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The use of Indicators for Determining the Relative Strength
of Acids; a Glass Demonstration Technigue,

The fact that the relative strengths of certain acids could
be determined by the use of indicators has long been knowne.
One of the first to work up this subject was Salm (1), His
work and that of Veley (2) deserves varticular mention., How-
ever, a later and clearer treatiseof this work is given by
Old&k (3), whose work is followed here more closely than the
others., The ebove papers give most of the preparations and
procedure used in this work,therefore their work will not
be discussed here but given as a class direction to be fol-
lowed.

This method, stated in a few words, consists in the compari-
son of the color given by the unknown acid containing a def-
inite amount of indicator with the color given by the seme
amount of. indicator in en equal volume of some stendard buf-
fer solution . The method here used is a relatively simple
one consisting only in heving a series of stendard solutions
of varying but known p H values, determinéd from their method
of preparstion or by electrometric comparisons

lleaning of the term p H.

This is merely an arbitrary nomencleture for the hydrogen
ion concentration. Thugs 2 0.1 N solution of HC1l (if fully
dissociated) is said to have a hydrogen ion concentre t10f4of
B B ,while e 0,1 N solution of NaQH has Cg = 1 x 10
Evidentelly there may b$ e steady change in Cg, the neutral
point being CH’ 1x 107 Thus a solution might be of

By & 646 x 10%Ps As this number is omewhat cumbersome and
herd to write a new method was diviped this being called

p He This p H e log gives e much more simple and easier
valype to handle. - Therefore in the above case p H = log

-5 = log 1L - log 0.,000066.

.00000 - 5,81954, 418, It is readily seen that this
is much more easily handled than the other method, yet one is
readily converted into the other., It must be remembered
however that the higher the pH velue the less the hydrogen
ion concentration.

Then, to get back to our series of stendard solutions, the
procedure consists simply of adding to a2 given emount, usually
10ce of the series of standerd solutions a definite amount of
the proper indicator, about 5 drops of & 0.,04% solution. This



G e b

gives a series of shedes,each corresponding to a definite
pH valve, Then b drope of the same indicator is »ut in

10ce of the unknown ecid end the series matched with those
given by the stendards. Vhen a match is found the pH of the
solutions is the same. The chief precaution is the se-
lection of the proper indicator,.

It has been a long known fact that few .indicetors have a sherp
color change in going over from acid to base but thet this
change is gradual giving a series of shades as the concen-
tration of the acid is increased or diminished at the turn-
ing pointe Also, few indicators heave the same turning pointe.
Therefore, for a given acid en indicator must be selected
which has ites turning point at a pH value cbout the same as
thet furnished by the dissociation of the seid in guestion.
An indicator whose turning point is sbove or below the pH fur-
nished by the acid camnot be useds. The greater the difference
in sheades between two pH values which ere close, the more
velueble the indicator for the range.

The easiest way to select an indicator is to heve a chart as
given by Clark (3). This consists of a plate on which the
transition shades of a number of the impertant indicetors are
given as well as the corresponding pH value for ecach shede.
With. a chart of this kind much time may be saved as well as
the unnecessary waste of the standard solutionse.

Standard Solutions.

The standard soluidons are prepered by the use of buffef
selte, such a8 citrates, phosvhates, carborates, borates end
many others., They absorbe H ions by foming a less dig-
gociated acid. Thus in & solution of a highly dissociated
acid such ag HCL it will be more dissociated the more it is
diluted.s Then if in this solution there is placed carbonate
ions, obviously some of the H ions of the HCl will unite with
the carbonate ions to form HCOz; which is relatively slightly
dissociated. They thue reduce the hydrogen ionsg in the
solution. By regulating the amount. of Buffer in this manner
the pH value of the solution mey be regulated.

The buffer solutions used in this work consisted of & tenth
- moler solution of sodium citrate, together with a tenth
molar solution of HCl, prepared as follows: ;

Mt i



Preparation of Standard Solutions.

First calibrate o pair of burettes. If the corrections
are smell however the calibrations mey be discarded. Then

4

the first solution to make up is the acid solutions.

Calculate the amount of concentrated HC1l (ep.gr.l.20) re-
guired to meke up two liters of & 0.l solution., Illake up
this colution and let stand for several hours before stand-
ardizing, then standardize by titration with a known bese

or by the gravemetric method., If it is not exaetly 1N it
should be made so by dilution or adding more acid which ever
the case may require but in the latter case the titration
must be run over agein. However, if this requires too much
time the HC1l can be used es it is, cerrying the factor
throughout. ‘

Next calculate the amount by wt. of I'aOH required to make

up & liter of a 1.,N solution., Add 2 slight excess (several
grams) of this amount as no commergial NeOH is pure. Let
this solution stend over night in a pyrex or better still e
paraffined boittle and then standardize by titretion ageinst
the 2cid prepered ebove. The utmost care should be used here
as we are titreting a 0.,1N acid against & 1.0N base snd a
very small change in NeOH will require considerable acid.
When the normality of the NaOH is found it can be used with
the factor and not be reduced to exactly 1l.0HN.

Weigh out carefully 21.008 gms of citric acid. (one-tenth
its molecular weight). Dissolve in water =nd add 200ce of
the 1N NaOH then dilute to one liter. This makes & 0,11
solution of sodium citrate.

Then with the 0,1 acid solution end a 0,1 sodium citrate
golution we are ready 1o mske up the series of standerd
solutions, the sodium citrate being used in this cage as
the buffer.

Select 28 flasks capable of holding 100ece each, these should
be preferably pyrex, glass stoopered, =nd graduated for
100ce, To the Tirst add from a burette 90ce of the ,1II HC1,
to the second 80ce, to the third 7Ocec, etcs Then as the curve
here becomes much steever, (shown in sccompenying dieagrem),
solutions should be made up for smaller variations of the
ecid. Between 7Occ acid and bOcc ecid make up 2 solution for
every change in 2cc, Thus add to the series 68cc, 66ce, 64ce,
etce=~-~=-B0cc HC1l, To the next bottle after This series add
4bce HC1l 2nd then 40ce HCl, TIor the rest of the curve vary
the strength by 1lOcc portions, thus &0cec, 20cc, 1lOcce. Then
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meke up each of the above to 100cc by adding from a burette
the required amount of sodium citrate solution. If the
bottles are graduated this mey be done by simply diluting

- with the .1 sodium citrete up to the graduation, If

these solutions are kept in a pyrex. glass stoppered bottle
they mey be kept for sometime without an anprecisble loss

dve to the solution of the glass. The bottles should be .
labeled with their pH value as teken from the curve.

The above solutions give & range in pH from about 1 to H. Above
and below these values the ulOpC of the curve becomes so small
ag to be impractible for use. For greater or less values

of pH other buffers mey be used. See Clark.

For the above series the following indicators were found to
be the most desirable.

Indicator pH range.
TeBe~ Thymol Blue (acid LeB b0 1206
E - Iithyl Orange 2:6 to 3.4
BePsBe= Brom Phenyl Blue 3¢4 TOo 4.6
MeRelMethyl Red 44 to b
M.-Methyl Orange Dol iy D

If these indicators are not in solution in the laboratory
make up & 0.04% solution of each =nd kecep them in a well
stoopered bottle.

.

Acids under Examination.

The acids shouvld be recrystalized even thoucgh it is a C.P.

acid. £ commercial acid should be erystallized several
timese.

SeXurate 2 hot solution of the acid and filter while hot
through & fluted filter paper in a hot water funnel, If the
solution is colored boil with animal charcoal before Tilter-
ing. ©Set the filtrate aside to crystallize. When it is
thoroughly cool filter using suction and dry in the air.

When thoroughly dry make up & .01l solution of the gcid by
dissolving one hugdreth of its molecular weight,(if it is a
monobasic acld)in a 1iter of water. Let the olutlon sit
for several .hours before meking the tests.



Choice of Indicator.

Teke 10cc portions into several test tubes and add to
each b drops of a different indicator whose working range
is supposed to be near the pH value of the acid. Compare
these colors with the shades given by & color chart pre-
pared as the one given by Clark. If the color of the
solution with a certain indicator comes within the renge
of shades for that indicator it may be used in the com-
parisons. If sueh a chart cannot be obtained the colors
given by certain indicators within their active range mey
be so memorized by working with the standard solutions
that these preliminary tests may be carried on satisfac-
torily.

Comparisons.

Select the range of standerd solutiong corresponding to

the effective range of the indicator determined as above,

and pour 1lOgc of each solution into & series of test tubes
arranged in order. The pH value inereasing in regular order
through this range. Into each test tube place 5 drops of the
indicator and nhaks. This should give & series of shades

of increasing brightness of color.

To 10cc of the acid solution in another test tube add 5

drops of the same indicator as was used in the standeard sol-
utions. A color will result which matches some where along
the scale.of standards. lMatch this color by comparison as
nearly as pou~1ole. When 2 match is obtained the pH values
of the solutions is tThe same.

If the change in color between two adjecent solutions is
slizht they are best compared by use of a comparator made
as follows

Bore two holes about an inch =nd a ha 11 apert into block of
wood., The size of thege holes being ju t "rge enough for
the test ﬁubeu to fit into them, Then bout ean inch from
the bottum of the bloeck bore 2 smaller hole at right angles
through each of the other holes, These are for The purpose
of looking at the test tubes when placed in the upright
holes. The entire block should then be painted black. With
such an anparatus very accurate comparisons can be made,

If the solutions of the acids are colored or murky they
should be hendled as follows:

Bore two more holes for the test tu
in the bloek =nd also intersecting

¢

s bacl: of those already
(}

ube
the holes for observation,



Then in the front hole of one pair, place the standard
‘solution with indicator and back of it a test tube full of
the aeid but with no indicator. In the other front hole
place the tube of acid with indicator to be tested and

back of it a tube of clear water. Then make the comparisons
as above. '

In this mermer the same thickness of solution and same
amount of color is looked through in hoth sides and thus
eliminates 2lmost entirely any error due to the coloration
of the solution.

The above method although an anproximation gives some very
close results, which in many cases may be all that is re-
guired and this method is very saving both in time and ex-
pense to some olther more exact methods,

The potentiometer method is another more exact method but
requires more eqguipement and the methods of manipulation are
not as simple as the one given. Therefore the colorimetric
method of determining the pH value is coming more and more
into use especially in commercial laboratories where the
approximate pH of a solution is required =nd = guitk method
of finding it is desired. \

Several organic acids were run through the above procedure
and their pH value found., In each case a 0,01 Il solution
was used and found to be the mosgt satisfactory. In some
cagses however the acid may not be soluble to this extent and
a more dilute solution would have to be used while in other
cases the acid may not lend itself at all to this method on
account of unstebility or insolubility. In this work Cin-
namic acid was tiied and found not bo give very satisfactory
results. v ‘

For each of the acids used the hydrogen ion concentfration of
each of the acids was calculated as s3check and in each case
no error was found greater than wovld be expected from the
nature of the worlk.

‘There were two methods used to calculate the pH value from
the date givens:

(1) The first method is based upon the law that QEEELQAB; X.
This X being given in the tables. HA
' 5

Thus from Scudder (5). At 25 for benzoric scid XK= 6.6 x 10
Then for a 0401lN solution which is X dissociated

BLE ripbix 10"%% .000066
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(2) The next method is based upon the equivalent conductivities
at varying dilutions. Thus Scudder_ gives at 26 for a 1 .
mol, the conductivity is 22.3. TFor Mole. conductiv-

- ity is b59.8. Tor infinite dilution®lfthe conductivity is 351,

Then the conductivity at any dilution divided by the con-
ductivity at infinite dilution gives the percent dissociation.
Thus AV = degree of dissociation:

flec
Therifore at Si mol, ggis =-0.0635"
M 5T2 no1.pEte = 0.1705

Plot these values as ordinates using the volume as sbseiccas,
The curve is near enough & straight line to be so regerded.
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Then teke the value from this curve for 3%5 we sce that it is
about 0.0655% dissocisted.

0,0655 % 0,01 = 04000655 = 6.55 x 10™%

P H = 3.18 ;

Bach of the scids used was caleulated by these methods end
the mean results teken for pH.
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The following table gives the acids used with the result
obtained as well as the calculated pH. :

EY 1 &
Acid &OU Indicator Result Calculated.

Sulfenilic M PHz 2,35 = 2,60
Benzo¥ic I, PHe Bl @ » B.48
o-Hydroxy-Lenzovic il ﬁf 2e8 = 24,65
m-Hydroxy Benzowic - BeP+Bos “Hk Sed = 3,86
p-Hydroxy Benzowic BeT B oH; Selb = 3,3

o~Amino Denzowic B.,P.B. PHe 3,3 = 3,6

m-Amino Benzowic B.?.B. PHe 3,75 - 5445
p-Amino Benzowxic BePl PHzde4b = 5,55
m-itro Benxowxic I pHz 2.60 - 2,78

In no case is the calculated pH much different from the
experimental value of pH than would be expected from the
nethod of determination.

The student will find that by following the ebove procedure
some very accurate and interesting results mey be obtained.
This method gives a clearer understending of whet is really
meant by the strength of ecids 28 expressed by their hydro-
gen ion concentretion, yet it is simple enough to be carried
on by any one who knowg only the first fundementals of
chenistry.

By this comparison the relmtive uurenguhﬂ of many =cids be~-
come much clearer understood., It does not give 2 lot of

facts to be memorized such a2s tables and so forth, but has
also an eanneal to the eye in thet herdly any two acide give
the seme color exactly. UNor is the field limited to the aecids
used, in faect it is almost umlimited any weak acid and es-
pecially the organic acids mey be tested by this method, ol-
though in some cages the result does not appear to correspond
with that obtained by other methods, yet it gives a wvery fair
estimete., Ilor is the field limited to acids, as such,2lone
but the "hydrogen ion concentration of other solutions and
nixtures may be determined in this menner, such as the blood,
gestrie juice, and many other secretions of the body, where a
hesty determination is recquired,

&




	RG38_Barrett_thesis_1922_001
	RG38_Barrett_thesis_1922_002

