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Abstract

A calorimeter of twin design with auxillary spperestus was built
for meagurine the heat of mixing with a meximm error of * 1,0%,
Reliability of the apparatus was tested with the bensene~methanol
system and gave results comparable to those of other investigators
with apparstus of different design,

The heat of mixing of discetone slechol and water was measured
at 25°C over the entire concentration range. A pesk value of
238 cal/mole solution was obtained at 0,67 mole fraction water
the mixing of two moles water with ome of diacetone alcchol,

Specific heat of discetone sleoholwwater mixtures was also
meagured at 25°C with the same appsratus,
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INTRODUCTION

Enthalpy changes due to mixing of liquids is an important factor
in many industrisl processes, The effect in distillation design
ealoulations by the Ponchon enthalpy method is well known, Several
methods (10,12,14) for predicting heat of mixing from vapor pressure
dats, letent heat of vaporization, and volume changes give orders of

magnitude but usually vary considersbly from the resl value,

This work wes undertaken to design equipment for determining the
heat of mixing and to obtain data for testing correlstions with other
properties,

Discetons aleohol has found use as a solvent for the separation
of hydrocarbon mixtures, Ths alcohol is recovered by washing the
hydrocarbon with water and purified by distillation, Reecently en
investigation't) of the vapor=1liquid equilibrium of diacetone slechol
and water indicated wide divergence from ideality and suggested large
heat effects due to mixing, Dats were obtained for this system at
25°C which caen be used Yo test eorrelations of the heat of mixing
with other physical properties of the system, These methods are
reviewed and provids s basis for further imvestigetion,



THECRETICAL
A mupber of methods have been propesed and tested for cslevlating
the hest of mixing based on the physical properties of the pure
components snd the characteristica of the solution.

vora(22) tested H:x.l&e‘mandu(a) gereral solublility equation with
garbon tetrachloride solutions by asssuming regular soluticns (one
involving ne entropy change when a small amount of one of its
comporents is trangferred from an ideal solution of the sams

composition snd the total volume remains unchanged),

B VNV 3'1/2 E’1/22 N.V.5.V 5
AE= L1122 .. (....&) -(3) e 1322 . p
NV Y KV, L£] vy AR A

[ L2
Ey and Ez = anergles of vaporigation of the two pure
liquids to sn infinitely dilute value

Kl and K2 * pmole fractions of components
?1 and Vz » molal volume of the nure liquids
Dmg =  gguere of the difference between the

gquare roots of the internsl pressure
of the two liquids

Vold concluded that satisfactory results could be obtsained if a
single determined value was used to evalnate the vaporiszation energy

term, It was slao shown that fair sgreement was obtained for



2 wag calculated from

tetrechloride mixtures when the parameter Dm

E’/V velues.

Seatchard ™ = 18) pos caloulsted the thermodynemic funstions of
mixtures, including the free energy and entropy of mixing, from vapor-
1liquid equilibrium date for s mmber of systems, The hest of mixing
gt constant volume is the sum of the free enmergy and entropy of

mixing, It was assumed that [tf]

M E E
B, sl“x + 18,

varied linearly over the temperature range studied (20°C to 50RC)
and thet the entropy was a linemr function of temperature

g E . E ok
X (tm) Fx (tl) Fx (tz)
t, - Yy

Free energy values were calculated from excess chemical potentials
of the pure components, These values were based on vapor-limid
equilibrium and vapor pressure data for a binary mixture over the
entire compopition range ot two different témperaturea

M 1"3 = RT In By /Pyxy + (By -Ty) (P~ By)
M F =R In P /Py ¢ (B, <Ty) (P - B)



where ?1 and ¥, = molal volume of eagh component
x and X, = mole fyactions in liquid
¥y and ¥, = mole fractions in vapor
P = . ygpor ypressure of solution
I’l and Pz * vyppor pressure of pure components
By and By »  gharacteristic temperature function
of esch component calculsted fyom
theory of corresponding states
These equations were used to csloulate the hest of mixing benzene-
methanol aolutim(y‘) {Table IV) and although the values were
gignificantly higher than values actuslly meassured by Seatehard(u)
the same seymmetry is shown with s maximum at 70 mole percent benzene,

The change in slope of a log log plot of solution vapor pressurs
versus the vepor pressurs of s pure component was used as s basig for
calenlating the partial molal hest of dilution by Othmer' ", A
sadend papcr(l?') gives a correlatiom of the partial molsl heat of

solution with activity coefficient and latemt hest of wvaporisstion,
log { 1 * B'AG' (ngp;)*e

*»  aotivity coefficient of componsnt
partial hegt of solution of component

= molal latent heat of vaporisation

o Ho B o
]

o) *  yapor pressure of pure component
1 at glven temperature



Thiz method ylelded values about 10% higher than experimentsl for
the hydrochloric acld-water aystem,

Mertes snd Golhn‘n(‘m)

of dilution of furfurglehydroearbon mixtures

used & similar method to determine the heat

a .l o1
d { 1/1) 2.303 R

whore 11 = partial molel heat of solution

¥ , ® ectivity cosfficlent



The calorimeter was' of twin design where wixing wes carried out
in one vessel and the sscond was used as a temperature reference,
Bixing heats were compared to those of s known amount of electrical
energy. For endothermal mixing the proecess was lgothermalj
nleatri:;al energy was supplied to gompeneate for the heat of mixing
and thle temperature was held constant., In sxothermic work the rate
of heeting due to mixing was observed and subsequently duplicated
in the seme gpparstus, Design and operstion followed the
reamn&éﬁo&a of Swiatoslmski(m}. Twin deaign and the method
of comparative measurement negates such errors as heat input due
to agitation, vaporization and condensation, radiation, and rate of
conduetion and elimimates the application of doubtful corrections.

A dlagram of the calorimaters is shown in Fig, 1. Silvered,
vaouum jacketed, Dewsr flasks each holding shout 1600 ml, were used
as the ealorimeters, An 18 gauge vopper collar 3/4* x 3/4i% was
gealed around the 1ip of each flask for support in the submarine
ean, Bekelite ERL-3003 epoxy resin with 25% H~13793 anmine

hardner was used for sealing; the cement also served as an insulation
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barrier. A brass cover plate 1/4% x 7~1/2% 0,D, eontaining parts for
the hester, agitator, mixing pipette and thermel wes bolted through
the collar with a 1/4® Garlock rubber gasket to make a water tight
gesl snd to serve aﬁ an insulation barrier, The calorimeters were
bolted to the top of an 18 geuge eopper submarine can 10% x 15% x 18"
through two 6-7/8" dia, holes, 10 inches from center to center, A
1/4* Garlock rubber gasket was used between the calorimeter collar
and the can to mske a water light sesl,

Heater leads and the glass heating jacket was sealed through
1/4" bress compression fittings and 1/4" Saran tubing with epoxy
resin, The 16 junction thermsl was sealed through the cover with a
1/2% compression fitting with copper tubing in the same manner, The
Jjeoket did not extend down into the calorimeter so that the thermo~
coupls junciionz were in direct comtact with the liquid to give rapid

response,

4 3/8" ground glsss shaft and bearing with a 1" Teflon paddle
was used for agitation., The beasring was sealed through the cover w=ith
epoxy cement, A glass tube swrrounded the besring and shaft to the
water level of the bath to insure a water tight sesl. The agitstors
were turned at 100 R.P.M, with an elestronie controlled veriable
speed d.c, motor. The shaft wass split with s plece of rubber pressure
tubing inserted to act sa an insulation barrier. No significant
change in temperature differential or temperature rise in the
calorimeters was noted after agitation for eight hours, Dow~Corning
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9
8ilicone grease was used to lubricste the besring., The lower end of
the bsaring was not in contect with liquids in the vessgel,

Hypodermic syringes holding 100 ml. were used to iniroduce the
second liouid, They entered the calerimeter through a 6% x 2% 1,D,
brass tubs vwhich extended above the cover plste and was soldered to
the center of the plate witha lap joint. The 6% tube wae necessary to
contain the pluncer when the syringe was full of liquid, The syringe
barrel was suspended down into the licuid by 1/8* bronse rods from a
3" bress cover plate which bolted to a 3/4% collar soldered to the top
of the tube, The 1/8" rods were fastened to the syringe barrel &ith
Teflon collars,

A 22 gauge needle was used on the sryringe, Dwring the course of
the work difficulty was encountered with premixing of the liquids by
diffasion through the needle, This was eliminated by sealing the
nesdle with Dow-Cornimg silicone grease, Blank tests' indicsbed no
heast effects due to the greese with the sgyastems employed,

The syringe plunger was operated with a 1/8% bromse rod eemented
to the top of the plunger which extended through the cover plate and
above the water lsvel of the bath, The plunger rod was sealed
through the cover with vinyl tubing, All reagents were weighed;

the ayringe was used only as a diapensing apperstus,
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The submerine can was immersed in a constant tempersture webter
bath comtrolled to 25,00 # 0,01°C, 4 "MagnaeSet" thermoregulator and
& mercury switch electronie relay were used for temperature control
by reguleting the heat supplied by three 200 watts nichrome hesters
encased in copper tubing, Fech hsater wes five feet long and insured
rapid heat dissinetion over a large surface, The bath contained about

30 gallons of water and was agitzted with an Amimco centrifugal pump
mixer,

The heat of mixing was compared to the heat supplied by a
nangsnin cci;i.- The coil was made by wrapping six feel of #38
manganin wire on a glass 1/8" rod, The coil wes sealed in a U-ghaped
5 mm x 450 mm glass tube filled with kerosene. Resistanee of the coil
at 25°C wes 66,62 ohme messured with s Wheatetone bridge, Copper
leads (#20 wire) were soldered to the coll and extended 7 cm, into
each end of the glass tube, A constant six volt clirenit was suppiied
by a Mallory full wave selenium rectifies, Model 65AC6, Input to the
rectifier was maintained comstant with a Raytheon type WR«C 112 CP
voltage stabilizer operating at 60 watts, 60 cyecles and a 100% power
factor, Output waes 115 wolts for line eriations of 95 to 130 wolts,
The circuit also included a 120 ohm Becbro variable rheogtat, a
Weston Model 1 direct ourrent milliameter (Serial #60413) with a

+320 ohm resistance on the 150 ma. range, and a relay switch
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iz
{1,3, Insteumment Co. No, T970) conmeolsd in series with the mangsnin
goils The rolay coll was sommootzd in perailel with sn elestric tismme
gredunted o 0,2 sogondy 2o that the hosting civeuit wes opened and
olosed almuitaneonsly with starting and storping «f the timer. A
toggle seitch wes sleo plesed in seriss vith the hesting circuit se
that the timer ecu'd be ueed without a-plyine hest to the calorineter,
The mangenin heater had an smergy input of 10,73 cal/mia. at 106
milifenmperen, A olreuit disgrsm 1w shown in Plp, 2,

Towparatare differestials bebween oslorimstors wes pesswed
with a lewds exd Nordloup type Ee2 potenticweter using a type R
londs and Berbhrup golvanometer as a aull insteument, The potentfos
neter hap & five zeter mangenin alide wire gradusted to G,1 miorow
voltse A 200 chm external deplng resistonos was used with the
gelvonometer whioh had s 15,9 olm internal realstances 4.7 seo,
perdods and g 3% olm oriticel demoine ropistance, Sensitivity of
this instrument wse 0,27 miorovolts per nililmeter on = senle af
oneshialf metor, This 15 cqnlwvalent to 0,00084%C ver ma sosle
deflection with the 16 junrtlon #24 pmige shromeleslume! thermopile,
Junetioms wore mede with pllver solder end borax fux, The
thermopile hed an o entromotive foraee of 323,.2 miorovolts per °C,
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Whenmeasuring endothermal heate this apparstus was used as a mull
instrument for the temperature was held constant by balancing with a
constant hest input, ¥For exothermio mixing the tempersturs rise was
recorded and was subsequenily duplicated by electrical heasting.

Reagents

Diacetone aleohol used in these studies wes obtained from the
Fisher Selentifie Co, (cat, no, D-17) and contained sbout 15% acetons.
It wae purified by frectional disztilletion in a two inch I.D. columm,
60 inches high filled with 1/4" stainless steel Cannon protruded
packing, The distillation was carried out at 15 wm, Hg snd & reflux
ratio of nine, 4 Pheart® out was taken which represented 51% of the
aﬁgiaal material and had a2 boiline renge of 60.7 to 61,8°C at 15 ma,

Hg. Density and refractive index wmeasurements are shown in Tsble I,

Demineralised water boiled to expel dissolved gases wag used in
the discetone aleoholewater studies.

Anhydrous mihanol was obtained by distillation of a C.P. grade
over magnesium methoxide and collected under a dry nitrogen atmoaphere,
Reagent benzene was dried by distillation, Properties of these reasents
are slso shown in Table I. All densities were messured with & pycnometer
at 25°C and referved to water at 4°C. The refractive index of these
resgents was measured with a Bauch and lomb Abbe' refractometer,
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REAGENT FROPERTIES
Pilacetone
~2lgohol Water Kethanol Benzene
Refractive Index (experimental) 1,4215 1.3328 1.3270 1,4988
p?> {Mterature) 1.4235 @20

(8 1.3323 (4)  1.3277 (&) 1.4979 (5)
1.4300 8 9 (3)

Density (25/4) (experimental) 0.9286 - 0,7851 0.8725
{11terature) 0.9306 (3) - 0.7859 (6) 0.8729 (7)
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Benzene-methancl was used to determine the relisbility of the
equipment for two reasons: (1) the reagents were made resdily svailable
in pure form, and (2) confirmatory data has been obtained on this system
by a mumber of investigstors, The hest of mixing wes determined by
chsrging benzene to the calorimeter and methancl to the pipette and the
system was allowed to attain thermsl equilibrium, The solvents were |
preheated to 25°C by storing them in the congtant temperature bath at
least 24 hours prior to charging. Eight hours wers usually required
before the sslorimeter eame to equilibrium after charging, 4 50 mole
parcent solution was used in the reference calorimeter, FEquilibrimm
was assumed when the differential wse meinteined st % 0,5 mierovolts

betwesn salorineters,

During the determination the pipette was discharpged and hest was |
supplied by the manganin coll simultaneously, The rate of discharge
was regniatad 80 =3 to maintain the temperature differentisl within
4 0,005°C, After addition of all of the methanol the syringe wae
flushed twice by drewing solution back frto the chamber and discharging
it. After flushing, the tempersture differential was restored Lo the
original valne before mixing, By this procedure the required hesting
time could be determined within ¢ 0,05 mimutes which is squivalent to
045 calories, The bulk of the measurements were 100 calories or

greaster so thet the timing error was * 0,5% or leas.
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Subsequent solutions snd s series of measurements were made by

withdrawing a known amount of the last solution equivalent to ths next
methanol ahérge. All solvents and solutions were weighed to 0.1 g.
The amount of heat removed with the solubions withdrawn was aubtracted
from the total heat observed In the next messurement to give the net
heat of mixing, Solutlon concentretions snd heat of mixing ealeulations
are shown in the Appendix,

The initiel results determined at 30°C are shown in Table II and
are plotted in Fig. 3. along with values of Williams'®3) and Scatchard(13)
and were low with respect to previous work, The measurements were
repeated st 25°C to determine the effect of teomperature; the Williams
data was for 25°C and Scatchard's values were messwred at 20°C,
Similar low results were obtained (Table IIT), It was nmoted that in
some cases exceptlonslly long periods of time were vequired to attain
thermal equilibrium after charging and suggested that some premixing may
have taken plzee due to diffusion through the hypodermic needle. This
loss would accumulste in a series of measurements and account for the

low resultas,

The meesurements ab 25°C were repeated with the hypodermic needle
sealed with Dow-Corning Silicone grease to prevent diffusion during the
time necessary to establish equilibrium, Blank tests with both solvents
indicated no hest effects due to the small smount of grease (ca, 10



TABIE 1T

ﬁE&T QF‘ MXING Q‘F mﬁm«muw ’I‘HAEGL

Exp. Mole Fraction Heat of
Eo.. ~-Bgnzene :
Lsl/Mole Solln
1 0,953 0k
2 +905 1
3 «838 137
4 o747 143
5 +669 143
6 «596 135
7 527 124
21 +456 7
20 o425 75
19 «396 71
18 «362 60
17 «329 51
16 297 42
15 o265 32
¥ o241 26
13 «210 2
12 .161 18
11 127 13
10 +093 10
9 .060 é

8 030 3
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HEAT OF MIXING OF BENZEREMETHANOL
SOLUTIONS AT zs“c: DATA SHORING THE
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(G ong,
_____mg__@g___, scarcrmp(13) wrirzas(??)
AH825°C Cone, A HB20°C A

- - 0.1 40,0 0,1 33.0

- - 0,2 69.6 0.2 66,0

- - 0v3 102 0,3 97.‘:»3

- - O.dy 131 ) 0.4 124

had - 0.5 150 De5 144
0612 154 0.6 158 0.6 153
J710 156 0.7 156 0.7 157
« 787 157 0.8 15 0,8 151
.836 16 - - - -
2910 126 0,9 129 0,9 132
911 122 0,95 110

#Caloulated Values

TABLE IV

HEAT 0? MIXIXG Fm mnmm«mwang

0.9

©
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milligrems), These repest messurements which geve results consistent
with those of Seatoherd and ﬂlliam are shown in Table IV, The values
are plotted against benzenme concentration in Fig. 4. A pesk value of
157 eal,/mole solution was obtsined at 70 mole percent benzene as
sompared to Scatchard®s value of 159 @ 20°C, Williems' at 157 also
at 25°C, and Schmidt's 163 st 15°C, The data was also confirmed by
(21) o4 250, |

Thecker and Rowlinson

The mixing of diaseetone aleohol and water at 25°C gives 2
exothermic effeet, In these studies water wes added to diacetone el-
cohol over a predetermine length of time (usus’ly one to two hours)
and the rate of temperature rise was recorded and plotted, The
solution was then allowed to cool back to 25°C by placing a cold
finger in place of the pipette and running 20°C water through it.
The pipetie was replaced end equilibrium was sgain established,

Heat was then applied at a rate to glve a temperature rise equivalent
to that obteined during the mixing, Typical heating curves are shown
in Figurea 5 and 6, The heating and mixing exotherms were duplicated
fairly accurstely; the area uzder the curves shown agree within 2.5%,
However the negligible effect of verying the heating and mixing time

gignificantly was demonstrated by repeating the hesting in experiment
29 at 7,03 cal./min, At this rate the hesting time was 83 minutes as
compared to 54,3 mimrtes at 10,63 cal./min, and ~ave a heat of mixing
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result of 583 cal, as compared to 577 cal. at 10,63 cal./min. This is
only & 1% deviation for a 35% deviation in heating tims,

A series of méasuremnts covering the entire composition raenge
was run in duplicate. Solution were prepared in = manner similar to
the benszene~methanol experiments (Series 4 B, C). In series D
dlacetone aleohol was added to water, Concemirations and hest of mixing
calculstions are shown In the Appendix. 4 pesk value of 238 cal,/mole
‘solution was obtained at 0,67 mole fraction water which corresponds to
a ratio of two moles of water to one mole of diacetone slcohol (Table V

and ?igt 7)0
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IABLE ¥

HEAT OF MIXING OF DIACETONE ALCOHOLWATER

SOLUTIONS AT 25°C
_ Mole
Experiment Fraotion
Ko, of Water
29 0,055
32 0,080
30 0,121
33 0,198
34 0,323
35 0,441
44 0.529
36 0,538
45 0,646
38 0,727
46 0.729
39 0,784
40 0,826
42 0,969
41 0,985

Heat Of
Cal/Wole)

53
59
92
120
173
178
207
217
223
237
235
233
226
216
89
53



240

~ N

oF MIXING (CAL./g. MoLE)
N
o

 HEAT

s 4
©

Fl16. 7

- HEAT OF MIXING
DIACETONE ALCOHOL- WATER
SOLUTIONS AT 25°C

2 4 b 8

_ MOLE ERACT/ON WATER

/.0



Specific Heat of Discetone
H _"_é,_ r aOLU

The time tempersture curves which were used to determine the heat
.of mixing were also employed to determine the specific heat of dlacetone
aleohol water solutions. The thermal equivalent of the calorimeter
(325.1 cal/®C) was determined by hesting a known weight of distilled
water for fifty mimutes snd noting the temperature rise. The heat
capacity of the calorimeter was equal © the total hest input from the
heating coil minus the heat talting up by the water (specific heat of
water 0,9989), Tempersture rise for the first fifty mimstes was
likewige resd off of each heating curve for the diacetons aleohol
water solutfons) ftyplcel curves are shown in Figures 5 and 6, Total
energy inputs were calculated from the current density for the first
fifty minutes, Net heat to the solution was taken ss the difference
between to total input minus the heat to the calorimeter, The specific
heat in e¢al./°C g. solution wes caleulated from the net heat input,
These values are shown in Table VI, The function of specific heat of

the golution with respect to water concentrstion is shown in Figure 8,

This was the [irst messurement of the specific heat of these
solutions, A value of 1,04 at 0,984 mole fraction water indiested
s meximum in the reglon of low dlacetone aleohol concentration, The
lower primary alcohols alsc exhibit meximum points at the lower

concentrations in water soluticn( l“%‘).



Specific

G&lu{ G""g SOI‘!}

0,332
0,431
0.412
0,480
0,493
04527
0,570
0,590
0,600
0,677
0,662
0,670
0,593
0,611
0,823

TABL® VI
SFRCIFIC HRAT OF DIACETONE ALCOHOL-WATER
_SOLUTIONS AT 25°C
Exp, Mole Fraction
Bo... Bgter

29 0,055
32 0.080
30 0,121
33 0,198
34 0.323
43 0.357
35 0.441
36 0,538
37 0,639
45 0,646
38 0,727
46 0.729
39 0,784
40 0,826
42 0,969
41 0,984

1,037

29
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Conelusiong

A sensitive epparstus was built for determining the heat of mixing
of liouids and it wes estimated to zive reliable results with an error
of less than * 1%, The endothermal heat of mixing values of benszens
and methanol at 25°C cited in the iiterature were conflrmed, It wes
shomn that apecific heat dats may be obtained with ths same apparatus.

The heat of mixing of diacetone water solutions wes determined
for the first time over the entire composition range and showed a
positive maximum (exothermie) heat of 238 cal/mole solution at 67
role percent water and suggested the associstion of two moles of water
with one mole of discetone alechol,

The specifie heat of diacetons alcohol waler solutions wss also

meagured over the entire range of composition,



The heat of mixing data for diagetone aleochol water solutions
guggests the formetion of an addition complex by hydrogen bonding,
Badger eand Bauer(n have ghown by speetroacopic methods that diacetone
aleohol in 18 mole percent carbon tetrachloride solutiom consists of
sbout 758 of molecules with internsl hydrogen bonds., This would
indicate that the hesgt of mixing represents the net heat change due
to destruction of intramoleculsm and intermoleeular hydrogen bonds
and the forma‘tion; of hydrogen bonds between water and discetone
alechol, ;

» 20
3(1% 4) have boen alle 4o eorrelats the donor

Searles and ?m
ability of aromatic hydrocarbons with hest of mixing measurements
and shifts In the 0D bond with methanol-d solutions, Heat of mixing
has also been used to show the Jifferences in donor ability of

oxygen, nitrogen, sulfur, and halagens{%).

Since the complex formation is a function of the hydroxyl
concentration, the consenmteration and heat of mixing should correlste
with the cohesive energy density ($) or internal energy of the pure
components, Cohesive energy density may be expressed by the following
equations

=8 =31
v
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H = heat of vaporization (cal,/mole)

R = pag constant {cal/°K)
T = gbsolute temperature (°K)
14 = molal volume (ee,/mole)

Additionsl heet of mixing data st cther temperatures would be
desirable to test the equation and to determine the effect of tem=
peraturs on the psak value snd its position with respect to concentration.
Solid~liquid phase dlagrsm snd spectroscopic studies would also be of
interest in the slucidation of the existence of the addition complex.
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IABIE T

DIACETONE ALCCOHOLMWATER
\ Ban BY

S6f1202 H30 Het
Cher Charged CﬁHg&
. (&) () (2)
1397 10,8 1197
- 14.8 1197

10.8
25,6

LUTIORS

Total

(g)

1207.8
12226

Total

10.90
11,72

Mole
Fractions -

0,0550
0.1212



Total
Moles  Temp,

o

11,72 0611

105.5
105.0

IaBiE 11

DIACETONE ALGUHOL-WATER
HEAT OF MIXIRG DATA PR
SERIES A" EXPERIVENTS (25°C)

66,62

L

54
48

10,631
10,530

AR
Heat of

574
505

1079

AR

— AT ING DATA oo
ﬁﬁﬁ%‘%ﬂ‘%rﬁsﬁ%y

574,
1079

ole )

52.7
92.1



Experinent
No.

32
33

25
37

C¢h120
Qb_g@

1005

(200 N N O B B

Ha0
Charged
(2)

13.6
24.8
33.6
43.6
49.2
% ;7
102.4
97.3
103.1

IABLE 111
DIACETONE msaawm sammxs

Soltn  Cglha0s
Removed Removed
(g) ()
69 » 5 66‘9
37.5 34.9
i 35.4 30,0
98,2 7.0
17,0 8.7
98,7  63.1

H,0

{2)

2*6
2;6
7ok
Sed
21,2
3443
35.2

Het

E§3:§Sz
g

1005

1005
938,1
903,2
843.1
813,1
736,1

65344
590.2

Net
Hs0
®
13.6
38.4
69.4
110.5
152.3
223,6
304.8
367.8
435.4

Totsl

()

1019
1043
1008
1014

995
1037
1041

1026

Total

Moles

2,40
10,78
11,91

- 13,91

15‘71
19.41
23,26
26,05
29.25

¥ole
Fraction

Ego

0.0798
0.1976
0.3233

0.5379
0,639
0.7274
6;%39
0.8263



TABIE IV

BI&EET’)I;E amoﬁswgm HEAT 3!*‘ mxxm

" A u
%

Exp., Moles  Temp, BEATING DATA Heat of AH AH
No Sol'n R AR ’
aaainSKoion

(“GE {na) Tohms) (Mn) (Cal/Mim %Gal? Cal, Cal iCali
32 7.98 0,733 106.0 66,62 52 10,73 558 558 -
33 19,7% 0,902 105.5 hod 70 10,63 740 1298 -
34 32,33 1,015 106,0 R 5 10,73 848 2146 86 86
35 L4007 0,985 106,0 H 83 10,73 891 3037 ¥ 163
36 53,79 0,903 106.0 " 77 10,73 826 3863 191 354
N 3.94  1.253 106,0 " 116 10,73 1245 5108 128 A79
38 . 72,67 1417 1wW06,0 00 ¥ 118 10.73 1266 637, 438 917
39 78,37 1139 105.0 :i P9 . 10,53 1043 417 613 1530

40 82,60 1,021 105.9

235
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IARIE Y

BIACETGI&Z Mmmwm SQI&EIQNS

{2)

92.3
179.9

wgﬁm

Net  Total

() (&)
%3 1055
875 1055

Total

542
0.1

Hole
Fracgin

0.9854
0.9691



TABLE VI

-

DIEGETONE ALCOHOMATER HEAT SF mm

si g il
EKP. Holes Tamp. !! 2 5,2 Q ,Q g : ﬁ - Heat of A=

R - S S S Wﬁ%@%%'m

41 54024 2 s%o 1055 66‘62 269 101963 2860 - - 2860 527
42 50,0 1569 1055 % 173 1063 18%9 pre- R v



I4DIE VIL
DIACETONE ALCOHOL-RATER saxmzms

Mole

Experiment  CgFy20s H,0 Soltn  Cehf 0 Net  Fet  Totsel Total Fraction
—Boy . Charged Cha¥ged Removed Removed Removed CgHy50, HyO  Weight Moles H,O
{g) (g) ' (g) (g} (g) (g} (g) (g)
43 %4 81.5 - - - 94  8l.5 1026 12065  0,3573
L - 76,7 7740 70,9 6,1 873 152,1 1025 15,96 0,5288

- 93.0 ' Vel 7345 - 209 700 291.6 991 22,21 6‘7290



Bxp.

43

45
46

Holes

12,65
15,96
18,84
22.21

E

B

3.156

105.6
106,0
1020
105,.6

BI&ETQKE AKS()KOMATER ’EEAT GF mxm

2258

5031
6171

AH

N

170
396
425

Z

AH

W%ﬁ) Teat/ets)

2258
3451
556 4465
991 5180

178
216
237
233



Experiment Cely CROH  goltn Cely  CH,OH
Ho, Charged Cherged Removed Re mfi Removed
(g} (e) () (2) (g)
l 1% 22‘5 - - L
Q - 2&,'8 - - -
3 - 38¢3 39#8 38t2 1*&
2(- - 58t8 7549 70&3 5«6
5 - ' 59 3 64’!# 56$ 5 769
6 bt 6‘6&6 &717 39'7 glg
7 - '?206 1}-5 '6 9005 25 Ql

IABIE IX

FETHA?‘IOL-%NM SUL%JTIGK&

801

Kot
Qﬂgm

{2)

22.5
47,3
84.0
137.2
188.6
247.2
294.7

Total

Tobal

Holos

14,73
15.51
16,16
16.92
17.81
19.13
19.45

¥ole
Praction

Celg

«353
»305

838
- 74'?
669
596
+527
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Holes
Sol'n

14L.73
15,51
16,16
16,92
17,81
19,13
19.45

106
106
106
105
105
105
105

TADE X
BENZEIE#MTH.W’}L EEAT "‘F HE}’ e

5 Yy b3
Heat of AH A H

— AL ING DATA
1 R Mi o A ?
Tma) {ohms) (miﬁ? EG§§§§§n§ Cal) Cal g:l {Cal

66,62 109.0. 10,73 1170 1170 - -
" 51,3 10,73 551 1721 - -
u 51.3 10.73 551 2272 60 60
" 34.0 10.53 358 2630 147 207
" 24,7 10,53 260 2890 139 346
" 13.9 10,53 146 3036 108 454
n 9.1 10.53 95 3131 262 716

Al
(Eah)

1170
1721
2212
2423
2544,
2582
2415

c

A

Nole

79
in

137
143
135
124

o1




Exp.  Ceflg
o, Gharggé
{z)
8 T35
9 7.8
10 86,7
11 83.6
12 8.2
13 78.6
14 81,0
15 84,7
16 80,6
17 85,0
18 86,0
19 88,6
20 8.3
21 85.6

Ghargs& Reacve& Ramnvad Removed
T (g} (e) ()
- 66&3 4&7 6}-4‘6
- ?8 al IGQS 67"6
- 154.5 30.8 123.6
- 120,0 31.5 88.5
- 14.0. M‘G 95 ‘4’
- 7ﬁc 5 36118 39.7
- - 3 36»6 41 .?
- 124'8 72 ‘A 52 w&
- 67.3 414 25.9
- 72’7 256'8 2509

T4BIE XI

NETHAKGL~HE§ZERE SGL&TIGHS

Het

Ket

CgHg  CH,OH
.%5 (g

7945
151.6
227.8
280.6
327.4
388.0
469.0
496.3
54043
625.3
635.1
651.3
788.2
7270

1042
980
913
789
701
605
605
566
524

S,

460
408
382
356

Total

Hedght
(g)

1121

Total
Holes

33.54
32,54
31.41
28.22
26,06
23,86
24489
24,00
23.27
24,436
22.48
21,06
20,72
20,40

¥ole
Frection

.930
0,060

0.093
0,127
0.161
0,210
0.241
0.265
0297
0.329

0.3%6
04425
0.456
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33.54
32.54
31.41
28,22
26,06
23.86
24489
24,00
23,27
24,36
22,48
21.06
20,72
20,40

Tonas)

T 2 % % % oM B!z N oz o2

IABIE X1T

BEHZEKEn&ETHANOL EEAT GF MIXING

DATA
(¥in) %Gal?ﬁslﬁs
9.8 10,63
8.2 10,53
13.9 10.57
79 10.71
13.4 10,73
12.3 10,65
11.6 10,53
25,0 10,65
25,2 10,71
2446 10,65
28,3 10,65
4.1 10,57
10,6 10.65

131

161
266
270
262
301
149
112

AH

Remove

Cal

13
43
40
63

43
57

152
155

106

Pk

AH

iy

6
19
62

102
165
165
208
265
265
417
572
668
T4

AR

104
184
318
360
464
532
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772
981
1251
1361
1507
1560
1566
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3
6
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13
18
22
26
32
42
51
60
71
75
77

et
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No.

22
23

25
26
27

C 63’6
Charged

{g)
1104

-

I B |

CH,0H
Charged

{g)

46.1
433
68,6
75,6
797

) 77.6

TABIE XITI

&E‘I‘ﬁéﬁﬂ%ﬁlﬁ‘?ﬁl@ SGL&E‘I@}S

Removed Removed Remdved 0536
(e) (e) (g) (2)
- - - 1104
76.8 737 3.1 1030
77 o1 71.1 6.0 959
TT0 66,6 10.4 293
80,3 648 15.5 828
80,3 60,1 20,2 768

Totel
Weight

(e)
1150

1117
1108

1106
1104

Total

15.57
15 ‘88
16,93
18,12
19.30
20. 31

Hole
Fraction

CeHe,

0.908
0.831
0,725
0.631
04559
0.484

€T



Exp. Moles — HEATING DATA . Heat of e AH A H AY
Ho..  Sol'nm T-L; T&_y T&__S % ﬁﬁ Mis AF _Net A
me ohms Wn ¢ n %G&l? {Cal) Cal (Gali (Cal) (Cal/Mole

22 15.57  105.5 66,62  180,0 10,63 1914 1914 - - 1914 123
23 15,88 105.6 # 41.6 10.65 443 2357 128 128 2229 140
24 16.93  106,0 u 36.4 10,73 390 2747 154 282 2465 146
25 18.12  105.6 " 23,6 10,65 252 2999 172 454 2545 141
26 19.3¢  105.5 # 16,1 10.63 171 3370 185 639 2531 131
27 20,31  106,0 w 10.4 10,73 112 3282 184, 823 2459 121



TABLE XV

ETHANQI@EHERE SOLUTIOﬁS

¥ole
Exp. Cellg CH30H Sol'n  Cglg  CHz0H  yu¢ Total Total  Fraction
Ko, Charged Charged Removed Removed Rmoved ¢ Nelght Moles G&

{g) () (g} (g) (g) (g ; {z ; ()

49 1001 4044 - - - 1001 40, 1041 14,07 910
50 - 4044 - - - 1001 80,8 1082 15,33 .83
52 - 78.3 83,2 71,2 12.0 851 221,2 1073 17,80 612
53 1080 43.7 - - - 1080 43,7 1124 15,19 911
54 - 76.1 - - - 1080 119.8 1200 17.57 S8

&t



TABLE XVI

BENZENE-MRTHANOL HEAT OF MIXING
DATA FOR SERIES "HM EXPERIMENTS (25°C)

AR v Z
Exp. Moles HEATING DATA Hest of

S - B - %ngﬁn WW%W

49 14,07 105.8 66,62  165.5 10,69 1769

50 15.33 105.5 " bdods 10,63 4'72 2241 2241 145
51 16,64 105.5 # 4£9.6 10,63 527 2768 1‘76 176 2592 156
52 17.80  105.5 n 32.2 10,63 342 3110 200 376 2734 154
53 15,19  106,5 66,62 1716 10.83 1859 1859 - - 1859 122
84 17.57 106.3 " 81.3 10.79 877 2756 - - 2756 157

9t
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Welght of Water Charged
Heating Time

Hesting Rete

Temperature Rilse

Total Heat Input

Hent Uptake by Water

Heat Uptske by Calorimeter
Heat Capacity of Calorimeter

1229 g

50 &iﬂn
10,30 Cal,/Min,
0,3311 *C
515.,0 Cal,
@6‘% Cal,
108.1 Cal,

325,1

Solution Charged

Heating Time

Hegting Rate

Temporature Rige

Total Hest Input

Heat Uptake by Calorimeter
Heat Uptske by Solutlon
Specific Heat of Solution

IR BN B B BN

10,63 Cal/Min,
0,732 °C
531,5 Gal,

= R

ﬂg 332 ¢



Exp‘ )
Boa.

Hole

Fraction Weight __Temparature Rise Input
~Jgater  Sclutiop Microvolts

{2)
055 1208
.080 1019
Ja21 1223
198 1045
«323 1008
<357 1028
Al 1014
538 995
639 1037
Slb 993
727 1040
+729 991
785 1020
826 1025
969 1055
«984, 1055

*¥Por 50 Mimite Hesting Time

0.732
0.702
0,634
0.644
0.653
0,616
0.594

0,566
0.501
0.529

10,538

0.566
0.563
0,446
0.37

Nek
Hesgt to

Speeific
Heat of

ﬁ%%«%%& Cal/g.°C)

293,6
308,2
319.6
322,3
324.3
332,3
3434
35,4,
352,5
337.0
36445

v
AN

386.7&.
409,8

0.332
0.431
0,412
0.480
0.493
0,527
0,570
0.590
0,600
0.677
0.662
0.670
0,593
0.611
0,823
1.037
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