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STANDARD ADDITION METHOD FOR FREE-ACID DETERMINATION IN 
SOLUTIONS WITH HYDROLYZABLE IONS 

Elizabeth W. Baumann. E. I. duPont de Nemours & Co., 
Savannah River Laboratory, Aiken, South Carolina, USA. 

ABSTRACT 

The free acid content of solutions conta1n1ng 
hydrolyzable ions has been determined potentiometrically by a 
standard addition method. Two increments of acid are added 
to the sample in a 1M potassium thiocyanate solution. The 
sample concentration is calculated by solution of three 
simultaneous Nernst equations. 

The method has been demonstrated for solutions 
. . 13 + 3 + 3 + .2 + 4 + 2 + . h conta1n1ng A , Cr , Fe , N1 , Th , or uo2 w1t a 

metal-to-acid ratio of <2.5. The method is suitable for 
determination of 10 ~moles acid in 10 mL total volume. The 
accuracy is verifiable by reasonable agreement of the 
"Nernst" slopes found in the presence and absence of 
hydrolyzable 1ons. The relative standard deviation is <2.5 
percent. 

INTRODUCTION 

Accurate determination of free acid in the presence of 
hydrolyzable ions has been a continuing challenge throughout 
the nuclear processing industry and elsewhere. At the 
Savannah River Plant, the correct acidity must be established 
to enable successful extraction, ion exchange, and 
precipitation operations to separate and purify actinide 
products. Also, free acid content must be known for 
neutralization or destruction of nitric acid 1n waste 
solutions from these operations. 

In mixtures of a strong acid, such as HN03 , and salts of 
hydrolyzable metal ions, such as Al(N03 ) 3 or U02 (N03 ) 2 , 

i • j 



analytical determination of the strong acid content ("free 
acid") is complicated by the acid contributed to the system 
by hydrolysis of the metal ions: 

(1) Mn+ + mH 0 + M(OH) (n-m)+ + mH+ 
2 + m 

which leads to high values of free acid unless experimental 
conditions are imposed during the analysis that repress or 
eliminate the hydrolytic contribution. 

The general approach to the problem of free acid 
determination has been to add a reagent that will complex the 
metal ions so they do not hydrolyze. For example, addition 
of_fluoride has been used with varying degrees of success 
with titrations that neutralize the acid remaining. 

An additional tactic is to conduct only a partial 
neutralization, which avoids regions of low acidity where 
hydrolysis is enhanced. This approach can be implemented 
through Gran Plot titrations, 1 which consist of incremental 
additions of standard base and determination of pH after each 
addition. The data are converted to a mathematical form from 
which the equivalence point is determined by linear 
extrapolation. 

The method described in this paper proceeds one step 
further into the effort of inhibiting hydrolysis by keeping 
the medium acidic during the analysis. Known increments of 
standard acid (instead of base) are added, with potassium 
thiocyanate as complexant. Although calculations can be made 
by Gran Plot, the better approach 1s mathematical solution of 
simultaneous Nernst equations. 

DISCUSSION 

Basis of Method 

The rationale for choosing a method of standard addition 
of acid lies in minimizing hydrolysis by performing the 
analysis in an acidic medium. The appropriate pH range for 
each metal of interest can be deduced from the hydrolysis 
constants given in Table I. These constants are foe the 
first hydrolysis step [m=l in Equation (1)]. The pKh 

-corresponds to the pH at which 50% of the metal is 
hydrolyzed. With the exception of iron (which is made 

. tractabl~ because it is complexe~ by_ the thiocyanate added), 



the 1ons considered have acceptably low degrees of hydrolysis 
at pH 2-3. 

TABLE I 

Hydrolysis Constants and Thiocyanat~ Stability Constants 

First 

Metal Ion 
Hydrol~sis Constant; 
Log Kh 

Stability Constant of 
Thiocyanate Complex; 
Log Kl 3 . 

Al 3+ -5.0 

cr 3+ -4.0 1.87 

Fe 3+ -2.2 1.99 

Hg2+ -3.4 Kso = 10-19. a 

Ni 2+ -9.9 1.18 

Th4+ -3.2 '1.08 

uo2 
2+ -5.8 0.76 

Potassium thiocyanate was chosen as complexant because, 
as the salt of a strong acid and strong base, it will exhibit 
no buffering action. The stability constants for .the metal 
thiocyanates, included in Table I, show that thiocyanate is 
only a moderate complexant. 

General Procedures and Calcul'atign~ . ~ ~ 

A sample aliquot containing about 0.01 meq of free acid 
is added to 10 mL of 1M potassium thiocyanate solution, 
making the initial pH about 3. The potential of the initial 
solution, which contains v 1 mL of the sample of unknown 
concentration c 1, is measured wi~h __ a combination glass 
electrode and pH meter, giving ' 

(2) 

where V0 is the volume of 
slope, and E

0 
consists of 

potential of the system. 

the solution, S is the "Ne.rnst 11 

all constant contributions to the 
Then an increment (v 2 mL of HN0 3 of 

1.) 
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concentration c 2) is added, to change the potential about 20 
mV, to E2 : 

(3) 
COVO + C2V2 

E2 = Eo + S log Vo + v2 

This step 1s repeated to E3 with v 3,c 3: 

(4) 
coVo + c2v2 + c3v3 

E3 = Eo+ S log Vo+ v2 + v3 

The three simultaneous equations (2), (3), and (4), are 
solved for the unknowns E0 , S, and c 0 by iteration. We 
have made the computation with the ADDFIT program 4 on a 
PDP 15 computer and also with a program written for the 
Hewlett-Packard 67 calculator.a 

Quality of KSCN 

Impurities in reagent KSCN can affect the accuracy of the 
determination. Traces of acidic or basic impurities directly 
affect the results, inasmuch as the determination is made in 
dilute unbuffered acid solution. With five different lots of 
as-received reagent, two different vendors," recovery of acid 
varied from 40 to 99%. Titration curves for these KSCN 
solutions all showed a break at pH 4-5, suggesting a common 
contaminant, perhaps bicarbonate. 

Some KSCN reagent also contained an impurity that 
precipitated uranium and thorium, with attendant high free 
acid values. The impurity was identified as phosphate 
through analysis of the KSCN reagent'S and the uranium . 
precipitate by spark source mass spet:Lt·utueti:y and infrared 
spPr.t;romP.try. At this writingJ the best means to obtain 
phosphate-free KSCN, either by laboratory purification or 
vendor specification, is being sought. 

Demonstration of Method 

The method was developed and~d~monstrated throug~ 
analysis of 1M standard acid soluSions combined with 1M 
solutions of aluminum, chromium(III), iron(III), mercury(II), 

a W. H. Fellner, Du Pont Engineering Service Division, 
Wilmjnet.on, personal communication (1981). 
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nickel(II), thorium, or uranyl nitrate. The free acid 
content of these solutions was estimated independently by 
taking the difference between the metal ion content and the 
total equivalents of acid r·eleased from acid· cat ion. exchange 
resin by an aliquot of the acid-metal nitrate solution. 

In Table II, results by the standard addition method are 
compared with those found by the difference method and by the 
conventional neutralization titration in potassium fluoride. 
Agreement is satisfactory except for solutions that contain 

TABLE II 

Free Acid Content of 1-1 Metal-Acid Mixtures by Three Methods 

H+ Concentration, M 

Standard Additionb 
Set #1 Set #2 

Metal Detn. 
KF and Ion 

~ s ~ s Method Exchange 

H+ Only .492 58.6 .493 59.1 .494 .500 
Al 3+ .488 58.7 .502 59.1 .493 .503 
cr 3+ .517 59.2 .533 59.8 1.49 .522 
Fe 3+ .492 58.7 .523 60.6 .502 .518 
Hg2+ .520 58.9 .524 58.9 1.25 .532 
Ni 2+ .500 58.9 .505 59.7 .509 .526 
Th '++ .. 527 58.6 .550 60.0 .492 .551 
uo 2+ 2 .511 59.7 .4 78 58.3 .498 .507 

Simulated tfl 1.09 1.03 
(lM H+, 1. 5M 
UO 2+ 2M Al 3+) 2 ' 

Simulated #2 1.06 1.02 
(1M H+, .008M 
UO 2+ 2M Al 3+) 2 ' 

a Metal/Acin mnlP. ratio lS 1/1, 

b Pooled Standard Deviaton of c 1 ~i~ metal/acid mixtures: 
Set #1, 0.008; Set #2, 0.017. ~ 

~· .. :. :; . . . . .... .. ~.~ 
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chromium and mercury, for which the potassium fluoride method 
gives high results. Included in this table is the determi
nation of free acid in a "simulated dissolver solution" -the 
worst case for high concentrations of uranium and aluminum in 
SRP systems. 

Experiments performed by adding increments of standard 
acid to the metal nitrate solutions in 1M KSCN indicated that 
the free acid content of the metal nitrate solutions was not 
significant. Results from these experiments, Table III, also 
illustrate that for selected nitrates interference from 
hydrolysis is recognizable by abnormally high values of the 
computed slope. When the initial solutions contained added 
a~id, the slopes approached the Nernstian value and the free 
acid concentration of the metal ion solution (corrected for 
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added acid) was low and more or less constant. These 
experiments demonstrated that successful determinations in 
chromium and thorium solutions require initial free acid. 
The free acid method appears· generally applicable to 
solutions with acid/metal ratios )0.4. 
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