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ABSTRACl- 

The heats of immersion in water and aqueous surfactant solutions of partially 

dried and conditioned titanium dioxide pigments were measured by a differential 

caIorimetric method. The results were treated using a Hess’s Law approach which 

allowed calcuiadons to be made of the heat of adsorption of physicahy absorbed 
water on the pigments. The results generaliy indicated an absence of capillary 

condensation of physically adsorbed water on the pigments. 

IWIRODUCTION 

Whenever the surface of a sohd comes into contact with a non-reactive liquid or 

sohrtion a thermal effect is observed. This effect is given several names; heat ofzcetting, 

fzear of immersion, or the Pozdet effect. Boyd and Harkins’ have used another term, 

namely, heat of enzersion which refers to the reverse thermal process when liquid or 

solution is removed from the solid surface to Ieave a cIean dry surface. III this paper 

we will use the term heat of immersion to describe the phenomenon and we will use 

the conventional system of indicating exothermic heat changes by a negative sign 

(which is not aIways adhered to in reporting heats of immersion). 
MetaI oxides usually possess high surface free energies so that they are readily 

wetted by water or aqueous soIutions. It fohows that the heat of immersion per gram 

of solid ~dNi) will be a function of the surface area of the solid, i.e. 

AHi = A Ahi (1) 

where A is the surface area per gram of soIid, and Ah, is the heat of immersion per 

unit area of oxide surface. Exceptions to this simple relationship can arise if the surface 

of the solid contains an extensive system of micropores and capillaries, which may give 

rise to time-dependent wetting properties and surface area vaIues which differ 
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markedly according to the method of measurement. When compIete wetting of the 
solid surface occurs, the measurement of heat of immersion provides a usefui method 
of investigating the interaction of the solid surface with the Iiquid or soiution into 
which the solid is immersed’. 

Titanium dioxide (anatase and rutile) is an important material for the produc- 
tion of industrial pi_ements for the paint and printing industries_ While the heats of 
immersion of titanium dioxide have been measured for a variety of systems3-s, in all 
cases the samples of solid were thoroughly dried at temperatures up to 500% and 
outgassed at low pressures. Although these studies are of considerabie academic 
importance they are of Iimited usefulness where systems of industria1 interest are 
concerned, because the pigmentary forms of titanium dioxide are usually subjected 
to some form of surface modification to improv?e their dispersibility in paint or 
printing ink media and, in the case of paints, to minimise the effects of photo-initiated 
degradation of the polymer medium in the resultant film. Moreover, industrial 
practice precludes the vigorous drying of pigments so that in the industrial context it is 
important to obtain data on substrates that are contaminated with water_ The surface 
treatments commonly employed involve the deposition of amphoteric oxides on the 
surface of the pigment. These surface coatings have been shown to be microporous by 
adsorption experiments’ but in practice the pores are likely to be filled with water. 

The treatment of such pigments at temperatures in the region 400-500°C 
significantly alters their surface properties and also seriousIy impairs their usefulness 
as pigments_ The purpose of the present work was to investigate the heats of immersion 
of commercial i-utile and anatase pigments which had been in equilibrium with water 
vapour under ambient laboratory conditions (nominally SC) and also superficially 
dried at 14O’C for several hours at atmospheric pressure_ 

The pigments used in this work were a ‘coated’ rutiIe (the coating containing 
alumina, silica and zinc oxide) and an ‘uncoated’ anatase. 

-_ -r(,~{ - _ _. - 

Fig. 1. Schematic diagram of the differential calorimeter used. 



EXPERMEhTAL 

The calorimeter 

The calorimeter, which was of the differential type, is illustrated in Fig. 1. The 

immersion vessels were two highly polished nickel crucibles (N) of 75 cm3 capacity. 

Each crucible was fitted with a Perspex Iid (P) on the underside of which were polished 

brass radiation shieids (R). The lids sealed onto the crucibles by means of Neoprene 

O-rings. Each lid contained a series of tubes through which the thermistors (T), 
heater (H,), stirrer 6,) and ampoule holder (A) were fitted. 

Each of the immersion crucibles was suspended haIf an inch beiow a second 

Perspex disc (B) fitted with a brass radiation shield (R)_ These latter discs formed the 

lids of the air-jackets (C) which were made of copper. A Neoprene gasket formed a 

water-tight seal between these lids and the air-jackets. This system of metal containers 

remained adiabatic for a period of about 30 min, which was far in excess of the time 

involved in the immersion process. The equilibration time of the apparatus was about 

4 h. The contents of each immersion vessel were stirred by nickel paddles (S,) driven 

by 200-r.p.m. synchronous motors (M) which were connected in parallel with the 

mains supply. The lids (B) of the air-jackets were bolted to a Paxolin plate, which in 

turn was bolted to part of the lid of a polystyrene water-thermostat. The temperature 

of the thermostat was controlIed at 25&-0.01 “C with a contact thermometer and a 

60-watt electrical heater (Hz) with a suitable relay circuit The water thermostat was 

contained inside a large air-jacket fitted with a wooden lid. 
Samples of pigment were contained in glass ampoules (15-ZO-mm diameter) 

carefuIIy blown from 2-mm soda-glass tubin g. The ampouIes when fitted contained 

1.0-l .5 g of solid. The ampoules and contents after drying were attached to a steel rod 

which contained a Teflon section for thermal insulation purposes. Ampouies were 

broken inside the calorimeters by gently pressing the bulb down onto metal spikes 

situated just beIow them. 

The thermistors (T) used to measure the temperature changes in the immersion 

vessels had a nornina resistance of 2000 ohm and were matched to ‘better than 1%. The 

thermistors formed two of the arms of a conventional Wheatstone bridge arrangement 

based upon a Pye precision resistance bridge with the ratio arms set at about IO00 ohm. 

The out-of-balance signal from the thermistors, which resuIted from a temperature 

change following immersion of the pigments, was fed directly to a variable range 

potentiometric recorder. Normally, the recorder was set for 1 mV full-scale deflection 

with the zero adjusted to centre scale. The dependence of recorder reading upon 

thermal effect in the calorimeters was linear to about I %. 

The calibration heaters in each immersion vessel and the dummy heater were 
constructed from 26-SWG nichrome wire wound non-inductively around short glass 

rods, and had an approximate resistance of 5 ohm. They were placed in narrow glass 

tubes and embedded in paraffin wax. The circuit incorporating the calibration heaters 

and the dummy heater is shown in Fig. 2. Power was supplied to the heaters from two 
I2-volt accumulators connected in parallei, which were frequently recharged when 
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they were not in use by a l&volt d-c_ supply. EIectrical power was supplied to the 

dummy heater for 2 h prior to an experiment invoIving the calibration heaters. The 

smount of current flowing during this period was indicated by a milii-ammeter, and 

the current couId be adjusted usin g the variable resistance (VRi). The switch, K2, 

trausferred poxer when required from the dummy heater to one of rhe calibration 

Fig. 2. Circuit diagram of the calibration heaters and the dummy heater. 

heaters previously se!ected by the switch (K3). The actual current ff owing through the 

heater was calculated from the measurement of the voltage drop across a standard 

! ohm. The voltage across the calibration heaters when they were in use was measured 

directly. Both these vokages were measured with a potentiometer capable of mea- 

suring to I pV. Heating periods in the caIibration experiments were timed with a 

stopwatch readin g to *IO. 1 sec. The heating period was normally of about 3-min 

duration_ 

The differential temperature drift between the two immersion vessels when 

equilibrated was less than 0.0001 “C per min and this was usually uniform over many 

minutes_ The immersion experiments involved temperature changes of about 0.015 “C 

over a period of about 3 min and hence the differential temperature drift was perfectiy 

acceptable. Since the temperature rise in an immersion experiment was so smaI1, the 

cooling correction applied to the resuits was only a very simple one. The exaggerated 

curve ABCDE in Fig. 3 represents a typical pre-reaction, reaction and post-reaction 

situation in a thermal experiment. The straight BCD of the reaction gave point F. A 

Iine perpendicular to the time axis was drawn through F to meet the pre-reaction curve 
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at G. The corrected temperature rise was then taken as FG_ The corrections were so 

small that this method of cooIing-correction was judged to be adequate_ 

Time 

Fig. 3_ Graphical method for the simpk cooiing correction. 

The thermal effect produced by ampouIe breaking was in the region of OS-06 J 

and a value of 0.6 J was subtracted from al1 experimentally measured heats of im- 

mersion. 

Tfle pigments and their properlies 

The surface areas of the rutile and anatase pigments were measured using a 

Strohlein area meter, after drying at 200°C in a stream of nitrogen for 3 h. Urwing 

has shown that this single point method is suitable for measurements on commercial 

titanium dioxide pigments. The vaiues obtained by this method were 1 I.1 m2-g- ’ 

for the rutile sampIe and 8.6 and 9.4 m2 -g- ’ for the two samples of anatase. The 

surface area of the rutile measured by a compiete BET method was 11.1 m2-g- I. 

W-wing has concluded from surface area measurements that coated pigments, such as 

the coated rutile used in this work, are fairly porous. The internal area of coated 

pigments may account for up to half the tota surface area and yet capiI1a.r-y condensa- 

tion may be absent. 

The composition of the coated rutile used in this work was ZnO, 1.02%; 

A1203, 2.15% ; Si02, 1.12% ; the remainder being titanium dioxide and water. The 

water adsorbed on the pigments was measured by thermogravimetric anaIysis (TG) 

and also by Karl-Fischer titrations. The results are summarised in Table I. The TG 

results indicated that the rutiIe possessed more adsorbed water than the anatase and 

was much more difficult to remove. This may well be due to the porous nature of the 

rutile. The Karl-Fischer results for the rutiie also supported this view. 

If an approximate molecular area of 1 O- r g m2 is taken for the water molectde, 

then the anatase would possess approximately a monolayer of adsorbed water and 
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the rutiIe would possess the equivalent of approximateIy six molecular Iayers of water. 

After drying at 140°C for several hours the anatase may be regarded as having been 

dehydrated and the rutiie may be regarded as stili possessing approximately two 
mokcular Iayers of adsorbed water. Recent infrared studies” on pure rutiIe suggest 

two types of surface site for adsorption of water as moiecular water and as hydroxyi 

TABLE I 

PROPERTIES OF THE TITAKUM DIOXIDE PIGMEhlS 

Properly mensared AMrare Coated rutile 

Surface area (m’.g- ‘) 
Water content (mg of HZ0 per g of pigment) 

(a) TG mefhod 
(i) 4 h at I4O’C 
(ii) I.5 h at 550°C 

(3) Karl-Fischer method 

(i) dioxan soknt 
(ii) methan sohen: 

8.6 and 9.4 11.1 

3.5 13.2 
3-9 19.4 

3.5 8.2 
3.4 11.8 

ions. In pure rutiie the (IOO), (101) and (1 IO) crystai faces account for about 98% of 
the external surface of the solid. The (1X)) and (IOI) faces appear to adsorb molecular 

water as a Iigand coordinated to Tisi surface ions. The (1 IO) crystal face adsorbs 

water dissociativeIy heading to formation of surface hydroxy1 ions. In the r-utile used 
in this work the surface is rather different ahhough the water may well be adsorbed in 

a simikr way_ 

In the subsequent discussion the pigments dried at 140°C for several hours wiI1 
be referred to as dtied pigments (S> and the pigment conditioned at room temperature 
as conditioned pigment (S,). The heats of immersion of oven-dried and conditioned 

sampIes of the anatase and the coated rutiIe were measured in water and 0.1 M 

solutions of propionic acid (HPr), sodium Iauryl suIphonate (SLS), sodium benzene 

sulphonate (SBS), cety1 trimethyi ammonium bromide (CTAB) and 0.01 M solutions 

of potassium stearate (KSt) and potassium okate (KOI). The results are presented in 

TabIes TI and III in terms of heat change per gram of pigment and heat change pe.r 
unit surface area of pigment. A negative sign indicates an exothermic heat of 
immersion, 

The heats of immersion per unit area for the dried pigments in water are 

-0.51 J-m-’ for rutiIe and -0.26 J -rn-’ for anatase. The literature values for 

immersion of pure titanium dioxide in water vary considerably but in general they Iie 

between -0.2 and -0.6 J-mV2 for soIids dehydrated at 150°C. The vaIue of heat of 

immersion of x-utile in water is higher than that for anatase, which is probabIy due to 
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the formation of multi-molecuiar layers of water on the rutiIe and onIy a monolayer 
of water on the anatase on immersion of the oven-dried pigments. 

TABLE II 

HEATS OF IMMERSION OF RUTILE IN AQUEOUS SYSTEMS AT 25°C 

S_VSW?7l Dried pigment Condirioned pigment 

(ANI, and AHtax,) (AH,, and AK,,) 

(J-g- I) (J.mBz) (J-g- ‘1 (J-172-3 

Water - 5.70 -0.51 t1.3 -i-O.12 
KSt(O.OlM) -8-2 -0.74 --1.35 -0.12 
HPr(O.1 M) -9-30 - 0.94 - 2.65 - 0.24 
EC01 (0.01 M) - 5.70 -0.79 -!.35 -0.12 

SLS (0.1 M) - 6.50 -00.58 - 1.35 -0.12 

SBS(O.IM) -7.25 -00.65 - 1.25 -0.11 

CTAB (0.1 M) - 8.25 - 0.74 - 1.10 -0.10 

TABLE III 

HEATS OF IMMERSION OF AXATASE Ip3 AQUEOUS SYSTEMS AT 25°C 

Sysfem Dried pigmenr Condifioned pigmenr 

(AHM and AHI& (AHI, and AHI,,) 

(J-s- 9 (J-m- ‘) (J-g- ‘) (JzI-~) 

Water -2-4 

KSt (0.01 M) - 2.2 
- 2.0 

HPr(O.lM) -1.9 
K01(0_01M) -2-60 

- 380 
SLS (0.1 nf) - 2.9 

-3.15 
SBS (0.1 M) - 2.05 

Cl-AB(O.1 M) - I-S5 

- 0.26 
- 0.24 
-0.22 
-0.21 
-0.29 
-0.31 
- 0.32 
-0.35 
-0.225 
- 0.205 

- 0.50 

-0.30 

-040 

-0.90 

-1.00 
-1.00 

- 0.25 

- 1.30 

- 0.05 

-0.03 

-0_04 

-0.10 
-0.11 
-0.11 

- 0.03 

-0.15 

DISCUSSION 

The heat of immersion (AHi~ of a ciry solid in a pure Iiquid (I) may be regarded 

as the heat change in the reaction 

&+l-, &I) 

(HSJ (HI) (&J 

If the H terms are enthalpies (not necessarily molar enthalpies) the hea: zf immersion 
will be given by 

A Hi, = H,,- H,,- H, (2) 
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The heat of immersion in a pure liquid of solid conditioned with water vapour 

(dIHi3 may be regarded as the heat change in the reaction 

SC-+-l-+S* 

(3) 

l&se two equations assume that the dispersion of the solid is identical whether 

prepared from dried solid or conditioned solid. 
If the conditioned solid S, may be formed from the dry solid S, by adsorption of 

n, moIes of vapour V from the Iiquid I, then Y.-C may write 

S,+n,V-+S, 

The heat change for this process corresponds to the heat of adsorption (Al&) of 

vapour onto I g of dry solid. The reiationship between No heats of immersion AH, 

and AHic, and AH, can be obtained by the application of Hess’s law to the formation 

of dispersions from dry solid and conditioned solid. The equations will initially be 

developed for immersion of solids in a pure Iiquid, which in this work wxs water. The 
theory will then be extended to immersion of solids into soIutions, which in this work 

were aqueous solutions of surfactants. 

Case A. Immersion of pikgnent into u pure liquid 

In this wFork the pure liquid is water and the vapour involved is water vapour 

although the theory applies to any other system_ The method of derivation follows 

that used by Gregg and Sing”. The formation of pigment dispersions in water is 

considered first from dry solid (SJ and then from conditioned solid (S> and the two 

methods are then compared. 
ilfethod I_ Using dry solid (SJ. - In this method n moles of vapour are con- 

densed and then the dry solid is immersed in the resulting Iiquid _ 

nV --, I___ nL, Z(a) 

where & is the moiar heat of vapor&&ion. 

S,+l--, S, __- AHia Z(b) 

where AHid is the heat of immersion per gram of dry solid in pure liquid. 

Addition of these two equations gives the process 

S,;nV --, S, 

the heat change (AH) for which is given by 

AH =n&+AHia 

I(c) 

(4) 
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Method II. CTsing conditioned solid (SJ - In this method the conditioned solid 

S, is formed by adsorption of n, moles of vapour onto dry solid S,. The remaining 

rr--n, moles of vapour are then condensed to form liquid and the conditioned solid is 

then immersed in this iiquid :o form the dispersion (S,). 

SdffrIV -+ S, ___ AHsv II(a) 

c n-tlI,)V + 1 --- (n-nl) L, JIG) 

S,+I ---, S* .-- dHi, ZZ(c) 

Addition of these equations gives the process 

S,;nv + s, 

the heat change for which is 

AH= AHsv+(n-n,)L,,+A_H~c 15) 

Provided that the state of the final pigment dispersion is the same by Method Z 

as by lMet.hod ZZ then processes Z(c) and II(d) are identica1, and the heat changes in 

Eqns. (4) and (5) are the same. Thus one obtains the equation 

AHi,- AHi, = AHsv--n, Lv (6) 

Thus the difference in heats of immersion of dry and conditioned pigment is 

simply related to the heat of adsorption of vapour onto the dry solid (AH,) and the 
heat of vaporisation of the liquid t&j_ The term LIH =-; JIM L, is the net infegral heat 

of adsorption. The amount of adsorbed water n, (i.e. the difference between S, and SJ, 

may be obtained from the TG data. This enables AH, to be calculated using Eqn. (6). 

If n, refers to 1 g of solid, then AH,, will also refer to 1 g of solid. 

Case B. Immersion of pigment into a solution 

In this case the heat of soIution of the soIute and the heat of adsorption of the 
solute onto the pigment are included in the derivation of the equations. The thermal 

effect of dilution of the solution due to the adsorption of the solute on the pigment is 

assumed to be very small and is ignored. 

Meshod 111. Using dry solid (S,). - The sequence of operations in forming the 

dispersion in a solution of a solute A is as follows: (ii) condensation of solvent (water) 

vapour to form liquid (I); (ii) dissolution of solute, &, in the water to form solution, 
A _; and (iii) immersion of dry solid, S,, into the solution A,, . 

When the pigment is immersed in the solution, not onIy will solvent be adsorbed 

as in Method Z, but adsorption of solute will also occur. If the solute is adsorbed on 

some sites that would have been occupied by water mokcuies had the immersion been 

in pure water, then the heat change due to the interaction of water with the pigment 

will be less than AHi, (Case A) by an amount of heat equivaIent to the water displaced 

from the surface by the adsorbed sohtte. This heat of interaction of water from the 

TChwrw&m. Acfa, 4 (1972) 479 



solution with the pigment will be represented as AHi’,. The heat change due to the 

adsorption of soIute will be a function of the amount of solute adsorbed, N;. 
The sequence of operations for the formation of the pigment dispersion (S,,) in 

an aqueous solution is as follows: 

nV + I ___ n& M(a) 

n,,&i--I --, n,A,, .._ nxAHs III(b) 

(where AH, is the molar heat of solution of solute A in water) 

S,fn, f& + S,, _._ ni AH,+AH~, Ill(c) 

(where AH, is the molar heat of adsorption of solute per gram of pigment). Thus for 

the reaction 

nVfrx,A,fS, + s,, 

the overah heat change will be given by 

4H = nLVinAAH,tna4H,+AHf, (7) 

The measured heat of immersion of the dry pigment in the aqueous solution is 

AHi&, and is given by the heat change of reaction Ill(c), namely 

AHihq = ni 4H, t 4H fd rs1 

Method IV. Using conditioned solid (SC). - The sequence of operations in 

forming the dispersion of the conditioned pigment in a sohrtion of soIute A is as 

foIIows; (i) formation of conditioned solid from dry solid (S,) and water vapour; (ii) 
formation of Iiquid water from the remaining vapour; (iii) dissolution of solute A, in 

the water to form the solution A,, (here it is assumed that the concentration difference 

between this solution and that produced in stage M(b) is negligible); and {ir;) immer- 

sian of the conditioned solid (S,) into the solution A,, . 

Once again solute will be adsorbed onto the pigment in process IV(d) and this 

will be accompanied by a further adsorption (or even desorption) of water. The heat 

change due to further adsorption of water from the soiution wiI1 be different from 

AHia. AH;,, and 4HiC : and wili be represented here as 4H;‘,. The heat change due to 

adsorption of solute will again depend on the amount adsorbed, ni, and it is assumed 

that this is the same amount as in Method III given above. 

S,+n,V --, S, 

(n-n,)V ---, I 

___ AHsv 

___ (n-nJ Lv 

IV(c) 

S,+n,_4, -P S, ___ n;dH,i-AH,: IV(d) 
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The measured heat of immersion of the conditioned pigment in the aqueous 

solution A,, is the heat change in reaction IV(d) and will be represented by AHi,,g. 

Thus 

(9) 

Addition of reactions IV(a) to ZY(a gives the reaction 

nV+n,&+S, + S,, 

the overall heat change for which is given by 

AH = AHSv+(n-nn)L,fn, AHSin; AH,-!-AHf, (10) 

If the state of the pigment dispersion is the same from Method ZZZ as from Method ZY, 

then the values of AH and Eqns. (7) and (10) shouid be identical yielding the expression 

AH;,-AHf, = AHsv-nn, L, 

(11) 

= AHidzq-AHi,q 

Eqn. (11) shows that the difference in heats of interaction of water with condi- 

tioned pigment and dry pigment in the soIution A,, and the differences in heats of 
immersion are equal to the net integral heat of adsorption of solcent rapor onto the dram 

pigment. Eqn. (11) is to be compared with Eqn. (6) where it was shown that the net 
integral heat of adsorption of water vapour is given by the difference in the heats of 

invnersion of dry and conditioned pigments in pure water. 

The value of n,, the amount of adsorbed water on the pigment, or more 
correctly the difference between Sd and S,, may be calcuIated from the thermo- 

,mvimetric data, and is 7.3 x 10s4 mole-g- ’ for the rutile and 1.94 x 10v4 moIe-g- ’ 
for the anatase. Thus AH,,, the heat of adsorption of water vapour onto the dry 

pigments may be calculated from the heats of immersion using Eqns. (6) and (11). A 
value of & for water of -43.8 kJ-mole- i (25°C) has been used. The values of AHsv 
for rutile are given in Table IV, and those for anatase are given in TabIe V. The values, 

when caicuiated per gram of pigment, are much higher for the rutile pigment than the 

anatase pigment. However, when the results are caIcuiated per mol of water adsorbed 

per gram of pigment, then the values of AH, for both pigments are remarkably 

TABLE IV 

CALCULATED VALUES OF HEAT OF ADSORPTION 
OF WATER (d&v) ON RUTiLE 

sysrcm HlO KS1 HPr KOi SLS SBS CTAB 

A&V (J-g- ‘1 - 38.9 -38-7 -39.1 - 39.3 -37.1 - 37-9 - 39.2 
d&v (w-g-’ per - 53.3 -53.0 - 53.6 - 53.8 -SO.8 -51.9 - 53.7 

mole of H,O) 
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simiiar being in the region of 53 kJ-moI_‘. This value is only slightly higher than the 

heat of vaporisation of water, which suggests that the adsorbed water which was 

removed at 14O’C was only bound to the surface of both pigments by van der Waal’s 

forces. Despite the iact that the surfaces of the coated rutiIe and uncoated anatase are 

completeiy different, the rutiie being rather more porous than the anatase, the very 
simiIar molar AHsy values for both pigments suggests little or no capillary condensa- 

tion of-water on the conditioned rutile pigment. 

TABLE V 

CALCULATED VALUES OF HEAT OF ADSORPTION 
OF WATER (dN,,,) ON ANATASE 

sysrenr H2 0 KS? EfPr KOI SLS SBS CTAB 

dlf, O-s- ‘1 -10.4 - 10.3 - 10.0 - 10.3 - IO.5 - 10.3 -9.1 

AHsv w*fr* per - 53.6 -53.1 -51.5 - 53.6 -54.1 - 53.7 - 46.9 
mole of HzO) 

The moIar values of AH,, for the rutile in sodium Iauryi sulphate and sodium 
benzene suIphonate soIutions show some variation from the majority of the resuits 

and simiIarIy the value for anatase irr cety1 trimethyl ammonium bromide solution is 
anomaIous. A possible -,xpIanation for these three differences is that the two immer- 

sion processes, that is starting with dried pigment and conditioned pigment, do not 

Iead to the same equilibrium dispersion state for these three systems, within the 

period of time involved in the immersion experiments. In any case, these three systems 

were found to give unusuai viscosity behaviour when the rheology of the pigment 

dispersions was studied. 

-4 comparison of Eqns. (6), (8), (9) and (11) shows that 

AHidsq-AHinq = AHi,-AHi, 

or 

Affi&, = AHi~-(AiYi~- AH;,--) W) 

Thus from measurements of the heats of immersion of the dried pigments in 

water and the heats of immersion of the conditioned pigments in both water and a 

given solution (A,), it should be possibIe to caIcuIate the heat of immersion of the 

dried pigments (ANi~g) in the solution 4s. These values may then be compared with 

the experimentahy determined values in order to test the theoreticai approach 

adopted here. The comparisons between the calculated and measured heats of immer- 

sion are made in TabIes VI and VII and the agreement in most cases is reasonable. 

The exceptions are predictably the values for i-utile pigment in sodium Iauryl sulphate 

and sodium benzene sulphonate soiutions and anatase pigment in cetyl trimethy1 

ammonium bromide solution. for the probabie reasons discussed above. NevertheIess, 

the awment in the other cases is sufficiently good to give some confidence in the 

482 



experimental results and also in the theoretical treatment of the immersion process in 

terms of a Hess’s law approach. 

TABLE VI 

COMPARISON OF CALCULATED AND MEASURED HEATS OF IMMERSION OF 
DRIED RUTILE 

Sp&?m KSt KPr KOI SLS SBS CTAB 

JfidX9 (J-E- ‘1 
cakulated - 8.35 - 9.65 - 8.35 - 8.35 - 8.25 -8.10 
measured - 9.20 -9.85 - 8.70 - 6.50 - 7.25 - 8.25 

TABLE VII 

COMPARISON OF CALCUL.4TED AND MEASURED HEATS OF IMMERSION OF 
DRIED ANATASE 

System KSt HPr KOI SLS SBS CTAB 

d&a, (J-g- ‘1 
calculated -2.40 -2.20 - 2.90 - 2.90 -2.15 - 3.25 

- 2.80 
measured -240 - 2.20 -2.80 -2.90 - 2.05 - 1.85 

- 2.00 -2.60 -3.15 

In the case of the rutile pigment it is possible that the solute is adsorbed on top 
of a full complement of adsorbed water when the dried pigment is immersed in a 

solution. The exceptions, as discussed above, are the solutions of sodium lauryl 

suIphate and sodium benzene sulphonate in which the heats of immersion are 

shghtly lower than expected. Perhaps these two solutes enter markedly into competi- 

tion with the water for sites on the dry rutiie pigment when it is immersed in their 

soIutions. 

Cetyl trimethyl ammonium bromide exerted a very powerful flocculating effect 

on the anatase dispersion and it is possibie that the extent of flocculation is different 
starting with dry anatase than with conditioned anatase. Indeed, the theoretica 

treatment in this work has assumed that in a given sohttion the extents of ff occtdation 

of a pigment dispersion are the same starting with dry and conditioned pigment. 

While this seems to be the case for most of the systems studied in this work, it cannot 

always be the case for every solute. 
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