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THE ELECTRIC BLLA110E TECHNIQUE FOR MEASURINO THE MASS AND 
CHARGE OF CLAY PARTICLES 

INTRODUCTION 

The mass arid charge of clay particles determine to a large ex- 

tent the chemical and physical behavior of the parbicles. In soil, 

the amount of clay as well as the size and electric charge ol' the 

clay particles influences the behavior and productivity of the soil. 

Therefore, the measurement of these two properties is of primary 

importance to chemists and physicists whose interests are in 

examining the basic properties 01' clays, other colloids and soils. 

The mass of clay particles is usually calculated from the 

density of the particles and the volume of the particles. The 

volume is obtained from an effective radius detennined by the uso 

of Stokes' law 'which relates the velocity of fall oÍ' a sphere 

through a fluid to the radius of the sphere. The effective radius 

of a clay particle is the radius of a sphere that would have the 

same velocity of fall as that of the clay particle . Since the 

clay particles are not normally spherical in shape, the effective 

radius may not describe accurately the dimensions of the particles. 

Also, there are several assumptions made in the derivation of 

Stokes' law which may not be valid for the fall of soil particles. 

The niagnitude of the error included in using Stokes' law has not 

been previously evaluated. 

The electric charge of clay particles is normally negative and 

is believed to be due to broken bonds and isomorphous substitution. 

The electric charge is assumed to be balanced by exchangeable ions 



adsorbed to the particles surface. The magnitude of the charge is 

related to the cation exchange capacity of most clay particles. 

The electrical balance technique, utilizing the Milhikan oil 

drop apparatus, lends itself to the simultaneous measurement in 

air of the electric charge and mass of a particle. The mass may 

be determined with or without the use of Stokes' law. The 

electric charge measured by the electric balance technique is due 

to bonds unsatisfied by exchangeable ions and not the same as that 

which is related to the cation exchange capacity which is due to 

the clay particle itself. 
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OBJECTIVES OF STUDY 

1, To determine the electric charge on dry kaolinitic clay 

particles in air. 

2. To determine the mass of dry kaolinitic clay particles by the 

electric balance technique and by the use of Stokes' law. 

3. To determine the error involved in determining the mass of 

particles due to the assumptions made in the derivation of 

Stokes' law. 
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MILLfl(A14 OIL DROP APPARATUS AND PROCEDURE 

Millikan (8, pp. t5-1h14) devised the apparatus as &iown in 

figure 1 and was able to determine the charge of an electron. By 

his procedure he was able to determine the total charge that is 

given to an oil droplet by blowing ari oil spray into the chamber 

C with the aid of an atiizer. Minute droplets, most of them 

having diameters of about crie micron, fall slowly in the charnber 

and a few find their way through the pinhole p in the nd.ddle of 

the circular brass plate M. The oil droplets which enter through 

p are illuminated by a light beem which enters at e The drop- 

lets appear as bright stars on a black background as the scattered 

light is observed. These oil droplets are found, in general, to 

be strongly charged by the frictional process involved in 

atanizing the oil. A difference of potential, ranging from O to 

10,000 volts, is placed across the two plates, M and N causing an 

induced electric field. hen the electric field is induced in the 

proper direction and exceeds a certain magnitude the droplets are 

pulled toward M. One droplet is selected for study and just be- 

fore the drop strikes M the plates are short-circuited and the 

dron is allowed to fall under gravity until it is close to N, then 

the direction of motion is again reversed by inducing the electric 

field. The droplet may be easily controfled by varying the 

voltage and balanced against the force of gravity. 

The total charge on the droplet is changed by short-circuiting 



Figure 1. Schenatic diagram of the Millikan oil drop apparatus. 



the plates and allowing x-ray8 to pass between the plates. The 

x-raya act as an ionizing agent to produce uniform ionization in 

the gas between the plates. In this way more or less charge may 

be placed upon the drop, the theory o which will be discussed 

later. After the charge on a drop has been changed the drop is 

again balanced against the force of gravity and the voltage 

recorded. The procedure is repeated several times using the same 

particle. 

In order to evaluate the magnitude of the number of charges, 

n, at the vario.s voltages recorded, it is necessary to arrange 

the voltages in descending order. If ¿V is the reciprocal 

of the voltage change and ¿1 n is the change in charge, then 

(i) 

When n 1, then AV' is at the lowest difference of 

potential measurable for a unit charge on the particular droplet 

being studied. It is necessary to make several voltage changes to 

establish Ln 1, The procedure will be outlined in greater 

detail and an example given. 

Using the data obtained for calculating the electric charge 

an oil droplet it is possible to calculate the ¡nasa of the oil 

droplet. Millikan states, "This device is sìmpiy an electrical 

balance in place of a mechanical one, and it will weigh accurately 

and easily to one ten-billionth of a lia" In the derivation 

of equation (6) below, vkiich is tne equation used for calculating 
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the mass, the force of gravity is balanced against the force due to 

tho electric field. The force of gravity, F, is gtven by NEwtons 

second law, 

Fmg, (2) 

where ia is the mass and g is the acceleration due to gravity. The 

force due to an electric field is given by the equation 

E*nEe, (3) 

where n is the number of charges, E is the electric field strength 

and e is the charge of an electron. Since the two forces are equa]. 

when the particle is at rest, equations (2) and (3) may be combined 

as 

Also, 

nEeng (14) 

() 
d 

where V is the difference of potential and d is the distance between 

the plates (M and ?) . Therefore, substituting (5) into (b) and 

solving for the mass we have 

In neV. (6) 

gd 

This measurexacnt of mass does not involve the shape of the particle, 

the type of medium or the assumptions involved in the derivation 

of Stokes' law. It iB nIy neessar to detei,ine the nuniber of 
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charges and to 1eas-L'xe the differice of' potential necessary to 

overcctie the force due to gravity. 

To calculate the mass of the droplet using Stokes' law, the 

derivatci of which iU be described in detail later, it is 

necessary to measure the velocity. This is acccniplished by tfaning 

the fall of the particle through a distwice fixed by two cross- 

hairs that are mounted in the telescope that can be seen in figure 

1. To calculate the mass we have 

VyI4/3TTzp. (i?) 

where V is the volume of the droplet, r is the radius as deter- 

mined frori Stokes' law andy is the density of the droplet. 

As previously stated, lliilikan changed the total charge on 

the droplet by allowing x-raya to pass between the plates, which 

means that either free electrons or ions are being attached or 

removed from the oil droplet under observation. The x-raye 

ionize the air by two principal processes the most inportat of' 

which is the photoelectric effect. Possibly sorno ionization is 
die to tibe Comptori efiect. 

As stated by Lapp and Andrews (5, pp. U1i-U(3) when an x-ray 

quantum or photon collides witi an atcaui, it may impinge upon an 

orbital elcctron and transfer all of' the energy of the photon to 

the atom by ejecting an electron frcii the atom. If the incident 

photon carried more energy than that necessary to remove the 

orbital electron from the atom, it fiiparts to the electron its 



additional energy in the form of kinetic energy. This process is 

known as the photoelectric effect and obeys the Einstein phot» 

electric equation, 

E*hv" k (8) 

ithere h is plank' s constant, i/is the frequency of the impinging 

photon, and the product of the two is the total energy E. 

is the energy required to remove the electron from its atom and 

is the kinetic energy of the ejected electron. Electrons thus 

ejected £rcmi atcis are called photoelectrons, and the remaining 

atom in the air becamos an ion. 

In explanation of the interaction between electrc.inagnetic 

radiation and a particular electron, Compton made the assumption 

that this process is an elastic collision between the photon and 

the electron. If a photon is properly incident upon a looseir 

bound electron of an atam it may itself be scattered by the 

electron and suffer a loss in energy. The electron takes up the 

difference in energy between the incident and scattered photon 

and is ejected with this recoil energy. Electrons thus ejected 

fram atoms are called Compton electrons or Compton recoil 

electrons, and the remaining atom in the air becomes an ion. 



ClAY PARTICLE CONSIDERATIOíS 

In the mathematical derivation of Stokes' law, Sears and 

Zexaansky (9, p. 28) have stated that when a viscous fluid flows 

past a sphere with a streamline flow or when a sphere moves through 

a viscous fluid at rest, a resisting force is exerted on the sphere. 

A force is experienced by a body of any shape but only for a sphere 

is the expression for force readily calculable. First, the 

derivation of the equation for a sphere falling through a Viscous 

fluid will be considered. The resisting force is gven by 

F6119rv, (9) 

where 
7 

is the viscosity of the fluid, r is the radius of the 

sphere, and y is the relative velocity of the sphere to the fluid. 

If the sphere is released from rest where ir O, the viscous force 

at the start is zero. The other forces on the sphere are gravity 

and bouyancy. If/ is the density of the sphere and the 

density of the fluid the iaathnatical expression for the two forces 
are 

and 

gravity force mg b/3 TTr3f g, (10) 

bouyancy force I/3 uP3 ,R g. (U) 

Since there is a net downward force on the sphere, it is 

accelerated and as a result of the acceleration, the sphere acquires 

a downward velocity and therefore experiences a retarding force. 
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As the velocity increases, the retarding force also increases in 

direct proporticn, and eventually a velocity is reached such that 

the downward force and the retarding forces are equal, that is 

gravity force resisting force bouyanoe force (12) 

The sphere then ceazee to accelerate and moves with a con- 

atant velocity called its tenainal velocity. This velocity can be 

found by setting the downward force equal to the retarding forces. 

li,/3 7Tr3 (7 -fi ) g 6ì? r y, (13) 

v 2/9 r2 g (,' _/ )/ . (iLs) 

This relation was first deduced by Sir George Stokes in l814S and 

is called Stokes' law. 

In the above derivation of Stokes' law, which gives the 

velocity of fall of a spherical particle under the influence of 

gravity, the following five assuniptions are raade: 

1. That the inhomogeneities iii the medium are small in 

ccvparison with the size of the sphere. 

2 That the sphere falls as it would in a siediwn of un- 

limited extent. 

3. That the sphere is smooth arid rigid. 

i. That there is no slipping of the medium over the sirface 

of the sphere. 
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S. That the velocity with which the sphere is moving is 

email so that the resistance to the motion is all due to 

the viscosity of the medium and not at ail due t the 

inertia of such portion of the media as is being pushed 

forward by the motion of the sphere through it. 

The assumptions are geraliy considered valid for spheres, within 

a certain size range depending upon the fluid used. Clay 

particles re not spherical but the assimpticns are ge!lerally con- 

sidered valid. The assumptions will be discussed as they apply to 

clay particles falling in air. 

Aside from the fact that clay particles are not spherical, 

assumption i does not hold throughout the sntire size range. The 

assumption is probably valid for the larger particles but may b3 

in error for the smaller particles. Millikan (8, pp. 98-102) 

observed that as the size of the oil drop used in the experiments 

diminished the velocity in air increased over that predicted by 

equation (its). He stated that this increase in ve1ocit was dte 

to the diminishing radius of the drop beginning bo compare with 

the mean size of the boles in the air. Millikan used the 5mean 

free path" of the gas molecule to correct equation (]1) which 

reads as follows: 

v2/9gr2(,p_fl)/y 
(1_-fl), 

(iS) 

where b is a constant determined by graphical analysis and equal to 

1.67 x 10 for oil droplets and p is the pressure of the air in 
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centiiter uf ìercuri. This correct.iuì factor is negligible for 

particles Lalling in a liquid since the mean free path of liquid 

molecules is 'auch less than for gas molecules; but, in this study 

the correction factor was considered. 

Assumption 2 is considered valid if the concentration of 

particles is no too great. Asuniptiou 3 is generally considered 

valid and i8 the assumption to be evaluated in this study. 

Assuimiption l is considered valid since air is adsorbed to the 

particles. Assumption 5 is probably not too iuportant even with 

clay particles; because of thefr relatively aall size no 

turbulence is expected. 

Oil droplets are nearly spheres while clay colloids are not 

spherical in shape. Gd. (b, pp. h6-I9) states that kaolinite, 

which ï.s the clay tipe to be used in this study, is a well- 

crystallized, six-sided flake, frequently with a prinent 
elongation in one direction. Electron micrographa as shown in 

Ligures 2, 3, and ¿i demonstrate the clay type used in this exp.- 
ment. It can be noted that the particles appear as ag'egates as 

weil as individual particles. 

Marshall (7, p. 68) states that the particle size distribution 

froni a sample of standard kaclinite to be about, (total material 

<2/ * 100%) 

2 - 0.5 O.25/ 0.25 o.125p 0.125 - 
O.O62p < 

L.6% ii2% 5% 3% 3% 
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This ze distribution corresponds to the sizes exazuLned in this 

study as most o.1 the partic1e are within tAie 2 - 0.25 micron 

raze. 



is 

Figure 2. Electron micrograph of a kaolinite clay particle 
showing the hexagonal shape. 



Figure 3. Electron micrograph allowing hailoysite that is present 
in the etamdard sample used. 
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Figure b. Electron *icrograph of kaoli.n±te parUC1e8 siowing the 
result of shadow casting (gle 19° Sl') and showing 
the presence of aggregated particles. 



X?itLTAL PXCAD Uit 

The kaolinite clay used throughout this experiment was a 

etandard Georgian kaolinite, number 2023, obtained from the 

Georgian kaolin Compwy at Dry Branch, Georgia. It can be noted 

from the electron uiicrograph, figure 3, that the sample apparently 

contained some Halloysite ithich was estimated to be 7% of the 

sample used. The Halloysite can be seen in the shape of rods. 

The particles were prepared for study by making a liter 
solution of 10% laolinite and 2% sodium chloride and was allowed 

to stand for at least 5 hours. Whereupon a portion of the clay 

remaining in suspension was decanted off, filtered, rinsed 

thoroughly with distilled water and dried in an oven at 105 degrees 

centigrade. It was then ground in a mortar and placed in' a dust 

proof container. 

The apparatus which was used in this study was similar to 

that shown in Ligure 1. The distance between the plates M and N 

is 0.8 centimeters. The voltage varied from O to 3000 volts which 

was adequate for the size range studied. The voltage was measured 

by a previously calibrated wall type ballistic galvanometer. The 

clay was placed on a 300-mesh brass sieve which wa electrically 

grounded and the particles were anacei over plate M, and a few 

found their way through pinhole p. The rest of the procedure was 

as described previously for the Miflikan oil droD apparatus. 
The results of each step of the procedure used for calculating 



the mass and charge of kaolinitie particles is given in table 1, 

The data are for one particle and is presented as an np. The 

voltages are given in column one a they were obtained, that is, 

the successive changes in the voltage due to the changes in the 

charge by x-rays. The second column shows the voltages as they 

must be arranged in descending order. The third column gives the 

reciproca]. of the voltages in column two. The fourth column gives 

the successive changes in the voltage due to the gain in electrons. 

The fifth column corresponds to the gain of one or several 

distinct electrons. 

It can be seen fr column four that 2.2 x iO5 is the lowest 

difference of potential measured, therefore, this difference of 

potential corresponda to the change of one electron. Then each 

reciprocal of the change in voltage, ¿NV, is divided by 2.2 x lO 

to obtain the chango in the number of charges, ¿sn. 

The sixth column represents the successive values of the total 

charge carried by the particle. This column is determined by 

dividing the value of 1Y that corresponds to n i into the 

values of column 3. The seventh column gives the mass as cal- 

culated by the use of equation (6). Column eight gives the time the 

particle took to fall 0.2 centimeters in air. The last column, 

nine, gives the mass as calculated by equation (7) which involves 

Stokes' law plus the relationship of volume and density. The 

density of Kaolinitic clay was taken from Grim (1, p. 313) who 

stated the density to be about 2.65 grams per cubic centimeter. 
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The standard deviation for the mase as calculated by each method 

is presented at the bottcn of the table. 



Table 1. An example of the calculations of the mass by the electric balance technique and 
the masa involving law, 

Electrïc Balance Stokes' Law 
1 2 3 5 6 7 6 9 

Recorded Mass Time Mass 
voltages Volts Ln n (gins x (secs) (gins x iOn) 

125.8 728.1 0.00)373 0.000039 2 62 9.213 1.71j 8.o15 
587.5 708.5 O.00]il2 0.000022 1 63 9.109 1.70 8.331 
218.8 697.5 O.00]131 0.000021 1 6 9.110 1.75 7.977 
5il.2 689.2 0.0011455 O.00005 2 65 9.l12 1.73 8.U5 
156.l 671.2 O.001L9O 0.000212 10 67 9.178 1.66 8.63k 
3354,14 587.5 0.001702 O.00Ol21 5 77 9.232 1.69 8.Lo5 
697.5 5h?.? 0.001826 0.000022 1 82 9.166 1.67 8,%? 
397.9 5I1.2 O.00i818 O.00Ol9L 11 63 9.167 1.60 9.12I 
167.2 t89.ts O.0020h2 0.000051 2 92 9.196 1.73 8.115 
5li1.2 la?.? 0.002093 O.00OOL7 2 91j. 9.16b l.7 8.oh5 
290.1 ¿67.2 O.002]1O 0.000052 2 96 9.153 1.73 8.115 
708.5 ).56.l 0.002192 0.000321 1I. 99 9.215 1.80 7.6!6 
167.2 397.9 0.002513 0.000278 13 113 9.176 1.71 8.258 
726.1 358.3 0.002791 0.000191 8 126 9.213 1.72 8.186 
280.3 335j 0.002982 O.oOo165 21 13I. 9.172 1.6i. 8.791 
b56.i 290.1 O.00317 0.000121 7 1% 9.176 Ave. 
697.5 280.3 0.003568 0.001002 i5 161 9.210 Sta. Dey. - 0.367 
h89.6 216.8 0.001i570 o.oOiohS 1h? 206 2.198 
587.5 178.1 0.005615 0.002334 5 353 9.196 
689.2 ]25.8 0.007949 358 9.191 
1(t.1 Ave. 9.79 
547,7 Std. Dey. - 0.033 
587.2 
477,? 
358.3 
671.2 ro 
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The described procedure has been used to determine the mass, 

by the two methods, and the electric charge on a ntunber oÍ 

kaolinitic clay particles. The results for 19 particles are shown 

in table 2. The initial charge on each particle is gîven in 

column 2. The rango of charges is frein 11 to 369. The masses as 

determiiied by the electric balance technique and by calculations 

involving Stokes' law are presented in column 3 and S 

respectively. Each Ligure is a mean of several determinations, an 

average of 20 voltage changea for the electrical balance technique 

and 15 times of fa].1 for the pxcedure using Stokes* law. The 

standard delviation for each mean is given with the mass of each 

particle. It can be noted that the electric balance technique 

weighs the particles with an accuracy of about 3 significant 

figures and in the region of iO1 wiiereas taie mass measure- 

sienta involving Stokes' law give an accuracy of about 2 significant 

figures and in the region of icr grain. The variance of the 

electric balance technique is probably due to the difficulty in 

detecting whether or not the particle is in balance at the time 

of measurement and there is a alight error involved in reading the 
galvanometer. The variance in the Stokes' law calculations is 
probably due to the shape of the particles plus a slight error in 

operating the stop watch. 

Column 7 of table 2 gives the level of significance of the 



Table 2. Experiinenta1 results (n number of charges initially measured, M6 mass as determined by 
the electric balance technique, S6 standard deviation of 14, Me mass as determined by 
the use of Stôke& law, SS standard deviation of 14, per cent difference 100 xÇMe - ILs) 
Column 10 describes v/nether or not the particle deviated froi a vertical dropT Me 

1 2 3 b 6 7 8 9 .10 
Partida 14 S Mass x lO11gws SS Sign Per cent Scentil-Vertical 

No. njia x lO)(gms x iOU) 14 (gras x 1011) Me vs M difference lation2 drop 

1 165 9.653 Ø.0b3 
2 14.1ÓS 0.039 
3 16 b.663 0.0b9 
¿1 28 7.878 0.03h 
s 3S8 9.179 0.033 
6 62 l0.bO o.obo 
7 70 b.bW.3 O.02b 
8 ?S 6.b18 0.036 
9 108 6.059 0.056 
io Th 6.Slb 0.033 U 108 b.2&9 0.001 
12 36 2.726 0.056 
13 369 11.86 
lLi. 26 0.5531 0.016 
is 1)4 2.000 0,018 
16 331 12.00 0.020 
17 bo 10.20 0.172 
18 9 10.20 0.002 
19 168 :1.2.79 0.021 

Âaiount of scintillation 
i - Small 
2 - Average 
3 - High 
b - Extreme 

8.329 0.137 $* 13.7]. 3 No 
2.669 0.109 4f* 35.92 2 No 
3.627 : 0.121 22.22 3 Tes 
7.280 0.259 * 7.59 2 Tes 
8.25b 0.367 r* 10.08 3 No 

10.15 0.0143 S 2.bO 2 Tes 
b.235 o.b61 * 3.62 2 les 
l.2S5 0.060 * 8O.51 3 No 
5.983 0.290 NS 1.25 2 los 
5.12? O.21i.O ** 22.01 1 Tes 
b.)J4 0.319 ** 3.bS b No 
2.618 0.062 ** 3.96 3 Tes 

11.70 0.638 s 1.35 2 les 
0.5251 0.012 S 5.06 3 Yes 
1.&07 0.207 * 9.o5 2 Yes 

11.70 0.520 NS 2.50 1 No 
10.25 o.60b NS 0.05 3. Tee 
9.b60 0.710 * 7.30 3 les 
12.81 1.020 * 0.02 2 No 

Level of Significant Difference 
* Significant at 5% 
*. Significant at 5% and 1% 
:S Not Significant 
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difference between the two nias s determinations. Column 8 presents 

the percentage difference between the two masses. The amount of 

scintillation and deviation from a vertical drop was noted and is 

recorded in columns 9 and 10. 

Figure is a graph shing mass measured by the electric 

balaice technique plotted against the mass calculated using Stokes' 

law. It can be seen that in nearly all cases the mass as obtained 

by the use of Stokes' law is less than the mass as obtained by 

the electric balance technique. The direction of difference is due 

to the plate shape nature of clay particles which offers more 

resistance to fall than the same mass in the form of a sphere. 

This indicates that assumption 3 of Stokes' law (see page II) does 

not hold f all kaolinitic clay particles. It can be seen from 

figure S that no definite pattern exists which would suggest a 

possible correction factor to be used for Stokes' law. The random 

arrangement of the comparative values for mass is reasonable when 

the irregular shape of the particles as noted in figures 2, 3, and 

4 is taken into account. 

ligure 6 shows that there is the possibility of a relationship 

between the mass oi' the particles as calculated by the electric 

balance tenique and the number of initial charges on the particles. 

No 8tatistical analysis was made on these data due to the degree 

of scatter. This is also complicated by the fact that it is not 

known whether the measurement was made on a single particle or an 

aggregate. 
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It has been generally assumed that exchangeable cations 

satisfy all of the negative charges on clay particles and that no 

extenial charges remain. This study indicates this is not true, 

although the tota]. number of charges are relatively mnall compared 

to the overall charge available for cation exchange in liquid. As 

a comrarison of the magnitudes of both charges an example is 

given. 

We will assume that we have a kaolinitic clay particle whose 

mass when measured by the electric balance technique is 

6.00 X lO- gram and it requires initially SOO volts to balance 

the particle against the force of gravity. Lyon, Buckraan and 

Brady (6, p. lOi) have stated that the average cation exchange 

capacity for kaoliriite is about 8 milhiequivalents per 100 grams. 

Therefore, when 8 me/lOO guis. is multiplied by Avogadro' s number 

and divided by we have remaining b.62 x i&-9 charges per gram 

of kaolinitic clay. As the particle weighs 6.00 x lO gram and 

when multiplied by 1.82 x i&-9 charges per gram we have estimated 

that the particle when in solution should bave 2.89 x 109 charges 

available for cation exchange. 

As previously stated this particle required Sot) volts to 

balance against gravity. The following relationship from equation 

6 is used to calculate the number of charges on the particle, 

nmgd (16) 
eV 



In this case the tota]. number of charges in an air-dry atmosphere is 

S9. This demonstrated that in air-dry conditions some charge does 

exist but the magnitude of the charge is anali compared to the 

charge associated with the cation exchsnge capacity as measured in 

water. 

During the process o± rneasu . renient the air pressure was recorded 

from a va11 type mercury barometer. This infoziiation was necessary 

to calculate the mass using the correction factor developed by 

Mill ikari and expressed in the form of equation 15. The calculations 

made on the particles did not change the znasses as calculated from 

the non-corrected form of Stokes' law, equation 1h, and, therefore, 

this information 'sPas not included due to the aia1l effect of the 

air pressure on the size of the particles measured. 

While observing a kaoinitic clay particle in the Millikan 

açaratus it can be noted that the particle twinkles and moves in 

and out of Locus of the telescope. The particle appears to roll 

and otheiwise be in constant motion during the period of measure- 

ment. The motion of these small particles is conirionly referred to 

as Brownian motion in honor of Robert Brown who first made mention 

of th18 movement trA 1827. Semat (io, p. 28) states that Brawnian 

motion is based on the assumption that the particles in suspension 

are continually bombarded by the molecules of the fluid and that 

this bombardment produces an unbalanced force which accelerates the 

particle. Dallavallo (2, p. 1614) states that when the particles 

are suspended in a gas they follow the relationship 
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PV u (n/h) 1T, (i?) 

where P is the pressure, V the volume, n the number of particles 

into which one gram-molecule of the disperee phase is disintegrated, 

N the number of gas molecules per gram-molecule of a gas 

(Avogadro' a number), R the gas conetant and T the absolute 

temperature. 

Gibbs (3, p. ¿46) has given the follting essential infornaticii 

with regard to particles in Browriian motions 

1. the particle moves with unffcm velocity; 

2.. swaller particles move more rapidly than larger ones; 

3.. particles in high concitration move more rapidly than 

those in dilvte concitrations; 

¿4. particles nove more rapidly through media of lower 

viscosity; 

5. for constant viscosity the amolitude of the motion is 

directly proportional to the absolute temperature; 

6. due to gravity, particles gradually arrange themselves 

so that their concentration is greatest at the lowest 

layer. 

Although Brownian movement can be easily detected by the use 

of Millikan' s apparatus the extent and magnitude was not determined. 



gE 

CONCLSIONS 

The following conclusions may be drawn from this study: 

1, The assumption made in the derivation cf Stokest law,, that the 

sphere is smooth and rigid, is not valid for kao1iiI(tic clay 

particles. 

2. Stokes' law gives lower values for the calculation of the mass 

than those values measured br the electric balance technique. 

3. The electric balance technique measures the mass of kaolinitic 

clay particles with much less error involved than the method 

utilizing Stokes' law. 

1. There is an electric charge present on sodium saturated 

kaolinitie clay particles and in air is readily detexmiable. 

For the particles measured, the number of charges ranged from 

11.. to 369. 

s. There is a relationship indicated between the tOtal number of 

electrical charges present and the mass of kaolinitic clay 

particle s. 
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