
Physical Properties of Fatty Acid
V. Dielectric Constant

Methyl Esters.

T. H. GOUW ~ and J. C. V L U G T E R , Department of Chemical
Engineering, Technological University, Delft, T h e Netherlands

Abstract
The dielectric constants of methyl oleate, lino-

leate, linolenate, erucate and of saturated fa t ty
acid methyl esters acetate through nonadeeanoate
have been measured at 20 and 40C in the liquid
state. The data of the saturated compounds have
been correlated with the Smittenberg relation. We
computed molar additive properties and incre-
ments fo r the CH2 g r o u p t h r o u g h the Van Elk
relation. Fo r the saturated members of the series
alternation is observed in the liquid state.

Introduction

T H E h,f A J O R I T ¥ O F P A P E R S O12 the relat ion between
dielectric behavior and structure concerns i tself

with the re la ted subjects of dielectric loss and the
measurement of the dipole moment . Both these quanti-
ties are directly re la ted to the structure of the in-
vestigated substance. Questions involving choice of
configurations between isomerides, fo r instance, have
often been successfully solved by the measurement of
the dipole moments. In this communication, however,
we will res t r ic t ourselves to e, the dielectric constant.
Reviews on the possible application of ~ to s t ruc tu ra l
analysis have been presented by Smyth (23) and by
Oehme (17,19).

The e of fa t ty acids and their esters has been the
snbject of a relatively small number of studies. Ref-
erence is made to Singleton 's review (21) which covers
this subject u p to 1958. Of the more recen t papers,
mention can be made of Liidde (13) who investigated
the dielectric and refraetometrie behavior on the ag ing
of fats. The relat ion between • and the I.V. has
been studied b y Bogdanov and Stepanenko (2) fo r
some triglycerides and some unsaturated Cls fa t ty
acids, and b y Allen (1) fo r the commercially im-
por t an t range of fa t ty oils. A comparative study of
the cis and tra ns forms of unsaturated fa t ty acids
has been carried out by Volarovich and Stepanenko
(25) and b y Phadke (20). The la t te r a u t h o r also
measured a number of fa t ty acids and derived rela-
tions between • and ,~J (the number of C atoms in the
fa t ty acid cha in ) and d • / d T and n. hleasurements in
the microwave region have been executed by Buchanan
(3) on pure fa t ty acids and their methyl esters.

Experimental
Apparatus. Measurements have been carried out

with a commercial un i t , the Mult i-DK-meter type DK
06-22. This a p p a r a t u s is manufac tured by Dr. Slevogt,
Weilheim, Germany. A description of the apparatus
and the measur ing procedure have al ready been de-
scribed elsewhere (19).

A r o u n d demountable type measur ing cell, which
is provided with a thermostatting jacket , has been
used in our investigations. This cell was developed
and built by ourselves and had minor refinements over
the commercially available type. All measurements
were carr ied out relat ive to vaeumn, i.e. the capaci-
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tance of the ceil was a lways f i r s t measured with vac-
u u m ( < 1 Torr) between the plates before measure-
ment with the l iquid. Measurements were carr ied out
a t 500 a n d 150 kc a t 20 and 40C.

Calibrations. The prepara t ion of pure liquids fo r
dielectric calibrations has been discussed in detai l
by Oehme (17,19) and b y Mecke et al. (15). The
majority of the standards used to calibrate the scale
of the precision condensor have been prepared along
the discussed lines. Benzene, cyelohexane, all-n-butyl
ether, carbon tetrachloride, ],2-diehloroethane and
ehlorobenzene were chosen as standards. The majority
of these products were al ready available in a relatively
pure state. Benzene, cyclohexane and di-n-butyl e t h e r
were f i r s t subjected to a chemical clean-up procedure
(15,19). The final purification o f all standards was
carr ied out b y repeated carefu l distillations through
packed columns with separating capacities rang ing
from 15-50 theoretical plates. 0nly the heart-cuts,
boiling in a temp range of less than 0.02C, were ap-
pl ied in our investigations. Puri ty deternlinations in-
cluded measurements of the melting po in t , U.V. a n d
gas chromatography. The values accepted as stand-
ards are presented in Table I. Each compound was
measured twice a t each temp. The regression equa-
tion was computed from all the observed d a t a .

Dry ing . W a t e r has a very high e and 0.0'1% mois-
ture is sufficient to a l te r the va lue of the third decimal
place of the dielectric constant. Great care is, t he re -
fore , necessary to ensure complete dryness o f both the
cell a n d the investigated substances.

Drying of all products was effected by f resh type
A 4 Linde molecular sieves. Very low res idua l wa te r
contents are claimed by the use of these zeolites (16,
18). Use is made of a chromatographic column with a
funne l a t the top a n d a fr i t ted glass fi l ter on the bot-
tom just above a teflon stop-cock. This column is
filled with molecular sieves a n d the liquid is p o u r e d
into the tube. Af t e r occasional agitation dur ing a t
least 10 rain the f i r s t runn ings are thrown away and
the liquid is run into the dry measur ing cell.

As far as the viscosity allowed, the h ighe r members
were also subjected to the same trea tment a t more
elevated temp. The column was also equipped with
a jacket through which hot wa te r could be circulated
to keep the p roduc t well above the melting point.

Temperature. Temp readings were carr ied out with
calibrated thermometers. Cont ro l was b e t t e r than
0.02C a t 20C and b e t t e r than 0.1C a t 40C.

Products. We measured the e o f the saturated fa t ty
acid methyl esters acetate t h r o u g h nonadeeanoate,
methyl oleate, linoleate, linolenate and erueate. Their
preparation, pur i ty , density, refract ive index, disper-

T A B L E I
Dielectr ic C o n s t a n t o f C a l i b r a t i n g A g e n t s

P r o d u c t 2 0 C 4 0 C Ref.

B e n z e n e . . . . . 2 , 2 8 2 5 2 . 2 4 3 3 ( 1 4 , 1 6 )
C y c l o h e x a n e 2 . 0 2 2 8 1 . 9 9 0 8 ( 1 4 , 1 9 )
D i b u t y I e t h e r 3 . 0 8 3 0 2 . 9 4 1 2 ( 1 6 )
C a r b o n t e t r a c h l o r i d e 2 , 2 3 6 3 2 . 1 9 6 3 ( 1 6 )
C h l o r o b e n z e n e 5 . 7 0 8 5 , 3 6 9 ( 1 4 )
D i e h l o r o e t h a n e 1 0 . 6 5 9 . 5 4 ( 1 4 )
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T A B L E I I
T h e S m i t t e n b e r g R e l a t i o n f o r S a t u r a t e d F a t t y A c i d M e t h y l E s t e r s

n ~- T e~ A B

~ . 1 5 ~ ~ 1 . 7 4 2 1 0 . 0 1 8 4
4 0 C 2 . 1 5 1 2 1 7 . 2 9 8 3 ] 1 . 7 4 1 7 0 . 0 3 0 1
2 0 C 2 . 0 9 2 7 2 0 . 4 1 2 1 2 . 0 7 1 8 0 . 0 1 0 9
4 0 C 2 . 0 9 9 7 1 8 . 6 1 5 8 2 . 1 4 7 0 0 . 0 1 0 2

sion and ultrasonic sound velocity have been repor ted
in previous communications (6,7,8,9).

Results. With the exception o f a few olde r measure-
ments on the lower members of the saturated series,
there are no comparative data available in the li tera-
tu re . The available values differ considerably from
each other, probably due to the presence o f impurities
and small amt of water .

Measurements were carr ied out a t a frequency o f
500 kc and the obtained values are assumed to be
the quasi-statical c. Cont ro l measurements have also
been carried out on the extreme members of the in-
vestigated compounds a t a frequency o f 150 kc. The
obtained values corresponded to the f i r s t obtained data
within the limits of measurement error.

Dielectric constants o f the saturated esters are in-
cluded in Table III and those of the unsaturated mem-
bers in Table V.

The s tandard deviation o f er ror in the measurements
is estimated a t 0.01 uni t s in c. The observed values
are, therefore, only accurate to the second decimal
place, b u t a n additional decimal is presented fo r sta-
tistical purposes.

The S m i t t e n b e r g R e l a t i o n

The Smittenberg (22) relat ion correlates a physical
constant to the chain length o f the members of a
homologous series. The applicability of this relat ion
to the • of the saturated fa t ty acid methyl esters has
been investigated.

e = e® q- A / ( B + n ) [ 1 ]

A and B are constants, n is the term number o r the
number of C atoms in the fa t ty acid chain, and e®
is the dielectric constant o f the limiting fa t ty acid
methyl ester.

We noted t h a t a fair approximation o f the ob-

served data was possible by the use of this relation.
To obtain the most probable values of A,B and e®, the
method of the l e a s t squares was applied. The results
are presented in Table II.

is the s tandard er ror of estimate between pre-
d ic ted and measured values. As noted in the other
physical properties investigated (6,7,9) the largest
deviations occur in the first two members of the series.
A significant improvement in fit is obtained by delet-
ing the f i r s t f ou r terms and computing the constants
only fo r methyl caproate and the h ighe r homologs.
These values are presented in the bottom of Table II.
The observed improvement is, however, less marked
in comparison to the behavior of those other physical
properties.

The va lue of ¢ is slightly h ighe r than expected from
the level of accuracy of the measurements. A com-
parison between observed values and those computed
from equation 1 using the constants fo r n ~ 6 show
that even numbered members are generally lower t h a n
the predicted values and alternately the odd members
are almost always h ighe r than predicted. We will
revert to this phenomenon in the molar dielectric
constant.

A d d i t i v e Functions of the Die l ec tr i c C o n s t a n t

One of the f i r s t attempts to predic t the E from
s t ruc tu ra l contributions was presented by Thwing
(24), who proposed the following rela t ion:

K i d = z c,~, [~]

In this relat ion z is the increment of the atom i, a n d
c is the number of the atom i in the molecule. Al-
though Thwing obtained excellent results fo r many
compounds, o t h e r investigators have, however, noted
significant deviations between predicted and observed
data. Wa lden (36) mentions tetranitromethane fo r
which 104.3 is predicted whereas a va lue of only 2.1
is observed. To obtained improved predictions Walden
assumed atomic groups to contribute to c. He dis-
tinguishes between dielectrophoric and dielectrogenic
groups and noted that the high contribution o f a
dielectrophoric g r o u p is only noticeable in the simul-

T A B L E I I I
Dielectmc C o n s t a n t o f S a t u r a t e d F a t t y A c i d M e t h y l E s t e r s

C o m p o u n d

A c e t a t e

P r o p i o n a t e

B u t y r a t e

V a l e r a t e

C a p r o a t e

O e n a n t h a t e

C a p r y l a t e

P e l a r g o n a t e

C a p r a t e

U n d e c a n o a t e

L a u r a t e

T r i d e c a n o a t e ....

Myristate

P e n t a d e c a n e a t e

P a l m i t a t e

H e p t a d e e a n o a t e .

Stearate . . . . . . . . . . . . . .

N o n a d e c a n o a t e . . . . . .

M e a s u x e d

6~) ~40

7 . 2 8 7 6 8 5 2

6 . 1 8 0 5 . 7 4 8

5 . 4 3 2 5 0 9 5

4 . 9 9 2 4 7 2 1

4 . 6 1 5 4 . 3 6 8

4 . 3 5 5 4 . 1 5 1

4 , 1 0 1 3 . 9 3 0

3 . 9 4 3 3 . 7 7 9

3 7 8 5 3 . 6 2 4

3 . 6 7 1 3 . 5 2 8

3 . 5 3 9 3 . 4 1 3

3 . 4 4 2 3 . 3 2 2

3 , 3 5 2 3 . 2 4 0

3 . 2 9 6 3 , 2 0 2

3 , 1 2 4

3 . 0 7 0

3 . 0 2 1

2 . 9 8 2

P r e d e q n . 2 ; n ~ - - 6

~2o

7 , 1 0 6

6 , 1 1 7

5 , 4 5 4

4 , 9 7 9

4 , 6 2 1

4 . 3 4 3

4 , 1 1 9

3 , 9 3 6

3 , 7 8 4

3 . 6 5 4

3 . 5 4 3

3 . 4 4 7

3 . 3 6 3

3 , 2 8 8

6~0

6 5 8 9

5 . 7 1 7

5 . 1 2 8

4 . 7 0 4

4 3 8 5

4 . 1 3 5

3 . 9 3 4

3 . 7 7 0

3 , 6 3 2

3 . 5 1 6

L 4 1 6

3 . 3 2 9

3 . 2 5 3

3 . 1 8 5

3 , 1 2 5

3 , 0 7 2

3 . 9 2 4

2 . 9 8 0

3 1 5 . 0

3 3 0 . 5

3 4 7 . 3

3 6 8 . 6

3 8 5 9

4 0 6 . 2

4 2 1 . 7

4 4 2 . 7

4 6 0 . 3

4 8 0 . 6

4 9 5 9

5 1 3 . 9

5 3 0 . 9

5 5 2 . 0

E ~ I s

1 5 5

1 6 . 8

2 1 . 2

1 7 . 4

2 0 . 2

1 5 . 5

2 1 . 0

1 7 . 6

2 0 . 2

1 5 . 3

1 8 . 0

17.0

2 1 . 1

E~o

3 0 7 . 0

3 1 7 . 9

3 3 5 . 5

3 5 7 . 7

3 7 4 . 1

3 9 5 . 8

4 1 2 . 4

4 3 2 5

4 4 8 . 8

4 7 0 . 0

4 8 6 . 3

5 0 3 . 9

5 2 1 . 1

5 4 4 . 6

5 5 9 . 5

5 7 7 . 6

5 9 5 . 5

6 1 4 . 7

4OECHS

1 0 . 9

1 7 . 6

2 2 . 2

1 6 . 3

2 1 . 7

1 6 . 7

2 0 . 0

1 6 . 3

2 1 . 2

1 6 . 3

1 7 . 7

1 7 . 2

2 3 . 5

1 4 . 9

1 8 . 1

1 7 . 9

1 9 . 2
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taneous presence of a dielectrogenic g r o u p in the same
chain.

Fur the r investigations on the influence of these
groups in different positions in the molecule were
carr ied out b y Kauffmann (12), who by t h a t time
h a d the extensive da t a of Dobrosserdov (4) a t his
disposal. He also observed the genera l t r end in ho-
mologous series, the influence of branching, u n s a t u r a -
tion, and substitution on the va lue o f e.

The ch ie f deficiency in all these methods is the
lack to account fo r changes in configuration o r geo-
metrical isomers, and it is in exactly these areas where
dipole moment measurements have been very success-
fu l in resolving s t ruc tu ra l problems. The correct ad-
di t ive relat ion should, therefore, contain vectorial
terms to account fo r those molecular structures, whose
contribution to • depends upon its direction in space.

If we now should res t r ic t ourselves to homologous
series, we may expect b e t t e r correlation u s i n g exist-
ing functions. A semiempirieal additive func t ion fo r
homologous series was recently derived by van Elk
(5), reading

~ = ( e - - :)s/~. ~ /a = z ~ , z , is]

Of interest to note is the a lmos t analogous expression
P = ( e - - l ) " 2 M / d [ 4 ]

which is based on Jatkar 's equation ( 1 1 ) . Plot t ing P,
the polarisation, against n, the number of carbon
atoms in the molecule, Phadke (20) obtained a s t ra igh t
line fo r the normal fa t ty acids.

We have chosen the van Elk relat ion to correlate
the results of o u r measurements because o f the good
fit a n d because o f the theoretical background. In
analogy to the o t h e r molar quantities we will term Em
the molar dielectric constant. It has the same dimen-
sions as the molar volume a n d the molar refraction,
i.e., ml/mole.

Saturated F a t t y Acid M e t h y lEsters. The computed
values of Em for these compounds are included in
Table III. The relat ive values o f the molar volume,
M / d , have been obtained f r o m a previous communica-
tion (6).

The difference between two consecutive members is
ECH2, the CH2 increment. Assuming this va lue to be
invar iant within the er ror of measurement fo r the
h ighe r members of the series, the general equation
relat ing a molar quantity to the chain length,

E ~ = A + n ECH~ [ 5 ]

has been appl ied to methyl valera te and the h ighe r
homologs, Numerical values of the coefficients of the
regression equation are l i s ted in Table IV.

Comparison of the observed Em and the values ob-
ta ined from the regression equation demonstrates
again the phenomenon noted in the Smittenberg rela-
tion. Wi th a few exceptions all even numbered mem-
bers of the series are lower and all odd numbered
members indicate h ighe r values than those predicted.

To determine whe the r alternation is really present

G o u w A N D V L U G T E R : P H Y S I C A L P R O P E R T I E S O F F A T T Y A C I D M E T H Y L E S T E R S 6 7 7

T A B L E V
Dielectr ic C o n s t a n t a n d E m o f U n s a t u r a t e d F a t t y Acid M e t h y l E s t e r s

C o m p o u n d e~° e~° E~m E~m
- -

S t e a r a t eb . 6 0 4 6 5 9 5 . 8
O l e a t e . . . . . . . . . . . . 6 1 5 . 0 6 0 5 . 3
L i n o l e a t e . . 3 . 3 5 5 3 . 2 4 5 6 3 1 . 4 6 1 9 . 3
L i n o l e n a t e a. . . . . 3 . 4 6 6 3 . 3 4 9 I 6 4 0 . 9 6 2 8 . 1
B e h e n a t eb . . [ 6 7 7 . 5 6 6 9 . 4
E r u e a t e . . [ 3 . 0 4 3 [ 2 9 5 6 [ 6 9 2 . 0 6 8 0 8

a C o n t a i n s 2 7 . 5 % t r a n s d o u b l e b o n d s .
b Inc luded as r e f e r e n c e t o faci l i ta te c o m p a r i s o n . V a l u e s ob ta ined f rom

d a t a i n T a b l e IV.

o r whe the r the deviations are j u s t r andom errors of
measurement we recomputed equation 5 separately fo r
the odd a n d the even numbered members of the series.
The results are included in Table IV. In o u r case ~,
the average term number, of both the odd and the
even series happens to be the same for each temp, i.e.

is 10 a t 20C and 12 a t 40C. The mathematics o f
the statistics can now be simplified by shi f t ing the
Em axis over K uni ts to the r igh t , i.e.,

n ' = n - - ~ [ 6 ]

The estimate o f the var iance of a single measurement,
Sy2, is more accurately obtained by pooling the infor-
mation from both the odd a n d the even series, i.e.,

( Z E m ~ - - n ' E , n - - ECH~ Z n ' E ~ ) oa~ +
s ~ - (Z E~" - - n ' E~- - E c . . Z n' E ~ ) ....

, [ 7 ]
m o d d -]- I~leven - - /~

where m is the number of terms considered. The vari-
ance of the slope, sb2, is obtained from

s b2 = s y V m 2 [ 8 ]

To check whe the r the difference between the slopes
is significant, we take this difference a n d divide it by
its s t andard deviation, i.e.,

(Ec.~.~--Ec.~ .... )/VS~,o~2+ s~....~'= t [9]

and this va lue is then compared to Studen t ' s t a t
mona + mev~n- 4 degrees of freedom. The last two
columns in Table I V indicate the cri t ical values of t
a t the s t a t e d levels o f % probabi l i ty a n d a t the stated
number o f degrees of freedom. The results, obtained
by this method, indicate that there is no significant
difference between the slopes of the two series, i.e.
the two values of ECH2 are essentially the same.

From equation 6 it follows t h a t K' = 0 fo r both the
odd and even series fo r both temperatures. The com-
par i son of Em at K is e q u a l to the comparison o f the
intercepts of both these series in the shifted condition.
The values o f these intercepts are g iven in Table I V
as A'. In this par t icular case Sa2, the variance of the
intercept, can be computed from

S~2 = s y f / m [ 1 0 ]

,and the difference between these two intercepts is
checked fo r its significance by the Studen t ' s t method
analogous as in equation 9.

We note from the results t h a t a t 20C t h e presence
of a difference is significant a t the 5% crit ical level;

T A B L E I V
Sta t i s t i ca l E v a l u a t i o n o f E m a

T e m p

2 0 C .

4 0 C

T e r m s A A " E o H ~ o D . F . s ~ 1 s b ~ t b s a ~ ta 5 % 1 %

A1------U---- 2 7 7 4--~--~-- - - 18 2 4 ~ ~ 1 7----T--L o . 0 1 ~ J - - - ~ - - - -
O d d 2 7 8 1 0 4 6 0 6 7 1 8 2 5 7 0 . 0 2 0 0 . 2 3

7 1 . 3 9 0 . 2 0 2 . 4 3 2 . 3 7 3 . 5 0
Even 2 7 6 , 8 4 4 5 8 . 9 4 1 8 . 2 1 0 ] 0 . 0 3 5 0 . 2 8

!
All 2 6 6 0 3 1 8 3 5 5 1 3 2 . 0 2 0 . 0 0 7 0 . 1 3
O d d 2 6 7 2 0 4 8 7 1 0 1 8 3 2 3 0 . 0 0 9 0 . 1 8

1 1 1 . 4 4 0 . 5 6 2 . 7 6 2 . 2 0 3 , 1 1
/ Even I 2 6 4 . 5 3 [ 4 8 5 . 3 9 [ 1 8 . 4 0 5 I E / 0 . 0 1 3 I I 0 . 2 1 I | /

F o r m e t h y l valera te a n d h i g h e r t e r m s o n l y .
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at 40C this difference is still more significant. I n
this particular case we are, therefore, able to distin-
g u i s h between two parallel r u n n i n g homologous series.
The alternation effect is, therefore, also noted in the
CII2 increment.

Unsaturation. Although the van Elk relation has
not been specifically derived for general applicability
t o all types of structures we were interested in the
influence of unsaturation on Era. The results are listed
in Table V. Comparative saturated esters have been
included to facilitate comparison. T h e i r Em values
have been obtained from the regression equations u s i n g
the data in T a b l e IV.

The increment of the double bond apparently shows
a more than proportional increase with increasing un-
saturation in the same chain. This behavior has been
noted earlier in other physical properties. The in-
fluence of the trans-modification in methyl linolenate
is markedly discernible, as shown by the small dif-
ference with methyl linoleate. This might be ex-
pected as c is strongly dependent on the spatial struc-
tures.

Limiting Value
The e of the limiting fat ty acid methyl ester may

also be obtained from the following equations:
E~ = E.p • M = (e -- 1 )"/' M / d = A + n EcH~ [11]

lira E~p = lira (A + n Ec~t,)/(46.026 + n 14.026) =
n --> co 11--->oo

Ec~tff14.026 = (e~ -- 1)sI'/d® [12]

Substitution of the limiting densities obtained earlier
(6), i.e. 0.85407 at 20C and 0.84225 at 40C yields

limiting dielectric constants of 2.15 at 20C and 2.14
at 40C. These values are slightly h ighe r than those
computed from the Smittenberg relation, but in view
of the large amounts of extrapolation involved in both
methods the fit may be considered t o be reasonably
close.
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A Neutron Activation Method for Soil Removal
Measurements A Comparison of the Reflectance Method
and the Neutron Activation Method
D . A . N E T Z E L , C . W . S T A N L E Y and D . W . R A T H B U R N ,2
M i d w e s t R e s e a r c h Inst i tute , K a n s a s C i t y , Missour i

Abstract

A nondestructive neutron activation analysis
technique has been developed t o determine the
amt of particulate kaolinite clay soil removed
from cotton fibers d u r i n g a wash cycle.

Neutron bombardment of aluminum, present as
a constituent of the kaolinite lattice structure,
produces short-lived aluminum-28. The amt of
particulate soil present on a piece of cotton cloth
before and a f t e r the wash cycle is determined by
y scintillation counting of the aluminum-28, thus
providing an absolute method for the determina-
tion of the percentage of soil removed. A com-
parison of this method with the reflectance method
has been m a d e , and equations relating reflectance
t o clay concn for washed and unwashed soiled
cloths have been developed for a g iven surfactant.
It was f o u n d that the relationship of the concn of
the soil on the test cloths and the measured re-
flectance depends upon whether the cloth has been
washed or unwashed.

1 P r e s e n t e d i n par t a t t h e AOCS M e e t i n g , M i n n e a p o l i s , 1 9 6 3 , a n d at
t h e 1 5 t h A n n u a l Chemis t ry Confe rence , K a n s a s C i t y Sec . , ACS.

s K a n s a s S t a t e U n i v e r s i t y , M a n h a t t a n , K a r l .

The validity of the applicability of the Kubelka-
Munk equation relating reflectance to soil con-
tent on cotton f a b r i c has been experimentally con-
firmed for soiled cloths have high reflectivity.

Introduction

T ItERE HAS BEEN A large amt of work devoted t o
developing methods for measuring and evaluating

detergency ( 1 - 3 ) . Any true evaluation procedure
for determining the detergent effectiveness of a surf-
actant must include a means for determing the ab-
solute soil content on test cloths both before and a f t e r
cleaning.

The method for measuring the amt of soil on a
piece of cloth depends upon the t y p e of soil b e i n g
used d u r i n g an investigation. Reflectance methods
have been used for carbon (4), clay (5), soiled cloths
and iron analyses have been used for cloth soiled with
f e r r i c oxides (2). Transmittance measurements (6)
on the wash liquor have been made to determine the
amt of soil removed from a cotton test swatch. With
the advent of radiotracers, t agged soils of many dif-
ferent types have been prepared and used in the evalu-
ation of the detergency process (7,8).


