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pH of Aqueous Solutions With the Glass Electrode’

This standard is issued under the fixed designation E 70; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapprovai, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This hod has been apy d for use by agencies of the Depariment of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopied by the Department of Defense.

1. Scope

1.1 This test method specifies the apparatus and proce-
dures for the electrometric measurement of pH values of
aqueous solutions with the glass electrode. It does not deal
with the manner in which the solutions are prepared. pH
measurements of good precision can be made in aqueous
solutions containing high concentrations of electrolytes or
water-soluble organic compounds, or both. It should be
understood, however, that pH measurements in such solu-
tions are only a semiquantitative indication of hydrogen ion
concentration or activity. The measured pH will yield an
accurate result for these quantities only when the composi-
tion of the medium matches approximately that of the
standard reference solutions. In general, this test method will
not give an accurate measure of hydrogen ion activity unless
the pH lies between 2 and 12 and the concentration of
neither electrolytes nor nonelectrolytes exceeds 0.1 M.

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purpor: to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1193 Specification for Reagent Water?

E 180 Practice for Determining the Precision of ASTM
Methods for Analysis and Testing of Industrial
Chemicals®

3. Terminology

3.1 Definition: -

3.1.1 pH—defined formaily as the negative logarithm to
the base 10 of the conventional hydrogen ion activity. The
pH of an aqueous solution is derived from E, the electromo-
tive force (emf) of the cell

reference electrode || solution | glass electrode

(where the double vertical line represents a liquid junction)
when the electrodes are immersed in the solution, and Eg,

' This test method is under the junsdiction of ASTM Committee E-15 on
industrial Chemicals and is the direct ibility of Sub i E15.23 on
Physical Properties.

Current edition approved Jjan. 26, 1990. Published March_ 1990, Onginaily
published as E 70 - ious edwtion E70 =77 (1986)¢'.

TTRniua : of ASTM Siandards, Voi 11.01,

3 Avinual Buok of ASTM Standards, Vol 15.05.

the electromotive force obtained when the electrodes are
immersed in a standard solution [whose assigned pH is
designated pH(S)}, by the following equation (Note 1):

(E = E)F

pH = pH) + 271 10)

where:

F = faraday, 96 487 C-mol™',

R = gas constant, 8.314 33 J-K~'-mol ~', and
T = absolute temperature, (¢ °C + 273.15).

NoTE {—Values of F/(RT In 10) are given in Table 1.

3.2 Description of Terms:

3.2.1 For the purpose of this test method, the term
“meter” shall apply to the instrument used for the measure-
ment of potential (either in millivolts or in terms of pH
units), the term “electrodes™ to the glass electrode and the
reference electrode, and the term “assembly” to the combi-
nation of the meter and the electrodes. The performance of
the meter shall be differentiated from that of the electrodes.

4, Significance and Use

4.1 pH is, within the limits described in 1.1, an accurate
measurement of the hydrogen ion concentration and thus is
widely used for the characterization of aqueous solutions.

4.2 pH measurement is one of the main process control
variables in the chemical industry and has a prominent place
in pollution control.

S. Apparatus

5.1 pH meters—Many excellent pH meters are available
from commercial sources. To some extent, the choice of
meter will depend on the desired precision of measurement.
The meter may operate on a null-detection principle or may
utilize digital readout or a direct deflection meter with a large
scale. Power may be supplied by batteries or a-c operation
may be provided. The maximum grid current drawn from
the glass electrode during measurement shall not exceed 2%
10-'2 A. Automatic or manual adjustment shall allow for
changes in F/(RT In 10) when the temperature of the
assembly is altered. For referee work, or in case of dispute,
meters capable of discriminating changes of pH to 0.01 unit
(0.6 mV) or less shall be used.

5.2 Reference Electrodes and Glass Electrodes:

5.2.1 The saturated calomel electrode and the 3.5 M
calomel electrode are suitable as reference electrodes in pH
assemblies (Note 2). If the saturated electrode is used, a few
crystals of solid potassium chloride shall be present in the
chamber surrounding the electrode element at each temper-
ature. The design of the electroﬁshall permit a fresh liquid
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