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An abso lute meth od was developed for th e de te rmin a tion of boric ac id by coulometri c titrim etry. 
The precis ion of the method , expressed as th e s tandard de viation of a s ingle de te rmin ation is 0.0033 
pe rcent. C ha nges in the inves tigated titration param ete rs produced no s ignifi cant effects on the titra­
ti on res ult s. Indica tions are tha t within th e un certainty of measure me nt s the method is b ias free. 
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1 . Introduction 

The National Bureau of Standards conducts a great 
deal of research towards es tabli shme nt of absolute 
standard s in all areas of the meas ure me nt field . One 
ar ea whi ch enables analytical quantification of c he m­
ical property on the absolute basis is coulometry. 
For thi s reason, ove r a number of years, an intense 
effort has been made to develop methods for precise 
analysis and to test the accuracy of these methods 
[1- 5].1 This paper is one of a series of articles on th e 
de velopme nt of pre cise coulometri c methods and their 
application to characterizati on of high purity standard 
refere nce materials (SRMs). 

The expanding use of boron and its compounds in 
nuclear technology a nd th e NBS program concern ed 
with the issuance of an SRM for ne utron flux monitor­
in g necessitated the de ve lopme nt of a method for the 
prec ise and acc ura te determination of thi s eleme nt. 
The most wid ely used method for the determination of 
milligram amounts of boron involves titration of boric 
acid in the presence of a polyol [6], usually mannitol. 
However, thi s method is somewhat empirical in nature , 
particularly with res pect to the amount of polyol re­
quired for titration and moreover, is generally precise 
to only a few parts p er thousand. Le Duigou and Lauer 
recently re ported a procedure for the coulometric 
de termination of boron [7]. Their precision for l50-mg 
samples of boric acid was on the order of 0.02 percent. 
Thus, th e method appeared promising from the stand­
point of precision, but th e di s turbin g fact is that these 
authors found a discrepancy of 0.1 percent between the 
co ulome tri c valu e a nd the va lue obtain ed by con­
ventional acidim e tri c titration . Referring to the coulo-

*Prescnl ~Iddr~ss: \I c thods Hesear('h and Tec hni(' a l Service Divi s ion. Eastrnan Kodak. 
Hochesle r, New York 14603. 

I Figures in brackets indicat e lit erature refe rences at th e end of thi s paper. 

metri c me thod , th ese authors concluded that further 
studies are necessary to improve its accuracy. This 
conclusion alone was s ufficient to a rouse our inte rest 
in the coulometri c behavior of the sys tem, particularly 
from the s tandpoint of poss ible sources of error which 
apparently have not bee n ruled out in th e coulometric 
inves tigation s of Le Duigo u and Lauer. 

We therefore undertook inves tigati on of th e e ffects 
of various titration parameters on the coulometric 
analysis of bori c acid complexed with mannitol. 

2. Gene ral Considerations 

The princ ipal material investigated was boric acid , 
SRM #951. The analysis of thi s material by e mission 
s pectroscopy indicated that total me tallic impurities 
did not exceed a few parts per million. 

Reagent grades of KCI and mannitol were used for 
the preparation of the supporting electrolyte. Titrations 
of small amounts of HCl (20-30 p,eq) showed that the 
neutrality point of 1M KCl containing mannitol is at 
pH = 6.98. Consequently, in all experim ents, small 
amounts of HCl were added to the electrolyte to facili­
tate removal of CO 2 by nitrogen purging, and the 
electrolyte was pretitrated to neutrality before the 
addition of the investigated boric acid sample. 

3. Apparatus a nd Procedure 

3 .1. Appara tus 

The instrume ntation, a pparatus, and acidimetri c 
procedure used in our laboratory have bee n described 
previou sly [8] . The coulo me tri c cell used in these 
analyses is shown in fi gure 1. The co nstant-curre nt and 
timing facility e nables measure me nt of charge passed 
through the cell with an accuracy of a few parts in 
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FIG URE 1. CouLometric titration cell for boric acid analysis. 

106 . The mass of samples is meas ured with an ac­
curacy of 0.003 rng by substitution weighing on a 20-g 
capacity microbalance. The end point of titration is 
determined pote ntiometrically using a pH meter and a 
glass-calomel combination electrode . The readability 
of the pH meter is 0.001 pH unit. Although the ac­
curacy of the pH measurement is not very significant 
since a differential procedure is used and the inflec­
tion point is taken as the equivalence point, the pH 
meter was regularly standardized against NBS pH 
6.865 phosphate buffer (SRM #186Ic and SRM 
# 186IIb). 

3.2. Procedure 

In our previou s procedures, the acid was titrated at 
high current (100 rnA) for a precalculated period of 
time to bring the system very near to the end point, 
followed by the passage of small charge increments at 
lower current. After passage of each charge increment. 
pH was measured and the inflection point on the 
potentiom etric curve was established graphically 
using a ~pH/~C versus C plot. In such a procedure . one 

- titrates s ignificantly beyond the inflection point. The 
final pH change. due to rinsing of cell walls, cell cover 
and intermediate compartments, takes place on that 
portion of the potentiometric c urve. the slope of which 
is significantly lower than (~pH/~C)max' Thus . the 
estimate of the correction due to final rinsing is not as 
accurate as it could be if it were measured in the region 

close to (~pH/~C)max' However, in such a procedure, 
one cannot stop the titration in the immediate vicinity 
of the inflection point without jeopardizing the accuracy 
of the evaluation of (~pH/~C)max' To satisfy both of 
these conditions, the titration procedure was modified. 

It was found in a few preliminary experiments that 
the boric acid used was very close to stoichiometric 
H 3 B0 3 • Consequently 100.00 percent of the precalcu­
lated number of coulombs, necessary to reduce all of 
the hydrogen ion which is delivered into the cell with 
the boric acid sample, was passed through the cell. The 
cell walls, top and intermediate compartments were 
rinsed until no significant change in pH (within 0.003 
pH units) was observed, and the final pH of the solution 
was recorded. Since the acid was close to stoichio­
metric H :IB0 3 , this pH measurement was made in the 
(~pHI ~C)max region and thus in the region of maximum 
sensitivity. To determine the difference (in coulombs) 
between the pH at this final rinse point and the pH at 
(~pH/~C)max' a small amount of hydrochloric acid 
(10-20 fLeq) was added to the cell and the regenerated 
boric acid was retitrated differentially to establish pH 
at (~pHI ~C)m ax ' This process can be repeated several 
times to improve the evaluation of the inflection point 
(9). In practice, then, a correction of a few thousandths 
of a percent is applied at the end of the titration for the 
difference between the final pH and the pH at the 
inflection point. 

The procedure can be clarified by considering a 
specific example. A sample of boric acid, contained in 
a polyethylene boat and weighing 0.599207 g (vacuum 
corrected weight), was delivered into the cathode com­
partment of the coulometric cell containing 100 ml of 
1M KCl-0.75M mannitol supporting electrolyte which 
had been previously pretitrated to neutrality point. 

After passage of the precalculated charge of 935.204 
C at 101.7840 rnA, the current was interrupted, the 
intermediate cell compartments were rinsed, and a 
final pH reading of 8.234 was observed. A few drops of 
O.lN HCI were added to the cathode compartment 
whereupon the pH of solution dropped to 7.567. Equal 
charge increments (0.100 C) were passed through the 
cell at 10.178 rnA and the pH was measured following 
passage of each incre ment. The data obtained are 
shown in table 1 and figure 2. 

The inflection point occurred at pH = 8.095 (point A 
on the graph). The pH at the completion of the passage 
of charge through the cell at high current was 8.234 
(point B on the graph), corresponding to an overtitra­
tion of 0.178 C. Thus, it is necessary to correct the 
total charge by -0.178 C, and the number of coulombs 
equivalent to the delivered sample of boric acid is 
935.026 C. By Faraday's law this corresponds to 9.69069 
meq of acid or the weight of boric acid of 0.599205 g. 
Since 0.599207 g of the acid was weighed out, the assay 
of the material found in this titration is 99.9997 weight 
percent H :IB0 3 • 

In an earlier communication the error which resulted 
from the difference between the inflection point and 
the equivalence point in coulometric titration of boric 
acid was evaluated [9]. It was found that when cK" is 
10 - 9 , the error is 0.003 percent, and for larger cKa it is 
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TABLE 1. Determination of the end-point m couLo­
metric titration of boric acid 

Cha rge . C pH ~pH /~C 

0 .000 7. 567 0.48 
.100 7.615 .54 
.200 7.669 .60 
.300 7.729 .63 
.400 7.792 .73 
.500 7.865 .77 
.600 7.942 .83 
.700 8.025 .85 
.800 8. n O .85 
.900 8.195 .77 

1.000 8.272 .69 
1.100 8. 34 1 .72 
1.200 8.4 13 .67 
1.300 8.480 .62 
1.400 8.542 .57 
1.500 8.599 .52 
1.600 8.65 1 

correspondin gly s ma ller , as predi c ted by the Roller 
equa tion [10]. All of the s ubsequ e nt work was con­
du c ted und er the conditi on whe n cK,, :P 10- 9 and thus 
th e e rror due to thi s source is negli gibl e. 

4. Experimental Variables 

It was pointe d out above Ih a t th e in ves tiga ti on of Le 
Duigou and Lau e r 171 ra ised the qu es ti on as to the ac­
c uracy of coul o me tri c titrat ion of bori c ac id . Th e re 
a re two ways of exa mining thi s proble m. Firs t. and the 
simples t, would be to titra te bori c ac id of kn own 
s toichiome try. U nfortun a te ly mate ri a ls of s toic hio me try 
known to a th ousandth of a pe rce nt a re not avail a bl e . 
The secon d me th od w() uld be a n indirec t one , in vo lving 
a s tud y of a ll known sources of poss ible sys te matic 
e rror. Of necess it y _ th e second pa th was fo llo wed. 

T o de term in e the na tu re of the effec t o f va rious 
tit ra ti on pa ra me te rs _ eac h of th e m was va ri ed ove r the 
des ire d ra nge a nd th e obse rved e ffec ts a re re ported in 
the foll ow ing di sc uss ion. 

The accuracy of cou lome tri c ac idim e tr y conduc ted 
in 1M KC I med ium has bee n tre a ted ea rli e r [1. 8. 111. 

I n titra ti ons of bo ri c acid . howe ve r , the s upporting 
e lectrolyte . in additi on to po tassium c hloride . mu st 
also cont a in ma nnitol. It was the re fo re necessa ry to 
de te rmine if th e ma nnitol has a ny e ffec t on the e lec tro­
c he mi ca l reac tio n a t th e pl a tinum ca thode . T o in ­
ves ti ga te th e poss ible int e rfe rCll ce of ma nnitol in the 
coulome tri c rea c ti on. I-I C I so lution, s ingle c rys tal 
oxa li c ac id d ih yd rate . a nd ac id potass ium phth a la te . 
res pec tive ly. we re a na lyzed coulo me tri ca ll y in 1M KC I 
both with and witho ut ma nnit ol. This c ho ice of ac ids 
was made to cove r a ra nge of pl(" va lues whi c h would 
in c lude th e /)/(" of ma nnit obo ri c ac id (in 0. 75M 
ma nnito l, th e a ppa re nt K" of bo ri c ac id is 4. 17 X 10- °) . 

H ydroc hloric ac id so luti on was made by diluti on of 
re age nt grade co nce ntrated ac id in a one-lite r volu ­
me tri c fl as k to ap prox im ate ly 1M concentra ti on. The 
flas k was s top pe red with seru m rubber se ptum a nd 
ke pt be twee n use s in a 100 pe rce nt re la tive humidity 
atmos ph ere . Sa mples of thi s so lutio n we re aliquoted 
for analysis by we ight using the di s posa ble syringe a nd 
platinum hypode rmic needle as we ight bure t. The 
rubber septum . covering th e H C I solution, was pie rced 
by the hypodermi c needle and the required vo lume of 
solution was withdrawn by the ea rli er desc ribed 
procedure [1 2 1. 

O xa li c acid dihydra te was s ingle c rysta l mate ri al. 
grown in a mi xed acetone-wate r bath by the te mre ra­
ture dropping tec hniqu e r13 l. It is the s a me ma te ri a l 
whi c h was used in the de te rmin a ti on of th e e lec tro­
che mi ca l equ iva le nt and the fa raday r8 1. 

P otass ium hydroge n phthala te was NBS SRM #84h. 
11 was assayed co ulome tri ca ll y in 1M KC I by P aabo 
114 1. The da ta obta in ed by Paa bo is co mpared with our 
d a ta obt a ined in mannitol co nta ining elec t rolyte_ The 
res ult s of th e an a lyses of th ese ac ids a re s ummarized 
in ta ble 2, a nd wiJJ be di scussed in th e a ppropriate 
section of thi s pa pe r. 
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TABLE 2. Effect of mannitol on electrochemical reduc­
tion of H + at platinum cathode 

Acid 1M KCI 1M KCI+ 0.75M 
Mannitol 

Hydrochloric acid 1.05135 meq/g 1.05141 meq/g 
1.05131 1.05139 
1.05121 1.05132 
1.05138 1.05128 
1.05130 1.05141 
--- ---

Average 1.05131 meq/g 1.05136 meq/g 

s = 0.00007 s= 0.00006 

Oxalic acid 99.985 percent b 99.972 percent 
dihydrate " 99.985 99.987 

99.983 99.988 
99.987 99.991 
99.987 99.986 
99.983 
- - --

Average 99.985 percent 99.988 percent 

s = 0.001 s = 0.002 

Pot ass ium acid 99.995 percent 
phthalate. NBS 99.996 
Standard 99.989 
Reference 100.005 
Mat e rial 84h 99.999 

100.001 
---

Average ' 99.992 99.998 percent 

s = 0.006 s = 0.006 

it Single c rystal c hip s grown by J. L. Torgesen and J. Strassburge r fill . 
h This result is an outli er and thus excluded from cons ideration IF. E. Grubbs. Tec h­

nomc trics. II, 1(1969)1. 
~. The assay is the mean valu e uf 17 lilralions obtained cou\omclrica lly during the ana lys is 

of the mat erial for NBS certifi cation by M. P aa bo 11 41. 

The effect of mannitol on the strength of boric acid 
has been investigated quite extensively [15-22]. Much 
of this work can be summarized from the analytical 
standpoint as follows: (a) boric acid becomes stronger 
as the mannitol concentration increases; (b) in con­
centrated solutions, anomalous conductance values 
indicate association; (c) electrolytes in solution affect 
the boric acid hydrolytic equilibrium. Thus , as the 
concentration of mannitol increases, the end point 
pH of boric acid titration decreases, and the slope of 
the titration curve increases. However , it has not been 
established whether or not this has an influence on the 
stoichiometry of acidimetric reaction and consequently 
on the titration results. 

Accordingly, a number of samples of boric acid were 
analyzed in the following electrolytes: 1M KCI-0.25M 
mannitol; 1M KCI-0.75M mannitol; 1M KCl-1.05M 
mannitol (saturated). The data are shown in figure 3. 

In the investigation of the mannitol effect, the boric 
acid sample size was also varied as shown in the same 
figure. 

Most of the analyses of boric acid were performed in 
1M KCI-0.75M mannitol electrolyte, and consequently 
much more extensive data were obtained on sample 

size dependence of the assay in this medium. These 
data are summarized in table 3. 

Study of the behavior of the SRM boric acid which 
was used throughout this work indicates that this 
material is somewhat deficient in water. It was ap­
parently prepared under conditions which resulted in . 
the formation of small amounts of B 2 0 3 • This conclu­
sion is supported by the following evidence. Samples 
weighed directly from the original boric acid containers 
and permitted to sit in the room at 28 percent relative 
humidity for 30 minutes gained weight, as illustrated 
in table 4. The mean value of the percentage weight 
gains for six samples, in the indicated period of time, 
was found to be 0.008 percent. Analysis of the material 
after 30-min exposure to 28 percent relative humidity 
resulted in an assay of 100.005 percent, indicating that 
this treatment is still not quite sufficient to produce 
stoichiometric H 3B0 3 • 

Additional jnformation on the effect of the relative 
humidity of the environment on the stoichiometry of 
B 20:1-H 20 system at 25°C was obtained in controlled 
humidity experiments. Boric acid was initially exposed 
to room atmosphere (approx. 34% RH) for several 
hours , in the course of which the material absorbed 
water and approached stoichiometric composition. Sub­
sequently, boric acid was placed in controlled humidity 
environments_ After at least a four-day exposure to a 
controlled atmosphere with an occasional mixing of the 
crystals, samples were weighed out for analysis. The 
results of these analyses are shown in figure 4. It can 
be seen that in the 0 to 60 percent relative humidity 
range, the assay of boric acid remains constant and 
close to stoichiometric R1BO:1• Beyond 60 percent rela­
tive humidity, additional water is sorbed by boric acid, 
reaching a value of 0.02 percent (referred to the weight 
of stoichiom etric boric acid) at 90 percent relative 
humidity. 

It is thus concluded that exposure of this lot of boric 
acid to humid atmosphere is beneficial, in fact neces­
sary if one wishes to insure that stoichiometric H:1BO:1 
composition was achieved. Subsequently, the material 
is stable and can be stored at any humidity below - 60 
percent. Considering even drastic environmental condi­
tions , such as variation of humidity between 0 and 90 

100.01 ,--------,-----,----,----,-----,----,----, 

~ 100.00 
<I 
(j) 
(j) 

<I 

99.99 

o 

1 0 ~o (jil o 
(j 

o 

COMPOSITION OF SUPPORTING ELECTROLYTE 

o 1M KCI- 0.25M MANNITOL 

(j 1M KCI- 0.75M MANNITOL 

• IMKCI- 1.05M MANNITOL 

SAMPLE SIZE, meq 
14 

FIGURE 3. Effect of mannitol concentration and sample size on the 
coulometric titrations of boric acid. 
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TABLE 3. Analys is of boric acid in 1M KCl- 0.75M mannitol 

Sample Sa mple Sample Sample 
number size Assay , % Res idu als number s ize Assay, % Residu als 

(mg) (mg) 

I 271 99.9992 - 0.0001 28 200 99 .9993 0.0000 
2 304 100.0018 .0025 29 200 99.9990 - .0003 
3 304 100.0010 .00]7 30 200 100.0028 .0035 
4 639 99.9997 .0004 31 200 100.0005 .0012 
5 403 99.9993 .0000 32 200 100.0042 .0049 

6 640 100.0010 .0017 33 200 100.0020 .0027 
7 143 99.9988 - .0005 34 200 99 .9955 - .0038 
8 481 99.9990 - .0003 35 200 99.9975 - .0018 
9 670 100.0038 .0045 36 200 100.0037 .0044 

10 712 100.0030 .0036 37 200 100.0008 .0015 

11 642 99.9973 - .0020 38 200 99.9978 - .0015 
12 500 99.9989 - .0004 39 200 99. ~990 - .0003 
13 600 99.9889 - .0104 40 200 99.9941 - .0052 
14 600 99.9999 .0006 41 200 99.9983 - .0010 
15 600 100.0022 .0029 42 200 99.9992 - .0001 

16 600 100.0024 .0031 43 200 99.9998 .0005 
17 600 99.9978 - .001 5 44 200 100.0024 .0031 
18 600 99.9997 .0004 45 200 99 .9987 - .0006 
19 600 ]00.0010 .0017 46 200 100.0009 .0016 
20 600 99 .9983 - .00 ]0 47 200 100.0002 .0009 

2] 600 99.9964 - .0029 48 200 100.001 2 .0019 
22 600 100.0032 .0039 49 200 99 .9961 - .0032 
23 600 99.9910 - .0083 50 200 100.0042 - .0049 
24 600 99.9975 - .0018 51 200 100.0007 .00 14 
25 200 100 .0004 .0011 52 200 99.9973 - .0020 

26 200 99.9896 - .0097 53 200 100.0025 .0032 
27 200 99.9960 - .0033 54 200 100.0006 .0013 

Mea n 99.9993 percenl. 
Standard dev iation 0.0033 perce nl. 
95 percent co nfidence inte rval for th e mea n 0.0009 percent. 

percent, t.h e material changes its stoi chiometry by onl y 
0.020 percent. This probably occurs due to adsorption 
of water on polyc rystallin e bori c acid. 

In view of initial decrease of assay of this material 
when it was exposed to moderate humidity environ· 
me nt, its s tabilit y up to ca. 60 perce nt R.H., and further 
decrease beyond thi s hu midity , we conclude that the 
material equilibrated at 35 percent relative humidity 
is very close to stoic hiometri c H:!BO:! composition so 
far as HtO·BtO :! equilibrium is concerned. 

Though accurate acidimet.ric assay value has been 
obtain ed for the investigated H3BO:;, in many instances 

TABLE 4. Adsorption of water by boric acid 

Wt ofH "BO" 
Sample Initial wt after 30-min MVX ]O"g Change in 
number of H"BO" exposure to weight, percent 

28% RH 

1 1.351348 g 1.351484 g + 136 + 0.010 
2 1.340345 1.340394 + 49 + .004 
3 0.934555 0.934655 + 100 + .011 
4 1.685807 1.685968 + 161 + .010 
5 2.249267 2.249379 + 112 + .005 
6 1.343683 1.343823 + 140 + .010 

Average + 0.008 

the ele me nt of inte res t is boron. Sin ce ac idim etry is 
on ly a n indirec t method of assaying thi s mate ri a l [or 
boron , one mu st in fact prove th e corres pond e nce 
between the titratable H + and B. 

Th e presence of strong ac ids or metal borates could 
not be detected titrimetricall y below a few hundredths 

100.01 ,..----,----.,---,....---,------, 

100.00 Y------0--:...J.i.._.... 

~ 0 
e 
u 99.99 '" u 
li' 
0 
m 
u. 
0 

~ 
99.98 

Vl 
Vl 

TEMPERATURE: 25'C '" 
99.97 

o 20 40 100 

RELAT IVE HUMIDITY. % 

fIG URE 4. Effect of the humidity of the environm.ent on the assay 
of boric (Lcid. 

425 



of a percent leve l. Spectrographi c analysis revealed 
that the material is virtually free of metallic impurities 
(a few ppm le vel). Thus, it re mained to be proven that 
the titrated hydrogen ion is contributed totally by the 
bori c acid or to c orrec t the acidimetri c assay for the 
presence of th e c ontaminating acid or metal borates. 

To pe rform this task with a sen siti vity greater than 
that indicated above (a few hundredths of a percent), 
advantage was taken of the ten·fold increase in solu· 
bility of R \B0 1 betwee n 0 and 100 °C. Thus, th e 
contaminating acid or salt could be preconcentrated 
into the aqueous phase by recrystallization in a sealed 
bomb and the n the contaminating acid could be titrated 
coulom etricaJl y with a ten·fold greater "effective" 
sensitivity. 

The pH measure me nts on the "extracted" aqueous 
phase indi cat ed the prese nce of s trong ac id. Coulo­
me tri c de te rminations of thi s stron g acid show th at 
0.00055 ± 0.00005 percent of the titratable hydrogen 
ion in the original boric acid is furni shed by s trong 
acid, where the uncertainty fi gure re presents the 
stanc\ard devi ati on of the mean of th ree de termination s. 

5. Results 

The data presented in th e previous section of the 
paper can now be a nalyzed to see if it can shed some 
light on the qu estion of the exis tence or abse nce of 
signifi cant effect of va rious titration parameters on 
the analyti cal res ults. 

5.1. Effect of Mannitol on Electrochemical Reduction 
of H+ 

It was stated earli er tha t in order to es tabli sh 
wh ether mannitol affec ts the c urre nt e ffi c iency of the 
electroche mical r eaction 

H + +e~ 1/2 H2 

apart from its e ffect on bori c acid tltnmetry, three 
differe nt acid s were analyzed in 1M KCI supporting 
electrolyte and in a ma nn itol containing electrolyte 
(table 2). 

Th e precis ion of two se ts of analysis of hydroc hlori c 
acid in the two electrolytes are com parable (s tan dard 
de via tions are 0 .0064 a nd 0.0055 percent in 1M KCI 
and in 1M KCI + O. 75M mannitol, respec tively). 
On th e bas is of a S tud e nt 's t -test the difference of the 
means of th e two sets (0.00005 meq/ g) is not signifi cant 
even at the 10 percent le vel of s ignifi cance [23]. 

On th e basis of acid strength of th e three acids in 
table 2 , one would expect the prec ision of the de termi ­
nation of th e end point to be the highes t for HC I solu­
tion , and conseque ntly the overa ll prec ision to be the 
highes t for HCI titrations. Howeve r, the fac t that th is 
acid is aliquoted in the form of soluti on has an adverse 
effec t on the material handling process and it a p­
parently outweights the in creased precision of the e nd 
point. Thus, no overall improvement of the precision 
of res ults (in fact, some deterioration of precision in 
comparison with oxali c acid) is observed . Similar dif-

fi c ulties with handling HCI solutions were experienced 
earlier in this laboratory [1] and by other investigator s 
[11]. 

Th e next weaker acid to be titrated in th e two electro­
lytes was oxalic a cid. It was already mentioned that 
the purity of thi s mate rial was evaluated pre viously on " 
the basis of impurity analysis [8]. Its purity is 99.9871 
± 0.0015 percent , where the uncertainty fi gure repre­
sents an es timate of th e 95 percent confidence limits. 

The fir st titration res ult for the oxalic acid in manni­
tol containing elec trolyte is an "outlier." The difference 
be tween thi s titration result and th e combined mean 
is more tha n a factor of six greater than the pooled 
standard deviation. As such it is excluded from the c. 
mean of it s own set and from all consideration s of the 
effec t of mannitol on coulometric acidimetry. 

Th e two res ulting means (with and without mannitol) 
do not differ signifi cantly from each oth er and from the 
inde pe nde ntly e valu ated purity of th e acid (99.987% ) 
at the 95 percent confidence level. 

Similarly the con sideration of th e two titration sets 
for potassium acid phthalate re vealed no significant 
differe nce. 

Thus, eve n a pessimisti c outlook would indicate that 
mannitol has no effect on coulome tri c acidim etry at 
0.005 pe rcent level. The absence of any significant 
interaction be tween th ese three ac ids and mannitol is 
indi cated by the fac t that the pH of the in fl ec tion points , 
on the potentiometri c titration curves , obtained with 
the use of the glass-saturated calomel electrode sys te m, 
is virtually unaffected by the presence of mannitol. One 
can therefore con clude that under the experime ntal 
conditions e mployed in this work the reaction a t the 
platinum cathode is unaffected by the presence of 
mannitol. 

5 .2. Effect of Mannitol on Boric Acid Titrimetry 

The e ffect of mannitol on the results of analysis of 1 

boric acid was inves tigated in elec trolytes containing 
0.25, 0.75, and l.05M mannitol. From the res ults in 
fi gure 3 it is apparent that these analyses show no ) 
systematic difference among the results obtained in " 
the three media. 

In regard to the magnitude of the inflec tion point , 
a n electrolyte containing 1.05M mannitol is superior , 
however , its viscosity is rather high which presents 
some diffic ulti es in forcing thi s solution through the 
fritt ed glass di sks of the coulometric cell as well as in 
the homogenization of the solution during the course · 
of anlysis. Hence, as a matter of convenience the next 
lower con centration (0.75M) of mannitol was used 
throughout subsequent work. 

5.3. Effect of Sample Size on Boric Acid Titrimetry I 
I 

As indicated in fi gure 3 , boric acid sample size was 
varied along with con centration of mannitol. Examina­
tion of thi s graphical data shows no systematic effect 
of sample size on the assay. More exte nsive titration I 
data obtained in 1M KCl- 0.75M mannitol elec trolyte 
is shown in table 3. A least·square fit of thi s data to a 

426 



lin ear eq uation relatin g assay to th e sample size 
shows that the s lope of th e fitted c urve is not s ignifi­
cantly different. from zero. (Any value of the slope co m-

I puted by the method of leas t-squares is an order of 

f 
magnitude lower than the standard deviat.ion of this 
value.) Thus , th ere is no apparent sample size effect 

;J on th e assay of boric acid within the investigated range_ 
Earlier it was pointed out that boric acid of known 
purit y is not available for evaluating the overall ac­
curacy of the developed method. However, the absence 
of analytical bias due to composition of electrolyte 
and to sa mple size gives no reason to suspect the 
me thod of being inaccurate. As it is usually done, the 
precis ion of th e me thod can be expressed as the 
standard deviation of a single determination. On the 
basis of data in table 3, the standard deviation of a 

I single determination is 0.0033 percent. This es timate of 
precision is consistent with th e data of fi gure 3 and is 
of the same order as for ot her hi gh-prec ision cou lo­
me tri c meth ods re ported in th e lite rature [1- 5, 8, 11 , 
24, 25J. 

Moreover , the analysis of titration data in table 3 in 
the seque nce in which analyses were performed is 
shown in fi gure 5. It is apparent. that th e sequence of 
titration has no apparent sys te mati c effect on th e 
results. 

6 _ Discussion 

Colman and Rigdon [21] investigated the effects of 
various titration parameters such as th e ratio of manni­
tol to boric acid, variou s cations, ioni c strength and 
temperature on titration of aqueous solution of bori c 
acid with NaOH. Th ey attribute th e imprecision of t.h e 
method of titration to a fixed pH as being caused by t.he 
variation of all th ese pa'·am eters. Th ey point out that 
these variables can be adjusted so t.hat (pH) equi v occurs 
in 6.3- 9.2 pH range and reco mmend at leas t 16:1 mole 
ratio of mannitol to boron . 

3.75 - I I I I I-
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..J 
..: 
::> 
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<r 
0 -w . " . . . . 
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0 z 
..: 
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VI 

- 2.25 - -

-3.75 -
I I I I 1-

0 10 20 30 40 50 
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FI GUHE 5. Dependell ce o/assay on til ration sequence. 

*Standardizcd re sidual rep rese n ts the ralio of a res idual to the standard deviation 1..'1 
a single det ermination . 
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This investigation and the investigat ions carried out 
earlier [9 , 26] show that the unique behavior of thi s 
sys tem can be attributed totally to variable pK of bori c 
acid in mannitol media, caused by the formation of 
mannitol-borate complex_ All t.h e ot.her parameters 
(temperature, ionic strength, etc.) are mere ly re Aected 
as changes in the dissocia tion con s t.ant of bori c acid 
and the complexation equilibrium of borate wit.h manni­
tol. Needless to say, th en, if pK" of bor ic acid is vari­
able, the pH of the equiva le nce point and inAec t.i on 
point will be dependent on the concentration of ma nni­
tol in the solution as well a s on th e concentration of th e 
salt at the equivalence point. The variable pK" could 
be considered essentially unique for thi s syste m sin ce 
the number of acids which can vary the ir pK in aqueou s 
medium by addition of virt.ually in ert reagent in the 
acid-base hydrolyti c respec t is ra th er limited. On the 
other ha nd , th e change in (pH)e<lu i \' with concentration 
of th e sa lt produ ced as a res ult of ne utralization re­
action is, of course, inhere nt. t.o tit.ration of any weak 
ac id. 

The discourage me nt of Colm a n and Rigdon [21] 
with un ava il ab ilit y of standard bori c ac id and diffi c ult y 
of preparing material of know n stoic hiometry need not 
be the de te rre nt now to those interested in boron 
che mi s try s in ce virtua ll y s toic hiometric SRM boric 
acid of known Blo/BII ratio is now issued by the 
National Burea u of Standard s [27]. 

Th e e valuation of poss ible suspec ted so urces of 
sys t.e matic error in th ese determinations revealed no 
bias in the newly de veloped me thod. The precision of 
the me th od , expressed as a s tandard deviation of a 
s in gle de termination is 0.0033 percent. It can therefore 
be inferred t.hat th e di scre pan cy found by Le Duigou 
and Lauer be tween coulometric and conve ntional 
acidimetry of boric acid does not have its origin in 
coulometric titration, and is apparently not inherent 
to thi s syste m, since our in vestigations were condu cted 
under conditions which were similar to those used by 
these authors [7]. 

The developed method expands further the reper­
toire of the available precise and accurate methods of 
analysis and pprmits the assay of standard refe rence 
materials on the absolute basis thus reducing the 
possibility of propagation of errors . 

The developed high precision method e nables one to 
s tudy and systematize the sl1lalJ c hanges in the co m­
position of material as a function of various changes in 
the environment with the minimum number of titra­
tions. The developed method served as the s tarting 
point for the development of a prec ise method for th e 
analysis of micro samples of separated boron isotopes, 
which shall be described elsewhere_ 

7. Conclusions 

A coulometric method of high precision and ac­
curacy has bee n developed for assaying bori c acid. The 
imprecision of the method, expressed as a standard 
deviation of a sin gle determinat ion , is 0.0033 perce nt. 
The evaluation of all known possible sources of 
systematic error in these determinations suggest that 
the method is bias free. 



The method expands further the inventory of precise 
and accurate methods of analysis and permits assay of 
standard reference materials on the absolute basis , 
thus reducing the propagation of errors which is innate 
to multistage comparison methods. 

The authors are indebted to W. V. Loebenstein, 
J. Filliben, and B. L. Joiner, of the National Bureau of 
Standards, for statistical analysis and helpful sug­
gestions in the preparation of this manuscript. 
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