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Tasre II. Torar PEOSPHORTS 1¥ LAKE WATER

— Phosphorus Found —————
HC10, H.80,-HNO:-HCl
Mg./l. Mg./1,

Trout Lake 0.028 0.026
0.027 Q0.027

Lake Washington 0.018 0.017
0.017 0.017

Green Lake 0.02¢ 0.026
0.026 0.025

Tasre ITI. TorarL ProspaorUs IN Trour Lake, SaNn Juax
IsvLanDs, WasH,

Phosphorus Found

’Enneutralized Neutralized
Mg/l Mg./l,
H:80; + HNO3 + HClL 0.024 0.026
0.024 0.027
0.024
0.2 ml. HCIOq 0.023 0.028
0.022 0.027
0.5 ml. HCIO, Q0.019 0.026
0.018

work the oxidation always proceeded quietly and never with
violence, probably because of the quantity and nature of the
organic compounds present in lake water, together with the
gradual oxidation during evaporation and digestion.
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It is known that the residual acid from the digestion has a
small but definite inhibiting effect upon the formation of the
blue reduction complex. This effect may be prevented by
neutralization of the excess acid before development of the
blue reduction color. Analyses of Trout Lake are given in
Table III to show the effect of neutralization. Using either
methyl red or phenolphthalein as the indicator, the acid was
carefully titrated with N ammonium hydroxide, followed by
N hydrochloric acid until the acid form of the indicator was
just prevalent. The colorimetric comparisons were made
with the Zeiss-Pulfrich photometer as described by Wirth and
Robinson (3). Interference by the methyl red was entirely
eliminated by the S-72 color filter (average wave length
7200 A.). Estimations were also made in Nessler tubes when
phenolphthalein had been used as the indicator in the neu-
tralization. Although the inhibiting effect of the excess acid
is not large, greater accuracy is undoubtedly obtained when
the acid is previously neutralized.
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The Mixed Indicator Bromoecresol Green-Methyl
Red for Carbonates in Water

STANCIL S. COOPER, Washington University, St. Louis, Mo.

The mixed indicator bromocresol green-
methyl red has been applied to the detec-
tion of the end point of bicarbonate titra-
tions in concentrations which are found
normally in natural or commercial waters.
Electrometric titration curves for waters of
various compositions show that the final
equivalence point pH is definitely depend-
ent on the carbon dioxide content there ex-
isting. A method is presented whereby the
pH value to be obtained at the final end
point can be ascertained before that point
is reached. This allows the selection of the
proper indicator color at the end point.
The glass electrode, bromocresol green-
methyl red, methyl orange, and methyl
orange-xylene cyanole are compared in
titrations of carbonates of various concen-
trations.

HE estimation of carbonates in extremely dilute solution

with methyl orange as indicator is unsatisfactory for
two reasons: The color change is difficult to observe in solu-
tions whose pH is changing slowly, and the equivalence point
in the majority of titrations of this type comes at pH values
too high to permit this indicator to respond correctly. The
pH at the final equivalence point is a funetion of the car-

bonic acid concentration existing there and this in turn is
dependent on the neutralized bicarbonate as well as on the
initial carbon dioxide content. In the titration of such solu-
tions methyl orange leads to high results if the carbonic acid
content at the final equivalence point is lower than about 1.2
millimoles per liter (73 p. p. m. of carbonic acid). This limit
is realized if the end point color is read when the indicator
shows its first definite cast of orange (pH = about 4.6). For
example, if 0.0200 N acid is used this indicator shows a mini-
mum positive error of 4.6 per cent for total carbonate and
of 7.2 per cent for bicarbonate when used in a solution ini-
tially containing 21.6 p. p. m. of earbonate and 17.5 p. p. m.
of bicarbonate.

In the official method the carbonic acid end point is deter-
mined by the use of methyl orange (1, 3, 4), methyl orange-
xylene cyanole (3), or erythrosin (I, 5). Methyl orange is
subject to the errors pointed out above and erythrosin re-
quires special technique in its use. For low carbonates,
methyl orange—xylene cyanole leads to higher results than
does methyl orange alone. Furthermore, the official method
using methyl orange has been shown to be unreliable when
carbonates are low (12). Therefore, an indicator which would
respond more nearly at the carbonic acid equivalence point,
when solutions of carbonates or bicarbonates are titrated
yielding less than 1.2 millimoles of carbonic acid per liter,
would prove useful. In such titrations the solutions are
fairly well buffered as the equivalence point is crossed. Any
indicator which is to reveal this point correctly must respond
over a very narrow pH range. A distinct characteristic of
mixed indicators is that they tend to show sharp color changes
within narrow pH limits.
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4.98 to 4.63 for final car-
7 bonic acid concentrations
of 0.197 to 1.525 milli-
moles per liter, respec-
tively.

The pH values listed in

eH

Table I were obtained by
plotting ApH/Aml. as a
function of ml. of hydro-
chlorie acid, whereby the
volume of hydrochloric

acid used to the equiva-
lence point was deter-
mined, and the pH
equivalence point was
read from the curves in
Figure 1.

Selection of
Indicator

Since methyl orange or

o) 10 20 30
ML. oF 0.0200 N HCI

Figure 1.

The mixed indicator bromocresol green—dimethyl yellow
(?) has been recommended for end points in the titration of
mixed carbonates. Methyl red and sodium alizarin sulfonate
containing certain color screens (8) are good indicators for
ammonia titrations, showing their maximum response be-
tween pH 5.0 and 5.4. Methyl red-bromocresol green (1 to 1)
has been recommended as an excellent mixed indicator for
titrations in the presence of ammonium ion (6, 11). Methyl
red (0.05 per cent)-bromocresol green (0.075 per cent) in
alcohol (9, 10) shows a marked color change near pH 5.1. By
lowering the ratio of methyl red to bromocresol green, the
maximum response can be made to oceur at lower pH values.

Establishment of Equivalence Point pH

A number of solutions containing both sodium carbonate and
sodium bicarbonate were prepared and 230 ml. of each were ti-
trated electrometrically with 0.0200 N hydrochloric acid (stand-
ardized electrometrically against sodium carbonate) using the
glass electrode as pH indicator.

The composition of solutions titrated and the equivalence
point pH (pHe.. ».) values are recorded in Table I. The entire
titration curves are shown in Figure 1.

These data indicate that, whereas the pH at the first equiva-
lence point (bicarbonate) is constant (8.33) over a final
range (after titration with 0.020 N hydrochloric acid) of
bicarbonate from 0.199 to 1.650 millimoles per liter, the pH
of the second equivalence point (carbonic acid) changes from

TsBLe I. ErLeEcTROMETRIC TITRATION OF SoODITM CARBONATE-
BIcARBONATE SOLUTIONS WITH HYDROCHLORIC ACID

0.0200 N HCl to pH at Equiva-

Solution } Equivalence Point lence Point

No. Na:CO; NaHCO4 HCO3;~ H:COs HCO;~ H:COy
Millimoles per liter Ml Ml

1 D.151 0.049 1.89 +.39 8.35 4.98
2 0.231 0.215 2.88 8.45 8.33 4.93
3 ).360 0.286 +.50 12,38 8.34 4.87
4 0.601 0.140 7.51 16.77 8.35 4.83
3 ).765 0.141 9.57 20.90 §.35 4.79
6 1.065 0.212 13.31 29,27 8.35 4.72
7 1.567 0.210 19.59 41.81 8.35 4.63

TirraTioN CURVES oF MIXED CARBONATES

methylorange-xylene
cyanole responds visually
at pH values lower than
approximately 4.6, the
indicator needed must
show its response in the
range of pH between 4.60
and 5.00. Three drops of a mixed indicator, made by dis-
solving 0.02 gram of methyl red and 0.10 gram of bromo-
eresol green in 100 ml. of 95 per cent aleohol, when used in
either 100 or 250 ml. of solution, show & maximum color
change over this pH range. Table II gives the colors which
this mixed indicator shows in terms of the pH of the solution;
as the pH changes from 5.0 to 4.6 the indicator color changes
from light blue or lavender gray to a light pink. With prac-
tice, pH values may be determined without comparison to
0.1 pH unit within this range by the use of this indicator.

40 50

TasLe [I. CoLor oF THREE Drors oF MIXED INDICATOR IN 100
or 250 Mu. or SoruTION
pH of Solution Color

5.2 and above Blue with trace of green

5.0 Light blue with lavender gray
4.8 Light pink gray with cast of blue
4.6 Light pink

Below 4.6 Pink or rose

Estimation of pH at Carbonic Acid Equivalence
Point

It is possible to estimate the pH at the carbonic acid
equivalence point before that point is reached, provided the
original solution contains no excess carbon dioxide.

Let the final concentration of carbonic acid equal C; then from
the dissociation: H,CO; = H* 4 HCOj3, it follows that

(H¥]e.p. = [Ku(C — [HF])]1/2
pHe 5. = /3 pKi — /3 log (C — {H*])
If it is assumed C — [H*] = (, then
pHe 5. = 1/; pKi — /2 log € (1)

If the solution at the equivalence point contains 0.196 milli-
mole of carbonic acid per liter (sample 1, Table I) an error of 0.04
pH unit is introduced and if the carbonic acid content rises to
0.431 millimole per liter (sample 2, Table I) the error is only 0.01
pH unit by this assumption. If B ml. of mixed carbonate re-
quire D ml. of A normal acid to reach the bicarbonate equivalence
point and X additional ml. of the same acid to reach the carbonic

or
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column 5. The upper part of Figure 3 shows

. 12 the value of the log term of Equation 3

plotted against the experimental pH., .. The
solid curves are those of Equation 3. Values
in column 7 of Table III were obtained in
the same manner as the values in the last
column of Table I.

Samples 1 to 7, inclusive, and 23 repre-
sent synthetic mixed carbonates; 10, water
from a well at Avon, Mo ; 13, 24, and 11,
waters from the St. Louis City mains
drawn, respectively, on April 18, 1939,
November 7, 1939, and January 11, 1940.
Samples 8 and 12, 11 plus sodium carbonate

and sodium bicarbonate; 9, 100 ml. of 8
diluted to 250 ml. with carbon dioxide-free
distilled water; 20 to 22, 11 plus sodium
bicarbonate; 14 to 19, 100 ml. of 11 plus
sodium bicarbonate diluted to 250 ml. with
carbon dioxide—free distilled water. Samples
14 to 18 contained the same amount of

o] i0 20 30
Mt. oF 0.0200 N HCl
FiGgUre 2.

acid equivalence point, then at the latter AX = (B 4+ D + X)C,
if all the carbonic acid is developed by titration and no carbon
dioxide is lost. Substituting this value of € in Equation 1,

pHe.p. = /2 pKi — Vs log A 4 /s log (B ; D

+1) @

If 4 = 0.0200 N acid and pK; = 6.50, Equation 2 becomes

pH.. 5. = 4.10 + 1/, log (B ; D -+ 1) (3)

Table III shows the results of 24 separate electrometric
titrations.

Headings for columns 2, 3, and 4 have the same significance
as in Equation 3. The values in column 5 are those in eolumn 4
adjusted to a common basis of 250 ml. of bicarbonate titrated.
Columns 6 and 7 show, respectively, the pH at the carbonic acid
equivalence point as calculated by Equation 3 and as determined
from the titration curves. In Figure 2 titration curves of bi-
carbonate to carbonic acid for the first twelve solutions of Table
I1I are plotted as milliliters of 0.0200 N hydrochloric acid against
pH. In the lower half of Figure 3 the values of experimental
PHe. ». (column 7 of Table III) are plotted against the values in

Tasre III. ComparisoN oF PH AT Careonic Acip EQuiva-
LENCE PoiNT
(Calculated with experimental values)

—Equivalence Point pH—

Sample 0.0200 ¥ HCl 250 Experimpental
No. B D X B+ D Equation 3 +=0.03

Ml, Ml Ml.

1 250 1.39 2.99 2.98 5.07a 4.98
2 250 2.88 5.55 5.49 4.93 4.93
3 250 4.50 8.08 7.94 4.86 4.87
4 250  7.51 9.27 9.01 4.83 4.83
5 250  9.57 11.30 10.90 4.79 4.79
6 250 13.31 15.98 15.20 4.72 4.72
7 250 19.59 22.21 20.65 4.66 4.63
12 250 1.00 33.12 32.99 4.57 4.58
8 100 0.40 13.23 32.09 4.57 4,58
9 250 0.30 13.40 13.39 4.75 4.76
10 100 0.00 26.80 67.00 4.44 4.45
11 250  0.00 30.60 30.60 4.58 4.60
13 250 0.00 6.95 95 4.88 4.85
14 250  0.00 13.40 13.40 4.75 4.83
15t018% 250  0.00 13.50 13.50 4.75 4,74
1 250 0.00 14.45 14.45 4.73 1.74
20 100 0.00 12.75 31.97 4,36 4.58
21 100 0.00 13.20 33.00 4.57 4,61
22 100 0.00 13.64 34.10 4.56 4.59
23 100 0.00 21.55 53.87 4.48 4.44
24¢ 250 2.10 10.20 10.12 4.81 4.83

¢ This value should be 5.11, since € — [H*] # C for this solution,
b Four separate samples of same composition gave identical results.
¢ Value not included in Figure 3.

T1TrRATION CURVES FOR BICARBONATES

40 sodium bicarbonate.

All samples were run at room tempera-
ture (23° to 25° C.) and no precautions
were taken to prevent loss of carbon
dioxide. Instead, the samples were sub-
jected to the same conditions which pre-

vail during an ordinary titration. Considering these facts,
agreement between calculated and measured pHe, 5. values is
very close. This agreement allows Equation 3 to be used to
predict the final pH., ». and permits the selection of the
proper indicator color for the end point.

TaABLE IV. CoMPARATIVE TITRATIONS

(MI. of 0.0200 N hydrochloric acid completely to titrate different waters as
determined electrometrically and with mixed indieator, 0.02 gram of methyl
red plus 0.10 gram of bromoeresol green per 100 ml. of 95 per cent alcohol)

Deviation Maximum

o iffer- Average
0.0200 N HCl Number Arithmetic ence Deviation
Indicator of Mean from from in

Sample Electro- (arithmetic Titra- Electro- Electro- Single

No. metrio mean) tions metric metric Titration
Ml ML Ml ) % = M.
1 250 4.38 4.33 15 1.1 2.3 0.03
2 250 8.43 8.39 12 0.5 1.4 0.03
3 250 12.58 12.53 12 0.4 1.0 0.03
3 100 5.03 5.04 10 0.2 0.4 0.01
4 250 16.78 16.69 1la 0.5 0.9 0.02
5 250 20.87 20.85 13 0.1 0.6 0.04
5 100 8.35 34 10 0.1 0.5 0.02
7 100 16.72 16.68 5b 0.2 0.4 0.01
13 260 6.95 6.85 7 1.4 2.8 0.05
24 250 12.30 12.25 11 0.4 0.7 0.02
25¢ 100 12.52 12,53 74 0.1 0.4 0.03

8, b, 4 One value eliminated in each case on the basis that deviation from
mean was greater than 4 X average deviation of a single titration. Values
eliminated: ¢, 16.86; b, 16.58; d, 12.42, R

¢ Sample not included in Table III. Synthetic carbonate-bicarbonate.

Titrations with Mixed Indicator

Samples of bicarbonates and of mixed carbonates as well as
waters from the St. Louis City mains were titrated using 2 drops
of 1 per cent phenolphthalein followed by 3 drops of mixed indi-
cator. If the solution assumed a pink color with phenolphthal-
ein, titration was carried on until the last trace of pink was dis-
charged. Three drops of mixed indicator were added to the solu-
tion reacting neutral to phenolphthalein and the titration was
continued to the end point, The color of the mixed indicator at
the end point was taken as that consistent with the pHe.. ;. read
from the curve in the lower part of Figure 3. All titrations were
made with 0.0200 N hydrochloric acid (standardized electromet-
rically against sodium carbonate) with the solutions in beakers
resting on a white background. The indicator color change is
best observed by looking downward through the solution. If the
solution is placed in a white porcelain casserole or evaporating
dish the end point is more distinct. Results of these titrations
as compared to the electrometric values are shown in Table IV.

In order to compare the results obtained by use of the mixed
indicator with those given with methyl orange and methyl
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orange-xylene cyanole, six

synthetic sodium carbonate 42

solutions were titrated using
each of the three indicators

(Table V). End points for

methyl orange (3) were taken
when the first definite shade

46

pH
50

of orange was observed and
those for methyl orange-

xylene cyanole (3) when the first
trace of gray appeared in

green, When phenolphthalein 54

was used in each sample it be-
came colorless at a volume of
acid approximately one half of
that used when methyl red-

04

08 20 24

bromocresol green began to

change in color. One half of

42
the total methyl red-bromo-

cresol green titer, when re-

ferred to the curve in the lower 46

half of Figure 3, gave the follow-
ing approximate pH.. 5. values

PH
5.0

for the separate solutions: 4.85
for 30 and 50 p. p. m. of car-

bonate; 4.75 for 70 and 100

p. p. m.; 4.6 for 150 p. p. m.;
and 4.5 for 250 p. p.m. There-

54

fore with methyl red-bromo-
cresol green the following end
point colors were taken: in 30
and 50 p. p. m. of carbonate
the lavender cast was dis-
charged and a pink de-
veloped on a background of
light blue; in 70 and 100
p. p. m. the bluish cast was discharged leaving a pinkish
gray; in 150 p. p. m. the pinkish gray was converted to a
pink; and in 250 p. p. m. the pinkish gray was converted to
pink and the solution vigorously stirred for 30 seconds, during
which time a bluish cast appeared. The removal of carbon di-
oxide during stirring causes the pH to rise to about 4.8, which is
within the range of the indicator. This color was then converted
to pink. (If this solution was again stirred for 30 seconds a gray-
ish pink developed which could be converted to pink with 1 or
2 drops of acid. Therefore, one vigorous stirring of 30 seconds
removed sufficient carbon dioxide to allow the indicator, methyl
red-bromocresol green, to give the correct end point in the titra-
tion of the 250 p. p. m. of carbonate.)

The hydrochloric acid used in these titrations was standard-
ized by diluting 0.8835 gram of pure sodium carbonate to 1 liter
with carbon dioxide~free distilled water, diluting 10.00 and 25.00-
ml. portions of this solution to 100 and 250 ml., respectively,
with carbon dioxide-free distilled water, and titrating both
electrometrically and in the presence of the mixed indicator.
Results: electrometric, 8.35 and 20.87 ml.; using mixed indi-
cator, 8.34 and 20.85 ml. of hydrochloric acid. ormality of
hydrochloric acid; electrometrie, 0.01996; using mixed indi-
cator, 0.0200.

12

24 48 60 72

250
B+D~

Ficure 3. Equivarence PoinT PH 1N MixEp CARBONATE TITRATIONS

Discussion of Results

Figures 1 and 2 and especially Figure 3 show that, if the
carbonic acid equivalence point is to be determined with
reasonable accuracy in very dilute solutions, titrations must
be carried to pH values consistent with the carbonic acid
concentration.

Each electrometric titration was carried out with 3 drops
of mixed indicator in the solution and for each sample whose
pH.. ;. was higher than approximately 4.60 the indicator
showed a color change as the equivalence point was crossed.
In samples 10 and 23 (pH.. . = 4.45 and 4.44, respectively)
the indicator developed a pink before the equivalence point
was reached. Sample 10, which contained excess carbon
dioxide initially, gave a pHe. . value higher than would have
been expected if all carbon dioxide had been retained by
the solution. In samples 11, 20, 21, and 22 the indicator
passed from light pink gray to light pink as the equivalence
point was approached.

The differential method applied to the titra-
tion curves gave pHe, ,. values which could be
estimated to 0.03 pH unit. Variations in these

TaBLE V. TITRATION WITHE DIFFERENT INDICATORS

(Comparison of methyl red—bromocresol green, methyl orange, and methyl orange-xylene

cyanole indicators in titrations of carbonates with 0.0200 N HCI)

values from those calculated by Equation 3 are
caused by at least two factors: loss of carbon
dioxide during titration, and error in estima-

€0y~ in water, p. p. m. ) 0 5 100 150 250 tion of the value.
ater titrated, ml. 5 3 1
HCO; - developed, p. p.m,  20.8 48.6 67.2 ' 93.9 136 210 The method used for estimating the pH.. ».
0.0200 N HClrequired, ml. 12.50 8.33 11.67 16.67 12.50 20.83 before it was reached may be best shown by
Methyl red-bromocresol . .
green, ml. of HCl, mean® 12.55(19)  8.33(15) 11.67 16.70(10) 12.52 20.86 quoting a specific example.
Error, % L. +0.4 0 0 +0.2 +0.2 —+0.2
Maximum deviation from
Methyl’ o b, ml. of 0.08 0.03 0.0z 0.08 0.04  0.04 During one of the titrations of 250 ml. of sample
ethyl oranget, m!. o B
HC], means 13.06 8.48 11,73 16.74(6) 12.51 20.85 4 of Table IV, the color of 2 drops of 1 per cent
Brror, % devistion from T 12 +1.8 +0.5 +0.4 +0.1  +0.1 phenolphthalein wasddischarfged with ’g.S.delnl. of
mean, m 18 0.07 0.09  0.06 0.05 0.03 0.0200 N acid and 3 drops of the mixed indicator
Methyl f)r‘?ng?—x{yﬁe%ei had lost its green and dew)eloped a cast of Iax;ender
cyanole¢, ml. o , (pH = 5.0 from Table II) with 16.30 ml. of acid.
By iy 59 S J298 2006 From Figures 1 and 2 it can be seen that at this
Maximum deviation from pH the volume of acid added is within 0.5 ml.
mean, ml. 0.17 0.03 0.08 0.11 0.03  0.01 of the equivalence point. The values B = 250,

@ Arithmetic mean of five titrations unless indicated by number of titrations in parentheses.

b End point taken when first definite shade of orange appeared.
¢ End point taken when first trace of gray appeared in green.

D = 7.50, and X = 8.8 (approximately), when
substituted in Equation 3, give pH. ,. = 4.84,
From Table II it is seen that the color to be ex-
pected at a pH of 4.8 is a light pink gray with a
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cast of blue. Titration was continued to this quality of color and
the buret reading was 16.72 ml. The arithmetic mean of 11 such
titrations was 16.69 ml. The electrometric value for a similar
sample was 16.78 ml, at pHe. ,. = 4.83.

The need for the selection of the proper pH.. p. is shown
clearly by a comparison of curves 8 and 9 of Figure 2. Both
represent the titration of 100 ml. of a certain water: curve
8, for the water without initial dilution, and curve 9 for the
water diluted initially to 250 ml. with carbon dioxide—free
distilled water. The measured pHe.. p. for 8 is 4.58 and for 9
is 4.76. An end point at pH of 4.76 for 8 would come 0.15
ml. too early and at a pH of 4.58 for 9 would come 0.15 ml.
too late, each of which corresponds to 1.1 per cent error.
Samples 8, 10, 12, and 23, all of which show pH.. .. values
lower than 4.60, should be diluted with carbon dioxide—free
distilled water before titration or the indicator should be con-
verted to pink, the solution vigorously stirred for about 30
seconds, and then the blue cast, which develops during agita-
tion, converted to pink. The samples may be titrated, with-
out dilution or agitation, using methyl orange as indicator.

Table IV shows the accuracy with which titrations with
the mixed indicator agree with the corresponding electro-
metric values. It will be noted from column 6 that, of the
eleven samples titrated, only 1 and 13 show a deviation of the
arithmetic mean greater than 1 per cent from the electro-
metric value. The values in column 7 represent the maxi-
mum difference (a single determination) shown by any ti-
tration from the respective electrometric value. Of the 113
titrations represented in Table IV, no value obtained differed
from the electrometric value by more than 2.8 per cent.

The titration data recorded in Table V show that the mixed
indicator is more reliable than either methyl orange or methyl
orange-xylene cyanole except in solutions in which the bi-
carbonate developed is high. The bicarbonate is the com-
ponent which is titrated to the final end point. It isapparent
from Table V that the error of the mean for titrations in the
presence of mixed indicator is less than 0.5 per cent for all
concentrations of bicarbonate titrated. The corresponding
errors for methyl orange as indicator are greater than 0.5 per
cent for solutions developing bicarbonate less than about 67
p. p. m. The errors are greater for all solutions in which
methyl orange—xylene cyanole was used.

The hydrochloric acid used was standardized electromet-
rically and with mixed indicator. The indicator method
gave a normality which was within 0.2 per cent of the elec-
trometric value. The concentration of sodium carbonate
used for standardization corresponded to 50 p. p. m. of initial
carbonate. If the acid had been standardized with methyl
orange its normality would have been 0.01966 (from values
in Table V), which would have given an error in the mean
of +2.7 per cent for 29.8 p. p. m. of bicarbonate and of —1.6
per cent for 210 p. p. m. of bicarbonate. If the acid is stand-
ardized against sodium carbonate, with methyl orange, where
the carbonate is 70 p. p. m. or greater it may be used for solu-
tions in which the bicarbonate at the phenolphthalein end
. point is 67 p. p. m. or greater, but not for more dilute solutions
without the introduction of a positive error. Therefore one
should standardize the acid against a solution containing
approximately the same concentration of bicarbonate at the
phenolphthalein end point as the solution which is to be
titrated when methyl orange is used. Methyl orange—xylene
cyanole is less desirable from this standpoint than methyl
orange alone.

The curve in the lower half of Figure 3 explains the reason
this type of variation is to be expected. The final pI.. ,. is a
function of the bicarbonate titrated and no indicator can
show the correct end point unless the indicator color is se-
lected to correspond to the correct pHe. p. for the solution
in question, or unless the final pH value is adjusted to that
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to which the indicator responds. The final pH may be raised
considerably by removal of carbon dioxide from solution.
Thus, the solution developing bicarbonate of 210 p. p. m. has
a final pHe.. ;. of about 4.5, which is outside the range of the
mixed indicator. Vigorous agitation of the solution for 30 sec-
onds removed sufficient carbon dioxide to allow the pH to
rise into the range of the indicator. The mixed indicator
has not been applied to more concentrated solutions but
should function if carbon dioxide is removed. This could be
accomplished by agitation of the solution until 1 or 2 drops
of acid are required to discharge the cast of blue which de-
velops on stirring,.

Samples which contain free carbon dioxide (react color-
less to phenolphthalein and alkaline to methyl orange, or the
mixed indicator) are titrated to the phenolphthalein end
point with sodium carbonate (4) or sodium hydroxide (2)
solution to determine the ecarbon dioxide content. The re-
sulting solution in either case can be titrated with 0.020 N
hydrochloric acid from the phenolphthalein to a mixed indi-
cator end point to determine the total bicarbonate present in
the solution at the phenolphthalein end point. All this
bicarbonate may have been developed by reaction of sodium
hydroxide or sodium carbonate on carbon dioxide, although
some may have been present in the original solution. The
milliequivalents of hydrochloric acid minus the milliequiva-
lents of sodium hydroxide or sodium carbonate will give the
milliequivalents of bicarbonate in the original solution.

The mixed indicator can be used to detect the end point
in all titrations of bicarbonate with acid provided the pHe. ;.
is not lower than 4.60. If materials are present which show
buffer action other than that of bicarbonate with carbonic
acid the above principles will not apply. The indicator, how-
ever, does show the correet end point for phosphates (pH =
4.6) and may be used in their presence.
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