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SUMMARY 

Four methods for the precise determination of lithium hydroxide 
solutions have been compared : the acid-base titration with hydrochloric 
acid, the acid-base titration with benzoic acid, the weighing as sulphate 
and the weighing as carbonate. 

For the determination of a 0.1 M solution the agreement between 
the four results was better than 0.02 %. 
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INTRODUCTION 
The purpose of this study is the development of 

a method for determination of lithium with an accuracy 
better than 0.05 %· 
It can be seen from the literature survey, that lithium 
is normally determined by gravimetric or volumetric 
methods. The obtained precisions were generally a 
factor 10 to 100 too high for our purpose. 

By gravimetry, lithium was determined as sulphate 
1 2 3 4-567 8 
' ' ' phosphate ' ' ' , nickel- and zinc- uranyl-
4- 4. 9,10 11 . . 4. 12,13 

acetate ' , arsenate , periodate ' , and 14 aluminiumperiodate . For determinations of a few 
milligrammes of lithium, the precisions were of the 
order of 0.1 to 1 %. 

The volumetric methods are mostly indirect and 
are used after isolation of the lithium. 

After extraction of lithium chloride with 
2-ethyl 1-hexanol, the alcoholic phase can be titrated 
potentiometrically with silver nitrate with a precision 
of 0.16 % or according to the Volhard method 
Lithium sulphate solutions were titrated conductome-17 trically with barium hydroxide ' . 

After precipitation of lithium as periodate, a 
titration with standardized thiosulphate or arsenic 

Λ Pi 
is possible 

19 After a separation of heavy metals ' and 
20 

alkaline earth metals on ion exchange resins the 
total alkalis were titrated with precisions of 0.2 % 
with hydrochloric acid» Lithium salt solutions were 
also analysed by titration of Η liberated after 21 complexation with EDTA 

Traces of lithium are usually determined by 
22 23 24 25 

colorirnetry, using thoron ' ' and quinazolinazo 
as reagents. By spectrophotometry titration with 
1.3- dimethyl-violuric acid precisions of 0.3 to 1.5 % 
were obtained Manuscript rece ived on Ju ly 11 , 1967. 



Finally traces were also determined by polaro-
. 27Λ28,29 , „Ί v 30 graphy " ' and flame photometry ' . 

As a conclusion the methods which seemed us 
to be the most promising, provided that precise 
techniques are used and are applied to relatively 
pure solutions, were the acid-base titration of lithium 
hydroxide and gravimetry as sulphate or carbonate. 

A study of four methods - titration with 
hydrochloric acid, titration with benzoic acid, weighing 
as sulphate and weighing as carbonate - will give 
indications of the accuracy that can be expected for 
the chemical definition of a relatively pure lithium 
hydroxide solution. 



2 . PRINCIPLE OF THE METHODS 

The accurate determination of lithium hydroxide 
will be based on the combination of these four methods, 

The titration with hydrochloric acid is done 
potentiometrically, using a combined glass- saturated 
calomel electrode and a recording pH- meter for the 
end point localisation. Lithium hydroxide and hydro
chloric acid (about 20g of 0.1 M solutions) are 
weighed to 0.1 mg in weighing burets. The precise 
addition of reagents for the end point localisation of 
the titration is made with a calibrated microburet. 

The titration with benzoic acid is also done 
potentiometrically, using the same equipment» The end 
point is precisely determined by back titration of an 
excess of added lithium hydroxide. 

The two gravimetric methods are based on the 
fact that lithium sulphate and lithium carbonate are 
very stable and non hygroscopic salts. 

2 
According to C. Duval the thermogravimetric 

curve of lithium sulphate shows a horizontal section 
between 200 and 877°C whereas lithium carbonate is 
stable up to 428°C, so that they can be easily dried. 

Measurements were made of air temperature, 
barometric pressure and humidity during all weighings 
and the appropriate corrections for air buoyancy were 
applied. 
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3 . EXPERIMENTAL DETAILS OF METHODS 

3.1 » ^®_^2iÉz^§£E_UEi!E:5i2ii_iii!E^_iiZÉi!2cni2£ic Ë2èÉ 

3.1.1. îî££]î2É-2£_É2£ê£ïïi5?;£i22 
15 minutes before starting the titration, 

nitrogen (purity 99*999995 %) is passed through 
the empty titration cell in order to eliminate 
all carbon dioxide. 

A weighed quantity of about 20 g 0.1 M hydro
chloric acid is introduced into the titration 
cell and lithium hydroxide is added dropwise from 
a weighing buret. Thus during the major part of 
the titration time one has a large excess of 
hydrochloric acid in the cell and so the greater 
part of possibly present lithium carbonate is 
decomposed before the real end point determination 
begins. Lithium hydroxide is added until the pH 
reaches a constant value between 8 and 9 (excess 
of LiOH). The added quantity is also weighed to 
0.1 mg. 
Then, with a calibrated microburet, 2 to 5 droplets 
of 0.1 M hydrochloric acid are added, until the 
equivalence point is reached. The weight of one 
droplet was experimentally determined as being 
4.80 mg + O.I5 mg. After each addition of an 
acid droplet, one must wait about 20 minutes until 
the pH value is constant. To determine precisely 
the equivalence point of the titration one can 

31 interpolate by means of the following formula : 
(h2 - JX| ) 

Vf - V2 + (h2 - ILJ ) + (h2 - h,) 

Vf : weight of hydrochloric acid at the end point 
of the titration 



V"2 : weight of hydrochloric acid just one droplet 
before it. 

h2, hy| , h,. : differences in potential (in mV), 
resp. at the maximal potential jump, before 
and after it. 

s : weight of one hydrochloric acid droplet. 

3.1*2. ËÈË5:ÉËEÉ;i5Ë:ti°iè_0i_2l.l_i5_^iZÊÎ!22^Î2î!^-£ Ë^i^· 
0.1 M hydrochloric acid was prepared by 

dilution of HCl (d = 1 . 1 9 - analytical grade) with 
bidistilled water and standardized gravimetrically 
as silver chloride. Since photolytical decomposition 
of silver chloride can give errors reaching - 0.2 % 
the precipitation was sheltered from light. 
Precipitations were done on approximately 0.5 g 
silver, since L. Erdey indicates that for such 1 amounts the most accurate results are obtained 

3.1.2.1. The silver_chloride_method_for_the_determination 
of silver 
About 0.5 g of silver (purity: 99-99 %) is 
dissolved in 5 ml 2M nitric acid and diluted to 
125 ml with bidistilled water. After heating to 
approximately 70°C, one adds a slight excess 
(20 - 25 ml) of 0.2 M hydrochloric acid dropwise 
from a pipette, while stirring constantly. After 
storing for one night in a dark place, the solution 
is decanted through a glass fi It ex* crucible of 
pox'osity 3 to 4, the content of the beaker is 4 times 
washed with 12.5 ml 0.1 M nitric acid and then 
each time decanted again. The precipitate is 
transferred quantitatively to the filter crucible 
and again washed with approximately 50 ml 0.01 M 
nitric acid. 
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After drying for 30 minutes at 100°C and then 
for 1 hour at I3O - 150°C, the p rec ip i t a t e i s 
weighed. 

3 .1 .2 .2 . The_silver_chloridejnethod_f^ 
of_hvdrochloric acid 

5 ml 2 M n i t r i c acid i s added to about 40 ml of 
0.1 M hydrochloric acid and di luted to 125 ml with 
b i d i s t i l l e d water. 

After heating to approximately 70°C, one adds a 
s l igh t excess (20 ml) of 0.25 N s i lve r n i t r a t e 
solution dropwise from a p ipe t t e , while s t i r r i n g 
constantly. 
After s tor ing for one night in a dark place, the 
p rec ip i t a te i s washed, f i l t e r e d and dried as 
described above. 

3 .1 .2 .3 . §0lubiI i tv_effeets 
At 20°C 1 1 of pure water dissolves 1.43 mg of 
silver chloride. Since for the described silver
and hydrochloric acid determination methods 250 ml 
of solution are needed, the amount of dissolved 
silver chloride could be O.36 mg and this would 
give a systematic deviation of - 0.05 to - O.O7 %. 
An experimental difference corresponding to this 
value was found. 
Howevex* the following considerations make iv 
likely that this difference is more due to photolysis 
than to solubility effects: 

- In each experiment there was an excess of Ag or 
Gl~ ions, which reduce the dissolved quantity of 
silver chloride (1 liter 1 % hydrochloric acid 
dissolves 0.2 mg of silver chloride ). 

- It is not sure that during the washing step the 
precipitate reaches equilibrium with the solution. 
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- All solutions were acidified with nitric acid to 
avoid the formation of colloidal silver chloride. 
Values about the solubility of silver chloride 
in nitric acid could not be found. 

- Finally it seems that silver chloride precipitates 
can contain 0.02 % of water, which is only removed 
at approximately its melting point (445°C) 

3.1.2.4. Pbotolyj;ic_effects 

A series of silver chloride precipitates were 
weighed after 1 and 5 hours exposure to artificial 
light. After 5 hours constancy was reached. The-
difference with the theoretical quantity of pre
cipitate was - O.I5 %. 

3.1.2.5. Conelusion 

Since it seems very difficult to estimate precisely 
the corrections for solubility and photolytic 
effects, it was piefered to use Ag as a primary 
standard and to introduce an experimental correction 
of - O.O7 % on the AgOl determination. 
The hydrochloric acid determinations were always 
run simultaneously with silver determinations, 
assuming that a determination of chloride with 
silver gives rise to the same systematic error as 
a silver determination with chloride. 

3.2. The acid-base_titration_with_ben 

About O.35 g 99·98 % pure benzoic acid 
(NBS- titrimetric standard N° 350) is weighed to 
0.01 mg and dissolved in 20 ml absolute ethanol. 
After removing carbon dioxide from the titration 
cell, one neutralizes the benzoic acid with a 
weighed quantity of 0.1 M lithium hydroxide, until 
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the pH reaches a constant value between 9«5 and 

10. 

Then, the end point is precisely determined by 

back titration with 0.1 M hydrochloric acid as 

described in 3*1 « 

As the amount of hydrochloric acid added is only 

about 0.1 eq. % of the amount of benzoic acid, 

the possible systematic error of the back 

titration with hydrochloric acid instead of benzoic 

acid is practically negligible. 

The molarity of the lithium hydroxide solution is 

given by: 

m s
B . A .

 S
H C 1

 x M
HC1 

ñ
LiOH »

 + 

122.12 χ g L i 0 H g L i 0 H 

M-J-^QTT : molarity of lithium hydroxide 

Μττρ-ι : molarity of hydrochloric acid 

mg-n » : weight of benzoic acid (mg) 

S-ani :
 weight of hydrochloric acid solution (gram) 

g-r. Qu : weight of lithium hydroxide solution (gram) 

It is assumed that the density of the solution is 

exactly 1 in the formula used for molarity. 

3.3. ï^®_iiîîiiH5_ËUÎ2^ÈÉ_5®55:2É 

About 20 g of 0.1 M lithium hydroxide is 

weighed to 0.1 mg and quantitatively transferred 

to a platinum crucible. After addition of a 

calculated excess of concentrated sulphuric acid 

(about 0.2 ml) the solution is slowly evaporated 

and dried at 750°C until a constant weight is 

obtained. 
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3.4. The lithium carbonate_method 

65 to 75 g of a 0.1 lithium hydroxide solution 
is weighed to 0.1 mg and quantitatively transferred 
to a 200 ml teflon beaker. 
The hydroxide is then transformed to carbonate by 
passing during 1 - 2 hr a flow of carbon dioxide 
through the solution. 
The solution is then quantitatively transferred to a 
platinum crucible, evaporated carefully and dried 
at 350 - 375°C until constant weight is reached. 
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4. SYSTEMATIC ERRORS 

4.1. Influence_of„carbonate in the_lithium_solution_on the 
acid_base_titration_with_hvdrochloric acid 

When lithium hydroxide is in contact with the 
atmosphere it absorbs carbon dioxide. 
Since in the titration described in 3*1 » all the 
hydroxide is titrated first and then the carbonate, 
the titration curve has an irregular shape in the 
vicinity of the end point (Fig. 1). 
At the beginning of the back titration of lithium 
hydroxide, the pH reaches immediately a constant value 
after the addition of each drop of acid. 
After the end of the titration of the hydroxide and 
carbonate, a series of curved parts appears in the 
titration curve, which indicate the transformation 
of lithium bicarbonate into chloride and the slow 
removal of carbon dioxide from the solution with the 
nitrogen flowing over the solution. 
Based on this remark one can determine the number of 
acid drops which are needed to titrate the bicarbonate 
in the solution. The acid needed for this transformation 
can be calculated with a precision of 10 - 20 % (Fig. 2) 
By exposing aliquots of the same lithium hydroxide 
solution during different times to atmosphere, 
solutions with different carbonate concentrations were 
prepared and titrated. Table I shows that the apparent 
lithium content must be corrected by 0.01 % for a 
carbonate content of 0.2 eq. %. 

4.2. Influence_of_total anions in_the lithium_solution 

For the two acid-base titrations, the anionic 
impurities other than carbonate should be smaller 
than 0.01 eq. %. 
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20mm. 

80mm. 

"Ή_ί35 mm. 

7 Droplets of HCl 
added at a rate of 
1 droplet/ 20 min. 

Weighed amount of added HCl : 21.0471 g. 

Weighed amount of added LiOH : 19.3902 g. 

HCl added with microburet: 5 χ 48 mg +_§?__. 4.8 mq = 26.9 mg 
60+45 

Molarity of LiOH: 0.09719x(21.0A7W0.0269) =0.1Q563M. 
19.3902 

Fig 1. Titration curve of LiOH with 0.1 M HCl, 
(determination number 3 of Table ΙΠ) 
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pH ' 
10 

9 

8 
7 

6 

b 

ι 

-
^^ 

Ι 
Ι 
ι 

— titration end point 

bicarbonate titration (4dr.) 
J I I I I -1 * -

Droplets of HCl 
added at a rate of 
1droplet/20 min. 

Example: 

— Total amount of HCl : 19 200mg 

— Amount of HCl needed for bicarbonate titration : 4.8mgx4 = 19.2 mg 

— Equivalent %» of bicarbonate: 1 9 2 x 100 = 0.1 eq.7e 
19 200 

Fig 2. Determination of bicarbonate content of LiOH by t i trat ion 
of LiOH with HCl 0.1 M 
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The titration with hydrochloric acid can be corrected 
for carbonate concentrations ranging from 0.2 to 
0.6 eq. %. (cf. point 4.1.) 
Such carbonate concentrations do not have a perceptible 
influence on the benzoic acid titration in alchoholic 
medium. The detailed study of this phenomenon is still 
going on. The actual results were corx>ected in the 
same way as for the hydrochloric acid titration. 
Anyway, this correction has only an influence of 
0.008 % on the value of the benzoic acid titration and 
of 0.002 % on the mean value of the four methods. 
In the sulphate method, volatile anions (Cl~, COZ", etc.) 
do not interfere. In the carbonate method they do, 
just as the non volatile ones, (see Table II). 

4.3· Influence of cationic impurities 

The influence of alkali- and alkaline earth 
metals on the determination of lithium hydroxide by 
acid base titration will be expressed in equivalents. 
This means that an interference of 1 ppm (= 1 pg/gram 
lithium contained) has a significantly smaller influence 
on the lithium hydroxide determination (Table II). 
From Table II it appears that the interference becomes 
more important when the interfering ion has a smaller 
atomic weight and a larger valency. 
The influence of metal ions on the determination of 
lithium hydroxide as sulphate is given by: 

MM (SO.) ^Li χ 4-'y 
χ A™ MTJ M liLi2S04 

MM (SO.) : molecular weight of the metal sulphate ιιχ 4 y 
MLi 2S0 4 : molecular weight of the lithium sulphate 
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A^ : atomic weight of the metal 
A-r. : atomic weight of lithium 

It can be calculated, that for the sulphate method 
a similar effect exists as for the titration (Table II). 
The influence of metal ions on the determination of 
lithium hydroxide as carbonate is given by: 

nn (co,.) ^ L i χ 3 y 
χ 

M 

M 

x AM MLi2C0 

M (CO-,) : molecular weight of the metal carbonate x 3 y 
LipCO-, : molecular weight of lithium carbonate 

A™ : atomic weight of the metal 
Ay. : atomic weight of lithium 

The results of the calculations are also given in 
Table II. 
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5. RESULTS 

Four silver determinations gave a yield of 
(99°93 + 0.03)% and 4 simultaneous acid determinations 
a molarity of 0.09712 (s= O.OOOO5). 
From this two values a corrected molarity of 
O.O97I9 M + O.OOOO5 M was calculated for HCl used. 
The lithium hydroxide solution, whose carbonate content 
was determined as 0.16 eq. %, was analyzed by the four 
described methods. A comparison of the obtained results 
is given in Table III. 

To obtain the accurate values one has to make 
several corrections for systematic errors. These 
corrections and their precisions are summarized in 
Table IV. 
Disturbing impurities were determined by emission 
spectrography or taken from the certificate of analysis 
of the lithium used. 
The carbonate content of the lithium hydroxide solution 
was determined expexãmentally as described in 4.1. 
(Fig. 2). For the benzoic acid titration, a blank value 
for acidic traces present in ethanol was determined. 
This was done by titration of 20 ml ethanol and 27 ml 
carbonate free bidistilled water (corresponding to the 
amount of lithium hydroxide, solution used for a 
titration with benzoic acid) with O.O3 M lithium 
hydroxide. 
As one can see in Tables III and IV the correction for 
systematic errors are smaller than the standard deviations 
of the different methods. A comparison of the final 
results is given in Table V. Their agreement is better 
than 0.02 %. 
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6. CONCLUSION 
A comparison of the results of four methods -

acid-base titration with hydrochloric acid, acid-base 
titration with benzoic acid, weighing as sulphate and 
weighing as carbonate - allows the determination o.f 
the molarity of 0.1 M lithium hydroxide solutions with 
an accuracy consistent with the uncertainty of the 
measurements. 
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Table I 

Influence of the carbonate content on the de t examinât i on 

of lithium by acid-base titration with hydrochloric acid. 

E s t i m a t e d b i c a r b . 

c o n t e n t 

0 . 1 1 e q . % 

0 . 2 0 e q . % 

0 . 2 2 e q . % 

0 . 3 1 e q . % 

A p p a r e n t L i m o l a r i 

t y de tex n mined 

O.IO232 

O.IO23I 

O.IO23I 

O.IO23O 

S t a n d a r d d e v i a t i o n 

( s ) n = 6 

O.OOOOI5 

0 . 0 0 0 0 1 4 

0 . 0 0 0 0 2 0 

0 . 0 0 0 0 1 6 

Table II 

Systematic errors caused by imparities in the lithium 

hydroxide solution. 

E l e m e n t 

Na 

K 

Rb 

Cs 

Be 

Mg 

Ca 

S r 

Ba 

Cl 

S i 

C a l c u l a t e d 

T i t r a t i o n s 

+ O.3O 

+ 0 . 1 8 

+ 0 . 0 8 

+ O.O5 

+ 1 . 5 6 

+ 0 . 5 8 

+ O .34 

+ 0 . 1 6 

+ 0 . 1 0 

+ 0 . 2 0 

-

e f f e c t o f 1 μg i m p u r i t y / g l i t h i u m ( i n 

1 0 ~ 4 %) 

s u l p h a t e m e t h o d 

+ O.38 

+ 0 . 2 8 

+ 0 . 1 9 

+ 0 . 1 8 , 

+ I . 5 0 

+ 0 . 6 4 

+ 0.44

+ O.27 

+ 0 . 2 2 

_ 

 0 . 2 2 

c a r b o n a t e m e t h o d 

+ O.43 

+ O .34 

+ O .25 

+ 0 . 2 2 

+ 1 . 4 5 

+ 0 . 6 6 

+ O.47 

+ O.32 

+ 0 . 2 6 

+ O . I 5 

 0 . 1 8 
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Table III 

Results for the determination of one lithium hydroxide 
solution by the four described methods. 

N° 

'1 

2 
3 
4 

5 
6 

M 

s 

EXPERIMENTAL DETERMINED MOLARITY OF LiOH 

HCl - t i t r a 
t i o n 

0 .10560 
0.10561 
0 .10563 
0 .10560 

-

— 

0.105610 

0.000014 

Benz. Ac. 
t i t r a t i o n 

0 .10564 
0.'10565 
0 .10565 
0 .10566 

-

— 

0.105650 

0.000008 

s u l p h a t e 

0 .10562 
0.10567 
0.10561 
0.10567 

-

— 

0.105642 

0.000032 

c a r b o n a t e 

0 .10560 
0 .10565 
0 .10565 
0.10560 
0 .10563 
0 .10564 

0.105628 

0 .000023 
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Table IV 

Calculated corrections for systematic errors. 

Method 

HC1-
titra-
tion 

Benzoic 
acid 
titra
tion 

Lithium 
sulphate 

Lithium 
carbonate-

Cause of syste
matic ex̂ ror 

0.16 eq. % 
carbonate 
30 ppm Na 
4-5 ppm K 
20 ppm Mg 
10 ppm Ca 
41 ppm Cl 
total syste
matic error 
0.16 eq. % 
cai'bonate 
acidity of 
ethanol 
titre of 
benzoic acid 

30 ppm Na 
45 ppm K 
20 ppm Mg 
10 ppm Ca 
41 ppm Cl 
total syste
matic error 
ash residue of 
H2S04 
30 ppm Na 
45 ppm K 
20 ppm Mg 
10 ppm Ca 
15 ppm Si 
total syste
matic error 
30 ppm Na 
45 ppm K 
20 ppm Mg 
10 ppm Ca 
15 ppm Si 
41 ppm Cl 
total syste
matic error 

Magnitude of 
error 
(10~6 M) 

- 8.4 

+ O.9 
+ 0.8 
+ 1.1 
+ O.3 

; - 0.8 
- 6.1 1 
- 8.4 

-10 .5 

+21.0 

+ 0.9 
+ 0.8 
+ 1 . 1 
+ 0 .3 
- 0.8 
+ 4 .4 

< 1.0 
+ 1.1 
+ 1 . 3 
+ 1.3 
+ 0.4 
- 0.3 
+ 4.3 

+ 1.3 
+ 1.5 
+ 1.3 
+ 0.5 
+ 0.3 I + 0.6 
+ 5.5 

Standard deviation 
of the determina
tion of the error 

(10~6 M) 
+ 1.8 

', 

+ O0I8 
+ 0.16 
+ 0.22 
+ 0.06 
+ 0.16 
+ 2.6 

+ 1.8 
+ 2.0 

titrimetric 
standard 
+ 0.18 
+ 0.16 
+ 0.22 
+ 0.06 
+ 0.16 
+ 4.6 

+ 0.5 
+ 0.22 
+ 0.26 
+ 0.26 
+" 0.08 
+ 0.06 
+ 1.4 

+ 0.26 
+ 0.30 
+ 0.26 
+ 0.10 
+ 0.06 
+ 0.12 
+ 1 .1 
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Table V 

Comparison of the results obtained with the four described, 
methods. 

Method 

1) HCl t i t r a 
t i o n 

2) Benz. Ac . 
t i t r a t i o n 

3) L i th ium 
s u l p h a t e 

4) L i th ium 
c a r b o n a t e 

U n c o r r e c t e d v a l u e 

M 

0.105610 

0.105650 

0.105642 

0.105628 

s 

0.000014 

0.000008 

0.000032 

0 .000023 

s % 

0 .013 

0 .008 

O.O3O 

0 .022 

M = 0.105632 

C o r r e c t e d v a l u e 

0 .105616 

0.105637 

0 .105638 

0 .105623 

M = 0.105629 
sM = 0.000011 

sM% = Θ.010 
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