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INTRODUCTION

This study of the titration error involved in
i

the Mohr method of determining chlorides was undertaken 
in order to determine experimentally the magnitude of 
the titration error under various conditions and to 
compare these experimental values with calculated 
values for the same conditions.

Mohr’s method consists in weighing samples of 
the unknown chloride and titrating with a standard 
solution of AgNG3 using K^CrC^ as an indicator. The 
reactions take place in the following order:'1'

Ag~̂ -t* Cl" — > AgCl 4' white
2 Ag+ +  CrC4 = — >Ag2Cr04 V red
This method is based on the difference in*

solubilities of AgCl and Ag2CrG4. Under the condi
tions of the titration Ag2Cr04 is more soluble 
(Kgp = 1.2 x 10"11) than AgCl (Ksp = 2.6 x 10~10); 
therefore the appearance of red Ag2CrC4 depends on the 
jcrC^J. If this is at the proper value no AggCrCi^ will 
precipitate until the[Ag+J a [ci~] still in solution.

An ideal titration would be one in which the 
equivalence-point and the end-point exactly coincide. 4 
Actually, because of the color of Cr04“ the end-point
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of the titration is usually reached after the equivalence- 
point. In the Mohr method, the titration error may be 
defined as the difference in the volume of AgNO^ needed 
to reach the equivalence-point in the reaction between 
Aĝ " and Cl" and the volume needed to reach the end
point or the place where there is a visible color change 
due to the formation of red Ag^CrC^. This will be a 
positive titration error since the end-point is reached 
after the equivalence-point.

It will be shown later that by standardizing 
the AgNO3 against samples of pure NaCl or KC1 the 
necessity of correcting for the titration error can 
be avoided.

The theoretical titration error can be calcu
lated as follows

Let AAg+ * mmol Ag"̂  added to the solution under
►the buret between the equivalence- 

point and the end-point.
Since the titration error, E, is to be expressed 

in ml of AgN03, AAg*” can be divided by the concentration
of AgNO or min0̂ /ml &hd the result will be ml of AgN03.3 '

E = AAg* mmol Ag* . ml AgNOg
M AgNO3 mmol Ag+/ml

AAg+ can be represented as:
AAg^ ;  Ascend -  A-S+ eq +  Ag','p
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Where Ag'f , ,  k g * , and Ag+ represent the num- end eq p
her of mmol of kg* at the end-point, at the equivalence- 
point, and the number precipitated as AgCl between the 
equivalence-point and the end-point, respectively.

Since kg* and Cl” are present in equal quantities 
at the equivalence-point and since they precipitate to
gether in equal quantities4Ag+ can also be expressed as:

A  kg = kg' end - Cl" + Cl"eq p
■ A8+end - (Cl' eq - C1V

= kg* „ - Cl"& end end
Thus we see that Akg* Can be calculated from the

quantities of Ag"*” and Cl" present at the end-point alone.
At this point the A g ^  d can be found from the Ksp of
AgcCrC . and the Cl“ , from the K of AgCl.°2 4 end sp

[kg*] [crC 4~J - Ksp Ag2CrC4
Knowing the value of [cr04"] from the number of 

drops of a standard K^Cr0 4 solution used, [kg*] can be 
found.
V f  = andfi

[C r C 4 =l

[A6+̂ nd = [As+J x volume at end-point 
mmol/ ml x ml = mmol

Also Cl“end can be calculated thus:
Ksp AgCl = k g % nd [Cl^na

] = 1 KSpAs2Cr04
] [0^4^
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L ClJend =

Ccl 3 end = 
mmoly x ml

Kap AgCl
CAgJend

[cl'3end x volume 
- mmol

at end-point

Combining these relationships we have;
M g N

Ksp Ag2Cro4

- volume 
end

[Cr04= 3
*sp Ag2Cr04

vo lume - 
end

[Cr04=]

And since 
E =

\E -

A AgH
M AgMO 3
volume end---
M AgN03

Ag2Cr04
Qcrc4= J

Ksp AgCl
[Ag+J end

Ksp AgCl
Ca s +Jend

volume
end

This gives the theoretical titration error
Ksp AggCrCg. Ksp AgCl 

> [CrC4=J
ÇcrGé'J \ŝp AggCroJ

The actual titration error, expressed in ml
of AgNC,, can be found by subtracting the calculated o
volume of standard AgNC^ solution needed to precipi
tate the chloride in weighed KCl samples from the
actual volume used.



CHAPTER II

THEORETICAL DISCUSSION

It can be readily seen upon examining the method 
for calculating the theoretical titration error that an

the end-point, should decrease the titration error.

will increase; which will lead to a further decrease 
in the titration error.

1. By decreasing the volume at the end-point.
2. By increasing the number of drops of

KoCr0 , solution used. c 4
3. By decreasing acidity.
The disadvantage to increasing the concentra-

tion of the chromate ion by any of these methods is 
that the Increased yellow color imparted to the solu
tion will make the detection of the red AggCrC4 more 
difficult and the titration error may actually Increase 
instead of decrease.

If the concentration of the chromate ion is too 
small, a large excess of silver ion will be required

thereby

Also, as the |a e+1 decreases the value for[ci"]end

Three means by which the JjprC^j can be In
creased are:
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before the product of the ionic concentrations of silver 
and chromate ions reaches the solubility product value. 
If the solution is acidic, little free chromate ion 
exists. Most of the chromium is present as H CrQ4"

5which ionizes only slightly to give bichromate ions. 
Cr04= HgO* HgO +- H CrC4"

XI Cr04"  ̂ Cr207r + H20



CHAPTER III

EXPERIMENTAL PROCEDURE

Reagents :
1 M K^CrO solution: 19.42 g of C.P. K^CrO 2 4

were dissolved in water and 
the solution diluted to the 
mark in a 100 ml volumetric 
flask.

.1 N AgN©3 solution: 42.5 g of C.P. AgNO^ were
dissolved in water, diluted 
to 2.5 liters and stored in 
a brown glass bottle. This 
was standardized gravimetri- 

• cally by weighing the preci
pitate obtained using 40 ml 
of the AgN0 3 solution and 
approximately 50 ml of 
.1 N KC1 solution.

tKC1: Analytical reagent KC1 was
dried in a drying oven at 
110° and stored in a
desiccator
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H NC.3 solutions were made by diluting .01 N HNO^. 

Procedure :
Approximately .3 g samples of dried KCl were 
weighed on the analytical balance and dissolved 
in 250 ml beakers in the calculated amount of 
water which, plus the volume of the AgNCj solu
tion used, would give the approximate desired 
volume at the end-point. The desired number of 
drops of 1 M KgCr04 solution were added and the 
solution titrated with standard AgNC^ solution 
until the red color of the AggCrO^ was detected.

\

First set of conditions:
1. Number of drops and strength of KgCrO^ 

kept constant. (6 drops)
2. Volumes varied at the end-point.
5. Solutions neutral to litmus.

TABLE 1

Volume at 
end-point

Calculated
error

Mean value 
Actual error Deviation

1

50 ml 0 .0 2  ml 0.17 ml 0.14 ml

100 ml 0.06 ml 0.23 ml 0.17 ml

-200 ml 0.15 ml 0.42 ml 0.27 ml
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Second set of conditions:
1. Strength of KgCr04 kept constant hut 

number of drops varied.
2. Volumes at the end-point kept constant 

for each group.
3. Solutions neutral to litmus.

TABLE 2

Volume
\

at

end-point

3 Drops 
1 M K2CrC4

6 Drops
1 M K2Cr04 •

9 Drops 
1 M K2CrC4

Ca
lc
ul
at
ed

Me
an
 v
al
ue
 

Ac
tu
al

De
vi
at
io
n

Ca
lc
ul
at
ed

Me
an

 v
al
ue
 

Ac
tu
al

De
vi
at
io
n

Ca
lc
ul
at
ed

Me
an

 v
al
ue
 

Ac
tu
al

De
vi
at
io
n

ml ml ml ml ml ml ml ml ml
50 ml 0.04 0.19 0.15 0 .0 2 0.17 0.14 0 .0 1 0.19 0.18

100 ml 0.08 0.34 0 .2 2 0.06 0.23 0.17 0.06 0.25 0.19

200 ml 0.17 0.45 0.28 0.15 0.42 0.27 0.14 0.45 0.31

[Third 3et of conditions:
1. Number of drops and strength of K2Cr©4 

kept constant. (6 drops)
2. Volumes at the end-point kept constant.
3. [H*] varied at the end-point.
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TABLE 3

Volume at 
end-point

[h+] at end-point
Calculated

error
Mean value 

Actual 
Error

Deviation

100 ml 0.005 M 0.27 ml 0.27 ml 0 .0 0  ml

100 ml 0.0025 M 0 .2 0  ml 0.26 ml 0.06 ml

100 ml 0.0013 M 0 .1 2  ml 0.24 ml 0 .1 2  ml

*

I
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CHAPTER IV

DISCUSSION OF RESULTS

As can be seen from the results, the actual 
titration error is of much greater magnitude than that 
calculated, but considered under the same conditions, 
the actual error varies in the 3ame manner as the calcu
lated error with one exception— when the number of drops 
of KgCrO^ is increased from 6 to 9.

An increase in volume at the end-point increases 
the actual, as well as, the calculated error. Also a 
decrease in M  at the end-point decreases the error 
in both cases. With an increase in the number of drops 
of KgCrO^ used, there is a continual decrease in the 
calculated error. Ihe actual error decreases in all 
three sets when increasing the number of drops of 
1 M KgCrO^ from 5 to 6 , but when the number was in
creased from 6 to 9 drops, there was an increase 
rather than a continued decrease in all three sets.
Hiis increase is of greater value when the end
point volumes are 50 ml and 200 ml than at 100 ml.

In an attempt to explain this variation it 
might be stated that the end-point becomes more



15

difficult to detect as the {prC4 j is increased. Also, 
any Increase in volume above 100 or 150 ml gives a very 
uncertain end-point despite the increased {crG4“J .

Factors which were found to enter into this 
method are;
1. Light:

It was found upon running a set of samples on 
a dark overcast day that the end-point was more diffi
cult to determine, and the actual error was in most 
cases cf a higher value. None of the work was done in 
artificial light.
2 - [Cr04~] !

Not only did the intensity of the chromate ion 
make it difficult to determine the end-point but made 
the titration process much slower. Only a few drops 
of AgNOg could be added at a time even at the begin
ning of the titration because the red AggCr^ formed 
immediately and had to redissolve before more AgNO^ 
could be added.
5, Volume at the End-point;

End-points using large volumes were very un
certain. Even an increase in jcr04-j did not give 
the same sharp end-point that could be determined 
in using a smaller volume and fev/er drops of KgCrO,̂ .



CHAPTER V

CONCLUSION

Even though the actual titration error Is much 
greater than that calculated, the Mohr method of deter
mining chlorides gives very accurate results if the
AgNO is standardized in the same method as is used for o
the determination of the chloride. If the volume of
AgNO„ used in the standardization is the same or approxi-
iraately the same as the volume used in the analysis, the x tend to
titration error in the standardization will/cancel the
titration error in the analysis.

N AgNO 3 = 11111101 ^ aG1
volume AgNO 3
volume AgNO„ includes the titration 

6 error ml.
% Cl N| AgNO3 x v o l u m e f o r  analysis x mmol Cl x 100

wt. of sample
Ci mmol fTaCl x'>eLume for analysis x mmol, Cl x 100
|  ________________________________

wt. of sample
In this way the titration error can be neglected 

leaving little or no error in this method of determining
chlorides
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