyly + nfly ~ 07 - nH3

La nltﬂi?'ﬂg) + ng(W, « A

Lasnlie nly (M)
By partial differentiation,

oL « Tyany + Lodng (8
By general ﬁiff@lventiﬁtian,

dL =« dLyny + ﬁnlti + dngL, + alyn, ()
Combining (8) and (8) sives,

ndL; + npdly = 0 (10)
By tranaforiing and inbe.rating

Jom - [m o

?hn&viffﬁbgia Itnown, ﬁ”imay be calenlated By plotting
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the mol va&io.%% agelinet To and obtaining the ares
between I, and L, » O
Bs Heat Cepacitiesn

¥hen two substences, A and B are mixed together
the heat capscities of the mixture will be the sum of
the sepsrabe substances if the tempersture function of
the energy state of 4 snd B 1la the same for the nixe
ture as Vor each substance separately. Thely hest
eevacitles will aldo be additive Lf the change in
heoat capacity of one in polny from the nure state
into the sisture is exnatly nezntive of the other,
1f, however, the molecules of one subatance exert sowe
influence on the molecules of the other subistence, their
heat canacities will not be additive,

Thomson (2) says that if an agueous solution is
dtluted with water the moleocular hest of the solution
formed 12 less than the sum of that of the originsl
sclution t ogether with that of the water. This, how-
evar, 1z true only if the solute is = strony electrolyte.
Thia bensvior is exclained by hendall snd iossini (4)
es followss & system conslsting of 1000 g cfvw&ggr
hue 8 hest caracity of @ cal@?&aa.(/igwémggﬁg}@ nolow
cule of sodium chloride is edder to this system =¢ that
8 new syatem is formed containing 1N0O z of water, one
sodium ion andlnne ghloride ion, ‘The hesnt caracity eof
thie system will be (G~s) oalories, Then (~a) ig an-ar=
ently the heat capracity of one scdium ion plus one cnlo-
ride lon, 8inece the scolutlon iu infinitely dilute, the

anparent molal heat sa-acity snd the nartial molsl



wile

heat cavacity for one zram mol of podium iom plus one
gram mol of ehloride ioﬁ equaia =2 x 6,06 x iéE% cnlories,
The presence of the'tﬁa ione 5&3 a0 affected the water
molecules that thelfr heat capacity has been decrease:!
by an amount equsl to (&) cslories rlus the intrinsie
heat cepaclty of one sodium lon and one chloride ion,

Lewls and Handall (7)) .ive = ameoh msr«iganeral
exrlunation, ¥atepr is msde up of & lar.e number of
neleculer suecies formed by the siarecstion of sianle
moleeules, such as (H,0)a, {ﬁgﬁ)g, ete. The larzer
pgsregates are most crevelent near the freezins rolnt,
A8 the temnerature is raise.! these lorge moleoules break
up into simpler molecules with the absorrtion of hesi,

It apveers that an electrolyte dissolved in water
in some way eausea these aggpegetes to break un to =
degree which inereases with oconcentraticn, Thus the
large heat caraclity of wster may be aseribed to the ab-
sorrtion of heat necessary for ﬁhaﬂdiaaoelasiﬁn‘af‘theﬁw
aggregates. Since an alaetrely&é will dizinish the nmune
ber of these agaregntes td ve broken up, 1%t will in this
way lower the heet caracity of the scluticn, |

The wethods uses Dy Randall sud Rossind (4) of
calculating the aprarent snd nartial molel heat ears-
cities will be used in thie work. The fellowing sym-
bols will be used: @ is the scrarent molsl heet cavrolity,
m the molality or the number of mole of soclute per
1000 g of water, Cp is the hest carseity of that ameount
of sclution of molelity m;'whigg sonteine 1n00 g of

water rlus m mols ef solute., OCn8is the nartial melel
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heet caraoity of the solute, or B, and is the change
4n the heat capagcity of a very large a@bant of solution
" on the addition of one mol of solute. ﬂbg is thn heat
capaclty of one wéx @f‘ﬁmrﬁ water at ﬂﬁﬁ Cs

The hest capacity af 1000 ° & of waker nay ﬁs daﬁlg-
naged as @5.&@@ Twl, snd. the heat eapbolty of lﬁﬁﬂ 8
of wetep nlue m mols of aalt ap Goe &’hm ACp, the am-
pRrent heat carseity of the adﬁaﬁ mnln, is. sivnn by ﬁha
equation,

ACp = Gp - 884508 Tpg . (12)
The apparent heat capacity of the sdded Qalz Q@t mol
af}' the added salt is |
o= é..gi | (13)

. Substituting (13) in (18),
pu S - 55,508 T

Pifferentiating <ﬁ with Fﬂﬂﬂﬁ&ﬁ to ﬁﬁ;.:

| (388} - ( Gp - 56,508 Eyi ) ami
o .- il = —  (18)

L S

(14)

Now Cp - 55 .508 To§ » m @ and mg.-ga - @a"(..ﬁ..) . Mfwgt,
snmmmﬁmg these mlma in ua; nma Wlkihlﬁng b:y m%
oo u@-f-im*(m; (16)
which means that the. pgrtAai mn&al mout sapacity of the
solute s equal to the mmmm melﬂ hub aupa;sity ;;lm
& she praﬂuet of uwd times the aiﬁ»s of ¢ plotted aygimnt
a¥ as 1n Pig. 8., i |
¥hen q;ma Tog are known '5!1 san M aalwlwaﬁ ae

followss By Mrmit&en,
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Cn & mUpg 4+ 554508 Try  (17)

26l T, » 07 = wng )
"‘“ 12 —grmr - (e

Rﬁﬁf‘ﬁ‘”ﬁﬁﬁimz ili}
60 ® m +5be50G Tpy
gubztitutim: {(14) in (18},

3]
E# - {gﬂ¢+f‘3$‘g.§:{f}ﬁ E‘?’l - Mﬂgl
1 [

1@~ Toy)1Gpy  (19)
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AFPAR ATUD WD HMATERIALS

The e¢nlorimeter used Iin this work is shown ssse:~
Bled in Filye. 1, A 12 & Dewar flask w»ith & carsclty
of stout Til al. B is & stivrer, € 18 o yleaz tube
hml&ing the thermecvouple wires and junetions, asnd D
im 8 plees tube abhout 2,0 om in disveter %o which i
fostened a swmaller btube of ebont % ur dlameter wnioh
extends through the cover of the {lask, These narts
"are held in place by mesns of & eork cover which flta
into the flesk, The tube D waa umred as a container
for the borax and as s sur ors for - e heatling coil,
The glazs rod exteniing into “he tube was uaed to broak
the senl on the end of D snd foree She berax into the
wator. in making the determinetions the calorineter
wan inversed to within & halyd iﬂcﬁ.af Loe t0n in 8
water thermoebtat at P8¢ (.

The watep agﬁiv&l»nn ol the eslorinebey and the
heat caracities of tha ?alutiﬁmﬁ were determine: by
§aasing'm definite quanﬂity'm? clsobrlolity throuah a
enll of wire of known resiatamee. #ige 2 1» a dlagram
of the wiring used irn messuring sccurstely a amzll
electric ourrent, A 12 a votentiometer for messuring
the voltaze, B a 0,1 ohm standsrd resisterce, 0 s spill
gﬁil,'& three leacd stors;eo hatiteries conneeted in series
and ¥ the heatin; coll.

The potentiomeber used to messure the hesmting cure
rort was g Rubdblcon porbtadble type with a precision of

ong Microvelt., It was used uwith an externsl pslvance
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CALORIMETER

— DEWAR FLASK
— THERMOCOUPLES
— STIRRER

— BORAX CONTAINER AND HEATING
WIRE HOLDER.

9,006

FIG. |




WIRING

DIAGRAM  FOR  HEAT
DETERMINATION

A — POTENTIOMETER

B— O0.| OHM STANDARD RESISTANCE
C— SPILL COIL

D — STORAGE BATTERY

E — HEATING COIL

F — SWITCH

CAPACITY

FIG. 2
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meter made esreclally for this potentiometer. PThias
instrument wxs alde used in measuring the tevwrerature
eranges in the heat of solution detersinstions.

the -urvese of the 20111 ¢oll fg to bring the bate
tories ¢ » oongbant voltese before esch srecific hest
deterrinaticn, Bt was made to have about tho cane
resistence as the heating coil by winding # 20 cone
stantin wire around a glses $udbe. The ooll wes covered
with bakellte enamwel and hardened in an oven at 1107 u.
The bakelite ecating aefforded good insulstion.

‘The lead steorayse batterles had to be ke: t zlmost
fully eharged in avéar~§6 obtaln & constant E. ¥, ¥,

The heating ooil was made from #3%0 constartin wire.
The wire waz wracped non-induchively around the lower
end of the tube D (Fig. 1) and coated with bakellte
enamel, After drying snd baking st llﬁaﬁ. the balew
lite mede a tough costing whioh was not atiacked by
the salt solutions. ¢on-er wire #1868 was use? for lsad
wires, The resistance of the hentling ¢cil as mgnvursd
at the ¥ationsl Buresu of Standerds was 53,616 cohms,

Bafore sach run the ourrent wag firet passed throush
the spill ecoil for fifteen minutes to allow the batteries
to come L0 a constant voltaige, To stardt a8 run it was
only necessary to throw the double~pole~double~throw
switch., A Heylan ator wateh esalibrated teo C,1 a2econd
wag Use. Lo measure the time, The volte.e acvocas the
0.1 ohm atandsrd renistence was sessured and fros this
value the smrerass wak calovlsted by mesana of Ohm's

lew.,
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Thermocounles were ehosen to memsure the iam;araa
ture ohsnyes, Thome used wwrg_&=a§t of ten junction
counles made Irom #30 gonrer snd constsntin wire. Phe
junotions were soldere’ with silver &aﬁAiawﬁiﬁﬁ@ﬁ with
bakelite ensmel. The endas of the Lhermecouples wers
pleced in small plass tubes esnd 1m&@ﬂﬁa& in naralfin,
The thermocoupnles were amlibr&tcﬁ'by-gamgaring thes
with a 100¢ ¢, thermometor whgah had been oalibrated
at the National nuraau.of asnnanrda; 'Ghofgunakian
of the thermocouple waa,piua@ﬁ;infiéﬂ a#iﬁﬁ €., and the
other was pl&éeé with‘%hﬁ thermometer in a Dewar flask
contalning water, The temperature of the wabtsr was
varied at intervels frow 0% to 30° 6. and raaﬁﬁmgn
taken from the thermoseber snd thermogouyles at each
interval., The results are snown in Table I, The
B, My Fo onange per deiree at 25&3.‘ ta 373 zicrovolte,

“?hﬁ nerax use’l in this work was Mallinkrodt's
beat guelity sodium tetrshorate dseahydrate. The
results of an ignition test showe: that it contsined

$.87 mols of water per mol of borax.
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TABLE I

Calivration of the Themmocounles

~h. v

. — T ﬁva',
Tennarature volts Temperature
4,66 0.,001667 0,0003685
10.04 0.003658 040003643
13,43 a.mﬁégﬁﬁ 0., 0N03ETO -
17,33 0.,008378 0,,0003680
20 .58 007617 0..0003701
78489 0,008682 0.,0003728
26,72 0.,000978 0.0003734
28,68 0.010774 0.0008786
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BAVBAIVENT AL FROCLDURE

& Hest Carscliby of the Casloriseber

Avcroximately 850 pravs of water ad justod to
about %4,5° Q. were nﬁd@d‘te the Dewayr flask. The
flask was put In ths thermostat, The end of the glass
tube D was close . with wax oaper and mesle’ with naraf-
fin, This was them put In plece on the ealorimeter cover
with the thermogounrle tube and the stirrer, and the whole
put in rlsce in the calorimeter. The cold Junétlcn
of uha'th@rmaaaﬁglﬁ wae packed in 1ce, The stirrer was
started and allowed to run for ten minutea to bring
the system %o thermal equilibrium, Readings were then
taken 0 determine the thermel drift of the ehlorimeter.
In the mesntime the eleeotrlie current had been nassing
throuph the apill coll and the batleries were gi#inﬁ
a gongtunt L. %. ¥, The doublemnolae~double~throw
awiteh wans thrown, the stor wabkoh started, and the
heatin: continned for ton minutea. 4 Lemreraturs
reading was tLaken every minuite until there waa a cone
stant Semperature ochange. The E, #, ¥. of the heablng
gurrent was reearﬁ&a 8t the end of the fourth minute of
the ten minute heating period, The water eguivalent
of the calorimeter was onalenlated, using 0,9976 calories
88 the specific hest of water at 28° 0,, and 4,185

jonles ner cslorie as the mecnanical eguivalent of hesat.
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“YABLE 11

Waber Hquivalent of the Oalorimetsr

e, Lalories ;
2 48 46

b £1,3
Aversze Y |

At g later atage of the work a new stirrey
2nd a new tube to hold the horax were used. The water
Qqulvalenﬁ of the calorimeter wae then found to be

&aqm.oalarlana’
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Be Heat of Solution Determinstions

In the hestk of asclution eaxperiments, the borax
was ground In a mortar to ﬁaaa throug™s a 100 mesh
sieve. A charge was then welghed out and rlaced in
the tube D, The end of the tube wae close’ wilh wax
paper seale: on with paraffin, The same vreliminary
procedure wae used as described above in the heat
¢apacity determinations, Af&ar e constant temnerature
change was reached, the glass red was foreed through
the seal and the borax introduced into the aclution,
Temperature resadin.a were agzaln talten each minute
until equilibrium was reacted, A detprminetion of the
heat cnpaoclty of the solution waa hhan'maéa as deseribed
above and thie value use: in maln&ipbiﬁgfthe haat-af,

‘aplution.
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CrLCULATIONS

In crlorimetric cxverivents suech w2 those dencribed
sbove 1t 18 never pozsible to obtaln sn absclutely
congtsnt Tinal tenseratare in the ozlorizeter, unless
this temnerature har-ens to occeur s0 that the heat
formed on the inside of the celorimeter, such as the
heat of stirring, exactly balsnces the loas of heat to
the surroundings. There will nearly always be n gra-
dual change in temperature of the calorimeter both
before and after a run, However sn excellent sr:roxie
mation cen be mede of the setual ehange in t ¢ tenrera=
ture in the following wey: The temperature in the calori-
maherjgguarved et definite intervals before and after a
ruii and bths temuerature readings are clovted apsinat the
tine, Crachs anowing the bernmerasture ohanges in the
ealepimoter during the course of a hest of sclution »-d
ahent ¢n aclty deter2iration are plven in Filg, 4, 4 and B,
A gasnls date sheet, topether wlt 8 compubetion sheet
showing dete!led caleulations ere glven in Tavlea 111
and IVe.

All of the exceriments were divided into three
consecutlive periods which sre classified in order of
ccenrrence as an Se-nericd, sr Xenericd, and a Kereriod,
The 8= and K~periods wewe rating rrelods which were for
rur-ose of debtermining the conduction coefficlent, K, snd
the stirring and evaroration coefflcient, W, of the

eslorineter. These coeffiolents veried frosm dsy to day,
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but were nearly constant for any one test, The X-reriod.
was the experimental neriod during which the scdium
tetradborate war dlasclved in the watsr opr the heeting
eurrent vas a6 ine

The 8~ eoried wer begun sfter the stirrcer had been
running for about £ifteen tirutes snd lasted sbout f1fe
teen minutes., :The tine-temveratnre eurve for the 3
reriod {8 anvroximstely a stralght line (see Pig. 4).
The temperature of the water rises becsuse of the heut
of stirring. At the end of the Seperiod the Liorsx was
introduee: snd the tesperature dron:ied imme.lstely.
Readinys were taken eve:y mirute 80 ms to obtain a smooth
curve, When all the borex was disaclved the temnerature
began B0 rise,.

Phe K-vericd was begun &bt bthe point ab which oone
gtant femnerature ﬁiff@rﬁntialu were obtained. The
tenrerntur. wsa recorded at intervals of two to five
minutesn,

Havin: debtermined the tiseetemrerstnrs deta for the
S«, &X~, a-d K~periode, information was availeble for
computing the ccefficlent of conduetion, K, the stirring
and evajoratlon coefficlent, W, and the corrected teu-
perature rise or fall during the axpaiimﬁntal period,

The observed rate of shange of temperature during
the S-veriod in mierovolts per manhta, or V., is ééual
to the observed temmerature pise during the Severiod
in microvolts divided by the lenﬁtﬁ of the S-period in

winutes, or



34milerly the observed rate of change of temperss

ture duplng the EKSpeyicd 1sg

Vi, ® ATy
& A“k

The mean hherm#l hess durin. tha Berngricd in
degrens arw$a, la equal to tie difference bebween the
bath temperature Qnﬁ,the'me;a temperature of the weter.
solution during the Seperiod, erg

Os ® (HT)g - (BT)

Toy + ?s,
“ 5 2 - (BT)

51m11ﬁr1y the mean thermsl head during the Keperiod

isy

Qx = Pey + Tieg
‘ 2

« (BT)

The conductiocn ceefflolent, K, rxni the stlrring and
evanorablon coefficient, ¥, whieh are assumed to be
corstunt for any one test, are computed from the simale
taneous e uationss

Vo = Qgx +v
Ve = PyE+ ®

After K and W were determined, the net tem:erature
logs, L, during % e experimentsl period due to the
effects of conduction, stirring, and evaporation wese
eomputed frox the formilas

L= ﬁ@xﬂrx + WAty

453 is determined by the travezcidel rule, By this

method ¢x is determined by takin. the sum of one-half



phe fivst or . inate plus one Lisll fhe lnat oralnete,

plne the inte:venins orvadnnies, ~lmug Lhe
nrodues of nhe beth tennerabure Rluer She Bive, Bl

The correetel tom orstors groc o daring the exrevimental

pericd for s heat of solution deberminetion e g
te the observed tomorretire drop nlus bthe net Sem ot
ture geing that is,

Aifxe = A‘l‘x-}-i'.

or fer » hest ca-aeity determination 1t wsa eausl to
the obaerves beveratare rise minug the net temreratnre

gein, or,
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TABLE III

8ample Data Shaet

1@51;55
*atey 1281,20
4'; ")

Borax ~ &pus.

Hesting QGurrent : Both bemverature
Annerage~-~0,313%7 in sievovaelos
Time -~--~10 xin. 83,1 seg. AT
rendings for Heet ﬁﬁéiﬁtana@ nf heslling
ef sclwtion : e0ll == 583,618 ohme
o . Resdlng
- Tine @i ero
Hinuvtes wolhs
555 w33
sy o0
10 DABe Ve & 0,46
Boraxld PI62
POLEY (] {19 ¢k s -166
17 2160
iﬂ Q%éﬁ Vg s 0,70
2146
20 5147 Ate 18
21 2149
X if g%ﬁ K = -,0012
§i ﬁ“i&:_g W s 0480
ey R Reld
gg g%gg ‘Ayuﬁawrr e 210 mierovelis
28 152 Xh_At . 2.5
TR TIBE gfawx a, S
38 G187 pm, oz 219 miorovolts e gae
¢ 1 f&l&(‘; » = . % L
K ig, 5153 » MeHERC @,

48 3186
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TABLE IV

omrutsetion S8hest

4)8 . 9355;- P90% | ozus w3345,
Ve 93655- 9355 _ 0.46

pr - 915294- 9168 _ gaps o ~166
Vi = 91&5@% 9152 0,70

Vo o DK +W e 0,46 = 53,5 K +
Vic =xK+W 2 0,70 w2266, K ¥ ¥

subtracting ~.24 z 199,86 K
K= «,0012

We 0.6 » ‘53&5 X “'00012)
W s 060

Total correction L » KAty + WAty

Qx(by trapesdidal rule) = # first ordinate = 4681
3 last ordinate = 4576

sum intermediste ordinetss = 106808
‘ sum 119063

subtract Tpagn x A Py
oxeh x 13 121226
OxAty = ~2162

KPxlbx = ~o0012 x ~2162 & 2,6

WAty » 0.50 x 13 = 645
L ] 9.0
ATx uncorr =,9362 - 9152 s 210
L « 9
ATy corr = 219 microvolts



| Th& eguation ﬁﬁﬁd ta ﬂaleuiste bhe naabcr ar ealﬁrn
1@! of heat addad ha th@ anlnrimaﬁer hy maaas q¥ Ehe - .
electrio aurrant 1: ‘ L L
3 »

1e nnyarn&a .
af;reaisagn¢g¢c£ hmnsiag ugxszifm'fl
'ijh;§1m¢. , o o .
d» aena%snh ger gonverting jaﬁlts to galoriqa
2 aaaa | '
Por m,typ;sal ran, .
| I s 0.5139 £ ,0002

R » 58,616 £.008
By -~ b1 = Qﬁﬁql

at) = dbp = 0,8 & 2 fﬂﬂ}g+ umﬁ 20.20
(mavaﬁ x BB.6L8 x swqx ,a; S
E# 215 asﬁ

Asx \P 2;)% &%&ﬁ + 42:3233

, se&.?‘/ (2.2 2, £3-§—%!£ . :ﬂ

» 865,7 xgﬂolﬁ .
n B65,7 11,29 mwries B
The tamwsratura ‘rise in mi@r@vvlta MY ba rna& %a £1,
a5 = A7 = 1

@ {m% (12 o 141
§g - Tz - 4%@

The?sfﬂru, Tw 45&' 1.41

* %hus there is an error of sboud a*ao p@r eent in resding



tre temueratiure.
The erver in delterslnivg the srmount of heat added
to the cuxlorireter is negligible in comvarison to thet
in determining the temperseture chanjes The sceuracy in
determining heat carscities ean therefore not be ex ecoted

to be beliter than 3 parts in 1070. A bvetiler impression
as to thelr scourscy can be obtained by referring to Fig. 7
where the results are shown comvared with similap re-
gults obtaeined in a cnlorimeter built at the National
Buresa: of 3gundarde whnlch had an aceuracy of 1 part in
20070 oy 0,00 ner cenb,

in the heat of solubtlen exveriments, t e borax and
water wer welphed te s mliliprem and the erroyr here was
neglipible. he only appreciable errorsz in these deteve
minations were trose fron the taﬁae?aﬁurﬁ resdings, Ther=
mel lessuye, evaporation, and heab of etirring are corrected
for as described sbove by determining the actual seonrerne
ture drift of the crlorimeter before and after a run,
The extent of errors in tem crature readings obvipusly
de.ended unon the ehsnge in temperature, beling high for
small chanies nand low for large chinges in Lemnerature,.
Thus for £ grems cof borax whioch .ave an K. ¥, F. change
of only 70 mieravelts the error wes 3%% or £ rer csnt,

L¥4
ard for ’0 creme of o 851t whieh peve sn Be Me Foa
chany e of 9BH mierovolts the error wﬂﬁ‘%ﬁ%'cr NelE pepr
cent, The theoretionl securaey hovever was not resehed
for the larger semcles of borax due 2o the fmed tint a

lomger time wos reguired for seclution to take -lace, snd

the error In svoproxiasting the correct temrerature change



m}_‘(ﬁ»

became n» recisble. The avepage error througbout
tie entlrs petge of nest of seluslon determinetions

g oanoat .00 capoent,
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RESULTH AND DIDCUSSIOH

Heat of sclution determinetions were made on same
ples ef borex rangiwmg in sige from one  ran 5o thirtye
Pive prsme, The solubllity of the salt prevented the
ase of more concountrated solutions, Pipure 3 iz 2 sraph
ghowine the 20lubility of horax, The resulis of the
hest of sclution exverimonts are ziven in PTable V. The
firat column pives the mumber of grams of borex, the age
asond, She melalisy of the selutiom, the thisd, the hond
of solution in 1000 grams of waber, the fourth, the dilue-
tion in mols of water por mol of borax, snd the last
acliumn gives the heet of sclution ner mol,

Figure § s»%:0ws the hest of solution per mol plotted
sgainst the dilution, whg slope of the ourve at high
dilutions showe the$ the hesd of zoluticn 1s approsching
a ognetant value et Intinlte dilutlon. However, it
is Ai€Cionlt o intercclote & eurve of this L¥pe Dedsuse
it beccmes mwyurtotlep therefors, Bhe resulbs in eslorles
ner mol were ~lottad aguiust the melelisy In Pliure 6o
Thias sives & #tralyht line fm@'§&@ dilnte solutions and
ean De scourately ia@nrpﬁlatiﬁ'&@ zntiniﬁh-ﬁilmaimn,’ﬁav
give a walue of 7,370 onlories per mol, This velue
18 represented by the syubel LpS and is the number of
calories absorbed when e mod of bovax is disaclved in
an Infinise amcunt of water. 7TYhis 1z the heit ¢of solu=
tion of Lorex,

The vesults in Table V for the heat of soluiion
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TABLE ¥
Heats of Sclution
Graxs ¥olnligy AH ui!ukien 48 rer
Dorax 1000 gr BOLe wnlier mol borex
wabay calorien
ealorios
184 00048 12 14340 ¥reeo
Pl D060 S 6310 HBHI0
el 0,010 B B0 Lt
KR PSS §edn kit A8 RETLD
B0 74124 247 4740 P44
4e0 O.0108 427 AN 20420
B0 LS A L &x6 HAOM ORI
7 o) QL0888 Tl 1880 FON4ED
10,0 00408 1010 1890 £H210
1540 D.0828 1471 e 24070
3,0 0.0810 1860 701 RABGO
20 .0 00880 1807 ese EB8 50
Bled 1 40889 #OUE 628 A4V
24..0 040987 2211 BB 22480
B o0 2343008 2301 &80 23400
£ o 0,10%4 2388 548 HABEO
76 o0 01088 #4356 530 3220
28,0 N.1148 2008 487 22640
bt PRy AP Ro4) | 2718 462 RETIN
B GalYEO 2787 467 2ETHO
35 40 41413 3086 03 21820
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per 1000 gpazs of weter were ﬁlﬁﬁnﬁm agniney the zmolalw
ity and veluos 48/ 4%, or She cartial molal hest cone
tent of the sodiun telraborste In the sclution were
obtained by reading of U the tangente of the curve at
the wsrions concentrations given in the first colusm

of Table VI. By sguation (3)

By aubstituting in shils equstiom the walue obtained
BIIVE rmr'aﬁs end She values for @/anﬁ, E&, ani‘é«xg¢
tive partial solnl heat content ¢f the sodium tetraw
borete ¢ obteined, From Bquation (11)

the relative raptizl molel hent content of the water
may be o-loulated, Thid is done by clobting tre mol
ratio, Np/By, aguinst the values obtained for Tg and
ealonlating the ered cul off by the curve Letween 0
and the given noint. The valuee obtsined for ¢/ang,
Tg snd Ty are ziven in Table VI,

oo poete of epecifie heat determinations are yiven
in tris rorort. (ne 208 wes msde st the Hatienal
Buresa of 3tandards snc the ether in this laberatory
uﬁlﬁﬁ‘hﬁé eslovireter in whioh the hest of eolutien
deterninations were made. Bince the valuen ovtalined
at the wiresu of Standerds wore determired in a gslorie

moter with sn asouracy of ebout 0,00 per cent, they sve
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TABLE V1

Parsial Solsl Quenti
e meste of Doty

Kolality o/dng }

9 B8N0 o 4] ¢ ]
O V148 ROBHED - TE0 iJald 3 0,05
Oe134 HBOLO .13 P 1] I §
Dt PG SALED - gLy @ il D WEB
IRt ). RE4HO - Z5F G L5 ¥ 1 e5m
D040 21800 wE QD P 2% L1
N OB 0Y 21710 BS540 11.81 o A1
0,0820 PURIN «B160 14478 ¥altl
- W BGE 21710 5880 16 840 I Ty
0 ,0067 21150 8180 17 .00 k. |
0. 1006 20580 »§750 18405 A ol
1« 3084 ENLB0 =&'T80 18424 4 g it
01056 20890 «6780 16,00 4ot
Celldb 18700 ~BET0 B0 68 & o0
Oelinl 17630 «9540 21,88 10,49
041200 11530 «8840 82,00 S
03413 18800 «11870 76,38 14,58
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used in making all of the calcnlations given in Table VII.
A comparison of the two sets of results is shown in
Figure 7, The firet column in PTable VII sives the
molality, the second, the value for the snecifie heat
obtalned at the University of Maryland, the third, the
value obtained at the National Buresu of Stendards, the
fourth, the apprarent molal heat cspacity of borax, the
fifth, the sgquare roct of the molality, the sixth, the
vartial molal heat capacity of borax and seventh, the
partial molsl heat capacity of the water, The aprarent
molal heat cepacity, the pertial molal haat,eapaciky

of the borax an:d the parhial;maial heat eﬁpaeitg of the
water were caleulated from ecuations (14), (18) and (19)
respectively.,

In Figure 8 the aprarent molal heat canacity, 47,
and the nartial molal heat capacity, Up,, sre plotted
againat the sqﬁar' root of the molality. According to
the Debye~Huckel theory, which 1s applicable in dilute
solutions, g}e, should be s linear function of the square
root of the molelity, Pour points in the most dilute
region are shown to fall in s straight line. Extrapoe
lation %o infinite dilution gives e value of 44,1 for
39%. This value agrees well with that given by Randall
and Rossini (4) for sodium sulfate which is & 2«] salt
as is borax, Fhe slope of the curve, Upy plotted
against mi, for borsx is 184, This is considerably

higher than the velue given by Kossini for rotsasium
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TaBie vil

Hest Gapaciiy Peterminations

0,9688

Apvarent Partial Partial
Sne¢lfie dpeocifie Holal Rolal Holel
$o0lality Hest Head Best m Heat Hoat
He of Wl ¥y e 8y Cagssivy Gapacity Gapaclity
Borax #aber
B 0,9976  wmem =841 O @64s1 17,9787
Q088 0,9943 - .- - —— -
00,0118  0,0930 - aon - - P -
£} ¢0m1 OuwkiB6 —-————— - - " eweem ‘ - - - o
0,083 0,9%19 0984 «26,0 0,182 17,3 17,9691
G087y e PRseiyl ) -————— e - - -
) ,0388 0,9984 - . - P -
020468  wem- 049876 <194 0.214 6.8 17.9622
{’} hﬁﬁ{)? ng‘@&i - - L1 - o e
0u0BYB  mmwe 0.,5830  =12.0 0,265 4.4 17,9511
0 B0 £.,8708 .- - -——— - -
0,087 09771 > - - - -
0.0826 o= D,I770 25,8 0,305  «6,6  17:9406
CWOHE4 {},‘é?bﬁ - s e g P - -
G888 3,801 e - o, - o .-
&) pf}gs’g ﬂgiﬁ’?;}ﬁi’ i o oy - - ‘- - - -
ﬂ'mm C*;’Q?E%ﬁ - - - - - oy - ug-tun
= {35 1039 - DL B768 »Had OW3BE L4 179340
T0.1158  mewe 0,9754 6.8 0L5%0 38.4 17,5008
¥, yve 4] 6‘3}??}5 - "y e - - - -
0*119{) Q'Q?ﬁ?‘ﬁ - - -——— - - -~ -
01870 wwem 0,970 Ze4 0,386 42,6 17,5808
OL.1380 0.069R - - - m- R
ﬂ¢153$ - ”ﬁ?;@ ﬂh@?& lﬁ&ﬂ

17.5874



30w

or sodiue sulphstes The rete of incresse in Upg for a
nolystomic lon sush ss BgOy™ derende uson eoniigurae
tion, sharge end sige. ¥his is the reason for the racid
ingresse in the value of Tpg for BOTEX .

Ho ﬁxﬁzﬂnmtiﬁm fan be @ffér#ﬁ for the break in the
heat empaalﬁf snd hest of ﬁﬁlﬁﬁiﬁn purves {Figures 6 snd
7} st a melnlity of 0.08 %o 0,10, The bresk fs certsin
singe 4t 1 evident at Shﬁ peme molalities in both
surves, and was also ohserved by an inderendesnt worker
st the Natienal Bureau of Standsrds, The alope of the
surve suggests a phase ehsnge. There 1e slso a possibdlliby
of ehanges in the smount of hydrolyeis oy ionigation
in the agueons solutions, Such chenges however, ususlly
sake “lanee zyadually and an sbrurt ehunge in the slope
pf the eurve would not cesur. The results for the
s -arent and volsl hant gspaclty in Flauve & alzre de-
rart soractly fron a a%yélgﬁﬁ line showing that asone
uneogron chanye hag gooured lu the sclution, Thie is
not belleved to be due to erratlic rosulisn,. Phe larpest
source of error is in the most dilute regions of the

curve, From the aguation
3 Aﬁg
@ n

4% 12 obviome that for small wvelues of 5 a8 glven nere

centage error in the oaloulation of Op will create a
lapger error ind, It cen be seen from Figure 8 that

tne values of both@and Tpy in the dilute soluricns
rall on s atraight line.
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SUMAARY

1. 4 emloriseter was huﬂii'wxiﬁh &ﬁﬁ.aﬂ &@wmvauw
of audut 0.8 per cent Qﬁ? %@mﬁw#!tmwﬁ shanges of one
desree, |

2., The heat »f solutien of sodiua Setveaborste
decshydrate wes deturamined st warious convenirations
vanging from O to O.14 molel,

3¢ The spacifio hents of s%§_§ﬁﬁium tetraborsie
solntions were deteprsined, |

4., The difforentiasl oy true heat @?'aﬁ}a%&wn
of sodium tetravorate was determine: by nlotting the
hests of solution ngalaat uh@‘mﬁlﬂiihy and internolating
te 0 dilution. 1t s 27,370 salorics per mol.

be Fron the walucs obtained for the heats of
solution and sieelfio hents dﬁ the varicus scnosntraw
tions several lmportent Shepmodynesic ssleulatlens
were ngles

Gs A&n sbrust change in dhe slope of the heat of
sclutlon and srecific best enrves ccourred belween

the ﬁamawn%ya%1@Aﬂfmt 0,06 end 0,10 molale "



