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IN?RODUQTION

Solid-liquid 1nter£acial properties have received

he Amportance of these properties in lubrication, ad-

‘sion, flotation, and in other processes where inter-

»  Praeticsal applications of

etical 1nvestigations.‘ This can be attributed to the

mplexity of the solid surface ana to the numerous ex-

1menta1 difficulties involved in the study of the
olid -liquid interfagce.

The formation of a solid-liquia interfaoe is

 ua11y accompanied by the liberation of a small quantity

f,heat. This property 1s utilized in heat of immersion,

,;as it 1s often called, heat of wetting experiments in
hich the finely divided solid is immersed in the liquid

-tained in a sensitive colorimeter. The heat evolved--

;the order of a few calories Per several square meters

‘surface -- 18 indicative of the énergy changes which

‘e place upon formation of the interface. Among the

~aetors which influence the value obtained for the heat

1mmersion aret (1) magnitude and type of solid surface

b

;type of liquid; (3) impurities on the soud and in
e liquid; and (%) temperature.
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A conslderable amount of work i1s reported in the

:5i1£3rature on the variation of the heat of immersion with

-

choice of solid and llquid, ., Yith Preparation and acti-
vation of the solid surface, ° and with respect to
4yi@pur1t1§§-gither in the 11qu1d,16-17 or on the solld
~surface. It should be noted that until recently
%hvéstigators have generally adopted the easy course of
:@ﬁasuring the heat evolved per unilt welght of powder with-
~6uﬁ.attempting to measure the extent of the surface.
:fihése earlier results, therefore, cannot be related on a
liﬁnit area basls. With the advent of the adsorbtion theory
g6f Brunauer, Emmett, and Teller,ez accurate surface area
ﬁé&éurements of finely divided solids aré now relatively

 §gily obtained. The change in the heat of immersion

vith>temperature has not been investigated extensively.

Tﬁe few experiments which have been performed indigate
23,2

 hat the temperature coefficient is not large.

Eis fact has no doubt discouraged workers from init-

1éting temperature studies, for the measurement of

small chenges of the heat of immersion -- itself a small
quantity-~— places extremely stringent requirements on

ihe calorimetry involved. Nevertheless, a knowledge of

@he~temperature coeffielent 1s necessary if a complete

fcture of aolid-liquid interfacial behaviour is to be had.

‘ ét of wetting data 1s referred to unit area in references

hrough 7.

Repfoduced with permission of the copyright owner. Further reproduction prohibited without permission.



3=

This thesis is devoted to a study of the temper-

qihre dependence of‘the heat of immersion. The objectives

i:the investigation were to (1) determine the overall

«ehange in the heat evolved upon the immersion in water of
J var1ety of solids over the range of temperatures from
V:QC‘ to 250C., and if experimentally feasible, to de-

~erm1ne the detailed changos in this temperature range;

(2) relate the temperature coefficlent of the heat of
’mmersion to the thermal properties of the solid-liquid

gyStem; and (3) evaluate the observed changes in terms
offthe results found in item (2).

i The techniques of microcalorimetry were employed
ihjthe investigation. A twin differentlial mierocalorimeter
d&bable of measuring heat changes of about one caldrie

;ta within an accuracy of one percent was used in the
;mmérsion experiments. Selectlon of the materials used

vgsfgoverned by the necessity of minimizing the errors in

hé“calorimetry and maintaining reproducibility for 1t

waa expected that the overall change due to temperature

ffects may be only a few percent of the total heat of
immersion. This requirement indicated that solid-1liquid
ifbinations which yleld as high an immersion heat as
ossible should be selected 1f useful results were to
Lobtained. Water was chosen as the wetting liquid

¢§auselit furnishes a high heat of immersion with most

fﬁstances; 1: is easily obtained and purified; and
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ck for they satisfy the above requirements and in

iition can be obtained in a form having a high surface

g ~éfper unit weight.
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HISTORICAL BACKGROUND

A comparitively large amount of work 1s report-

ed in the literature pertaining to the heat of wetting,
7lqnfeffect firsténoted by Leslie in 1802. Twenty years

26

ater Pouilett, after whom the effect 1s sometimes called,

"eerved the evolutiqn‘of heat when finely powdered metals,
oiides, sllica, glass, sulfer, and porcelain were wet with
ether, water, alcohol, and oil. The earlier work 1s
marked by wide disagreement between the results of

: 27,28
various workers for presumably similar systems. How-

’ r, the work indicated in a general way that the heat
fVﬁetting is dependent on the type of solid and liquid
Yﬁdiis much higher for water and some alcohols on various
solids than for saturated hydrocarbons and carbon tetra-
hloride.

Subsequent investigations have 1ndicated possi-
bléxreasons for the divergent results in the earlier work.
}ivas found that the heat of wetting 1s quite sensitive
téfé number of factors, notably to the presence of Ilmpur-
?ﬁiee in the system and to the preparation of the solid
“eﬁface. Since many of the immersion studies were con-
dueted without‘expensive purification of the materilals,
'Titjis not surpfising that wide variations In the results
xist. Harkins and Dahlstroml7 determined the effect of

jing traces of water to rigorously purified benzene

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-l

éed in immersion experiments with titanium dioxide. The
ﬁéét evolved with pure benzene 1s small; if traces of water
Q?é present, the heat of wettihg is about doubled. Ewin329
iﬁoted a substantlal increase in the heat of immersion of
;Zihc oxide when small amounts of~zinc oleate were addéd
*ﬁb;benzene acting as the Vetting'liquid. Significant
dhanges in the heat of Immersion of titanium dioxide in
ﬁgper were noted by Jurzo when traces of water were pre-
éént on the surface of the titanium dioxide used in the
ﬁekperiments. A similar effect has been noted in this
diéboratorgl when aluminum oxide powders with preadsorbed

fiims of stearic acild were immersed in water.

14
Experiments performed by Gregg and Sing demon-

éirate the effect of actlivation on the heat evolVed. Sam-

ples of alumina hydrate were activated at various temper-

atﬁres for five hours, and the heat evolved upon immersion
‘ﬁ=the wetting liquid were measured. For activation temp—

Ebatures below 300°C. and above 1100°C. small values

;ftéfe obtained for the heat of immersion. Af some inter-
' iﬁ§diate temperature a maximum occurs in the heat evolved
ﬁyith a magnitude several times the value measured at the
?1§wer or higher temperatures. Cannon, Griffith, and Hirs%s
;anﬁucted a similar investigation using metha&ol,as'the

;Qtting liqulid and coal activated at various temperatures

Efér’two hours. Two sharp maxima of the heats of immersion

re obtalned at activation temperatures of about 325° C.
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,? 5000 C. These experiments emphaslize the importance
I careful control of the activation process if repfo-
dueible results are to be obtained in heat of wetting
Ye#periments. ‘

 \  ,~ Little work has been done elther experimentally
{ﬁ;theoretically on the temperature dependance of the
hééf of wetting. Harkins and Jurajo determined the heat
?1mmersion in water at 11,70° C. and 24.97°C. of
ﬁiténium dioxide coated with sluminum oxide and obtalned
"1230 ergs per cm;e and 1130 ergs per cm. 2 respectively.

< 30
Theoretical work was done by Jura who investigated only

fé relationship of the free energy of immersion to the

agmperature coefficient of the heat of.immersion.
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THEORY

QI;‘Intermolecular Forces

| In order to appreclate the marked dlfferences
 §tween the surface of a substance and the interior, 1t
yig well to briefly consider the 1ntermolecular forces
,hich hold the materilal iogether. The molecular inter-

;&ctions are usually classed as primary or secondary accord-

ifng to the magnitude of the binding energles. Primary

‘;tgractions, which include ionie, homopolaf, and metallle,

_e characterized by large dissoclation energies ranging

from 50 to 150 Kcal. per mole, whereas secondary inter-

actions are assoclated with energies below 10 Keal. per'

The forces which are important in interfaclal
}phenamena arise from the secondary interactions. These

fhelude the van der Waals attractive forces. They are

'1ectr1¢al in origin being due to the interactions of
‘}he charge distributions of adjacent molecules. Among
‘the contributors to the van der Waals forces are the

T 32 33 34,35
orientation, induction, and dispersion effects,

8ince these forces arlse from distributions of electrical
h@rge, the van der Waals forces are always present.
-E@Vever, they may be obscured by interactions of the

primary type.
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;Ingurface PForces
Whatever the character of the intermolecular
”fbrces holding the substance together, each molecule can

Eé thought of as being surrounded by a force field. In

tﬁe,interior of the substance any one molecule 1s
ompletely enclosed by its nelghbors, effecting a satura-
 i6n of this fleld of force. However, an unbalance of

,?he forces exlsts at the surface, and there results a

;ﬁét 1nward attraction on the surface molecules manifesting
3its&1f in the case of liquids as a spontaneous contraction
;éfithe surface to a minimum srea. Furthermore, at the
ufface, the force fields surrounding the molecules

ahnot suddenly disappeaf, but will extend into the

gibﬁ beyond. Consequently, these fields of force can
teract with the fields produced by other substances
‘ilead‘to phenomena such as adsorption, adhesion, and
,té of wetting to name a few. |

It should be understood that the term "surface"
;ézfnsed here does hot necessarily refer to a strictly

ggﬁmetric area enclosing the body but can include depth.

Thé}surface, as a region of discontinuilty, is the locus
fphysical effects which are noticeably different from
;thé propert1es of the bulk. A similar definitidn can be

uged for the term "interface", that is, a region of

iscontinuity between two substances in which the physical

fects differ from the physical properties in the
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“:erior of elther substance. Thus the surface or inter-
ce as the case may be is an indefinite region which has
 epth and extent dependent on the terms of the discussion.
Since the sufface represents a sharé change iﬁ the
mélécular fields of force, 1t 1s reasonable to suspect
h&t many of the properties of matter measured in the sur-
ce‘region will have values differing from the results
 cprrespond1ng measureﬁents made in the bulk. For
cample thetspecific heat is dependent on the vibrations
nd'rotations of the various particles which make up the
Zﬁstance, and these motions are in turn dependent on the
:ée”fields present. Hence, in regions where the fields
;dérgo a.pronounced change such as in the surface, the
specific heat would be expected to be different from that
| the interior.

The presence of a second substance adjacent to
Lg,surface can influence the surface force fleld. The
»_ces operative at the two surfaces interact when the
f§ mater1a1s are placed in contact, and can cause marked
hanges in the properties of one or both substances in
‘eQVicinity of the interface. Thus for the case of a
114 immersed in a 1liguid it is possible, for sufficiently

ﬁrbng interactions, that the liquid molecules at the

yterface can become relatively flixed 1in poéition and
d’to a solid-like structure with consequent changes

{fphysical properties. Irregularities of the surface
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such as edges and corners also can effeet the surface

orces and cause a nonuniform surface energywlse.

IIi. Heat of Immersion

3 ' ~ When a finely divided solld 1s immersed in a
iquid, a small amount of heat is usually liberated.
Thg‘quantity of heat evolved 1s a measure of the energy
ﬁ@nges which take place upon formation of the solid-
liquid interface. If €, and €&, are the energies per unit

*é?ea peculiar to the solld and liquid surfaces respectively,

wﬁen the energy assoclated with the surface of the solid

\d the 11quid before immersion is
E.= Ae, + ALEL (1)

where A is the surface area of the solld, and A_is the

!e surface of the liquid. Assuming that the interfacial
Wkﬁkis equal to the area of the solid and ﬁhat the area
:the}free surface of the liquid remalns unchanged, the

1ergy after immersion becomes
E,= A6+ Aeg (2)

:ﬁg#e €, 1s the energy assoclated with the Interface.

1e interfaclal energy term can be considered to be made

up of the surface energy of the solid surface of area

, the surface energy of the liquid surface of area A, and

1§gterms which take into account the changes in the solid
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nd the liquid surface energles resulting from the Inter-
écfions which take place across the interface when the
tﬁp'surfaces are in contact. If 8€; and A€_ represent
ﬁejsolid and liquid surface energy changes which occur

when the liquid 1s in contect with the solid, then equation

‘2) may be written as
E‘z'ALEL+-A[ef+AeL+es+~AeJ (3)

Bince the minute quantity of work done by the volume
change accompanying immersion can be neglected, the heat

aHr= € +L€ +aég (4)

re AHT 1s the heat of lmmersion per unit area of the

114 & in the liquid L .

‘ ﬁ@emperature Dependence of the Heat of immersion

. The procedure involved in the meaéurement of the
‘ @perature dependence of the heat of 1mmersion 1nb1udeé
he immersion of the solid in the l1iquid at the tempera-
’fes T and T+4&T. All other variables which occur in
,hé 1mmers1on process are eilther held constant, eg,
ssure, or produce negligible éffects, eg., volume.

 éée'restr1ct1ons make 1t possible to use total derivatives

R S
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n fthe development which follows. S8Suppose that the solld
nd the liquid, initially at the temperature T, are

the 1iquid; the energy changes accompanying the process

re
. T4+AT

J[m C+ g + Acs+ AC ] dT + A AHI(T-*-AT) (5)

; T
ﬁhare A%Ftn+&ﬂis the heat of immersion at the temperature

T-!-AT, v and n are the masses of the sollid and liquid
espectively, C; and C_ are the specific heats of the bulk
iguid and bulk solid respectively, and ¢; and ¢, are the
uffaée specific heats of the solid and liquid respectively.
. If the solid 1s immersed in the liquid at the
éhperature‘f and the system warmed by &7T degrees, then

he heat changes which occur are
‘ T+ AT .

- AaH Y+ [;lﬂcs+wct+A(c;+Acs+C&AC,'_)i ACl) 4T (6)

: o T ,
vhere AC; and &¢| are the changes which occur in the
ffaée specific heats when the s0lld 1s in contact with
he 1iquid. Since the initial and final states are the

the heat effects can be equated, so that
TraT

"v.~,,AH1(T+A‘|’)-AHI('T) = g (CL«Q»ACL.\, AC;) dT (7)
T ’ '
T4+AT ,
(¢/+acl+ac) 4T = AT(c{-u-Ac:-mc;\r § (8)
A |
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: T< E< T+AT
Thus,

ARF (T+aT) - AHT |
+ Azr (r) . (ci+ac, + ac/ )rzg (9)

In the limit as aT-0, §»T and the left side of equation
) becomes %Hx} . Hence,

_{LAHI) )

T = C.+ &C, +acs, - (10)

Tﬁe slope of the heat of immersion-temperature curve,
herefore, is equal to the specific heat due to the liquid
uﬁface plus the changes in the surface specific hesats

f the solid and liquid arising from the interactions which

may be present at the interface.
' The surface energy of the liquid, ¢, and the
urface energy changes, A€, and A€ , can be related to

> specific heats, ¢, , a¢,, and &C) in the following

\j{ Differentiating equation (4) with respect to term-
p&béture under the conditions stated in section III, 1t

is found that

4 (aH) »
I‘%A - %+ é"r (ag,+2€,), (11)

or a glven solid and liquid, the right side of equations
)) and (11) may be equated yielding an equation which

;y be rearranged to the form.

/AC;+AC£"§'!A€5‘*’A€¢)= %_ ...Cl (12)
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;ﬁight hahd side of equation (12), however, can be shown

be equal to zero§4‘ Hence,

f%—-*’ o as)

Ac; N %T(Aaﬁae,_) : (14)

¢
C, =

uations (13) and (14) state that the specific heat con-

)utions by the surface and the interface are respect-
ely equal to the rates of change with temperature of the
surface energy and the interfaclal energy changes.

© With the ald of squation (10), it 1s possible to
lculate the effect of the interface on the solid and
quid surface specific heats. The quantities which must
determined are ﬁl,:q which ean be obtained from
Merslon experiments, and C,,, . The latter quantity can
calculated from equation (13) provided that €, 1s
allablé as a functioﬁ of temperature. A thermodynamic
@;etion rclating €, to the surface tension of the liquid

sres follows:

6,_:. \6"_"‘" T % . (15)

where ¥, 1s the surface tension of the liquid at the
mperature T . By means of equations (13) and (15),
& surface specific heat of the liquid may be calcu-

téd,once the surface tenslon has been measured as a
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(10) for the determination of the surface specific

teat changes which occur at the interface.

2
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EXPERIMENTAL

alorimetry

~ Measurement of the small heat changes encount-

in heat of immersion experiments necessitates the
éfka calorimeter having a high temperature sensitiv-

. Such calorimeters have come to be called microcal-
meters not because of their physical sige but because
their great senéitivity.' Nernst‘and'Orthman37 began
,development of this branch of calorimetry in 1926, and
éé then lnvestigators have employed the techniques of
‘bpqalpgimetry for the measurement of heats of lmmersion
vﬁion? adsorption and othér chemical-physical reactions?o
= Twin differential microcalorimeters are especially

ful for measurements of small heat C§anges. This type
‘aiorimeter, first employed by Joule,lutilizes the

‘paﬁative method of measurement. In this method two
mi;ér~calorimeter units are used; one for the unknown
It-change and the other for the introduction of known

ﬁ. Initially, the temperature difference between the

ﬁhits is set to zero. After the unknown heat 1s 1lib-

‘ed in one of the units, a temperatufe difference 1s

1fnoted. EKnown quantitles of heat are added to the

ond calorimeter unit until thls temperature difference

educed to gero. If the calorimeter unlts are 1dentl-
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, then the known heat added to the second unit is

‘uél to the unknown heat change in the first. Additional
é@ting operations can be performed to determine the
;ﬁbrrections necessary 1f differences 1n the calorimeter
units exist. It is unnecessary to measure the absolute

e perature or heat capacities of the calorimeter units.
,E temperature sensitivity, reproducibility of measure-
nts, ease of operation, and versatility are readily
tained with this system.

A twin differential mlcrocalorimeter, which vas
"‘igned and built at this laboratory by Berghausen, -

, h2,43, 44 ,

aser and Buelteman, was employed in the
vestigation of the temperature dependence of the heat
immersion. 8ince the reproduciblility required in this
pk was of a higher degree than that for which the instru-
ﬁt,was desighed, it was necessary to incorporate a

mber of electrical and mechanical refinements. A
scription of the microcalorimeter as modified by the
shor will now be given., References 42,43, and 44 give
”t&ils of the original instrument.

(a) Mechanical Arrangement. The main components’

of the microcalorimeter are shown in Figure 1. Two

ce slilvered Dewar flasks (A) are secured to a water-
}ht brass submarine jaéket (B) vy "ot ring.seals (c).
ﬂhgflask contains a branch of the main differentisl
rmal (D), a stirret (E), a sample bulb holder (v),

‘r of electrical heateré (@), and a branch of the

Réproduced with erfmssmn of the copyright owner. Further reproduction prohibited without permission.



FIGURE 1__
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*hﬁté calorimeter thermal (H). The submarine jacket is
tached to the top mounting plate(I) by means of four

' s supports. Electrical leads, stirrer shafts, and
’ jbreak1ng rods are admitted through five brass tubes
ch terminate at the top of the'submarine'jacket.‘ A
liter insulated water bath 1s positioned below the
'plate in an angle iron frame. The bath 1s counter-
anced to facllitate railsing and lowering. In the

§ed positlon the vater contalned in the bath completely

'rounds the two flasks and the submarine jacket with its

3§ports and tubes so that a uniform environment temmera-

éwise is provided for the calorimeter working fluld.

;/4 inch foam rubber gasket (J) glued to the underside
af,fbe mounting plate reduces heat leakage from the bath
Ogﬁhe room. The laminated plastic mounting plate from
'éh the submarine jacket is suspended supports the bath
' fers, bath heaters, and stirrer drive mechanism.
’;ﬁometer gnd thermoecouple wells are also provided for
;fhftemperature measurements.

The main thermal located in the submarine jacket
.Qsed together with assoclated electrical apparatus to
etect differences in temperature between the Dew&r flasks.
t1;s'compesed of 125 series connected copper-constantan
ﬁf@ocouples and provides approximately 5QOO‘/4m for

Qh degree centigrade temperature difference between the

y»» flasks. Heat leakage from one flask to the other

ugh the thermel was minimized and electrical conduct-
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i 45
~maximized by proper choice of wire size-: Tempera-
e d1fferences between the flasks and the bath were
@rved through the electrical output from two 10 couple

ermels. Spurious electrical output from the mein thermel

ﬁ'{to water condensation was eliminated by filling the
hﬁérine Jacket with petroleum jelly.

- Stirrihg in the flasks was accomplished by monel
pellors mounted on glass rods attached to the shafts
ated in the submarine jacket. The stirrers were driven
identioa; sprockets fed by a ladder chaln from a syn-
énous motor thus assuring a constant stirring rate.
Vbath stirrers were driven in a similar fashion by the
me motor.

Each calorimeter flask 1s provided with a bulb
older. Small thin-walled glass evacuated bulbs contain-
githe sample are placed In the plastic extension of the
Jb‘breaker rod shown in Figure I. At a fixed height

fe the uppermost end of the bulb breaker rod 1s located

velght which 1s suspended by a length of fuse wire

:éﬁched between two terminals. An immersion experiment
initiated by melting the fuse vire with a suitable '
eétriC'current, thus releasing the welght which crushes
e;sample buldb. Once loading is accomplished and thermal

ilibrium is attained 1t is not necessary to enter the

‘pérature controlléd room to break the bulb; hence, a

termination free from external disturbances can be made.
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,  The calorimeter flasks vere each equippéd with
*féiectrical heater composed of a length of constantan

re wrapped on a plastic support. A pair of current
égdsiand a palr of potential leads were provided for each
1ﬁér,to‘facilitate heater resistance measurements. The
téhtial leads were connected at points in the heater
recuit which include only the resistance capable of
oducing heat changes in the calorimeter fluids. 1In
dition to the main heaters a set of trimmer heaters
installed to provide a means for balancing the effects
'ﬁneQual rates of heat loss and differences in the rate
;géneration of heat due to stirring in the flasks.

~ (b) Blectpical Control. In the course of the

m&&surement process known quantities of heat are added to
¢~éalorimeter fluids. This i1s conveniently accomplish-

ly‘eledtrical methods. The measured quantitles are

sistance, current, and time.

The electrical circuitry involved in the control

d measurement of the known heats 1s shown in Figure 2.
gle switches 81, Sp, S3; Resistors Ry, Rp, Rz, and R;
fters H; and Hp; and battéry By make up the main calor-
‘ter heater circult. Switches:sl, Sp and 83 when in the
fo“ position allow the battery current to pass through
sistors Ry and Rp which are approximately equal in value
;the resistances of the calorimeter heatérs Hy and H,

aspectively. If 8, (or sa)is placed in the "on" position,
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hefburrent flovw is switehed from R1 (or Rp) to the

calorimeter heater H1 (or H n). S8witeh S, serves the

amé purpése with the exception that both?resistors are
”#ultaneously disconnected and replaced by the calori-
cer heaters. It should be noted that the load on the
bi/tery 18 kept constant during operation of the three.
svitches with the result that variations in heater current
are minimized during a determination. Thé magnitude of

the heater current can be set at various values through

ﬁitable choice of battery voltage and resistance of R3.
e one ohm standard resistor, R, furnishes a known
fue‘of resistance in the heater eireuit to faéilitate
urfknt.measurements.

| The heat necessary to equalize the net rate of

in or loss of heat 1n the flasks for a given equili-

brium condition is supplied by the trimmer heat circuit"
@posed of'resistor Ry, potentiometer RS, trimmer

fers Hfl and E&Q located in the calorimeter flasks,
"’t;tery B,, and a milliameter. Current through one heater
the othér, as determined by the position of the switch
%}ﬁan be adjusted by means of the potentiometer Rs.

The control circuitry also includes timing, buldb
léaking and stirring motor circuita. Resistors Rg

ibugh Rll’ condenser Cl, vacuum tube V;, and rectifier
»Q6mprise the timing circuit. Upon closing any one of
fhe_three main heater switchés, timing pulses, which are

erated from the 60 cycle power lines at the rate of
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Ofpulses per second, appear in the output circuilt of
Svitch Sy connects the bulb-breaking circuit to the
wér source.‘ Condenser Cu and switch S7 are used 1n

he operatlon of the synchronous stirring motor. The
éméining circuit elements shown in Figure 2 are used In
i,power supply for the microcalorimeter. Three lead
ofage ceils provide a steady current for the operation
the main heater, trimmer heater and potentiometer
reults.

(c) Resistance, Current, and Time Measurements.

étEr resistance was‘determined by taking the ratio of
vfpotential measured by a Leeds and Northrup type K
téntiometer connected across the heater to the potentlal

"QSured wlth the potentiometer connected across the one

ﬁm standard resistor, Rs’ Since the standard resisforf
s a value of one ohm, the poténtial measured across

?é resistor gives the value of the heater current
ifectly.

| Measurement of the duration of the heater current
wag;accomplished by means of a scale of 256 counter
éqhected to'the output of V;, the timing pulse generator.
aﬁ;each second that a main heater switch 1s eclosed 120
ises are supplied to the counter. Hence, thé total count

cated by the scaler divided by 120 gives the elapsed

me in -seconds.
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(8) Temperature Difference Indicator. Temper-

ure differences between the calorimeter flasks were
tected by means of the 125 couple main thermel, a DC
vﬁiifier, and a recording voltmeter. A Liston-Folb,
odel 10, DC Breaker Amplifier, which is designed to
péﬁate in the fractional microvolt reglon, amplifies
e=6utput of the main thermel. The signal from the

aih thermel is converted to an 8 cps alternating current
,motor driven contacts at the input of the amplifier.
34tube resistance~capacitance coupled amplifier followed
' a set of contacts driven in synchronism with the in-
ifbreaker amplifies and then rectifies the 8 cps AC
tgnal. The output of the overall amplifier is a

rect current with a polarity which corresponds to that

£ the original signal from the main thermel. A max-

um gain of about 5 million can be realized when the

- *'ﬁBtor Driven Breskers 7

- f DC DC !
: /""f’? nput ? AC Amplifier output J

piifier feeds a 1000 ohm load. Thus, a temperature

1fference of 1 microdegree, which corresponds_té 0.005
crovolts, is amplified to 0.026 volts.

: A Micromax recorder connected to the DC Amplifier
fput terminals records the amplified replica of the

7n thErmel signal; hence, the Micromax graph gives a
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of the calorimeter temperature difference versus

me. Temperature changes of one miérodegree can be

ected on the Micromax chart.
- In order to'reallze a one mlicrodegree temperature
nsitivity it was necessary to construct the main thermel

nd amp1ifier input circuitry with great care. Careful

;élding and grounding of allvinput elements was necessary
_eliminate induced AC volteges. Extraneous DC voltages
: to thermoelectric emfs was reddced by employing an
put‘cable composed of copper matching that used in the
nétfuction of the amplifier 1nput.v A special solder
7ch‘exhib1ts a low thermoelectric emf with copper was
ilized in making the input connections. 8ince varia-
gﬁs in room temperature caused spurious thermal emfs
be generated by the DC amplifier input connector, it
sfnecessary to solder the,input cable directly to the
plifier input.

~ (e) Bath Temperature Control. The adiabatic

ystem was selected for the heat of immersion determina-
gns. In this method the temperature of the bath 1s

ried so that the difference between the bath temper-

uhé and the mean of the temperatures of the calorimeter

éa?ke is zero during a heat determination. A number of
thages are derived through the use of the adlabatic
thod. Thermal "noise" (non-periodic variations in the
_nfthermel output due to changing rates of heat flow

° the flasks) was reduced from a 6 microdegree peak
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' peak variation in the case of the isothermal bath
ystem to about 1 microdegree variation with the

d dbatic method. Because heat leakagé from the calori-
leter flasks is greatly reduced In the adlabatic case,
ﬁersion experiments in which the heat is evolved over
ffelatively long period of time can be successfully
rformed. |

An examination of the equation for the slope of

he time-temperature difference curve deplcted on the
éromax recorder chart disclose another advantage of
hé‘adiabatic system. The slope of the time-temperature

4 fference curve is gliven by

4 _ A o :

G T =A+ BT + ke T, - l’a T, (16)
ere
kK

As - e

~and w, are the respective heats of stirring per unit
- time in the calorimeter flasks 1 and 2,

and K; are the respective heat leakage rates per degree,
k"and C, are the respective heat capaclties,

7, and T, aré the temperatures in flasks 1 and 2,

Ts 18 the calorimeter bath temperature.

_the adlabatic system

Te= T'T-‘-‘-T‘" ‘ | ' o (17)
sohthat equation {16) becomes
m(Tt"Tz)‘ +4 (e o )(Ta- T) (18)
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ially, t=0 , T;(O)c”r,(o) and A 1s adjusted so

-%,t [T -Tu) = 0

%t(_“‘T"\? =5 (@+ %ﬂ(‘rf—?}) | (19)

Using the same assumptions with the exception that

bath temperature i1s held constant for the isothermel

dition, 1t 1s found that
4 _K |
:f‘fR(TrTz) = 'g: [Tz(f\“&(fi)) - %[’n (+) —T(o):} (20)

- The procedure for measuring the heat of lmmersion
cludes immersion of the sample in flask number 1 and
multaneous electrical heating in flask nuhber 2, until
)‘equals Tl(t). Inspection of equation (19) and (20)
eals that under the conditions stated, the slope of the
éétemperatuﬁe difference curve does not change after
Zfﬁeating period in the adiabatic case, whereas in the
hermai method, a definite change can occur 1if the
rimeter constants '%f and 3%; are not equal. Further-
¢ in the isothermal case the larger the temperature
‘ference between the flasks and the bath, the greater

5éhange in the slope. As time passes heat leakage

>m the flasks reduces the temperature difference between
hﬁfbath and the flasks, and thesispe,evéntually returns
he initial value. This condition causes difficulty
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iffhe deflections of the Micromex recorder are deber-
ed. | |

The adiabatic condition is attained by appropriate
§£ihg of the bath. A null type control based on the
eétrical output from the bath-to-calorimeter thermel
yaAdevised to maintain the bath temperature to within
001O C. of the mean temperature of the calorimeter
asks. The output from the bath thermel was connected

o galvanometer. A light beam reflected off the gal-

r;sufficient heat 1s added to the bath to reduce the
th%ﬁb—calorimeter temperature difference to zero, the
Vanometer mirror returns to its initlal position, and
he photocell circuit interrupts the bath heater current.

(f) Calorimeter Preparation and Measurement

‘Qedure, After the value of the temperature for the
ifsion experiment was}selected,‘the room temperature
foi was set. The optimum room temperature was found
e about 0.4° €. below the selected temperature.
;ﬁemperature was adjusted to’the agfeed value eilther
rfgctrical heating or by cooling with ice as the

tion required.

All parts of the calorimeter which come in
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féct wlth the calorimeter fluid were carefully‘cleaned
fﬁiC.P. grade carbon tetrachlorilde followed by thorough
ﬁSing with double distilled wabter. Giass articles -~
w&r'flasks, sample bulbs, graduates, beakers etec. --
: h}are éxposed to the calorimeter liquid were cleaned
h chrom1c acld cleaning solution and rinséd in double
ilied water. In order to facilitate a raplid approach
‘thermal equilibrium the double distilled water for the
périments and;all glassware used in its handling were
gtfin the temperature controlled room. Hence, the
‘rimeter water after loading 1s slightly below the bath
nperature. This is a desirable condition for 1t is a
mple matter to carefully‘heat the calorimeter water
El»its tenmperature equals that of the bath.

| After the sample bulb 1s cleaned and placed in the
ﬁho;der, the calorimeter flasks are each filled with
~§c.'of déuble distilled water. Thils quantity of
ﬁ'tef is sufficient to cover sll éctive parts of the
ibrimeter and at the same time allow & éuitable insulating
&{rﬁépace over the liquid level. The flasks are then
htened into place on the submarine jacket, and the

J.is raised into position. The stirrérs, bvath control,
v'lmplii’ier, and heater clrcults ére turned on, and the
gék temperatures are equaliged by carefui electrical

ating. If-necessary, trimmer heat 1s added to balance

. net rate of heat gain of the calorimeter flasks.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-32-

é§ndition of balance ig indicated by géro output
m the DC amplifier and a zero slope of the tempera-:
Qﬁdifference~time curve which appears on the Micromax.
order chart. Since the sample powder ordinarily has
riheat transfer characterisgtics, a waiting period
"éveral hours 1s necessary to assure that thermal
iiihrium,is attained Dbefore the heat determinatlon
performed. Neglect of thils requirement can lead to
rious error in the experiment.

: After thermal equilibrium 1s attalned, three
tinct operations are necessary fof)the determinatlon
vhewheat of immersion; they are:

(2) break the glass bulb containing the sample
flask number 1 and simultaneously introduce eiectrical
k?in number 2,

(b) add heat electrically to both calorimeter

(¢c) electrically heat flask number 1.

When the equations which relate the Micromax
c%der deflections to the heats introduced during oper-
k (a), (p), and (c) are combined, the foliowing
quation 1is derived?3

aH =R t,[1+ (%}L.&; %: - (’ﬁ) ’ﬁ%] (21)
hich

AH 1s the unknown heat evolved in flask number 1
during operation {a),
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wR‘ 1s the resistence of heater number 1,
vI is the heater current,
t+ 1s the elapsed4t1me,
d 1s. the recorder deflection corresponding to

the change in temperature occuring during the
operatlon. '

;rical subscripts refer to the calorimeter flask,

;é&eas'letter subscrionts refer to the particular oper-
on. Since the system 1s symmetrical, it is possible
péffdrm the measurement with the bulbd in flask number

Réfreplaces R1 in equation(21).

Sample Preparation. ‘

(a) Materials. Barium sulfate, carbon black, and

105 gel were used in the determinations for the temp-
ﬁnre,coefficient of the heat of immersion in this research.
ca gel and carbon black can be obtained in a form hav-
[ very large surfece area per unit weight, and barium
féte exhibits a high heat of immersion per unit area

oipléd with a moderately high surface area per unit weight;

enée;ithe overall heat of wetting for a given weight of
jéisolids is large. Because relatively large heats are
‘ived; calorimetry errors are reduced. It was found that
eproducibllity of the immersion experiments with these
lals was satisfactory, the deviation being less than |
:cént of the total heat in the case of silica gel, 1.5
éﬁt for barium sulfate, and 2.5 percent in the case of

h,black}
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Commerclal samples of silice gel were used in the

éstigation. The gel was of uniform conformation, was
Laiscolored, and was found to'be free of water soluble
ﬁrities. The B.E.T. area of the dry gel was found

o.be 701 mR per gram assuming 16.2 A2 as the nitrogen
lecule area?s _
Carbon black, Graphon number (L-2808), was obtained
bﬁfthe Godfrey L., Cabot Company. This powder had been
bjeéted to & specials heat treatment during 1ts preparation
ﬁhvthefresult that a graphite structure was induced in
:zsurface. Since the powder as received contained vater
uluble materials, additional purlification was necessary. |
removal of the soluble materials was accomplished by
orough washing in a Soxhlet extractor. The rinsing vas
tinued until the wash water exhiblted a conductivity of
‘t cf pure water. The srea as measured by the B.E.T. NQ
ﬁébrption method had been found to be 95 m? per gram?7
;sh content of 0.23 percent was specified by the Cadbot
ompany

Samples of C.P. grade barium sulfate were obtained
rom the Baker Chemical Company. The B.E.T. surface

ea vas found to be 4.68 m2 per gram?G Aside from a thor-

ghfextraction in double distilled water, the powder was

*d without further puriflcatlon.

(p) Glass Bulbs. Since the presence of gases on

'e‘surface of the solid can alter the heat of 1mmersion21

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



...35...

5ianecessary to keep the sample under vacuun uptil the
quid is admitted during the lmmersion proceés. Glass
55 are convenient containers for the powder for'they
¢ easily connected to a vacuum system and sealed off
fter evacuation. In addition immersion of the sample
accomplished by merely shattering the glass; the
giting implosion aids in dispersing the powder in the
quid. It shbuld be noted, however, that the energy
&éuired to break the buldb plus the energy of the 1implosion
ust be allowed for in the héat determination., In order
hat this correctlon term in the heat of immersion be
onstant, bulbs of uniform size and wall thiclkness should
selected. |

v The glass bulbs used in the experiments were made

gpeclfication by the Corning Glass Company. The bulbs

né b1own from 8 mm. 0.D. Pyrex brand tubing, and had a
ameter of 2,22 cm.* 0.8 rm. with a wall thickness of
25 mm. * 0.12 mm. Visual Iinspection showed that the
ibé were of uniform shape and were free of bubbles and

her imperfections.

(¢c) Evacuation Procedure. Sample powder was veighed
0 the bulbs in an amount sufficlent to fill them to &

. level in each bulb. After the bulbs were filled,- they
,e connected to a vacuum system and evacuated to a pressure
léSS than 1 micron of mercury. The»temperature and

atlon of evacuation of all samples were 250° C, and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~36=

h@ﬁfs‘respectively. The evacuation period was of

ufficlent length to insure the removal of all gaseous
terial from the samples under the pressure and temperature

@@nditions used.
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RESULTS AND DISCUSSION

Immersion experiments with water and'the three
lids, carbon black, sillica gel, and barium sulfate,
bé}performed at various temperatures in the range from
mC?bto 25° 0. The objective was to determine the
iations with respect to temperature of the heat of
mérsion in the range‘cited for different types of solid

rfaces in water, and from these results to ascertaln

_Aeffect produced by the formation of an interface on
 surface specific heats of the solid and the liquid.
fbverall change in the heat of lmmersion of a parti-
iéf‘solid was established by performing two or more

ssurements at each limit of the temperature range. These

asurements also served as an indlcation of the reproducl-

1ity that could be expected for the substance. In order
at;sharp Changes in the heat of immersion-temperature
 ation not be overlooked, individual:meaSuremehts were
k fcrmed at intermediate temperatures usually at 5°
“érVals.

k The thfee sollds chosen for this’research present
aély different surface properties. Silica gel is a highly
vapus substance with a structure composed of many fine
iilaries, cracks, and fissures. Hence, the surface 1s
&:the most part ﬁinternal" as opposed to the "external”
face exhibited by the bariﬁm‘sulfate samples. The 1atteﬂ

8,49
ere shown to be largely non-porous by gas flow measurements.

it

permissio
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hkSilica gel and barium sulfate are polér solids; the
bon black‘sampies on the other hand present a non-polar

phite surface.

Heat of Immersion Data

Heat of immersion determinations with silica gel
re performed at 5° intervals over the specified range of
mperatures. The results are shown in :Figure 3 in which

heﬁheat of immersion per unit area of solid 1s plotted

ainst temperature. It is seen that the overall change in

ékhggt‘of Immersion is pracﬁically zero in comparison

the magnitude of the total heat evolved. Furthermore,
,hpeaks" or "valleys" sre in evidence in the plot. A
ast squares it of‘the data to a straight line ieads to
lope of 0.03 ¥ 0.01 ergs/cm? per degree and a 00 C.
perature intercept of 170.0 £ 0.2 ergs/cm? This value
the slo?e corresponds to a percentage change of léss than
ércent in the heat of immersion for a 25° temperature
‘érval.

The heats evolved in the carbon black determinations
¢ plotted in Figure 4. A change of about 4 percent is
. ed in the heat of immersion for a 25° change In temper-
ﬁre. The decrease in the heat of Immersion with 1ncréase
 temperature‘is apparenﬁly uniform, alfhough the spread
Abbints, arising from reproducibility considerations,
obscure any small "dips" or "rises" which may exist.

iﬂe from these possibilities the slopeof the heat of
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FIGURE 3

Silica Gel and Water
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FIGURE 4

Carbon Black and Water
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: FIGURE 6§

Barium Sulfate and Water
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,ﬁsion versus temperature relation appears to be con-
ant. A value of 0.05 ¥ 0.01 erés/bmg decrease in heat
olved per degree increase in temperature ié'obtained for
é slope of a least squares line determined from the data.
e intercept of the line at 00 C. 1s 29.0 * 0.1 ergs/om?
= A plot of the results of the barium sulfate exper-
méhts is given in Figure 5. The overall change of the

ats of immersion amounts to less than 3 percent, As

“the silica gel and carbon black experiments, no Sharp
nges 1n the curve are in evidence. The slope of the
east squares line is 0.45%0.05 ergs/cm? per degree, and
. intercept value 1s 418 % 2 ergs/cm2.

The heats of immersion at 0°C. &nd the temperature
{;fficients of the heat of immersion for the three solids
'?iisted in Table I together with the probable errors

fdetérmined from a least squares calculation of the data,

TABLE I

;Heat of Immersion and Temperature Coefficient Results

stance (AHx) ergs/cm® %Hx) ergs/cme
um Sulfate -418 * 2 - 0.45 £ 0.05
ica gel -170.0 * 0,2 - 0.03 * 0.01

bon Black - 29.0 £ 0.1 0.05 % 0.01

temperature coefficients are seen to be negative for
¢ polar solids, barium sulfate and silica gel, and positive

r_the non-polar carbon black. It is interesting to note
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FIGURE ©

Temperature Coefficient vs Eeat of Immersion
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The results of the experiments indicate that the
“@erature sensitivity of the heat of immersion in water
of the three solids is small. In no case, despite the
'ferences among the surfaces employed, did the heat of
mmersion change by more than 4 to 5 percent for a 25°

hange in température. In addition the plots of the data

Bibit no large peaks which might occur if a phenomena

a;lmi;lér to melting occurred in the interfacilal region.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



e

Surface.Speciflc Heat Consider&tions.

It 1s of interest to calculate the surface speclific

ét changes which occur when the liquid comes in contact

1th the solid. From equation (10) it 1s found that
Aci+ac = %»(AHI) -c! (22)

wfsurféce gspeclfic heat of the ligquid, in this dase water,
cbtained from surface tension data through the use of
quétions (13) and (15). An equation which very accurately
Latés the surface tension of water to temperature as

;pressed by Young, CGross, and;HarkinsSo 1s
¥ = 75796 - 0.145 8-0.000246"  (23)

hére # 1s the centigrade temperature. By means of equations

j); (15), and (23) a value of 0.14 ergs/cm? per degree is

éﬁﬁgined for the surface specific heat of water at 200 C.
aking the slope of the barium sulfate curve as -0.45 ergs/bma
n degree, the sum of the surface speciflc heat changes
‘the barium sulfate and water amounts to -0.59 erés/cmg
ef degree_as calculated from eguation (22). Similar cal-
uiétions for silica gél and carbon black lead to values of
 7vergs/§m2 per degree and -0.09 ergs/cm® per degree
eépectively for the sum of the surface speeciflc heat dhanges.
 The surface specific heat results are complled
:mable I£>together with Qaluesbf’the interaction energies,
7;kaég,‘calculated from equations (4) and (15). It is

sarent that the changes in the surface energies and
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TABLE II
;interaction Energy and Surface Specific Heat Results

Substance Type of Surface se + A€ | AG+AC

N ergs/cm? |ergs/cm%
Barium Sulfate | Polar Non-porous| 547 -0.59

Polar Porous 290 «0.17

rbon Black | Non-polar Non-porous| 148 -0.09

fgcé spacific heats induced by the interactions at the
ébface are small for non-polar carbon black as compared
jﬁhe polar subétanées, silica gel and barium sulfate.
;hermore, the substances which yleld greater interaction
rgiés with water also exhlbit larger surface apecific
ﬁ”changes when the surfaées are placed in contaét. It

ould be noted that in each of the three cases the specific

“tfchanges are negative; consequently, the specific heat
;héfsystem is reduced when the solid surface is placéd
Qntact with the water surface, other things being equél.
| These results arevéonsistent with the view>ls52that
éﬁliquid molecules in the interfaclal region can take on
wid-lika properties. One characteristic of the solid
ate'is its lower specific heat in comparison with the same
ter in l;quid form. Since the three solids used in this
éSQarch each cause a decrease 1ln the‘specific heat,'it is
é’possible that a certain degree of "solidification"
the}watar occurs at the interface. In addition the

|1ds which yleld the larger interaction energles,
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Vghénce the ones more apt to produce this effect, also
oduce a greater change 1n.the specific heat, e.g., the
ar'compounds barium sulfate and silica gel. Non-polar
rbon black on the other hand has a small interaction
ergy with_watef and a correspondingly small reduction

f the surface contribution to the specific heat.

I. Reproducibility Considerations.
Electrical calibrations of the calorimeter indi-
ted that heat changes of about 6.5 joules -- the minimum

antity involved in the immersion experiments -- could be

agsured to within 0.3 percent. It should be noted, how-
r, that the unknown heat evolved in a wetting experiment

neludes the heat due to immersion of the powder plus a

mail quantity of heat arising from the fracturing of the
aéuated glass bulb. The latter heat must be subtracted
om the total heat as measured in the calorimeter in order
§ obtain the heat of immersion. The overall reproducil-
iity of the heat of immersion, therefore, is dependent
ﬁkonly on the calorimetry but also on the bulb-breaking
at.

An investigation was undertaken to determine the

gnitude and reproducibiiity of the heat of bulb-breaking.

Mdiand Harkinsl observed a small heat effect due tovbulb-

eaking; however, numerical values were not reported. No

eﬁébtable energy change due to bulb breaking was found by
'trum and Eyring53 in thelr heats of dilution experiments

i
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by La.PortéS In his heat of immersion experiments.
,rtell and Suggitt! report a series of'bulb-breaking
Xﬁériments in which the heat.of vaporization of the

lquid was considered as barf of the heat change which
oceurs during breaking. Their work indicated that the
Qroducibility of the heat of breaking is not good, and
hét when reasonably volatile liquids were used, the heat
 &aporizat1on nearly cancelled the heat of bulb breaking.

'éy also proposed two sources of the neat of bulb breaking:

;fthé mechanical energy needed to break the bulb, and
 the strain‘energy built up in the walls of the buldb
resist the pressure differential between the inside and
outside of the bulb. |

A third and by far the most Important contributor
ﬁhe bulb-breaking heat, namely the implosion energy, was
‘ilooked or mislnterpreted by previous investigators. The
lbsion energy may be derived by cdnsidering the energy
jhges which accompany the following cycle of events:

4 (1) evacuation of the bulb,

(2) placement of the bulb in the calorimeter fluid
'at 8 speclfied depth, | | .
(3) filling the bulb with fluid (corresponds to the

implosion of a reai bulbl
(4) replacement of the fluid by alr,
(5) removal of the bulb from the calorimeter fluid.

Since the initial and final states are the same, the
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‘érgy changes accompanying the flve steps add to zero.

1¢ulations and experiment show ﬁhat the energy changes
Qmpanying steps 2, 4, and 5 are small in comparison
th those of steps 1 and 3, so.that the implosion energy,
-y, 1s glven by | |

Q= RV (24)

at the heat evolved in {illing an evacuated bulb is equal -
the pressure-volume work done in evacuating the bulb,

the extent that the assumptions are correct. The total

vaporigzation, and energy due to the release of

in the glass.

Experiments were conducted to test the validity
éguation (24). In order to eliminate as many of the
Vaniébles as posslble ( e.g., energy of fracturing, strailn
ergyvof the glass; etc.) and to improve the reproducibility
 fhe heat determinatlions, a cylindrical brass chamber was
nstructed and used to simulate bulbs of various volumes in
lb-breaking experiments. Evacﬁation‘of the chamber was
dé possible through the use of a glass tube sealed into

8 hole drilled in one of the end walls. After the chamber

ss evacuated and sealed off, the assembly was weighed and
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@bunted in a fixture attached to one of the calorimeter
1fholders. Initiation of the heat determination was
,@plished by puncturing a thin brass diaphram soldered
v¢f a’sma11 hole drilled in the braass chamber. After the
]bﬁmination was completed, the water-filled chamber was
 ﬁ'weighed, and the volume of the chamber was computed

m the difference between the initlal and final welights.

| - The results of the braés chamber experiments are
tﬁed‘in Figure 7. It 1s seen that the experimental

:ta agrese quite satisfactorily with the curve given by
gﬁtion (24). The points lie slightly above the line
iiating that there 18 a small quantity of heat arisiﬁg
~m other causes such as the energy of puncturing the
aghram and the energy due to the hydrostatic pressure
’ he'water.

A series of experiments was performed using glass

ﬁd of the type used in the immersion study in place of
jhrasa chamber, Bulb volume was varied by filling the
jﬁavto'different lévels with glass beads, prior to evacua=-
;n;‘ The same procedure for breaking the bulbs was'utilizc

8 ;in the heat determinations as was used in actual heat of

ging experiments. A plot of the results of these experi-
_é is given in Figure 8. Despite the poor reproducibility
linear relationship with volume as predicted by equation
é;{is followed. The heat of fracturing of the glass varies
m a1moat zero to 0.4 Joules as estimated from Figure 8.

- These experiments indicate that at least two

£
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FIGURE 7

Chamber Volume (cc.)
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FIGURE 8
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lfecfion terms are necessary to account for the bﬁlb-
«kaking heat in the calculation of the heat of immersion
the powder; they are: (1) a term which is proportional

o the bulb volume, and (2) a term which is equal to the
me¢hanical heat of fracturing.

| It 1s apparent from Figure 8 that the mechanilcal
heat of fracturing varies from bulb to bulb. The mean
va;ue of the fracture heat was found to be 0.19 joules with
Vf'vefage deviation from the mean of 0.10 joules. This
 1at1on places a definite limltation on the reproduci-
1ty of the immersion determinations; for in order to
aintain the reproducibility to within 2 percent, it 1is
ecessary that at least 5.5 joules total heat be evolved
the experiment. This situation definitely narrowed the
“f;d of materials from which selections could be made for
ie lmmersion determlnations in this research. The solids
cﬁ were found sultable for this work produced at least
YS,joules per bulb. The overall measure Qf reproducliblility,
‘évér,,must include the errors in welghing, varliations in
;gcuatioﬁ, etec. Experiment indicated that thé silica gel
d;‘érminations were reproducible to within 0.8 pefcent,

he barium sulfate to within 1.5 percent and the carbon

ck to within 2.5 percent. |

© In this work the value of the heat of bulb-breaking

determined by calculating the pressure-volume work

ording to equation (24) and then adding to this result

b ot
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e heat of fracturing, in this case 0.19 joules. It |
«Quid be noted that the volume used in equation (24) 1s

1€ volume of the glass bulb less the volume of the powder.
'éjbulb breaking correction term in most cases amounted to

abbut 0.35 joules.

e
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SUMMARY

The contributions made by this research may be set

th as follows:

2(1) An equatibn relating the temperature coefficient
fhe_haat of immersion to the surface contributions of the
ific heats of the solld and the 1lquid was derived.

 (2) Determinations of the unit area heats of immersion
~water of the three solids, silica gel, barium sulfate,
‘d'ﬁarbon black, were performed at various temperatures in
range from 0° C. to 25° C. with a twin differential
1ﬁqcalorimeter. These measurements indicate a 3 percent
mge in the heat of immersion of barium sulfate for a 25°
ge in temperature, a 4.5 percent change for carbon

,Qk, and a 6hange of less than 1 percent for silica gel.

’ (3) The change in the surface contributlon of the spec-
f¢4heat accompanying the formation of a solid-liquid inter-
’ﬁas calculéted on the basis of the heat of immersion
éfand the equation cited in item (1). It was found that
theésurface contribution of the specific heat 1s reduced in
h of the three cases studled. The polar solids, barium
‘éte and silica gel, cause a largor reduction than non-

ar carbon black.

  (4) The solid-liquid interaction energies were calcu-
ed for the three solids and water, and the results were
mpared with the surface specific heat changes accompany-

the formation of the solid-liquid interface. It was
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vd:that the substances which exhibit the greater inter-
Qﬁ}energies with water also cause a largar change in the
ace specific heat contributions.

 (5) The experimental procedures involved in the heat
arminations were set forth, and the correction term |
3ing from the breaking of svacuated glass sample bulbs

ng the immersion experimentﬁ was studied. The main
'ribution to this correction term, which was elther over-
\kéd or‘misinterpreted by other workers, was found to be

u "tb the implosion energy. A cyclic process was consid-

y and the implosion energy was found to be approximately
qQ &l;to the pressure~volume work done in evacuating the

8 mgle bulb.,
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