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m
j mwrn »« i a k c v

ffeiii* to tfc* of tlio Orodnoto School
of fi» Oteireroifcy of terylfltnd In pur&lul fulfilloont

of thm v®$viirmm%o for %ho 6og*»o of 
Boefcor of f Mlonop^r

1956#



UMI Number: DP70421

All rights reserved

INFORMATION TO ALL USERS 
The quality o f this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

UM I
Dissertation F\iblisb»ng

UMI DP70421

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

ProQuest
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 48106 - 1346



Tho a u th o r  w i th * *  fee *xpr«««  h i  a »*v ro e ia fc le n  

to &y» is *1 cola $t« Having, who I ang at*'-'®?*-

vlaail th is  work, mn4 te f le f d  d* fiornl: brook o f the 

Bureau ©f dfcar.'h*r<iat -who caado a v a lla b ia  

fcba rscr# p raa l*#  ii^afc eapaoiiy



f ABU t? m W f M M §

tof*
lm% reBaofet m  »•*»•*••*•«***•••*»•« #••*•*♦»*♦*» ♦ 1
Boolo* ©f AH* lAAoi^fewo**#***# * *♦*»«*«##»•**• t 
ftM*#r#%i©iil •***♦+»*•*#*■♦•«*«***• 4
A# H#*t* ©I* *•**•«*»*• 4
ft* it##t # * * - • § f

Ap^*y©6«* ******♦##**>* •**•#.♦»* 11
jmc>«rtm#*ifc*li •»#*«*•»***»»«««*•*•*# 14
a . fj**i c*t*oitfr ©f «*'»*«## is
ft* % m %  of ft©loti©& MttvnAmtiont****«•**•• If 
Calamit&i ©a© * • • * * * * * * #.»»•»•* .#*.»»**•*«« * t **#*#*3. 3fta
Uom««lOft of Error*.***.*****.**..♦**.#.*»*#* 14

.**♦#**#**** #***#«,#.##* tf 
Bftgmvy**'*••*•’*•••*»«••••••«♦*»«•••»•••••••*•* 34
ftlfcliftgPftplSJ * #• * # ♦ %



X«RCDBG?XG»

for tht past t m  yaars a atudj (X) feaa &a#a mad# 

in this laboratory of tha hydrataa of podium ta%r*» 
toorata* A tfrttdy of . tfea. atuuEt&a of tb% vapor praaaara 

ai&fe fcaaoarafcura haa paralttad oarfcala important 
tharmddyaaiftie aalauXafcioii** In thk* invftatl&atlon 

tha worfe on-.aodlaa tatrafcarata ;.fcaa fepaa> aontinuad fey 
making a! a tody of' 'iha aqitaott* aoldtiona of tM&rax* Tha 
haat of solution of tha isIt 'and tha anaaifle haat of 

fcha .ftplatloi&a hava fe##n datdrial»«d at. a namhtr of 
dllutloiisu ’ from th# raaiaXt* aavaral partial usolal 
<piantltiaa hav* hatfi aalattlatod#
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HEVIF''-’ OF TBS U T S H M m i :

Th# only w#lu# glmsn la the literature tow ths 
hsat of solution of sodium tetraborate dseshydrsts 
Is on® whioh w m  obtain#-:: by Thoasion (2) * This Is 
an Integral hsst of solution and was dsbsi'ssinsd it s 
dilution of 1600 mol* of wstsr*

Ksad#li mad His son (S) haw# #x;>#rl»*afc#:i with 
*#u«eus sodium ohlorid* .solutions-* Thsy ®#*aur#d fch# 
host of solution at iani dilutions and fro® thou# 
results c-s Imitated fch# > artI si mol si h«sfc contenb* 
6o#elfle hosts and hosts'' of dilution ^#r# ©Is© deter­
mined* dll of this work **s don# at 2§°0#

Randall and Rossini (4) studied thm s^usous 
.solution# of sersral electrolytes including the halides* 
nitrates*' and sulphates of potassium and ssdltus at 
£$°CU Th# apparent .molsi host sspsoltl#* and rsrtial 
melal host capacities of fchs selufc# and solvent wot*# 
oalsalatftd* These values war# shown to h# linear 
functions of .the square root of the molality snd 
a# sash non Id be aeeurstely interpolated to infinite 
dilution* Thi' partial melal host capacities of Ions 
w#r# shorn to b# additive st infinite Al lotion*

Rossini (6*6) lun sloe calottlated ths partial 
..molsl host sap#cities .and apparent molal hsst oapselfci©* 
for « great many eieettelytes snd has shown their rein*
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tloa to the Debye^Huekel theory of strong electrolyte**



THEORETICAL I X U Q im iO I

When a mol. of sodium tetraborate is dissolved 
in enough water to form o given solution the heat 
absorbed is called the total or Integral heat of solu­
tion* If t© a given solution of sodium tetraborate 
an additional amount of the solute is added the heat 
absorbed per mol i® called the partial or differential 
heat of solution* The total and partial heats of 
solution become identical at infinite dilution*

In order to calculate the free energy of a 
reaction at one temperature when the free energy at 
another temperature 1® known it is first necessary 
to obtain the value of AH, the Increase in heat content 
accompanying the reaction* this quantity 1-s defined 
a® the difference between the heat content® of the 
substances formed and the heat contents of the sub­
stances disappearing* In case one or more of the 
substances Involved in the reaction occurs in solution 
w© must us© not the molal heat content, H # of the pure 
substance but the heat content of the substance when 
in solution at the given concentration* fhe quantity 
ff i® the partial molal heat content and Is defined as 
th© increase in the heat content of a large amount of 
the solution at th© given concentration when one mol 
of the substance is added to It*

It Is not possible to determine.the absolute
... for any sub stance but It is- Dossibl© 

value of I or S



to ascertain how .much greater or less this is than th® 
heat content of Che m m ®  substance 1b some chosen state* 
At m j  fecnv;er ature If eat Is testing with the a art 5, *1 
m l m l  heat content of mates* la a solution in which water 
t» th# advent9 mtre liquid water may be chosen *e th# 
reference state and designated a # 8^* la considering 
a solute such at tedium tetraborate* a ' reference atata 
matt be ahatan* In this work th# Infinitely dlluta 
solution rattier than ttia solid salt is chosin a# th# 
r»r»r*no« •««•, and ie d*not«d toy S|. t t o ' t t f f w w w  
between tha- partial nolal beat content of any eonsti* 
tuenfc of a. solution and the melal heat content of .Its 
reference at at# Is called the relative- heat content 
and la designated tey E# For an Ivan t and solute* res*' 
peettvely,

S x  •  %  -  I f  U >

^S5- •  %  *  ® ?  ^

and at Infinite dilution Eym 0 and Eg m 0#
If. to a solution already containing m% m M  of 

water end ng mole of salt, d»g more mole of salt ere 
added at constout teo»rorator# and pressure. and q ie 
equal to th# total Ineraaeo in heat content* then o

d u g
it oqual to the partial heat of solution of the ae.lt 
per sol# Uopr#tenting the melsl heat content of th# 
solid tali by the heat content of th# salt used
la £g(s)dnp« Them*

‘--p... « 8 (s) *• X#8 * ^ 8 (a) (3)



whoro- %$» m ^ %|i) ***# th© oorrostionrting rolof ty® host 
eontonts* I*g{») li Attominod by faossuring th® host 
-of solution' of th® solute. In ®n inf ini &# w m n t  of 
solvent* In this os so Tjg * 0, sad

*^i g * * < #
Shea Lg(») 1* known %  «ay be M l w U t r t  at any other
dilution*

Th® total host ©outsat, of ©solution «ty b® 
represent®*! by th® %qum%im$

H • a 1^1 “t np.lT̂  (0) 
and th# -totsi rslstiv® host oontsnt*

t * H - njff «■ »gff§. <•>
{Substituting (B) Im C6)» snd then substituting il) and 
(2) in th# resulting «®ustlsn#

L , +■ «2H» ” nl^l “ nf:̂ 8

t . ni(Ir  *g) + m g(fg . Tig )

t a B ĵ Ej 
Bf |>srtlal dlfforsntistlott*'

dh • tidajL t %fl*& W )  
iy' $on*r*l dl.ffo vontistion#

dX* ® dl^n^ + On 2,̂*1 dii'gHg dH^n«g (0)
-goisbtnlng \8) sad (9) givos#-

a-̂ vlTIj -j- npdl*^ at O 110)
m  bvmMZor&lmi snd' lnfeo&rsting

* * if f * *  {tl)
Thus If. iTgls known* tTjssy b® calculated by plotting



th® mol ratio |i. against Eg and obtaining th® area 
between tg and Eg a 0

1* Heat Copacities 
When two aabstaaeee, A -and 8 are mixed. together 

th® heat capacities of th® mixture will be the sum of 
the separata• substances if the temperature function of 
the energy state of A and 3 %» the earn® for th# ei** 
fcure as for each substance separately• Their heat 
capacities will also be additive if the change in 
boat capacity of 'on® in golns from th# our# state 
into the mixture is exactly negative - of th® other.
If, however* the molecules of one substance exert some 
Influence on the molecule* of the other substance, their 
heat capacities will- not be additive*

Thomsen it) says that if-an aqueous solution Is 
diluted with water thb molecular heat of the solution 
formed is less, than the sum of that of the original 
solution. - ta ogethor with that of the water* This* how* 
ever, is. true only if the solute, is a strong electrolyte* 
This behavior is explained by hand®11 and itoaeini (I) 
a® follows* A system consisting of 1000 g of water 
has m beat capacity of 8 calories* fit a single - mole* 
cule of sodium chloride is addeo to this ay®tern so that 
a new system is formed containing 1000 g of water* on# 
sodium Ion and one chloride ion* the. heat capacity of 
this system will be id*a) calories* Then (-a) Is ap er* 
ently the heat capacity of one sodium ion plus on# chlo* 
rid® ion* 3inm the solution is infinitely dilute, the 
apparent molal heat capacity and the partial.mold



heat capacity for on© gras mol of podium ••lem plus on# 
gram mol of chloride ion equal# *a x 6#0@ x 102^ caloric®* 
Th# present# of th®' two lone he® no affected the water 
molecules that thaler heat capacity ha® beam-decreased 
by am amount equal to \a) calorics plus th# Intrinsic 
heat capacity of one sodium iom and ©me ahlorld# lorn*

Lewie and Handalt {*?) ^ie# a .much sore goner cl 
explanation* Water i# mad© up of a 1 arg# number ©f 
molecular species forced by the' aggregation’ of simple 
molecule®, such as etc* Th# larger
aggregate® are most nreralont near th# free ting ©olnt*
As th© temperature 1® raise-1 thee© large molecules break 
up into simpler molecules with th© absorption of heat* 

it appears that am eleotrolyt# dissolved in water 
in some way causes those to break up to a
degree whleh Insrssoss with concentration* thus th# 
large fewest capacity of water may b# ascribed to th© ab­
sorption of heat necessary for th© dissociation o f 'these 
aggregates* Sine© an #l#otrolyt# will diminish th© num- 
bar of these aggregate# to be 'broken up, it will in this 
way lower th# hast capacity of the solution*

Th# methods used by Bamdall sod Koasinl (4) of 
calculating th# eprarcttft and partial aolal host eapa- 
cities will bo used in this work*. -Th© following sym­
bols will be usedi <p is th© apparent iso lei heat capacity, 
m the molality ©r the mm b m r  of mole of solute per 
10O0 g of water, Op is the heat capacity of that amount 
of solution of isolallty «* which contains 1000 g of 
water plus m mole of solute* 0?>2i# th© partial aolal



heet eaoaeit? of the solute, or 5® *&***£•
-la the'' heat eepeslt? of *F*ry large m m i m t  of a®lotion
on the addition of om ml of solute, fpf is the heat
oapaoitf of one m*% efdpur# water; at. fi# C.

fhe heat eapesltf #f 'MO® g of water may be desig* 
nated as §§*§<,>§ ’Ifpft ■■ewi.tho^heet sapbeltf of M o ®  g' 
of water -plus m  mol9 of salt as Op# .Then 4-%.*. the 'a#*--
part nt heat■eepeeity'of' the added salt, is-gIren by. th#' 
equation,

4dp # 0# * S0*S0§ ,lp|- , fit)
Fhe apparent heet capacity of the added salt per mol 
of the added salt it

s m 4g* i m
r  - « - .  ■

tmbs&itutiiig (IS) in tM)$
• fi#)

-Blffe'ire&tlfttlng <f> with respect...to ‘m£y •
4 0|> * ®S*S»Iat:> ^

ggpP" «

tow Op * 5i*SOS '%f e n i  end «  _j$ - -— ?«
''Substituting thee# .values in.' i 10> #nd .Hu:ltipl|lmg .by' vfe.$ 

Spg • ? + <1«)
which, asm*w that the, pert!el social heat #e$aeity of the. 
solute Is equal to the apparent molel heat ##$eelty -plus 
$ the produet of ®4 times the slope' of f plotted against 

as ia Flf * S#
When ̂  m d  Ipg are known tJgi m n  he calculated as 

followsf »f.. Oeflaitiea^



C’D m +
s <Qp- * ^ g )

ft#iM*r®filing CM)
* mft +§§#iOtl 

Siibsfcltttiiag CM )  is (3.6)*

a n

m)
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APPA*UT!J8 Atil) n m m i M S

Th# -calorimeter used %n- this work is shown '•••#;&- 
bl#& in' Flic* X# A is a D«««p flask with a capacity 
of shout;- *750 ®X» H i ® ©  #tlrr#y# 0 is a gloss tub* 
holding th* thomooouplo wir#t and junction*# and D 
iff a ^Iors tub# about 2*5 #® in diomotor to which is 
fasten*# a tub# of about 5 ^  diameter which
extend# through the cower of th* flask# These port#
#r# hold in pl*o* by moon# of * oork' eow#r which fits 
into th# flask* Th# tub# 0 woo «»td oo. # container 
for th# borax #**d as a atnv-ork for &•• a heating coil.
Th# glass rod extending into oh# tub® was mood to break 
th# eeal' on th# and of D and fore# th# borax into th# 
eater# in makiag th# det#rmisations th# eeiorlaetwr 
was lister aed to within a. half 1 m U  of the top in * 
eater thermostat at 0*

The water equivalent of th# calorimeter and th# 
heat eftpeeltles of th# solution® were determl neb by 
paaeing a definite -quantity of elaetrlol fcy through a 
ooll of wire of known resistance* Fig# 2 is -a atagrass 
of th# wiring need In Maturing acouretwXy a aaall 
electric ourront# 4 is a pot out ion# tor for attiring 
th# voltage* 1 a 0*1 oh® eta&dard reeiiteree.# .0 a spill 
coil, 0 thro® load 'Storage batteries conn##t«d In .itriwi 
and I th* haatiisg ##11«

th* potentiometer used to measure th® heating cur­
rant was? a Rubicon portable type with a precision of 
on# microvolt* It "was used slth an external gal van©-



CUD

CALORIMETER

(A) —  DEWAR FLASK

S—  THERMOCOUPLES 
—  STIRRER

(5) —  BORAX CONTAINER AND HEATING
WIRE HOLDER.

FIG. I



F

WIRING DIAGRAM FOR HEAT CAPACITY 

DETERMINATION

A —  POTENTIOMETER
B — O.l O H M  STANDARD RESISTANCE 
C —  SPILL COIL 
D —  STORAGE BATTERY 
E — HEATING COIL 
F —  SWITCH

FIG. 2



12*

meter made eareoiaXXy for this potentiometer* this 
inntrummt waa alee used- in. measuring. the temperature 
changes in the heat of' solution determinations*

Th® of th# spill ©oil 1® to bring th© hat*
tori os to ® constant voltage before ©eeh so ® elf I e ha at 
determination* It w«# mads' to have about th# «om© 
resistance as th© boating ©oil by winding # 20 ©on* 
stantIn wire around « glass tub®* th* ©oil was oowared 
with bake lit© ©burscI and burdened in an oven at 1X0° u* 
Th# bakelite coating afforded good Insulatlpsi*

The lead storage batteries had to he Jeon t almost 
fully charged In order' to obtain a constant 2* M* F*

Th® boating ©oil was mad© from #50 oonstantla wire* 
The wire was erar-ped non*induetlrely around the lower 
end of th® tub© D (Fig* 1) and.-oostod with bakelite 
enamel, After drying end baking at 1X0°C# the bake* 
lit© made a bough eonting which was not attacked by 
the salt solutions# Ooo^er wire #18 was used for lead 
wires.. The resist©®©© -of the heating coll as measured 
at th® national Bureau of standards was- 58*610 ohms*

Before each run the•current was first passed through 
the ©bill ©oil for fifteen minutes to allow the batteries 
to cone to a constant woItage* To start a run it was 
onljr necessary to throw the double»p61e*double*throw 
•witch* A Maytan stop watch calibrated'to 0*1 second 
was u»©^ to measure the time* Th® voltage across the 
0,1 ohm standard reel stance was measured cod from this 
value th# amp ©ri%® was calculated by êstne of Ohm1 s 
l a w *



fhormoeoupl#* w*r* ohosont# a# astir#' th# impmr*~ 
fcur# oh#%3#a* Th®** usod wtr# a " »#t of ton Junction
oouplo# nad#"froa #3t*'#onp*r and oonotantin wir#* ,9h# 
junctions «#ro •eldorol with ailtr#r and I atm to tod with 
fcakoitb# #nam#l* Tho #nd« of th# thormoeoiipl*# -nor# 
plac#d la small, slat# tub#* sad imhaddtd to paraffin* 
Th# th#rmo#0upl## war# *allbrat#d' by ■ .##»parii*g thoa 
with a 1OO0 0* thoraonotor which liaii. h#«a„ aalihrattd 
at tlia Motional M r m n  of Stand#rd#« On#' Juaotlon 
of tho thoraoooUpl# was pia##d in io# at 0° 0* and th# 
other wa# pla**d with th# th#ra#a*t*r in in .$#*»* flask 
oontalnlng wat#r* Th# t«ft»j»#ratur# of th# water was 
varlod at lnt#r*#lS' from 0° to 50° $« and reading# 
takoa from th© tn#raom#t#r m<& thormooouplas at oaoto 
Interval* Th# result# ar# shown la Tabl# X* th*
1* i* F* efcang# p#r d#gr»# at 28*0*. 1# STS ssl crow® its* 

Th# borax ua#l in this work w m  tfalllnkrodt’a 
boat quality'sodium t#traborato dooahydrat#* Th# 
result* of an Ignition t#st shorn#-i that it contained 
9*9? mo Is of motor per mol of borax*
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T m m  i

C*ll6r*tl6& ©f th# Th®m©e©upl©«

Ti^triiluri' 8* ff« W*V©1%#

4*60 O.001687 0*0003585
10*04 0.003650 0*0003643
13.23 0.004056 0*0003670 -
It *53 0*006378 0*0003680
20*58 0*007617 0*0003701
23*89 0*008682 0*OO037t8
«e.tt 0*000978 0*0003734
28.68 0*010774 0*0003766
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m v m i m m A h  t k o e m m m  

A# Seat Capacity .of the Oalortmeter

Approximately 650 grams of water adjusted to
about 84*5° 0* war# added t© th# Dewar flask# the 

flask was put In th# thefsoftiab# The end of th# glass 
tube P was ©lose-i with wax paper and seal#>i with na.ra.f- 
fla* ffeii was than pat in place on the calorimeter cover 
with th# thermocouple tab# and th# stirrer* and th# whole 
put in place in the e a l e r l M t e r *  The cold Junction 
o f  t h #  th e rm o c o u p le  no a packed  In  l e a #  The s t i r r e r  was 

started and allowed to run f o r  ten admit o s  to bring 
th# aystea to thermal equilibrium# Reading* war# than 
taken to determine the thermal drift of the edlerlmeter* 
In the meantime the electric current had been passing 
through the spill m i l  m d  the batteries wort giving 
a c o n s t a n t  I#  if* F* -The double-pole-doublc-throw. 
s w i tc h  was thrown* th e  ato r  w atch  s t a r t e d ,  and th e  

heating continued for ten minutes* a temperature 
reeding, was taken e v e ry  minute u n t i l  there was a con­
stant temperature change* The I* It* F« of the heating 
current was recorded at th# end of the fourth minute of 
the tern minute heating period* The water equivalent 
of the calorimeter was c a l c u l a t e d ,  u s i n g  0+9976 calorics 
as the specific h e a t  of water at 960 0#, and 4*166 
j o u l e s  per calorie as th e  mechanical equivalent of heat*



•1#**

™ ? m T T r ~  - *..............—

Kiit oiFili# SsJorl^ti?r

no* .Calories
i. ti.i
2 : 4 d * § "
5 b 1*3

Av#rag* foil

At a lattr stage of th# oork. a maw 
and a now tub# to bold th# borax wro.tHMWi* fhe water 
ô rni Talent of th# e&l©rlm#t#r wae than found to b# 
$3*2 calories#'



m  H # * t  o f  s o l u t i o n  © © te rm in a t io n * *

In the heet of solution «*$>*rlgii«nt*# th# b o n m  
*a« grmtnd in a mortar to paa» through a 100 mesh 
• H n #  A ebay#;© «as th#n wolghod exit end ol*##d In 
th# tube B# Th# #nd of th# tut# was clo##d with mm. 
papor ##al#4 ©n with paraffin# fh# «#m# Drolltttxutry 
pro*«dti:r# w#* m##d m  d#swib<id ntiev# in th# heat 
oapaoltf doieritinailona* ■ Aft#* a oonatant. temnoyatur# 
©hang# w&# r#a#h#dt th# glass rod was fopeod through 
th# seal and th# bar#* Introdftood into■th# solution# 
Taaparatur# r#*dln$* mere again talrtn ###tt mlnut# 
until * q m  II hr I urn was r#«ah#d* A dot#*mlnation of th# 
hoat *#p*olty of the solution was then mad# a# &#wcrifc#d 
abort and this valu# u#*^ In esl#ul*ti«t$- th# h«at of 
solution*
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Ctf-LCtJLATIOIS

la calorlmetrio. experiment* eueh as those described 
m'bowe it is? never possible to obtain an absolutely 

con at eat final te&poratur© in th# oalorlmeter, unless 

this temperature barrens to occur ao that the heat 
formed on the inside of th# calorimeter, such as the 

heat of stirring, exactly balances th# loss of heat to 

the surrounding*• There will nearly always be a gra~ 
dual change in temperature of th# calorimeter both 
before and after a run* However an excellent ep'-roxl* 
nation can be made of the actual change in fcr e tempera-*
ture in the following way* The temperature In the caloric

is
meter/Observed at definite intervals before m 6  after a 
run and the temper attire readings are clotted against the 

time* Clraph* showing the temperature change a in the 
calorimeter during the course of a heat of solution a :-d 
cheat c are city determination are given in rig * 4 , A and 8 * 

C sanml^ date sh##t, together wit.- a computation sheet 
showing detailed calculations are given'In Tables 111 

and IV*
ell of the exoerlme&ta were divided into three 

consecutive periods which are •classified in order of 

occurrence as an S«*nerlod9 an & * period, a»-*d a K~r»erlod«

The $* and K-perlods were rating prelode which were for 

purpose of determining the conduction coefficient, K, and 

the stirring and evaporation coefficient, W, of t h © ' 

eslcrtmeter* These coefficients varied from day to day,
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but were nearly constant tor my' a m  test* The XTerlod- 
wm  th® experimental period during which the sodium 
tetraborate was dissolved In the water or the heating 
current pus sea in#

The cried wss begun after the stirrer had been 
running for about -fi ft ecu minutes and lasted about flf* 
teen minutes * :sfhe t i me* t emr* a r s t n re curve for the $• 
period la approximately a straight line (see Fig* 4)#.
The temperature of the water rise# because of the ha«t 
of stirring# At the end of the 8*period the borax was 
Introduced and -the temperature dropped immediately* 
Readings were taken every minute so as to obtain a smooth 
curve* When all the bov-sx was dissolved the temperature 
began to rise#

The K*period was begun at the point at which cotr* 
sfcsnt temperature differentials were obtained# The 
tewperaturt.- wea recorded at Intervals of two to five 
minutes#

Raving determined the tl«e«teitper stops data for the 
S*» X~* a'-d K«periods# Inform ation was a v a ila b le  fo r  

computing the coefficient of boftduetloR, £* /the stirring 
and evaporation ooeffidelity W # and the corrected tern* 
perature .rise or fall Siring-the experimental period#

The observed rate of Change.of- temperature during-, 
the 8-period In microvolts per minute, or f|( is equal 
to the observed temperature rise during the d^period 
in microvolts divided' by the length of the $**per iod in 
minntee» or



Similarly the ©becreed rat# of ©hang© of tenper**- 
iure during the K»p#yied let

vk » 4 £ l _
£&V

The mean theme 1 head during the #«p©rlod in 
degree# or d(>## is equal to t'~# difference, between the 
bath temperature #nd. the' mean temperature of the water
solution during -the 0*periodf erf

<£>* *

. * n  + »*g
 g   ~ < » >

Similarly the seen thersaal head daring the'X>perled
Is*

Cit, * ?kl * **2 k^Jr --- ±__-----  . m i

The conduct ion coefficient, &, and the stirring »nd 
ere po ration coefficient, W, which ere asenmed to be 
©or-etimt for any one teet, art computed from the elml* 
t&neoua ege&tlone*

V„ * (p ,K + W

*fc - 4?k*+ ■
After 1C and 1 were determined, the net temperature 

lees, h9 during t e experiment*! period due to the 
effects of conduction, stirring, end evaporation wee 
©disputed from the form la*

l n %Px tax <■ wAtx 
Is determined by the trapexoldal rule* by thle 

method ^  l© determined by taking.the eum of one-half
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the- fi v?-t or-i-in lit© plus* one h^li the Irist ordin&ts,

p i«??. the sum o f n i l  in tis 'T ra in s  ©rdi.n** tss f o;lims tne

p'reduct of the bath fcs'aoers ture >i?h£ the- fcln©# fc...•
Tk& enrfeeteh to-h- e-Fret; re arc-; <$n.r • n,: the exh^hhent®!
period for © host Of solution determinetion ir fnqisl

to th@ observed t̂ wr-'orefcure drop pluo the not

tur© g&inf th a t is ,

A'I* » At.v -f t
*>

or for * heat ear'-aeltjr determination it wsg equal to 

■ the observe'; ten?orratnre rise minus fcha net temperature 

gain, or,
4?^ « ATX -

o
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the tem;e nature*
The e rro r  in  determ ining the as:ount o f host added 

to the c&lcrimefeer is negligible. In comr-arison to that 
in detobtaining th© temper&fcur* change# The accuracy in. 
determining heat capacities can. therefore not ho expected 
to ha hotter than 3 parts in 1000* A better Impression 
as to fehelr accuracy can be obtained by referring to Fig* 7 
where the results are shown compared with similar re­
sults obtained in a calorimeter built at.the national 
Bureau of Standards which had an accuracy of 1 part In 
2050 or 0 #oi> per cent*

In the heat of solution experiments* t e borax and 
water wer • weighed to a milligram and the error here was 
negligible* The only appreciable errors In these deter­
minations were those from the temperabura readings* Ther­
mal leakage, evaporation, and heat- of stirring are corrected 
for as described above by determining the actual tempera* 
turn drift of the calorimeter before and after a run*
The extent of errors in teav-erature readings obviously 
depended upon the change in temperature, being high for 
small changes and low for large changes in temperature•
Thus for 2 grams of borax which.gave- an B* M, F* change
of only 70 microvolts the error was or 2 per cent,
and for 50 gram* of '.p© s^lo which gave an 1* M* F*
change of 958 microvolts the error was ©3* 0*15 per 
cent* The theoretical accuracy however waa not reached 
for the larger samples of borax due to the fact that a 
longer time wee required for solution to take place, and 

the error in ar' poxlmating the •• correct temperature change



ury j/oei&ble* Tfee average error throughout
fciVe entire rwtp of hest of solution determlri&tlone
1 s a!:r)01 it 0 •l'-0 - ®vs©nt»
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lost of solution o#t«i#&xi*ti#a# urn s&art# on mm* 
pi## of te&rmm rang!## i# »lf# froa* on# g*#a to toi*ty* 

flw# gpssa# to#. ©f too sslfc pr####to# to#

m m  of mor# oonosntpfttoil solution#* ii§sip# I li » ,$r«p& 
#h©#in& to# solubility ©f torts* fh# roiraXt# of fete 
htftl of #olotion #*p#rim#ftfc# *?# #!#«» in tofel# f* Tit# 
first oolmm  giwi fete auto#? of .grafts of borsm* fete a#* 

©©art* to# aol#H*f of to# soliitlen, fete ihtH,. to* m m  
of solution in 1008 #r#»# of ##t#r* to# fowtti# to# <4llt*~ 

tto* ia ml* of ws&or p#r n l of tofiKi #»<l to# l«tt 

mlmm aim® to# host of solutlm ??#r mol#
ri&ur# § to# teat of solution pop stol plott##

#$*tn«t to# diltoim# to# #100# .of to# m,rm «t fcl# 
dilutions too## thm to# test ©f solution i# opprostoii*#
# soostanfc *#&#* #t IaflBit# dilution* &©*####* it 
is Olffloatlt to Intorpolai# # #«r## of t m » % j m  t>##s«is# 
It tecosto# *»y?sspt©ii#t th#.r«foro* in# r m m Its to- e&lorios 
m r  mol *#r* plot tort sgtttnst fete .##1 silty in.lfii$w« 6# 
toi# giro# a straight lln# fop th# Oilut# solution# and 
##«» 0# #«#ttp«t#l7 Interim l#t#€ to infinis# dilation* to 
#1## # vain® of oslooio# p«r « 1 #  f M i  telo#
it r#pr###nt#& hf tte #fto#l XigS anrt l# t.h# nato#* of 
otlopios t t e r M  «te» s «©1 of tor** it Aissol### in 
m  Infinite mmmnt of «*###• toi* i# to# host Of solo* 
tion of tors*#

to# r#«*lt# In ftol# f for to# teat of ftol&tlsft
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por 1000 grono of wotor wor®. blotto# %tm oolol*

tty *«d wol-noo M/^* ©r the- ôrfclol t*®!*! hoot c®u* 

tont of th® oo#ltt» totroborato in th® $0kii«» wor® 
obtoia®# t»y roodlfi# off th® fco&goat® of tho «tarv®.»t 

th® variou® oonwoatrwtloa® giwm in thm first colman 
of ¥®bl® VI* I f  mqmmtim (t)

By «Rife®tl1mting tn mi® mqmmtim %im wmla® ototola®#

tiv® poytfol aolil boot oomoafc of ttoo oodltia 
boro to I* obtain®#* rroa #qwott®& (11)

Oho rotofcir® portiol aol®! Hoot «®*ifc®at of -sh« wot or 
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used In making all. of the calculations given In fable ¥11*
A comparison of the two sots of results is shown in
figure ¥• The first column In fable ¥11 gives the
molality, the second, the value for the specific heat
obtained at the University of Maryland, the third, the
value obtained at the Rational Bureau of Standards, the
fourth, the apparent racial heat capacity of borax, the
fifth, the square root of the molality, the sixth, the
partial racial heat capacity of borax and seventh, the
partial racial heat capacity of the water, the uppercut
•mole.! heat capacity, the partial fecial heat capacity
of the borax and the partial'racial heat capacity of the
water were calculated from'equation*. £14),- (16) and (19)
respectively*

In Figure 8 the apparent racial heat capacity, ,
and the partial racial heat capacity, Spg, are plotted
against the square root of the molality* according to
the Debye-Huckel theory, which is applicable in dilute
solutions, should be a linear function of the square
root of the molality* four points in the most dilute
region are shown to fall in a straight line* Ixbr&po*
1ation to Infinite dilution gives a value of 44*1 for 
* o398» This value' agrees well with that given by Randall 
and Rossini (4) for sodium sulfate which is a 2^1 salt 
as Is borax* the slope of the curve, Wp% plotted 
against râ , for borax is 184* This is considerably 
higher thaw the value given by Rossini for potassium
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or sodium etilphmta# fee rate of inorease in Ufg for a 
peljrmteaie ion nush a® 04% *  depend® mp#m eemflgnFa"*
Sion* ©herge and site* this Is the ramson for the rapid 
inereiise in. the reins of Iff. for reran*

He e*rl«n®tien. sen &# offered for aha breeir in aha 
heat eepaeltjr end;beat of *el«tieo ettreee |Finures 6 end 
7) at « natality of 0*08.. to.0#10« tha break i« eertein 
»lnee it ia eeidsnt at the esine natalities in both- 
ears**, and m e  alto observed hr an inaabeiiAacia aarlcar 
at the national Bures** of Standards# the aieoa of the. 
aurra suggests a phase eh«nge* there is alee a possibility 
#f ehavtgea in the anowat ef hydrolysis or insigatinn 
in the aquae** solutions# Sash thongs% heweeer* usually 
taka plase gradually anti an abrurt ehan^a in the a lop# 
af the enrre ‘ «rea Id net oeomr# fee remits for the 
apparent and setal heat sepaetiy in figure © atae as** 
part abrupt If fre&' m straight line showing, that aesne 
mn€0» o n  ehang* h*« oeesirsd in the solution* This it 
net believed to he due fce err*tie results# fee largest 
eewree of error is in the noet dilute regions of the 
eurve* from the equation

it it ehe&eas that for sas.ll rallies of * a given per*
eentage error in the ealentatlea of tie will ertsie a 
larger error Any* It een b# seen free Figure i that
the values of 'both <t> «■* a #  tit*» 41 lut e m  la t i one
fell on a straight: line#
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