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A , T H O U G H  adequate analyt ical  procedures, as 
typified by  the "Official and Tentat ive Methods 
of Analysis of the American Oil Chemists '  Soci- 

e t y , "  (1, 2) are available to cope with the increasing 
complexity of composition of present  day soaps and 
soap mixtures,  there has been little discussion in the 
l i terature of the accuracy and reproducibi l i ty  of the 
values obtained as a result o f  e m p l o y i n g  t h e s e  
methods. 

The terms accuracy and precis ion  are variously 
defined and employed, and for  this reason they shall 
be defined at the outset. Accuracy is taken to express 
the correctness of an analytical  result, and precision 
the reproducibi l i ty  of an analytical  result. A third 
te rm which is also commonly misused is error and this 
may be defined as the difference between the ana- 
lytical resul t  obtained and the t rue quant i ty  of the 
consti tuent present  in the sample. 

Classification of Errors 

Errors  may  be classified as d e t e r m i n a t e  a n d  
indeterminate.  Crumpler  and Yoe (3) speak of 
determinate  errors as those about  which one can 
do something and indeterminate errors  as those about 
which one can do nothing. This furnishes a rough 
werking e!aseifieztien. 

Determinate  errors may be due to fau l ty  instru- 
ments, reagents, mistakes in calculation, errors of 
omission, etc. (4). The remedy for  most of the 
causes of determinate errors  is evident. Indeter-  
minate errors are also known as-accidenta l  errors. 
As their  cause is unknown they cannot be counter- 
acted by  the application of corrections. 

The subject  mat te r  of this pape r  is concerned 
mainly  with indeterminate errors. I t  must  be real- 
ized, however, that  the results presented are also 
subject  to undetected determinate  errors. Eve ry  
effort was made during the course of this investi- 
gation to reduce the magni tude of the determinate 
errors. The fact  that  only two results out of a total 
of several hundred  had to be discarded augurs  well 
for  the re l i ab i l i ty  of the analytical  work. 

Conditions conducive to errors  are eon{inua]ly aris- 
ing in the course of analytical  work and even the 
most skilled analyst  occasionally falls a victim to 
them. I f  the analytical  work is above reproach, any 
i r regular i ty  occurring dur ing the course of an analy- 
sis should be examined with a view toward discover- 
ing, if possible, whether .it represents  abnormal i ty  of 
the sample ra ther  than a rb i t ra r i ly  assuming it to be 
the result of an accident and bl indly running  check 
values in the hope that  u l t imately  the analysis will 
r ight  itself. 

Limits of Error 
The analysis of a soap never a d d s  to exactly 100% 

except fortuitously,  nor can an analysis be exactly 

reproduced on duplication. Experienced analysts  can 
obtain repeat  values within small limits of error. 
Natura l ly  the limits of error  va ry  with the proport ion 
of each consti tuent present. 

The limits allowed in this labora tory  for  the sum- 
mat ion of a soap analysis are ordinar i ly  99.50 to 
100.50%. Most of the errors  in soap analysis, exclud- 
ing physical losses, are additive. This includes errors  
due to the reagents carry ing traces of the consti tuent  
sought, the hygroscopic nature  of many  ignited pre- 
cipitates, over- t i t rat ion of endpoints, co-precipitation, 
etc. However,  these errors are over-balanced in £heir 
effect by  a large negative error  due to the volatiliza- 
tion of f a t t y  acids dur ing the operation of heating 
to constant weight. For  this reason analytical  sum- 
mations usually total  less than 100%. A total  slightly 
in excess of 100% is p robab ly  theoretically more 
near ly  cor rec t  analyt ical ly than a value under  100%. 

Totals for 50 complete soap analyses of different 
samples of the same type of sprayed  soap product  
were selected a t  random and the most probable  value 
calculated. The summations ranged f rom a min imum 
of 99.43% to a max imum of 100.59%. The most 
p r o b a b l e  value calculated to 100.00%. 

Another  unselected group of 18 summations on 
f l n l r ~  ~ n ~ n  n ~ , n ¢ ] l ~ o f  v e a x , , ~  ~ , n n ~ +  p ~ n L n R l ~  - v a l u e  o f  

. . . . .  1~ r . . . . . . . .  m . . . . . . . . . . . . . . . . . . .  

100.01% with e x t r e m e  individual  summations rang- 
ing f rom a minimum of 99..52% to a max imum of 
100.46%. 

I f  an analytical  summation lacks 100% by  adding, 
for  instance, to only 98% it is senseless to check 
values which ordinar i ly  never approach 2.0%. Thns, 

• one would not redetermine irorr, unsaponified mate- 
riM, free caustic alkali, or any  one of the several 
other determinations that  ordinar i ly  run  quite low, 
of the order of magni tude o f  tenths of one per  cent, 
y e t  one f requent ly  discovers analysts  laboriously re- 
peat ing a whole analysis to discover the consti tuent 
which is in error  without considering the magni tude 
of the error.  

Precision of the Total Fat ty  Acid Plus 
Unsaponifiable Determination (5)  

The precision of the total f a t t y  acid plus unsaponi- 
fiable determinat ion was established by  having the 
total f a t ty  acid plus unsaponifiable run on a soap 
sample 18 .times by an experienced analyst.  Values 
obtained varied f rom a low of 62.19% to a high of 
63.28%. The mean (or most probable  value) was 
62.69%. The mean deviation, represent ing the amount  
by  which an average sil~gle independent  value dif- 
fered f rom the most probable  value was 0.16% and 
the average deviation of the mean was ±0.039.  

Explanation of Tables I to III 
Table I summarizes the data obtained on a commer- 

cial sprayed soap analyzed b y  nine analysts,  none of 
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T A B L E  I 

L imi t s  of E r r o r  on a Commercial  Sprayed Soap Analyzed by Nine A n a l y s t s ' W i t h  Min imum I n d i v i d u a l  
Experience in Soap Analys is  of One Year.  

Cons t i tuen t  

Moisture (Xylol  Dis t i l l a t ion)  ............................................ 
Total Fa t ty  Acids.., 
:I'otal Fa t ty  Acids -{- Unsaponif iable  .................................. 
F ree  Fa t ty  Acid ............. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Unsaponif ied  as Na~_O ....... 
Un saponifiable ........................... 
Anhydrous  Soda Soap ....................................................... 
Glycerol. 
Total Alkal i  as Na..O, 
Free Caust ic  as Na20 
Combined Alka l i  as Na~0 
Alcohol Inso lub le  ................................... 
Total  Alkal i  of F i l le r  as NazO 
Sodium Carbona te  ............................................................. 
Si l ica (SiCk) 
Na~O Combined wi th  S i02  
Rat io  Na~O : Si02. 
Na~HP0~ 
Na4P~07 
NaCl .......... 
Na~S04 
Fa t ty  Acid Constants  

Titer, °C 
Iod ine  Value  ........................................................... 
Acid Value  as KOH..  
S a p o n i f c a t i o n  Va lue  as K OH  .......... 
Lov ibond  Color:  1-Inch Cell  

Mos t  Probable  
Value * % 

7.17 
59.45 
60.09 

nil  
0,02 
0.61 

64.73 
0.40 

16.57 
0.02 
7.45 

27.41 
9,12 
5.21 

10.53 
2.35 

1 :3 .38  to 1 :5 .13  
0.57 
7.47 
0.39 
0.22 

31.7 ° 
42.1 
22~54 
22.61 

70Y. 

Extreme Values  
% 

7.00- 7.47 
59.05-60.05 
59.68-60.60 

nil  
0.01- 0.03 
0:52- 0.67 

64.36-65.00 
0.37- 0 .47 

16.22-16.96 
0.00- 0.04 
6.95- 7,56 

27.03-27.87 
8.80- 9.40 
5.01- 5.53 

10.21-10.86 
2.09- 2.63 

0.24- 0.88 
7.28- 7,63 
0.27- 0.51 
0,15- 0.32 

31.2°-32.1 ° 
40.6 -42.9 
22.14-22.74 
22.31-22.75 
19R to 70Y, 

Mean Devia t ion  
% 

0.11 
0.22 
0.19 

0.0050 
0.039 
0,22 
0.023 
0.18 
0.011 
0,11 
0.12 
0,17 
0,11 
0.14 
0.13 

0.15 
0 . I0  
0.053 
0.042 

0,21 ° 
0.58 
0,14 
0.14 

25R  

Average  Devia t ion  
of the  Mean 

% 

± 0 . 0 3 6  
4-0.073 
___0.063 

4-0.0018 
4-0.014 
4-0.073 
___0.0077 
___0.060 
+ 0 . 0 0 3 7  
4-0,037 
4-_0.041 
+ 0 . 0 5 7  
4-__0.037 
--+_0.047 
__.0.043 

4-0.050 
-~- 0.033 
4-___0.018 
_____0.014 

± 0 . 0 7 0  ° 
4-0.19 
4-0.047 
4-0,047 

* To ta l ing  the most  probable values  gives a summat ion  for the soap analysis  of 99 .65%.  

whom had less than one year  of experience in the 
analysis of soap. A few of the analysts  had over five 
years  of experience. Considering the large number  of 
analysts  the spread between the extreme values is 
very  small. Totaling the most probable  values gives 
a summation for the soap analysis of 99.65%. 

Table I I  is a repeti t ion of the work done in prep- 
ara t ion of Table I with the exception that  it was 
carr ied out two years subsequent to the gathering of 
data  for  Table I. The significant difference is that  
the six analysts  par t ic ipat ing  in the work had experi- 
ence in soap analysis of one year  or less. I t  will be 
apparen t  f rom a comparison of the data  in the two 
tables tha t  the accuracy and precision of the data 
in Table I I  are somewhat inferior.  This clearly con- 
firms the old precept  that  practice is essential to 
achieve perfection. 

Table III indicates the precision and reproducibil- 
ity of results of a single analyst with experience of 
about one year in the analysis of soap. 

The Value of Accuracy and Precision Data 

Most of the determinations were run according to 
the "Official and Tentative Methods of Analysis of 
the American Oil Chemists' Society" with the excep- 
tion of several slight variations of procedure. The 
results arc therefore of interest in demonstrating the 
accuracy and precision of values obtained by employ- 
ing the Official Methods. 

Frequently in checking against specifications an 
analytical result is obtained that is slightly higher 
(or lower) than the maximu/n (or minimum) per- 
mi~ted by the specification. In such an event the 
value of accuracy and precision data is evident. One 

T A B L E  I I  

L imi ts  of E r r o r  on a Commercial  Sprayed Soap Analyzed by Six Analys ts  Wi th  Maximum I n d i v i d u a l  
Experience in Soap Analgs i s  of One Year. 

Most Probable  
Cons t i tuen t  Value* Extreme Values  Mean Devia t ion  

Moisture (Xylol Dis t i l l a t ion)  
ro ta l  F a t t y  Acids... 
t o t a l  F a t t y  Acids -4- Unsaponif iable  .................................. 
Free F a t t y  Ac id  
Unsaponif ied as Na~O ........................................................ 
Unsaponif iable  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Anhydrous  Soda Soap ........................................................ 
~IyceroI .......... 
t o t a l  Alkal i  as NazO ......................................................... 
Free Caust ic  as Na.oO. 
~ombined Alkal i  as Na~oO 
Alcohol Insoluble  ........................................................ 
t o t a l  Alkal i  of F i l l e r  as Na~O 
Sodium Carbonate  .......................................................... :... 
Silica (SIO2) 
Na20 Combined wi th  SiO2. 
Ratio Na20 : SlOe 
NaeHPO,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 

Na,P2Oq 
NaCI 
N a ~ S 0 4 .  

Fatty Acid Cons tan ts  
Titer,  °C 
Iod ine  Value ..................... 
Acid Va lue  as K O H  ............................ 
Saponif ica t ion  Va lue  as K O H  ........ 
Lov ibond  Color : 1-Inch Cell .......................................... 

% 
13.12 
56.13 
58.54 

nil  
0.04 
2.40 

69.75 
0.25 

16,26 
0.008 
6.51 

23.56 
9.74 

12.94 
6.80 
1.74 

1 :2 ,86  to 1 :5 .96  
0.39 
0.63 
0.57 
0.32 

34.2 ° 
63.5 
2~).17 
20.37 

% 

]2.82-13.33 
55.68-56.97 
58.12-59.11 

nil  
0.01- 0.10 
2A4- 2.80 

60.34-61.61 
0.41- 0.39 

15.98-16.47 
0.00- 0.02 
6.40- 6.59 

23.00-24.26 
9.40-10.02 

12.29-14.11 
6.35- 7.27 
0.97- 2.31 

0.28- 0,52 
0,41- 0.81 
0,53- 0.63 
0.23- 0.40 

33.8 -34.5 ° 
61.9 -65.7 
19.89-20,51 
20.07-20,60 

70Y, 4.51~, to 70Y. 71~ 

% 

0.20 
0.36 
0.29 

0.023 
0.15 
0.23 
0._090 
0.15 
0.0065 
0.057 
0.19 
0.19 
0.74 
0 .44  
0.45 

0.080 
0.11 
0.028 
0.050 

0.32 ° 
1,15 
0.17 
0.13 

Average  Devia t ion 
of the Mean 

% 
_+0.082 
~ 0 . 1 5  
+ 0 . 1 2  

4-0.0093 
+ 0 . 0 6 1  
___0.094 
~__0.037 
__0.061 
-+-0.0027 
+ 0 , 0 2 3  
± 0 . 0 7 8  
4-0.078 
4-+-0.30 
+ 0 . 1 8  
_ 0 . 1 8  

4-__0,033 
+ 0 . 0 4 5  
4-0.011 
4-0.025** 

+ 0 . 1 3  ° 
+ 0 . 4 7  
4-0,069 
4-0.053 

* To ta l ing  the most  probable values  gives a summat ion  for the soap ana lys i s  of 99 .91%.  
** Two resul ts  omitted in t a b u l a t i n g  data.  
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T A B L E  I I I  

Prec i s ion  of Resul ts  of an I n d i v i d u a l .  (H, M. W i n e g a r d )  1 

Cons t i tuen t  

Mois ture  (Xylol Di s t ina t ion )  
Total  F a t t y  Acids ................ 
Free  F a t t y  Acid 
Unsaponi f ied  as Na,~O 
Unsaponi f iab le  .......................... 
Rosin  Soda Soap .......................... 
Anhydrous  Soda Soap ....................... 
Glycerol .......................... 
Total  Alkal i  as Na_~O 
Free Caust ic  as Na~O 
Combined Alkal i  as Na~O 
Alcohol Inso lub le  .................. 
Total  Alkal i  of F i l l e r  as No20 ...................................................... 

14.08 
55.75 

ni l  
0.Ol 
2.18 
5.73 

60.39 
0.13 

16.35 
ni l  
6.53 

23.20 
9.78 

Dete rmina t ion  No. 

14.28 
55.84 

nil  
0,01 
2.21 
5.92 

60.49 
0.17 

16.37 
nil 
6.56 

23.20 
9.79 

14.35 
56.13 

ni l  
0.02 
2.29 
6.01 

60.81 
0.21 

16.39 
nil  
6.59 

23.39 
9.86 

Most Probable  
Value %* 

14.24 
55.91 

0.01 
2.23 
5.89 

60.56 
0.17 

16.37 

6.56 
23.26 

9.81 
Sodium Carbonate  ........ 
Sil ica (SiO~o) ..................... 
Na..O Combined wi th  Si02 
Rat io  NaeO : SiO~ 
Na..HPO4 ......................... 
NadP2O,~ 
NaC1 ............................. 
Fa t ty  Acid Constants  

Titer,  °C 
Iod ine  Va lue  ............ 
Acid Value  as KOH ................. 
Saponif ica t ion  Value  as KOH..  
L o v i b o n d  Color:  1-Inch Cell, 

11.89 
7.04 
2.01 

1 : 2 . 9  
0.30 
0.06 
0.45 

34.1 ° 
56.7 
20.41 
20.57 

70Y 
3.5R 

11.92 
7.13 
2.34 

1 : 3 . 1  
0.34 
0.69 
0,48 

34.2 ° 
57.7 
20.41 
20.57 

70Y 
4 .9R 

12.50 
7.15 
2.40 

1 : 3 . 5  
0.42 
0.71 
0.50 

34.6 ° 
58.4 
20.44 
20.62 

70Y 
5.3R 

12.14 
7.11 
2.25 

0.35 
0.69 
0.48 

34.3 ° 
57.6 
20.42 
20.59 

Mean Devia t ion  
% 

0.10 
0.15 

0.043 
0.1O 
0.16 
0.027 
0.013 

0.020 
0.083 
0.033 
0.28 
0.043 
0.16 

0.043 
0.017 
0.017 

0.20 ° 
O,6O 
0.013 
0,023 

1 P r e s e n t  address,  L a n k e n a u  Research Ins t i tu te ,  Phi lade lphia ,  Pa.  
* To ta l ing  the most  probable  values  gives a summat ion  for the soap analysis  of 100.22%.  

is justified in stating the sample meets specifications 
if its apparent  deviation from the specification is less 
than the demonstrated average deviation of the mean. 

No results were discarded in summarizing the data 
with t~he sole exception of two values indicated in 
Table II .  The analysts cooperating in the program 
were familiar  with the object of the analysis but  were 
not encouraged to compare results with one another 
until  completion of the work. A number  of analysts 
had to repeat several determinations because their  
analyses did not meet the criterion that  the summa- 
tion of the analysis fall between 99.50 and 100.50% 
for acceptance. 

The data indicate that  there is a significant increase 
in the degree of precision and reproducibi l i ty  com- 
parable with the increase in experience of the analyst, 
the degree of precision and reproducibi l i ty  appar- 
ently rising to a maximum af ter  about  one year of 
experience. A good deal, of course, depends upon the 
apti tude of the analyst but  the data do indicate that  
there is an initial period of varying duration, during 
which an inexperienced chemist is unable to at tain 
the maximum accuracy and precision of the methods 
even though the results are still sufficiently accurate 
to be acceptable. 

Comparison of the data in Tables I and II  will 
reveal tha t  the mean deviation for  the determination 
of anhydrous soda soap apparent ly  did not show im- 
provement commensurate with the experience of the 
analysts. One other anomaly presents itself. The 
mean deviation for the sodium chloride value is al- 
most twice as great  for  the more experienced analyst 
as for  those with less experience. Possibly the old 
adage that  famil iar i ty  breeds contempt is operative 
here. On the other hand, these irregularit ies might 
not have arisen if the individual analytical results 
had been weighed and evaluated before being in- 
corporated in the tables. 

The results given in Table I are probably more 
accurate than those generally encountered in indus- 
trial practice. On the other hand, they probably  do 
not represent the very highest accuracy attainable 
but  the la t ter  would require the expenditure of an 
inordinate amount  of time and normally would not 
be economically justifiable. 

In closing, it should be emphasized that  the usual 
textbook statements concerning the accuracy of vari- 
ous analytical procedures generally refer  to the an- 
alysis of pure  compounds. Such statements do not 
enable one to predict  with any degree of confidence 
the accuracy of the same determination in the analysis 
of a material  as complex as soap. I t  is only by 
repeated analysis of a soap and statistical s tudy of 
the results that  any indication can be had of their  
probable degree of accuracy and precision. 
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