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bulk of water, thus holding fluctuations in temperature to 
a minimum~ is desirable, but not essential. I f  this type of 
bath is employed, the pyenometers should rest on a false 
bottom of wire mesh or perforated metal and at a depth 
such that  immersion of the pycnometer will be to the 
neck of the instrument. Any suitable thermometer, grad- 
uated to 0.1 ~ or 0.2~ and accurately calibrated, may be 
used to register the temperature of the bath. 

3. A sensitive analytical balance and set of weights accu- 
rately calibrated. Weighings must be made to nearest 
milligram. 

B. Procedure 
1. Calibration of Pycnometer--Clean and dry the pycnom- 

eter assembly thoroughly and obtain its weight to nearest 
0.001 gram. Fill it with freshly boiled distilled water 
which has been cooled to about 20~ Insert the ther- 
mometer and place in bath with cap of side arm removed. 
Allow the temperature to rise until the temperature of 
the pycnometer thermometer and that  of the bath are 
identical, i.e. 25.0~176 This may require from 20 
to 30 minutes. When this condition has been obtained, 
remove excess water from the tip of side arm and replace 
cap. Remove pyenometer from bath and dry thoroughly 
with a clean towel, avoiding too brisk rubbing which 
tends to induce a static charge. Weigh pyconometer and 
contents, dry again with towel and reweigh to nearest  
milligram. 

Weight of pycnometer -~- water - -  weight of pycnometer 
---- weight of water in pycnometer at 25.00C. 

2. Determination of Glycerine Specific Gravity--The glyc- 
erine sample must be free from air bubbles. I f  not, they 
may be removed by warming and allowing them to rise 
to the surface, or this action may be hastened by centri- 
fuging. During all of these operations precautions must 
be taken against loss of moisture from the sample by 

evaporation or gain in moisture because of its well known 
hygroscopic nature. Cool the glycerine to about 20~ 
and fill the cleaned, dried and tared pycnometer by pour- 
ing the sample carefully down the side of the neck until 
both side arm and neck overflow. Insert  the thermometer 
carefully and examine for air bubbles. I f  none are visi- 
ble, place the assembly, with side arm cap removed, in 
the bath and bring to 25~ temperature exactly as in 
B-I. Carefully remove excess glycerine from tip of s ide  
arm, replace cap, dry and weigh as described in B-1. 

Weight of pycnometer -J- sample - -  weight of pycnom- 
eter ~ weight of sample in pycnometer at  25~ 

C. Calculation 
Apparent specific gravity at 25~176 ~-~- 

Weight of sample in pycnometer at 25~ 
Weight of water in pycnometer at 25~ 

Notes 
1. For a given pyenometer, once file water weight is accu- 

rate ly  established, the calibration need not be repeated 
unless some change in the weight of the pycnometer 
assembly occurs. I t  is strongly recommended that  the 
weight of each pycnometer, dry and empty, be taken 
before each determination. This precaution is an insur- 
ance against change in weight by chipping or accidental 
interchange of caps, ete. 

2. :For conversion of apparent specific gravity of distilled 
glycerines from 25~176 to other temperatures and for 
translation of specific gravity into percent glycerine, the 
tables prepared by Bosart and Snoddy, Ind. & Eng. 
Chem., 19, pp. 506 at seq. (April, 1927) shall be em- 
ployed. These tables also permit calculation of true 
specific gravity and density from apparent specific grav- 
ity. I t  is obvious that  these tables are applicable only to 
solutions of glycerol in which water is the only impurity. 
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B U I L D E R S ,  in the jargon of the soap technolo- 
gist, are materials  which are considered to aid 
detergent  action and foaming propert ies  of soap 

solutions. Alkali carbonates, phosphates, and sili- 
cates of various complexity are commonly used as 
builders. 

The most direct means of aiding the detergency of 
soaps in hard  water  is the prevent ion of the format ion 
of calcium or magnesium soaps. This paper  is con- 
cerned with this funct ion of builders. No a t tempt  has 
been made to measure the influence builders have on 
detergency except insofar as can be surmised f rom 
their  effectiveness in prevent ing direct loss of soluble 
soaps to fo rm calcium and magnesium soaps. 

The reaction mixture  f rom calcium and magnesium 
salts, builders, and a commercial soap or even a rela- 
t ively pure  soap, is a complex colloidal system. As 
long as excess soap is present  as a surface active 
agent, complete precipi tat ion f rom these dilute solu- 
tions has not been possible. Consequently, any direct 
analysis of the reaction products  has not been per- 
missible, and indirect  evidence must  be resorted to. 

I Presented at the 109th Meeting of the American Chemical Society, 
which was held in Atlantic City, N. J., April 8-12, 1946. 

Using an indirect  method based on the foam stabi l i ty  
of the total  soluble soap present,  we have a t tempted  
to in terpre t  these reactions o n  the basis of solubility 
products.  

In  a previous paper  (1) it was shown that  the foam 
stabi l i ty  of solutions of soaps of pure  f a t t y  acids is a 
funct ion of concentration and pH,  and for  each con- 
centrat ion of each pure  soap there was a p H  range 
within which the foam stabil i ty was at  a maximum. 
I t  was also observed that  for the soaps of the s t ra ight  
chain sa tura ted  f a t ty  acids studied, the presence of 
dispersed calcium or magnesium soaps in the solutions 
did not affect the foam stabil i ty of the remaining soap. 
This was not the case for  all the soaps of unsa tura ted  
f a t t y  acids. For  example, sodium oleate solutions 
showed reduced foam stabi l i ty  in the presence of the 
corresponding calcium soap. 

These observations have been utilized in the method 
followed in the present  investigation. Fo r  each pure  
soap, we have selected a concentration which is suffi- 
ciently critical with respect to foam stabil i ty in the 
p I I  range for  max imum foam so tha t  the pour  foam 
test used (2) permits  the measurement  of a reduc- 
tion in soap concentration of about  10 per  cent. When 
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the p H  and tempera ture  of these solutions is con- 
trolled, any  measured loss in foam stabi l i ty  should be 
due to a loss in soluble sodium soap. This loss in 
sodium soap is therefore assumed to be due to the 
format ion of calcium or magnesium soap. Salt effects 
of inorganic reagents on foam stabi l i ty  were disre- 
garded and it should be noted that  any  such effects 
would favor  the apparen t  efficiency of the builders. 

Materials. The soaps used were purified samples 
p repared  as described previously (1) and their  esti- 
mated pu r i ty  with respect to surface active contami- 
nants  is indicated in Table I. The various inorganic 
chemicals used were as pure  as could be obtained 
commercially. 

TABLE I. 

Soap Used 

Sodium L au ra t e  .............. 
Sodium Myristate .............. 
Sodium Palmitate .............. 
Sodium Oleate .................... 
Sodium Elaidate ................ 
Sodium Ricinoleate  ............ 

~oneen- 
t ra t iou  

"er ceTbt 

0.1 
0.05 
0.015 
0.05 
0.05 
0.1O 

Est imated 
P u r i t y *  

P e r  c e n t  

98 
98 
98 
95** 
95 
95** 

* P u r i t y  wi th  r ega rd  to o rgamc  contaminants. 
**Approximately .  

Ppm. 
Calcium 
Equ iv .  to 

Soap 

225 
100 

27 
83 
83 

158 

pH 
for  Test  
Solut ion 
@ 50~  

7.2 
8.2 

10.4 
10.3 
10.5 
10.5 

Procedure. In  p repar ing  the solutions for  this 
study, care was exercised in avoiding variat ions in 
t empera ture  or composition a f te r  the soap had been 
added. Therefore all adjus tments  of p H  were made 
on the bui lder-hardness mixture  with a view to at- 
ta ining the p roper  p H  when the soap was added. I f  
a f te r  making the foam test it was found that  the p H  
was not at the proper  level, this solution was dis- 
carded and a fresh one prepared.  The p t I  deter- 
minations were made with the Model G Beckman p H  
meter  equipped with a Type  E glass electrode designed 
to be relat ively free f rom sodium ion errors at high 
pH.  The p H  value was read with the solution at 
50~ with the t empera ture  compensator of the meter  
set for  40~ I t  is assumed that  the p H  values re- 
corded at  50~ would be adequate for  comparat ive  
purposes for  solutions used at  57~ 2 

The bui lders  or inorganic salts were dissolved in 
400 ml. of 100 par t s  per  million ha rd  water.  The p H  
was adjusted, the solution was heated to 57~ and the 
proper  weight of anhydrous  soap was added. The 
mixture  was st i rred for  five minutes and the relative 
foam stabil i ty measured by  the Pour  Foam Test 
method. Dur ing  the aging period the solution was 
kept  in a water  ba th  to mainta in  the t empera tu re  at 
57~177  1~ Af te r  the foam stabil i ty was measured, 
the p H  was checked. This procedure was used to de- 
termine the relative effectiveness of the various build- 

These va lues  for  p H  are not r igorous ly  correct  because proper  allow- 
ance has not been made for  t empera tu re  effects. The va lues  given are 
probably too high by 0.1 to 0.4 p H  uni t s .  However ,  fo r  the purposes  
of the  paper  the scale readings as measured  are considered adequate .  

ers in tu rn  towards prevent ion of the format ion  of 
calcium or magnesium soaps of various f a t t y  acids. 
The soap concentration was selected so tha t  reduc- 
tions in concentrat ioh of the order of 10 per  cent 
would be detected by  the Pour  Foam Test of measur-  
ing relative foam stabili ty.  These concentrations are 
listed in Table I. 

F rom the foam stabi l i ty  data, the selection of the 
mole ratio of builder  to hardness required for  the 
prevent ion of calcium or magnesium soap format ion  
was made on the basis of the lowest mole rat io re- 
quired to give opt imum foam height. In  most cases 
this corresponds to the foam height obtained for  an 
equivalent soap concentrat ion in appropr ia te ly  buf-  
fered solution. 

Results 

Tables Ill and IV show the mole ratio of builder to 
hardness required for complete protection of the vari- 
ous soaps under these conditions. 

It will be noted that because of the various pH 
values of the solutions used, some of these tests are 
not comparable. Thus sodium laurate solutions were 
studied with sodium carbonate at a pH 7 where most 
of the salt is present  as bicarbonate  and  not as car- 
bonate, as in the case of tests using sodium oleate 
( p H  10.3). To i l lustrate the typical  results obtained 
which form the basis for  Tables I I I  and  I V  the data 
for  sodium palmita te  are shown in Table V. 

Reaction Time. Two tests were made in which the 
soap was dissolved in a port ion of the wa te r  at  57~ 
and this solution added to the builder  hardness solu- 
tion at 57~ The foam stabi l i ty  measurements  were 
completed at five minutes �9 and at one-half minute  a f t e r  
mixing these solutions. 

In  each case the foam is approximate ly  zero, show- 
ing tha t  conversion of sodium soap into calcium soap 
is complete even in the presence of builder,  one-half 
minute  af ter  mixing the solutions. 

TABLE II. 

.015% Na P a l m i t a t e  ....... 
Na Oleate ......................... 

Hardness 

100 ppm. Ca 
100 ppm. Ca 

Mote Ratio 

Bui lde r  
H a r d n e s s  

5 Calgon 
5 TSPP 

Foam 

After  
5 Min.  �89 Min.  

15 ram. 10 ram. 
20 ram. 20 ram. 

These mole ratios are a simple and convenient man- 
ner of comparing our observations. I t  should be noted 
tha t  where protection is complete the controlling fac- 
tor is the ratio of the concentrations (activities) of 
soap and bui lder  anions in the solution. 

Mixed Soaps. Using mixtures  of sodium palmita te  
and sodium laurate,  several experiments  were made 
to determine as fa r  as possible the dis tr ibut ion of the 
calcium between the various possible combinations. 
These two soaps were chosen because they offered an 
oppor tun i ty  of dist inguishing the separate  surface 

T A B L E  I I I .  

Figures Indicate the Mole Ratio of Bu i lde r  to Ha rdnes s  Requi red  for 
Effective Soap Pro tec t ion  at 57~ 

Magnesium Hardness 

01care ................................. .................. 
Lau ra t e  ................................ 
Ricinbleate ....................................... 
~yristate  ............. 
Elaidato . . . . . . . . . . . . . . . . . .  : . . . . .  

PaImitato ............ 

Na~P4Ols 
Quadrafos  

'1 
1 
1 
2 
2 
2 

NasP301o 
Polyfos.  

NaeP6Ols Na4P20~ 
Calgon T S P P  

1 1 
1 2 
2 3 
1 3 
2 4 
3 > 5  

NasP0~ 
T S P  

5 
5 

> 5  
>5 

> 5  
> 5  

Na20 
3.2 SiOs 

4 
>5 

5 
> 5  

5 
,.... 5 

NagC0s 

> 5  
> 5  
>5 
>5 
>5 
r>5 



T I I E  JOURNAL OF THE AMERICAN 0 I L  C I I E M I S T S '  SOCIETY, JANUARY, 1947 

TABLE IV. 

Figures Indicate the Mole Ratio of Builder to Hardness Required for 
Effective Soap Protection at 57~ 

25 

Calcium Hardness 

01cute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lau rate .............. 
Rieinoleate ......... 
~yristate .............. 
Elaidate ............................................... 
Falmitate ............. 

NasP, Ol~ 
Quadrafos 

2 
2 
3 
3 

> 5  
> 5  

Na~PaOzo 
Polyfos. 

> 5  
2 

> 5  
>5  
>5  
> 5  

Na~PsO~a 
Calgon 

2 
2 
3 
2 

> 5  
>5 

Na.PsO~ 
TSPP 

> 5  
> 5  
> 5  
> 5  
> 5  
> 5  

Na~POa 
TSP 

1 
>5  
> 5  
> 5  
> 5  
>5  

Na~O 
3.2 SiO~ Na~CO, 

>5 3 
>5 >5 
>5 >5 
>5  > 5  
>5  2 
>5  >5  

active components since they exhibit maximum foam 
stability at widely different levels of pH. Figure I 
summarizes these results. 

Sodium Oxalate and Sodium Fluoride as Builders. 
In order to estimate the concentration of builders 
necessary to prevent the formation of calcium soap 
on the basis of solubility products, calcium oxalate 
and calcium fluoride were taken as examples since 
these salts show sufficiently low solubility among those 
for which data are available. These comparisons were 
made disregarding the known limitations of applying 
solubility products due to the salt concentrations in- 
volved and the presence of soap which may influence 
the apparent solubility of the calcium compounds. 
The results for sodium laurate and sodium myristate 
are summarized in Table V. 

TABLE V. 
The Foam Stability of 0.015% Sodium Palmitate as a Function of 

Builder to Hardness Ratio in 100 I'PM Hard Water 57~ 

A 
Builder Used 

None ................ 
Na,PO,. 
Na,P2OT. 
Na~Pdha 
Na~P6018 
NasPs01o 
Na2COs 
N~_,O 3.2 SiO,o 
Na,P04 ................ 
Na4PzO7. 
NasP401, 
Na~P~O~, 
Na~P,O~s 
Na~P~O~s 

Na~P,O~o 
Na~P,O~o 
NasPsO~o 
NaoCO, 
Na..,O 3.2 SiO: 
Na20 3.2 SiOc ..................... 

B 
Hardness 

.~Torlo 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
:Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 

Foam 
mm. 

%o 
0 
0 
0 
0 
0 
0 

30 
70 

230 
220 

0 
220 
180 
220 
220 

80 
0 

200 
160 

Mole 
Ratio 
Ate B 

"'~ 

5 
5 
5 
5 
5 
5 
5 
5 
3 
2 
1 
3 
2 
4 
3 
2 
5 
4 
3 

Protective 
Mole 
Ratio 

> 5  
>5  
>5  
> 5  
>5  
>5  
> 5  
> 5  
> 5  
"~ 

-'~ 

"~ 

~~ 
4 

A 0.1% solution of sodium laurate in 0.03 molar 
KC1 at 40 ~ (pH 7.4) gave 210 ram. of foam. To a 
solution 0.03 molar KC1 and 0.001 molar CaCI~ (100 
ppm. Ca hardness) to which a known amount of so- 
dium oxalate was added and the pH adjusted to 7.4 
at 40~ sodium laurate was added to make it 0.1% 
sodium laurate (4.5 X 10 -~ molar), the solution aged 
5 minutes and the pour foam test carried out. I t  was 
found from several experiments varying the amount 

of sodium oxalate added, that a mole ratio of .Na2C20, 
CaCI2 

~---3 was required for protection. A ratio of 2.5 did 
not give protection. 

The solubility of CaCo04 (interpolated) in 0.0425 
normal salt solution is 0.0159 gin. per liter at 40 ~ (3). 
In the following calculations parentheses indicate 
concentrations : 
( a )  The so lub i l i ty  p roduc t  of CaC.oO, a t  60 ~ a t  a sa l t  c o n c e n -  

t r a t i o n  of 0.0425 normal  K~--~(Ca +§ (C~O,- - )=  

[ 0.0159 \=  s 
k 1 - - ~ - )  =15.5 • 10- 

(b)  (Ca**) i n i t i a l  ~ 10-' moles per  l i t e r  

(c,o,--) 
(c)  Mole r a t i o  - -  - -  3 to p ro tec t  sodium l au ra to  so lu t ion  

(Ca ~+) 
by exper iment .  

(d)  Fo r  th is  mole ra t io  a s suming  p r e c i p i t a t i o n  of only calc ium 
oxa la te  
(C20F-) ~ (3 - - 1 ) 1 0 - ' = 2  X 10-'  moles per  l i t e r  

(e)  A f t e r  ca lc ium oxa la te  is l~rccipi ta ted 
K ,  15.5 X i0 -s 

(Ca**) . . . .  7.75 X 10 -e 
(~o,- - )  ~ • lo -s 

Sui tab le  d a t a  of the sa l t  effect on the so lub i l i ty  of  sodium 
fluoride are  not  avai lable .  Assuming  the  same influence on 
i ts  so lub i l i ty  as t h a t  g iven for  ca lc ium oxa la te  in  0.0425 
normal  sa l t  solut ion,  a va lue  of 0.0328 gin. CaP2 per  l i t e r  
was taken.  

( f )  So lub i l i ty  p roduc t  of CaF2 a t  40 ~ in 0.0425 mola r  s a l t  
solut ion 

( 0.0328 "~ a 
K a = ( C a  +*) (F ' )  ~ : 4  \ 7- - -~T1 ] = 2 9 " 6 X 1 0  -tt 

( g )  To s a t i s f y  (Ca)  ~--- 7.75 X 10 "s moles per  l i t e r  . . . .  f rom (e) 

(29.6!1o-~'\u 

(h)  The tota l  ( F ' ) ~ ( 6 . 2 + 2 )  X 1 0 ~ = 8 . 2  • 10 -a and therefore 
to  p ro t ec t  t a u r a t e  wi th  f luoride i n  100 ppm. ca lc ium h a r d  
w a t e r  a t  40~ in  0.03 mola r  KC1 requires  a mole ra t io  of 
f luoride to ca lc ium of 8.2. I n  Table  V I  i t  is  seen t h a t  the  
expe r imen ta l  va lue  was  8. 

250. 
u 2oor ~ I 

O s, 

I 
i 

pH a~ $0 ~ 

~ 150 

~,oo 

I ,~ 
o 

7 8 9 i o  I 
FIG. L Foam stab i l i ty  o f  solutions o f  single and m~ed  

soaps vs. p H  
(1) o.I% sodium laurate 
(2) 0.01% sodium palmitato 
(3) Mixture containing 0.1% sodium laurate and 0.01% 

sodium palmitate 
(4) Mixture containing 0.1% sodium lanrate, 0.05% sodium 

palmitate and calcium hardness e q u i v a l e n t  to p a l m i t a t o .  
(A) Foam stability of 0.005% sudium palmitate at pl{ 11.5 

(B)(B ' )  Foam stability of solution containing 0.1% sodium 
laurat~ 0.015% sodium palmi ta t~  100 ppm. calcium 
hardness and 5 m~ea quadrafos (l~aaP, O,s) at pH 7.8 
and 11.5. 
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A similar experiment and calculation was made 
using sodium myristate and it is seen that  the cal- 
culated values agree well with the experimental  val- 
ues in Table VI. 

Discussion 
In  the mixture of soaps in hard water plus builder, 

it appears that  the least soluble components are selec- 
t ively precipi tated or dispersed. The calcium or mag- 
nesium soaps of the higher fa t ty  acids appear  less 
soluble than the calcium or magnesium salts of the 
builders. 

The data summarized in Tables II l and IV indicate 
that  in general to prevent  calcium soap formation, 
higher builder concentrations are required than is 
necessary for the prevention of magnesium soap for- 
mation. I t  also appears that  for  the major i ty  of cases 
no single bui lder  among those studied is more efficient 
as a water softener than soap itself on a weight for  
weight basis in hard water containing both magne- 
sium and calcium salts. 

The results of the reaction time tests show that  the 
reactions involved proceed rapidly enough to equilib- 
r ium so that  time effects can be neglected under  these 
conditions. 

TABLE VI. 

0.1% Sodium Laurate  
C~ 40 ~ andpH 7.4 . . . . . . . . . . . . . .  

0.025% Sodium Myristate 
60 ~ and pH 7.9 .............................. 

Ratio (F*) (1~) 
Oxalate  ( C a + + )  (Ca**) 
Calcium Found Calculated 

3 8 8.2 

5.5 12 12.5 

Curves 1 and 2 show foam for 0.1% sodium laurate 
and 0.01% sodium palmitate respectively. Curve 3 
shows the foam for a mixture containing 0.1% sodium 
laurate and 0.01% sodium palmitate and it  is noted 
that  foam height of the mixture  is greater  than for  
either soap alone and does not vary  much with p l I  
change. Curve 4 shows the foam stability of a so- 
lution containing 0.1% sodium laurate and 0.05% 
sodium palmitate together with 90 ppm. calcium hard- 
ness which amount is equivalent to the total palmitate 
present. I t  is seen that  at low p t I  the foam stabili ty 
approaches that  obtained in Curve 3. At high pII  the 
curve is lower than at point A which corresponds to 
0.005% sodium palmitate, which is 10% of the con- 
centration of palmitate as shown in Curve 4. 

A solution was taken containing 0.1% sodium lau- 
rate and 0.015% sodium palmitate, 100 ppm. calcium 
and 5 moles of quadrafos (Na6P4013) per  mole of 
calcium, which was sufficient to protect  sodium lau- 
rate and insufficient to protect  sodium palmitate 
under  the conditions of tests in Table V. Point  B 
shows higher foam stability than Curve 3 for  a mix- 
ture of laurate and palmitate at low p l I  and B 1 
shows foam stability lower than any of previous 
solutions which indicates removal of the major  por- 
tion of palmitate. We interpret  the values B and B 1 
as indicating that  behavior of the builder in the mix- 
ture  was substantially the same as it was for the 
corresponding experiments where the soaps were ex- 
amined separately. 

The selective removal of palmitate as shown in 
Figure  I might be expected on the basis of the lower 
solubility of calcium palmitate compared to calcium 
laurate as reported by  Pohle (4). 

The examination of sodium oxalate and sodium flu- 
oride as builders illustrates some of the assumptions 
involved in a t tempting to in terpret  the data on the 
basis of solubility products.  The agreement between 
experimental and calculated values based upon the 
experimental figure for  protection of sodium laurate 
and myristate and the known values for  solubilities of 
calcium oxalate and fluoride is surprisingly close. 
This t reatment  must be considered an over-simplifi- 
cation of the problem and cannot be accepted as en- 
t irely adequate on a quanti tat ive basis. 

Previous investigators of this subject have used a 
procedure derived from the Clark t i t rat ion of water 
hardness and we feel that  their  method and conclu- 
sions are open to criticism. 

The procedure in general consists of the stepwise 
addition of soap solutions to hard  water unti l  a foam 
or f roth can be produced of sufficient stabili ty to 
last five minutes. When the relative effectiveness of 
builders is compared, the practice has been to add 
these to the hard  water  and compare the amount of 
soap required for the t i t rat ions when the builder is 
present, with the t i t rat ion of the blank using soap 
alone. Bolton (5) and later  Dedrick and Wills (6) 
used this technique with relatively pure  soaps and 
mixed hardness (1 par t  magnesium to 2 par ts  cal- 
cium). A great disadvantage in the use of this 
method is that  neither the nature  nor concentration 
of the material responsible for  the foam is known. 
The graphs of Bolton where he plots grams soap re- 
quired in the t i t rat ion against grams builder present, 
suggest that most of the builder was combined with 
the magnesium hardness and did not prevent  calcium 
soap formation to any appreciable extent, since defi- 
nite breaks occur at soap concentrations of two-thirds 
that  required for the blank. In our own laboratories 
a series of such ti trations was carried out using a com- 
mercial soap, various builders and the effect towards 
calcium or magnesium hardness was examined sepa- 
rately. Graphical representation of the data obtained 
(7) did not reveal breaks such as were obtained by 
Bolton. 

Ruff (8) has shown by means of the modified Clark 
t i t rat ion technique that the end point for  some soaps 
varies greatly, depending upon the ratio of calcium 
to magnesium in the hard  water. When a builder is 
used it would be expected that  the least soluble com- 
pounds would be removed. Therefore,  in Bolton's 
experiments the composition of the hard  water with 
respect to the calcium magnesium ratio was con- 
stantly varying in an unknown fashion which would 
alter the end point  in an unknown way. IIowever, 
from examination of his data it is evident that  very 
high mole ratios of builder to hardness were required 
to protect  the low concentrations of free soap present 
at the end point. 

In  addition to the above ambiguities the t i t rat ion 
method is subject  to a serious error  of interpretat ion 
because it is tacit ly assumed that  af ter  the end point 
is reached fu r the r  additions of soap will result in a 
corresponding increase in the soap concentration. I f  

p u r e  soap were used this would be true only where 
the changed soap concentration did not effect the 
already established equilibrium. Where mixed soaps 
are used the case is not so simple because the first 
appearance of persistent foam is probably only asso- 
ciated with the presence of excess amounts of the most 
soluble soap in the mixture. The selective precipita- 
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tion of the least soluble compound is demonstrated in 
Figure  I. Accordingly, fu r the r  addition o f  soap af ter  
the end point has  been reached will not necessarily 
result in a corresponding increase in soap concentra- 
tion of the same composition as the added soap. 

Conclusion. While the authors realize that  the 
procedure in this s tudy does not correspond t o  that  
generally employed where soaps and builders a r e  
added concomitantly to the hard  water; we believe 
that  by prior  addition of builder to hard  water  any 
soap saving would be favored. On this assumption 
our results suggest that  the builders examined are 
not efficient in preventing the formation o f  calcium 
or magnesium soaps when used with the mixed soaps 
of commerce. 

Summary  

1. The reactions in mixtures of dilute solutions of 
builders, pure soaps and hard  water have been ex- 
amined under  conditions for  optimum foam stabili ty 
for  the soap solution. 

2. An at tempt  has been made to in terpret  these 
reactions on the basis of solubility products. 

3. For  dilute solutions of soaps of pure f a t ty  acids 
a minimum mole ratio of builder to calcium or mag- 
nesium salts is required to prevent  the formation of 
alkaline earth soaps. These mole ratios are different 
for  each soap studied and vary  with the par t icular  
calcium or magnesium salt and builder combinations. 

4. The procedure used by  previous investigators of 
this subject is discussed. 

The authors wish to express their  appreciation to 
C. W. Jakob for  performing many of the determina- 
tions upon which this paper  is based. 
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F i x e d  O i l s  of Mexico" 

I.  Oi l  of C h i a - S a l v i a  H i s p a n i c a  I 

F R E D E R I C 0  PALMA,  2 M A N U E L  D O N D E  2 and W. R. LLOYD s 

T H E  topography and climate of Mexico are such 
as to enable Mexico to produce oils of all classes. 
At the present time substantial quantities of ses- 

ame, cottonseed, peanut, coconut, linseed, and castor 
oils are produced,  although in most cases production 
is insufficient to meet domestic requirements. In  addi- 
tion a number  of other oil bearing plants native 
to Mexico could be grown on a commercial scale. Be- 
cause of the important  position of fixed oils in the 
industrial  development of Mexico a concentrated effort 
is now being made to expand production to meet the 
increasing domestic demand for oils and to provide 
an exportable surplus where possible. In  order  to 
determine whether any of the now non-industrial  oils 
of Mexico can share in this program the Banco de 
Mexico has authorized a s tudy of these oils to be 
carried out as a cooperative research project  between 
the Armour  Research Foundat ion and the Inst i tute  
de Quimica of the National Universi ty of Mexico. 

Chia oil, f rom the seeds of Sal~)ia hispanica L., 
family Labiatae, has long been recognized as an ex- 
cellent drying oil. In  1918 Lomani tz  (1) obtained a 
patent  on a process to obtain a drying oil f rom chia 
and for the use of the press cake as a cattle feed. In 
1920 Gardner  and Holdt  (2) studied the oil and re- 
ported that  the raw oil dried slowly and tended to 
form droplets but  that  heat t reatment  at 210 ~ C. for  

* Presented at 20th fall meeting, American Oil Chemists' Society, Chi- 
cago, Oct. 30-Nov. 1, 1946. 

F'rom the Laboratories of the Inst i tute de Quimica, Mexico, D. F. 
and the Armour l~esearch Foundation, Chicago, Illinois. 

Institute de Quimica, Mexico, D. F. 
a Armour  Research Foundation, Chicago, Illinois. 

15 minutes resulted in an oil of superior drying char, 
acteristics to linseed. Heat  t reatment  does not cause 
appreciable darkening of the oil and its use in light 
colored varnishes was suggested. Gardner  (3) com- 
pared the propert ies of chia oils obtained by  hot and 
cold pressing in a paper  published in 1926, showing 
only slight differences in the quali ty of the oils ob- 
tained by  these methods. In  1937, Gardner  (4) a n d  
Stewart  (5') suggested the use of oil of chia as a sub- 
stitute for  tung  oil. Also in 1937, Rulfo (6) reported 
on the cultivation and product ion of chia in Mexico. 

Baughman and Jamieson (7),  Gardner  (8),  and 
Steger, van Loon,  and Pennekamp (9) have studied 
the composition of chia oil. Their  results are sum- 
marized in Table I. 

TABLE I 

Composition of Chia Oil 

B. & J. Gardner  Stoger 

~aturated A c i d s  ..................................... 8.2 8.1 10.6 
9leic Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.8 0.7 - - 0 . 8  
[Anoleic Acid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48.6 45.2 32.0 
Ldnolenic Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42:2 39.3 56.2 

The composition of the unsatura ted  acid fractions 
were calculated by  the Kaufman method using the 
t h e o r e t i c a l  thiocyanogen values.  Since no record 
could be found of a s tudy of chia oil using empirical 
thiocyanogen values, it was deemed of interest to 
repeat this work. 

The chia plant  is a ra ther  large shrub, sometimes 
reaching a height of six feet. The seeds are quite 
small, approximately 2 ram. long and 1 ram. wide. 


