
A Titrimetric Method for Total Phosphoric Anhydride 
J. T. R. ANDREWS, Standards Department, Chemical Division, Procter and Gamble Company, 
Ivorydale 17, Ohio 

T H E  method of analysis herein described was de- 
veloped as a joint effort by several individuals 
working, more or less independently,  in at least 

three departments of the Procter  and Gamble Com- 
pany Chemical Division. I t  has been tested in a 
dozen or more of our  control laboratories, f rom sev- 
eral of which useful suggestions for its modification 
and improvement have been received. Under such 
circumstances it seems preferable to present it as a 
group effort without at tempting to assign credit to 
any individual. 

No claim is made for its fundamental  originality. 
Its under lying principle has been known and recog- 
nized for at least 70 years. The failure of earlier 
investigators to achieve a satisfactory degree of suc- 
cess may be ascribed entirely to their lack of an in- 
s t rument  which has become commonplace in every 
analytical laboratory within the past 15 to 20 years. 
By this is meant the convenient and accurate p H  
meter, using glass and calomel electrodes.. 

t t i s t o r i c a l  

Analytical chemical l i terature for nearly three-quar- 
ters of a century has been replete with references to 
the behavior of orthophosphoric acid H3PQ,  during 
its t i t rat ion in dilute aqueous solution with standard 
alkali hydroxide. Thompson (1),  in 1883, pointed 
out that  it (orthophosphoric acid) " i s  an example of 
another  polybasie acid which may be t i t rated in steps, 
although not with entire sat isfaction." Practical ly 
every analytical textbook devotes some space to this 
intr iguing problem, which has developed more into 
an effort to determine total P20~, by measurement of 
the acidity between the neutralization equivalents of 
the first and second hydrogens, than the original pur- 
pose of t i t rat ing the acid itself. Treadwell-tIall  (2) 
treats the subject in a manner  which is quite typical. 
This discussion is quoted from the 4th Edition (1915) 
but  the most recent 9th Edit ion (1942) has little to 
add to observations made 27 years earlier. 

"NaH2PO~ reacts acid toward phenolphthalein and neutral  
toward methyl  orange, while Na_oHPO4 is neutra l  toward the 
former  indicator and basic toward  the ]utter. Therefore,  on 
t i t r a t ing  free phosphoric acid with alkali the fol lowing reac- 
t ions will take place: 

I: H~PO~ + N a O H  ~ NaH2PO~ + H_~O. (Methyl ().range) 

I I .  H~PO~ q- 2NaOH = Na,HPO~ q- 2H20. (Phenolphthale in)  

The second reaction is not sharp,  because pure Na~tIPO4 is 
dissociated to a slight extent so that  it becomes alkaline to 
phenolphtha]ein . . . .  To prevent  this hydrolysis, the t i t ra t ion 
is best effected in a cold, concentrated solution containing so- 
dium chloride. ' ' 

I t  may be pointed out that  if the reactions ex- 
pressed in I and I I  can be performed with t i t r imetric 
precision and to the exact equivalence indicated, in 
the absence of interfer ing ions, the t i t rat ion differ- 
ence is a measure of the phosphoric acid present in 
the system and N a O H ~ P 2 O J 2 .  A typical  electro- 
metric t i t rat ion curve (3) of phosphoric acid will 
show these relationships quite clearly (Figure  1). 

1Presented at the 27t.h annual falI meeting, American Oil Chemists' 
Society, Chicago, Ill., Nov. 2-4, 1953. 

Note the essential equivalence of the t i tration to 
the first inflection point with that  of the t i trat ion 
from the first to the second inflection point. Titra- 
tion of the th i rd  hydrogen is beyond the working 
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FTG. 1. T i t r a t i o n  o f  or thophosphor ic acid w i t h  sodium hy- 
droxide (1 g. tt~PO4/100 ml. solution; glass electrode with high 
p H  correction).  
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range of the laboratory p H  meter using glass and 
calomel electrodes. 

Of necessity, nearly all of the earlier work on this 
problem was done with the aid of indicators. Much 
ingenuity has been displayed in their  choice and use. 
Sut ton (4), in 1935, summed up the situation at that  
time as follows: 

'~Many a t tempts  have been made to utilize these reactions 
for  the accurate determinat ion of P.~O~ . . . but, so fa r  as my 
experience goes, wi thout  adequate success . "  

Nevertheless, Kolthoff and Stenger (5), in 1.942, pre- 
scribed conditions for this t i t rat ion within a claimed 
probable error  of 0.5% for the lower endpoint and 
1% for  the upper  endpoint. Bromocresol green or 
methyl orange, with suitable reference solutions, may 
be employed at the lower endpoint;  phenolphthalein 
and enough salt to half saturate the solution are used 
in t i t rat ion to the upper  endpoint. Alternatively thy- 
molphthalein may be employed without the addition 
of salt. 

T h e o r e t i c a l  C o n s i d e r a t i o n s  

Numerous investigators have determined the disso- 
ciation constants for  the three acid hydrogens of 
I tsP Q with a fa i r  amount  of disagreement as would 
be expected. Quimby, in 1947, reviewing "Chemistry 
of the Sodium Phosphates"  (6), discusses the avail- 
able data briefly bu t  lists about a dozen references. 
Although "qu i t e  a variety of dissociation constants 
can be found for H3PO~" the only ones cited are 
those of Harned  and Owen (7),  viz., "7.516 X ]0 -z 
and 6.226 X 10 -s for  the first and second hydrogens, 
respectively, at  25°C. The value for  the third hydro- 
gen is probably near  2 }< 10 -13 ( 8 ) . "  Kolthoff and 
Stenger (9), in 1942, using dissociation or ionization 
constants of unidentified source, calculated the p i t  
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values corresponding to neutralization of the first two 
acid hydrogens as 4.4 and 9.6, respectively. They 
point out that  the older "concent ra t ion  cons tan ts"  
were employed;  had they used the " a c t i v i t y  prod- 
uc t s , "  given elsewhere in their text, somewhat higher 
p H  values would have been obtained. 

While these theoretical values confirm the region 
in which these neutral izations must  be cffected, they 
are not a pract ical  guide to actual t i t ra t ions under  
laboratory  conditions, using the glass and calomel 
electrode system. The figure for  the lower endpoint  
is in close agreement  with that  obtained in practice 
but  that  for  the uppe r  endpoint seems considerably 
higher than  that  found in the present  investigation. 

Present Work 
In  connection with some other investigations con- 

ducted in our laboratories in 1946, a potentiometric 
t i t ra t ion was made on pure  monosodium dihydrogen 
orthophosphate,  NaH~PO~, extending the curve in 
both directions by  use of s tandard  acid and base 
solutions. In  order to fix the p H  values of the lower 
and uppe r  inflection points more precisely than by  
the usual method of inspection, resort  was had to dif- 
ferential  plotting. I f  A p H  is the change in p H  pro- 
duced by  a small addition, ~ T, of either acid or 
base, then the ratio / k p H / A T  will pass through a 
max imum at a point  of inflection on a curve ob- 
tained by  plotting, as a positive ordinate, all values 
of A p H / A  T, without regard for  sign, against  the  
p H  of the solution as abscissa. The result ing curve 
is shown in F igure  2. Note that  the maxima for  
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A pH/A~T occur at  p i t  values of 4.2 and 8.7, which 
mark  the inflection points corresponding to format ion 
of NaH~PO~ and Na,  H P Q ,  respectively. I t  is prob- 
able that  variat ions of concentration and tempera ture  
will affect the p H  location of these maxima,  and their  
employment  as fixed points will require fa i r  main- 
tenance of constancy for  these variables. 

These values were confirmed by  t i t ra t ion curves 
obtained by  the same method on a sample of sodium 
tr ipolyphosphate,  NasP30~o , af ter  p re l iminary  hydrol- 
yms to orthophosphate by  boiling in acid aqueous so- 
lution. I t  should be emphasized that  these curves, 
and the inflection points  determined f rom them, were 
made f rom data obtained by  use of a single p H  meter. 

In  1949, O. T. Quimby,  in an unpubl ished tech- 
nical report ,  suggested tha t  total P205 could be de- 
termined in mixtures  of sodium phosphates and in 
phosphate built  synthetic detergents, by  acid hydrol- 
ysis to the orthophosphate form followed b y  potentio- 
metric t i t ra t ion between the inflection points at about  
p H  4 and p H  9. He called this proposed method the 
" t w o  endpoint  me thod , "  a terminology which has 
been accepted and is used throughout  the Procter  
and Gamble Company. Acknowledgment was made 
to previous work by  van Wazer  (10), who had re- 
ported success with this method in the analysis of 
condensed phosphates. 

By coincidence, at almost the same time and en- 
t irely independently,  experiments  had been initiated 
in another  department ,  utilizing the same two end- 
point principle, bu t  t i t ra t ing to the 4.2 and 8.7 p H  
values previously determined by  differential plot t ing 
of potentiometric t i t ra t ion data. Over a period of 
several months, results were accumulated which justi- 
fied the incorporat ion of this method in our S tandard  
Analytical  Methods for Control and Cost Accounting. 
With a few minor modifications the two endpoint  
method has been in daily use b y  all of our  control 
laboratories as. well as by  the analytical  laboratories 
serving our research,  development, and products  re- 
search organizations for a period of near ly  three 
years. I t  should be emphasized that  in the Procter  
and Gamble Company it is now a Standard method 
subject to check and audit  by  regular  submission of 
cooperative samples upon which a single analysis only 
is made and reported. 

One of the modifications is a slight change in 
p H  o f  the endpoints. A recent comparis.on in 13 
of our control laboratories, using three samples of 
commercial condensed sodium phosphate, has shown 
the advisabil i ty of a change f rom the 4.2 and 8.7 
p H  values to 4.3 and 8.8. The spread, or difference 
m p H  through which the t i t rat ion is performed,  re- 
mains 4.5 however. In  obtaining the revised values, 
three different types of p H  meter  were used. Each 
was adjusted to 4.0 p H  by  use of a s tandard  buffer 
and corrections were made for deviations f rom 7.0 
to 10.0 p H  buffers. F o r  each 0.1 p H  unit, in the 
region under  examination, an average A p H / A T  was 
calculated across the board. Only one individual  lab- 
oratory exceeded 0.2 p H  f rom the mean p H  value 
of the maxima, and that  was 0.3 in a total of 78 max- 
ima computed. 

Total P~O~--Two Endpo,int Method 
Principle : All of the phosphate present is converted, by acid 

hydrolysis, to the ortho form and t i t rated between pH 4.3 and 
8.8. NaOH ~ P20~/2. 

Applicable to any species of alkali metal phosphates free 
from interfering ions. May be used for analysis of soap and 
synthetic detergent builders if the sample is properly prepared. 

h. Apparatus 
1. Electrometrie titration apparatus, equipped with glass 

and calomel electrodes. Any standard pII meter, capable 
of performing titrations accurate to ~ 0.1 ptI, is suitable. 

2. Gas burners, preferably of the chimney or Argand type. 
3. Muffle furnace, with suitable pyrometer and controls for 

maintaining temperatures up to 550°C. 
4. Evaporating dish or large crucible, of porcelain or silica. 
5. Motor stirrer, air or electric. 
6. Beaker, 400 ml. 
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B. Reagents  

1. S tandard  NaOH,  0.5 or 1.0 N, carbonate free. Prepare  
and standardize accurately as described in A.O.C.S.  
1V£ethod H 12-52. 

2. Concentrated N a O H  solution, approx.  50% by weight,  
carbonate free. A more dilute solution may  be used. 
NaOH solutions must  be protected f rom carbon dioxide 
contamination.  

3. Concentrated HC1, sp. gr. 1.19, reagent grade. 

4. Mixed indicator (Optional)  
(a) 32 ml. methyl orange- -0 .05% in water. 
(b)  32 ml. phenolphthale in--0 .50% in 50% alcohol. 
(e) 8 ml. thymol blue---0.04% in water.  
(d) 4 ml. methylene blue--0 .10% in water. 
(e) 24 ml. a lcohol--95% No. 3A or No. 30. 

The individual components are stable indefinitely. 
The mixed indicator should be prepared at least 
weekly. 

In practice 3 ml. of this mixed indicator are used 
in a final volume of approximately 250 ml. of solu- 
tion to be titrated. The lower endpoint is taken as 
the first change from gray  to a definite green; the 
upper endpoint is the change from pink to a bright 
purple. 

C. Procedure 

P R ~ T I O ~  O~ St~MPLE 
a)  Commercial sodium ov potass ium phosphates  need no spe- 

cial prepara t ion  except solution in distilled water. Weigh a 
por t ion of the well mixed sample to the nearest  0.001 g., t rans-  
fer  directly to a 400-ml. beaker, and dissolve in about  100 ml. 
distilled water.  Neutralize to l i tmus paper  with conc. I-IC1 and 
add 10 ml. excess. The optimum size of sample is given by the 
formula  : 

280 × t'¢ 
Grams sample - -  % P205 expected 

N ~ normal i ty  of N a O I t  to be used in t i t ra t ion  

b)  Soap products  may be analyzed by using the filtrate f rom 
the SIO~ determination.  Use care not  to exceed the sample 
weight prescribed above. Alternatively the sample may  be pre- 
pared as described in the p a r a g r a p h  to follow. 

c) B u i l t  s yn the t i c  products  may be analyzed by using the 
alcohol insoluble port ion,  but  the following procedure is more 
rapid  and quite as accurate. Weigh a sample, of size chosen 
by the formula  above (but  do not  exceed 10 g.) to the nearest  
0.001 g. Place sample in a porcelain or silica evaporat ing dish, 
or large crucible, and ignite gently over a low gas burner  
unti l  most  of the volatile combustible mat te r  is burned off. 
Trans fe r  to a muffle, operated at  not  over 550°C., for  10 to 15 
minutes. The ignited residue need not  be free f rom carbon 
and usually is of a grayish color. Cool and add cautiously 
10 ml. cone. tIC1. Evapora te  to dryness, take up with 50 ml. 
distilled water,  10 ml. cone. tICI, and t r ans fe r  to a 400 ml. 
beaker. 

OPER,kTION 
1. Each solution in a 400-ml. beaker, prepared as described 

above, should have a volume of about  100 ml. and contain an 
excess of at least 10 ml. cone. HC1. Cover with a watch glass 
and boil gently fo r  30 minutes. Cool to room tempera ture  
(20°-30°C.).  

2. Dilute to 200-ml. volume, place on electrometric t i t ra t ion  
s tand and neutralize to 4.3 p tL  Most of the neutral izat ion 
may  be made with 50% N a O H  solution, but  final ad jus tment  
should be made with the s tandard  N a O H  to be used in t i t ra-  
t ion (0.5 or 1.0 N ) .  Cool again, if  necessary, to main ta in  tem- 
perature  below 30°C. Now t i t ra te  carefully to the 8.8 p H  upper  
endpoint recording the t i t ra t ion between endpoints as " T . "  

NO T~: The mixed indicator may be used for  this t i t ra t ion  
bu t  with some small sacrifice of accuracy. I f  the samples have 
been prepared by the ignit ion method, they must  be filtered 
and the paper  washed thoroughly,  a f te r  the acid hydrolysis,  as 
particles of carbon obscure the visual endpoint.  The color 
changes can be checked by comparison with p H  meter  readings 
to acquire fami l ia r i ty  with the exact shade required. :For 
greates t  accuracy, t i t ra t ion with a pH meter is recommended. 

D. Calculations 
T X N X 7.098 

%Tota l  P~O~ = Weight  of sample 

INTEI%PEREIN CE:S 
Heavy metals, such as Fe, A1, Ca, Mg, etc., which will pre- 

cipitate, either as insoluble phosphates  or hydroxides, before 
the upper  endpoint is reached, of course will interfere. Inter-  
ferenee also occurs if  borates,  sulfites, carbonates,  or other 
buffering materials are present.  The last two and much of the 
borate will be expelled during the acid hydrolysis boil. NH~, 
or other weak bases also will interfere.  The most common 
interference is f rom silicic acid. Exper iment  and experience 
in analysis of spray-dried synthetics, have shown that  unless 
the ratio of % S i O # %  P~05 approaches or exceeds 0.2, the in- 
terference by silicates will be so slight tha t  it may be neglected. 
La rge r  amounts  must  be dehydrated and removed by filtration 
during prepara t ion  of the sample. (See Tables I and I I ) .  

TABLE I 
Effccb of Si02 on % P2Os. (% SiOs --= 4.0) 

SiOz SiO~ 
Present Removed 

Synthetic A. 
Lab. 

1 .............................................................. 
2 .............................................................. 
3 .............................................................. 
4 .............................................................. 
5 .............................................................. 
6 .............................................................. 
7 .............................................................. 
8 .............................................................. 
9 .............................................................. 

Average ........................................................ 
High ........................................................... 
Low ............................................................ 
Sprea d ........................................................ 

Ratio % Si02/% P..,05 ---- 0.155 

Synthetic B. 
Lab. 

1 .............................................................. 
2 .............................................................. 
3 ............................................................... 
4 .............................................................. 
5 ............................................................... 
6 .............................................................. 
7 ............................................................... 
8 .............................................................. 
9 .............................................................. 

Average ......................................................... 
High ........................................................... 
Low ............................................................ 
~pread ........................................................ 

Ratio % SiO._./% P_~O~ ---- 0.139 

25.77 
25.76 
25.84 
25.88 
26.00 
25.69 
26.01 
25.69 
25.48 

25.79 
26.01 
25.48 

0.53 

28.46 
28.53 
28.39 
28.72 
28.84 
28.53 
28.86 
28.68 
28.53 

28.62 
28.86 
28.39 

0.47 

25.77 
25.83 
25.84 
25.95 
26.14 
26.26 
26.01 
25.77 
25.74 

25.92 
2'6.26 
25.74 

0.52 

28.39 
28.46 
28.60 
28.65 
29.13 
29.39 
28.86 
28.53 
29.39 

28.82 
29.39 
28.39 

1.00 

TABLE ]I  
Effect of SiO~ on % P.oO~--Aqueous Mixtures of 

Sodium Silicate and Na2HPOt 

% Apparent Pc05 Acid Hydro- Ra£io % SiOJ 
No Treatment lyzed %PeO~ 

49.98* 50.13" 0.0 
50.55 50.84 0.1 
50.87 51.27 0.2 
52.77 53.24 0.5 
53.41 56.41 1.0 

* Theoretical percentage = 49.99. 

Results Obtainable 

As previously stated, this method with t i trat ion be- 
tween 4.2 and 8.7 p H  has been in daily use in Proc- 
ter  and Gamble Company laboratories for nearly three 
years. I t  has been used on all of the types of materi- 
als indicated, especially in the analysis of phosphate 
built  synthetic detergents. Tables I I I  and IV show 
some of the results achieved. These are all single de- 
terminations in different laboratories with different 
apparatus,  reagents and analysts. The standard de- 
viation on samples of built  synthetics, i n  the range 
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T A B L E  I I I  

Coopera t ive  A~a lyses  of Bu i l t  Syn the t i c  D e t e r g e n t  

% A p p a r e n t  Total  P~05 

Lab.  Molybdate  I 2 E P .  
i 

1 26.85 I 27.19 
2 27.99 ] 27.62 
3 27.33 ] 27.63 
4 27.93 I 26,97 
5 27.15 27.25 
6 27.15 27.04 

Lab .  Molybdate  

27.46 
8 27.30 
9 27.15 

10 27.40 
11 27.31 
12 27.20 

2 E P .  

27.11 
28.10 
27.11 
27.53 
27.29 
28.00 

A v e r a g e  Molybdate  ....... 27.35 A,verage 2 E P  .............. 27.40 
H i g h  :Molybdate ............ 27.99 H i g h  2 E P  ................... 28 .10 
L o w  Molybdate  ............. 26.85 L o w  2 E P  .................... 26.97 
S p r e a d  ~[olybdate ......... 1 .14 Sp read  2 E P  ................ 1.13 
S t a n d a r d  n e v  ............... 0.38 S t a n d a r d  D e v  .............. 0 .39 

T A B L E  I V  

Cooperat ive  Ana lyses  of Bu i l t  Synthe~,ic D e t e r g e n t  

% Tota l  P 2 0 ~ - - T w o  E n d p o i n t  Method  

Lab .  L a ~  
1 ............................. 26 .57 .......................... 26 .26 
2 ............................. 26.41 26.48 
3 ............................. 26.41 ::::::::::::::::::::::::::: 26.83 
4 ............................. 26.55 lO .......................... 26.33 
5 ............................. 26 .69 11 ...... . ................... 26.75 

6 ............................. ~6 .7 ,  :::::::::::::::::::::::::::: 26.36~6"a9 

A v e r a g e  ................................... 26.48 
H i g h  ........................................ 26.75 ; low 26.26 ; s p r e a d  0.49 

I Z d  2 
S t a n d a r d  devia t ion  : ~ n ~ l - -  1 "~- 0.16.  

Accepted  s t a n d a r d  devia t ion  fo r  two endpo in t  me thod  ~ 0.32. 

f rom 25 to 30% total  P205, ha~ been found  to be 
0.32 v s .  0.60 by  the method employing alkalimetric 
t i t rat ion of the washed yellow phosphomolybdate  pre- 
cipitate, which was the procedure previously in oper- 
ation. The two endpoint  method offers a substant ial  
reduction in the time required for  analysis. F rom the 
best estimates obtained it is believed that  a 50% re- 
duction in elapsed time nlay be realized, with an even 
greater  saving in the personal at tention required. 
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Report of the Referee Board 
1953-1954 

F OR the year  ending May 31, 1954, 41 Referee 
Chemists were appointed. Thirty-five were re- 
newals, and 26 were given certificates on cotton- 

seed, oil cake and meal, and f a t ty  oils. Thirteen held 
restricted certificates either f rom choice of applica- 
tion or by  the discretion of the Board. The chemists 
are located in 12 states and 25 cities and represent  21 
different labora tory  organizations. 

Dur ing  the 1953-54 period the Board saw fit to 
suspend one chemist on the basis of factual  informa- 
tion that  his results were not of an accuracy expected 
of Referee Chemists. 

The mat te r  of qualifications, specifically educational, 
again arose dur ing the period. I t  was the consensus 
of the Referee Board (not unanimous)  that  an active 
member  could qual i fy without the possession of a de- 
gree in chemis t ry  or chemical engineering f rom an 
accredited college or university.  The mat te r  was re- 
fer red  to the Governing Board by  your  chairman. I t  
was the consensus of the Governing Board that  the 
Referee Board could not require an active member  to 
possess said college degree under  Article V, Section 5, 
of the constitution and by-laws. Two chemists with 
many  years of experience were certified as a result  of 
this decision. 

The 1953-54 Referee Board, cognizant of factors 
that  will necessitate the replacement of some veteran  
members  of the Board, feel duty-bound to offer some 
recommendations for the guidance of fu ture  Boards, 
v i z .  : 

1. The Board urges a revision of Article V, Sec- 
tion 5, of the constitution and by-laws. This qualifi- 
cation should be wri t ten in a manner  so clear tha t  

only one in terpre ta t ion is possible. The 1953-54 Board 
feels that  the possession of a degree in chemistry or 
chemical engineering f rom an accredited college or 
univers i ty  should be a basic requirement  for  Referee 
certification. 

2. The l abora to ry  of a new appl icant  should  be 
inspected by  a member  of the Referee Board or by  
two qualified members  of the Society before certifi- 
cation is granted.  The possession of approved equip- 
ment  is very  essential. 

3. New applicants should be personally interviewed 
by  the Referee Board or a Board member  to ascertain 
his or her fitness for  certification. Attendance at the 
spring meeting of the Society by  prospective appli- 
cants would facil i tate this phase. 

The Referee Board urges prospective appl icants  to 
par t ic ipate  in the Smalley check sample program.  
Per formance  on the check samples has a considerable 
bearing on our decisions. 

R .  R .  K I n G  PROC'~E~ T E O , ~ S O N  
G.  CON NE~ H]ENR,Y R . W .  B A T ~ S ,  
A .  S.  R I C H A r ~ S O , ~  c h a i r m a n  

Addenda 

I N passing, your  chairman would like to pay  tr ibute,  
on beha l f  of the Society, to a veteran member  of 

the Referee Board,  who has indicated his intention 
of re t i r ing f rom active par t ic ipat ion in the Board ' s  
activities. 

Dr. Richardson has served on the Referee Board 
for  23 years, most of this service has been as chair- 
man. The amount  of energy, patience, and time he 
has expended in this impor tan t  Society act ivi ty has 
been tremendous.  The Society is deeply grateful  for 
his efforts and t ru ly  wishes him well. 

R ,  W ,  BAT'~S 


