QH“y) Designation: E 200 — 97 (Reapproved 2001) <!

Standard Practice for
Preparation, Standardization, and Storage of Standard and
Reagent Solutions for Chemical Analysis !

This standard is issued under the fixed designation E 200; 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 reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

! Nore—Editorial corrections were made in October 2001.

1. Scope 2. Referenced Documents

1.1 This practice covers procedures for the preparation, 2.1 ASTM Standards:
standardization, and storage of the standard volumetric solu- D 1193 Specification for Reagent Water
tions and reagent testing solutions commonly used in chemical E 50 Practices for Apparatus, Reagents, and Safety Precau-

analysis. tions for Chemical Analysis of Metals
1.2 The information in this practice is arranged as follows: E 180 Practice for Determining the Precision of ASTM
Sections Methods for Analysis and Testing of Industrial Chemiéals

Referenced Documents

Referent g E 203 Test Method for Water Using Karl Fischer Reafjient

S?gr:'f?c‘;ﬂgg and Use M E 694 Specification for Volumetric Wate

Apparatus 5 2.2 Other Document:

Temperature effects g Reagent Chemicals, American Chemical Society Specifi-
8
9

Measurements .

Reagents cations (ACS)

Concentration of solutions .

Mixing of solutions 10 3. Termmology

Storage of solutions 11 ST

Preparation and standardization of solutions 12 3.1 Definition: i i .

Precision and Bias 13 3.1.1 standard volumetric solutier-a solution of accurately

aogiumhlhyqroxi%e goolgtion,l%ols 010N ;g to ;g determined concentration used in the quantitative analysis of
ydrochloric acid, 0.02 to 1. to P .

Sulfuric acid, 0.02 t0 1.0 N 29 to 33 chemlcals_ and other product_s. The concentration of such
Hydrochloric acid, special 1 N 34 to 38 solutions is usually expressed in terms of normality or molar-

Sulfuric acid, special 1N 39 to 43 ity_

Silver nitrate solution, 0.1 N 44 to 48

Ammonium thiocyanate solution, 0.1 N 49 to 53 [P

lodine solution, 0.1 N 54 to 58 4. Slgmflcance and Use

Sodium thiosulfate solution, (lll N o 29 to gg 4.1 The accuracy of many analytical measurements is de-
Potassium permanganate solution, 0.1 N 4 to : . :
Potassium dichromate solution, 0.1 N 69 10 73 pendent upon the manner in which the standard _solutlons are
Methanolic sodium hydroxide solution, 0.5 N 74 10 79 prepared and stored, and the accuracy with which they are

ieric sulfate ﬁ?lqnon'-g'lo’f,\, gg to gg standardized. Combining the methods recommended for the
cetous perchloric acid, 0. to . . . . .
Disodium ethylenediaminetetraacetate solution, 0.05 M 90 to 94 pr_ep_aratlon and hand.“ng of SUCh. solutions Int(.) O.ne practice

Standard ion solutions 95 eliminates the necessity for covering such details in all of the
Nonstandardized reagent solutions and indicator solutions 96 methods wherein the solutions are used.

1.3 This standard does not purport to address all of the5 A t
safety concerns, if any, associated with its use. It is the™ bparatus _ _ _
responsibility of the user of this standard to establish appro- 5.1 Volumetric Glassware-The use of ordinary volumetric
priate safety and health practices and determine the applicaglassware will meet the accuracy requirements of many test
bility of regulatory limitations prior to useSpecific warning methods.
statements are given throughout this practice.

2 Annual Book of ASTM Standardéol 11.01.
1 This practice is under the jurisdiction of ASTM Committee E15 on Industrial  * Annual Book of ASTM Standaydgol 03.05.
and Specialty Chemicalsand is the direct responsibility of Subcommittee E15.01 on * Annual Book of ASTM Standardéol 15.05.

General Standards. 5 Annual Book of ASTM Standardgol 14.02.
Current edition approved July 10, 1997. Published June 1998. Originally °© Available from American Chemical Society, 1155 16th St., N.W., Washington,
published as E 200 — 62T. Last previous edition E 200 — 91. DC 20036.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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Note 1—For dependable accuracy, volumetric glassware meeting the Note 2—In weighing primary standards to be used in standardizing
requirements for Class A items given in Specification E 694 should bevolumetric solutions many laboratories customarily weigh to the nearest
used. While for normal work apparatus meeting these specifications can el mg even though such increased accuracy of weighing does not
used without calibration corrections, it is preferable that such calibratiorimprove the accuracy or precision of the standardization.

gorrections be us_ed_ i_n standardizing volumetri_c soluti_ons. Such correc- 7.2 Buret Readings-When buret readings are specified, or
tions may be of significance when the volumetric ware is frequently used - o
with alkali solutions, for the corrosive effect of the alkali upon the gIassWhen the procedure m,fersl that a Speplflc volume be_measure‘j
may result in changes in the apparent volume. It is recommendedTOM a buret, the reading is to be estimated to one fifth of the
therefore, that volumetric glassware, particularly burets and transfesmallest volume subdivision marked on the buret. In reading a
pipets, be recalibrated at 3-month intervals if it is frequently used to50-mL buret having subdivisions of 0.10 mL, therefore, the
measure alkali solution volumes. reading should be estimated to the nearest 0.02 mL.

5.2 Buret—A 50-mL buret, or alternatively, a 100-mL buret 7.3 Expression of Resultslt is customary to express the
with a 50-mL bulb at the top and a 50-mL stem below, may benormality and molarity of standard solutions to 1 part in 1000.
used. For use with alkali solutions, burets equipped with

TFE-fluorocarbon stopcock plugs are preferable. 8. Reagents
6. Temperature Effects Note 3—Additional information on reagents is given in Practices E 50.

6.1 Volumetric solutions are often used at temperatures 8.1 Purity of Reagents-Reagent grade chemicals shall be
differing from those at which the standardization was carriedised in all tests. Unless otherwise indicated, it is intended that
out. Significant errors may be introduced when the solutiongll reagents conform to the specifications of the Committee on
are used at these other temperatures. Values for the changeAstalytical Reagents of the American Chemical Society where
normality with temperatureX N/°C) have been established for such specifications are availalil©ther grades may be used,
the volumetric solutions described herein, and are listed iprovided it is first ascertained that the reagent is of sufficiently
Table 1. When warranted by the desired accuracy of the work)igh purity to permit its use without lessening the accuracy of

normalities of standard solutions may be corrected to théhe determination.
temperature at which they are used as follows: 8.2 Purity of Water—Unless otherwise indicated, references

to water shall be understood to mean Type Il or Type llI

N = No (1 = ) ) reagent water conforming to Specification D 1193. Where
where specified, carbon dioxide-free water is to be prepared by
Ni; = normality of solution when standardized, heating distilled water to boiling in a conical flask, and boiling
N = normality of solution when used, for 20 min. The boiling water is cooled in the flask which is
t, = temperature of solution during standardization,” C stoppered with a 1-hole rubber stopper fitted to a soda
t, = temperature of solution during use, °C, and |ime-ascarite drying tube. For larger (10 to 20-L) volumes of
F = factorto correct for thermal expansion of the solution ¢arhon dioxide-free water, the absorbed carbon dioxide may be

(AN/°C values from Table 1). removed by inserting a fritted-glass gas-dispersion tube to the

6.2 From the above equation it will be seen that thepottom of the container and bubbling nitrogen through the
correction is to be added to the normality of the solution wheryater for 1 or 2 h.
standardized if the temperature of use is lower than the g 3 primary Standards-The National Institute of Standards
temperature of standardization while the correction is to bgpg Technology offers for sale certified standard samples of
subtracted if the_temperature of use is higher than the tempergrsenic trioxide, benzoic acid, potassium hydrogen phthalate,
ture of standardization. potassium dichromate, sodium oxalate, and tris(hydroxym-
7. Measurements ethyl)aminomethane. Where specified, these samples, or
7.1 Weighings—When it is directed that a chemical should samp[es of comme.rcially available primary.standards, are to be
be “accurately weighed,” the weighing is to be performed in a/S€d in standardizing the volumetric solutions.
manner so as to limit the error to 0.1 % or less. Where & Concentration of Solutions
specific weight of substance is designated in a procedure, it is’ ] ) ) )
intended, unless otherwise specified in the individual proce- 9-1 Standard Solutions-Directions are given for the prepa-

dure, that a quantity withir:5 % of the designated weight be "ation of the most commonly used concentrations of the
used, and that this quantity be “accurately weighed” as jus§tandard volumetric solutions. Stronger or weaker solutions are
defined. prepared and standardized in the same general manner as

described, using proportionate amounts of the reagents. Simi-
larly, if quantities larger than 1 L are to be prepared, propor-
A’;"er"r;(g‘ﬂgte Solute AN for 20 tionate amounts of the reagents should be used.

9.2 Diluted Acids and Ammonium Hydroxigde

TABLE 1 Temperature Correction Factors (F)

1.0 NaOH, HCI, H,SO, 0.00035 : : H i H

05 NaOH. HCl H.SO,, 0.00014 Concentrations of dllqted acids and ammonium hydromdg,
0.1 all aqueous 0.00002 except when standardized, shall be specified as a ratio stating
0.05 all aqueous 0.00001

0.01 all aqueous 0.00000

0.5 (in methanol) NaOH 0.00045 -

0.1 (in 1 NH,S0,) Ce(S0,), 0.000035 “ For suggestions on the testing of reagents not listed by the American Chemical
0.1 (in glacial acetic acid) HCIO, 0.00011 Society, see “Analar Standards for Laboratory Chemicals,” BDH Ltd., Poole,

Dorset, U.K., and the “United States Pharmacopeia.”
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the number of volumes of the concentrated reagent to be STANDARD VOLUMETRIC SOLUTIONS
diluted with a given number of volumes of water, as in the SODIUM HYDROXIDE SOLUTION, 0.02 TO 1.0 N

following example: HCI (5 + 95) means 5 volumes of concen- ) ]
trated HCI (sp gr 1.19) diluted with 95 volumes of water. ~ 14. Preparation of 50 % NaOH Solution and of Standard

Solutions

10. Mixing of Solutions 14.1 Dissolve 162 g of sodium hydroxide (NaOH) in 150

10.1 When quantities of solution larger than 1 to 2 L aremL of carbon dioxide-free water. Cool the solution to 25°C and
j . . : filter through a hardened filter paper or other suitable medium.
prepared, special problems are encountered in being sure tIléll‘\ernatively, commercial 50 % NaOH solution may be used.

th_ey are v_veII mixed before being standard|z_ed. While blad 14.2 To prepare a 0N solution, dilute 5.45 mL of the clear
stirrers with glass or metal shafts are suitable for many

. ; . solution to 1 L with carbon dioxide-free water, mix well, and
solutions, they are not suitable in every case. In those Cases o i . : )
ore in a tight polyolefin container.

where contact of a glass or metal stirrer with the solution would® " .
be undesirable it may be possible to use a sealed polyolefin- 14.'3 For other n_ormalltles of NaOH solution, use the
. . fequirements given in Table 2.
coated stirrer. In those cases where only contact of the solution
with metal must be avoided, the solution can be mixed by 5  siandardization
inserting a fritted-glass gas-dispersion tube to the bottom of the
container and bubbling nitrogen through the solution for 1 or 2h
h.

15.1 Crush 10 to 20 g of primary standard potassium
ydrogen phthalate(KHCgH,0O,) to 100-mesh fineness, and
dry in a glass container at 120°C for 2 h. Stopper the container
and cool in a desiccator.

15.2 To standardize a ON solution, weigh accurately 0.95
11.1 Glass containers are suitable for the storage of most of 0.05 g of the dried KHgH,O,, and transfer to a 500-mL
the standard solutions, although the use of polyolefin containeonical flask. Add 100 mL of carbon dioxide-free water, stir
ers is recommended for alkali solutions. gently to dissolve the sample, add 3 drops of a 1.0 % solution
11.2 When large quantities of solutions are prepared andf phenolphthalein in alcohol, and titrate with NaOH solution

standardized, it is necessary to provide protection againgd a color that matches that of an end point color standard.

changes in normality due to absorption of gases or water vapor 15.3 The weights of dried KHg1,0, suitable for other

from the laboratory air. As volumes of solution are withdrawnnormalities of NaOH solution are given in Table 3.

from the container, the replacement air should be passed )

through a drying tube filled with equal parts of 8 to 20-mesh16. PH 8.6 End Point Color Standard

soda lime, oxalic acid, and 4 to 8-mesh anhydrous calcium 16.1 Mix 25 mL of a solution 0.2M in boric acid (H,BO5)

chloride, each product being separated from the other by and 0.2M in potassium chloride (KCI), (1.24 g 4BO; and

glass wool plug or use equivalent commercially availablel.49 KCI in 100 mL water) with 12 mL of 0.IN NaOH

absorption tubes. solution, add 3 drops of a 1.0 % solution of phenolphthalein in
alcohol, and dilute to 100 mL with carbon dioxide-free water.

11. Storage of Solutions

12. Preparation and Standardization of Solutions )
17. Calculation

12.1 Methods of standardization are given for each volu- . .
metric solution even though the methods of preparation fo; 17.1 Calculate the normality of the NaOH solution, as

some of these solutions specify that they be prepared on QIIOWS:

determinate basis. Since it is not possible to prepare large A= B @
volumes of solutions on a determinate basis, a method of 0.20423x C

standardization is provided for those solutions that are prepared

in such large volumes that accurate measurements of the

solution volumes cannot be made. ° A primary standard grade of this chemical (and many others) is available from
the Office of Standard Reference Materials, National Institute of Standards and

13. Precision and Bias Technology, Gaithersburg, MD 20899.

13.1 Pre_;cisi(_)n—Pregision for standz_irdizir_wg the volumetric_ TABLE 2 Sodium Hydroxide Dilution Requirements
solutions in this practice was determined in accordance with Vo 50 % Naon
Practice E 180 — 90 and the forms of the statements conform Desired Grams of NaOH Solution (25°C)
with that suggested in Practice E 180 —%0. Normality Required/1 L of Solution Required/1 L of

Solution, mL

13.2 Bias—No information concerning the bias of these

standardization methods is available because certified refer- 8'82 (1)'2 ;;
ence solutions suitable for this practice are not available. 0.05 2.0 2.7
0.1 4.0 5.4

0.2 8.0 10.9

0.25 10.0 13.6

0.5 20.0 27.2

8 Data supporting the precision statements are available from ASTM Headquar- 1.0 40.0 54.5

ters. Request RR: E-15-1039.
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TABLE 3 Weights of Dried Potassium Hydrogen Phthalate 19.1.2.3Reproducibility (Multilaboratory)-The standard
Normality of Solution Weight of Dried deviation of _reSL_JIts (each the average of duplicatgs), obtained
KHCgH, O, to Be Used, g by analysts in different laboratories, has been estimated to be
0.02 0.19 + 0.005 0.00020 at 13 df. The 95 % limit for the difference between two
oot o o such averages is 0.0005 normality units.
8'; 2'33 f 8'8? Note 4—Precisi_on data have not been obtained for concentrations
025 235 + 0.05 other than those listed.
05 4.75 + 0.05 Note 5—These precision estimates are based on an interlaboratory
1.0 9.00 + 0.05 study conducted in 1962. One sample was analyzed. One analyst in each
AThe listed weights are for use when a 50-mL buret is to be used. If a 100-mL of 18 laboratories performed duplicate d_eter_minations _and repeated them
buret is to be used, the weights should be doubled. on a second day, for a total of 72 determinations. Practice E 180 was used

in developing these statements.
Note 6—These precision estimates are based on an interlaboratory

where: ) _ study conducted in 1962. One sample was analyzed. One analyst in each
A = normality of the NaOH solution, of 16 laboratories performed duplicate determinations and repeated them
B = grams of KHGH,O, used, and on a second day, for a total of 64 determinations. Practice E 180 was used
C = millilitres of NaOH solution consumed. in developing these statements.

18. Stability HYDROCHLORIC ACID, 0.02to 1.0 N

_ 18.1_ The use of polyolefin containers eliminat_es some of th%o_ Preparation
difficulties attendant upon the use of glass containers, and their )
use is recommended. Should glass containers be used, the?0-1 To prepare @ 0.N solution, measure 8.3 mL of
solution must be standardized frequently if there is evidence dfoncentrated hydrochloric acid (HCI, sp gr 1.19) into a
action on the glass container, or if insoluble matter appears igraduated cylinder and transfer it to a 1-L volumetric flask.

the solution. Dilute to the mark with water, mix well, and store in a tightly
closed glass container.
19. Precision and Bias 20.2 For other normalities of HCI solution, use the require-

19.1 The following criteria should be used for judging the Ments given in Table 4.
acceptability of results: At ; i 0

19.1.1 Sodium Hydroxide (1.0 N) (See Note 5) 21. Standardization with Sodlum Carbonaté

19.1.1.1 Repeatability (Single AnalysiThe standard de-  21.1 Transfer 2d 4 g of primary standard anhydrous
viation for a single determination has been estimated to b&dium carbon;a\i!é (N&,CO;) to a platinum dish or crucible,
0.0007 normality units at 36 df. The 95% limit for the @nd dry at 250°C for 4 h. Cool in a desiccator.

difference between two such determinations is 0.0018 normal- 21.2 To standardize a ON solution, weigh accurately 0.22
ity units. #+ 0.01 g of the dried N&CO;, and transfer to a 500-mL conical

19.1.1.2 Laboratory  Precision  (Within-Laboratory, flask. Add 50 mL of water, swirl to dissolve the carbonate, and

Between-Days Variability), formerly called Repeatability add 2 drops of a 0.1 % solution of methyl red in alcohol. Titrate
The standard deviation of results (each the average of dupll¥ith the HCI solution to the first appearance of a red color, and
cates) obtained by the same analyst on different days, has beBfil the solution carefully, to avoid loss, until the color is
estimated to be 0.0007 normality units at 18 df. The 95 % limitdiScharged. Cool to room temperature, and continue the fitra-
for the difference between two such averages is 0.001§0n, alternating the addition of HCI solution and the boiling
normality units. and cooling to the first appearance of a faint red color that is
19.1.1.3 Reproducibility (Multilaboratoryy-The standard "ot discharged on further heating.
deviation of results (each the average of duplicates), obtained 21-3 The weights of dried N&O; suitable for other nor-
by analysts in different laboratories, has been estimated to g@2lities of HCl solution are given in Table 5.
0.001 normality units at 17 df. The 95 % limit for the difference
between tWO_SUCh avera_ges is 0.0029 normallly units. %A buret having a bent delivery tube is helpful in carrying out this standard-
19.1.2 Sodium Hydroxide (0.1 N): ization procedure.
19.1.2.1 Repeatability (Single AnalystThe standard de- A primary standard grade of anhydrous sodium carbonateqay) is
viation for a single determination has been estimated to bavailable from S_cience Products Division Mallinckrodt Specialty Chemicals Co.,
0.00009 normality units at 28 df. The 95 % limit for the F0. Box M, Paris, Ky 40361

difference between two such determinations is 0.0003 normal-
TABLE 4 Hydrochloric Acid Dilution Requirements

ity units.

19.1.2.2 Laboratory  Precision (Within-Laboratory, Desired Normality Volime of ficl to Be
Between-Days Variability), formerly called Repeatability :
The standard deviation of results (each the average of dupli- 8;83 ;;22
cates) obtained by the same analyst on different days, has been 0.1 8.3
estimated to be 0.00011 normality units at 14 df. The 95 % 8-; ﬂg
limit for the difference between two such averages is 0.0003 10 83.0

normality units.
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TABLE 5 Weights of Dried Sodium Carbonate 24.1.2.3 Reproducibility (Multilaboratoryy—-The standard
Normality of Solution Weight of Dried deviation of results (each the average of duplicates), obtained
Na,CO; to Be Used, g by analysts in different laboratories has been estimated to be
0.02 0.088 + 0.001* 0.00017 normality units at 13 df. The 95 % limit for the
204 PoSA e difference between two such averages is 0.0005 normality
0.2 0.44 +0.01° units.
0.5 1.10 = 0.01°
1.0 2.20 *0.01° 25. Standardization with Tris(hydroxymethyl)-
AA 100-mL buret should be used for this standardization. Aminomethane:
e ';253?,?;9;2;;;*;’,20“53 phen @ 0.l buret s used. If 2 100-mL buret 25.1 Transfer 8 to 10 g of primary standard tris(hydroxym-
ethyl)aminometharfe[(HOCH,),CNH,] to a suitable dish or
22. Calculation crucible, and dry in a vacuum at 70°C for 24 h. Cool in a
desiccator.

22.1 Calculate the normality of the HCI solution, as follows: 25.2 To standardize a ON solution, weigh accurately 0.40

A= _B ®) + 0.02 g of the dried tris(hydroxymethyl)aminomethane, and
0.058x°C transfer to a 250-mL beaker. Dissolve in 50 mL of ammonia-
where: and carbon dioxide-free water, and titrate with the HCI solution
A = normality of the HCI solution, to a pH of 4.70 using a suitable pH meter.
B = grams of NaCO; used, and 25.3 The weights of dried tris(hydroxymethyl)ami-
C = millilitres of HCI solution consumed. nomethane suitable for other normalities of HCI solution are
given in Table 6.
23. Stability
23.1 Restandardize monthly. 26. Calculation
. . 26.1 Calculate the normality of the HCI solution, as follows:
24. Precision and Bias (See Note 4) 8
24.1 The following criteria should be used for judging the A=o11IXC (4)
acceptability of results:
24.1.1 Hydrochloric Acid (1.0 N) (See Note:5) where:
24.1.1.1Repeatability (Single Analyst)The standard de- A = normality of the HCI solution,
viation for a single determination has been estimated to beB = grams of tris(hydroxymethyl)aminomethane used, and

0.0004 normality units at 36 df. The 95 % limit for the millilitres of HCI solution consumed.

g;/ffirneitr;ce between two such determinations is 0.0011 normab7' Stability
24.1.1.2 Laboratory  Precision (Within-Laboratory, = 27-1 Restandardize monthly.

Between-Days Varlgblllty), formerly called Repeatability 28. Precision and Bias (See Notes 7 and 8)

The standard deviation of results (each the average of dupli- . o I

cates) obtained by the same analyst on different days, has beer?8-1 The following criteria should be used for judging the

estimated to be 0.0006 normality units at 18 df. The 95 % limi2cceptability of results: _

for the difference between two such averages is 0.0017 28-1.1Hydrochloric Acid (1.0 N)

normality units. 28.1.1.1 Repeatability (Single Analyst}The standard de-
24.1.1.3Reproducibility (Multilaboratory}-The standard viation for a single determination has been estimated to be

deviation of results (each the average of duplicates), obtaine®t0006 normality units at 16 df. The 959% limit for the

by analysts in different laboratories has been estimated to Hff€rence between two such determinations is 0.0016 normal-

0.0015 normality units at 17 df. The 95% limit for the 'ty Units.

difference between two such averages is 0.0042 normality 28.1.1.2 Laboratory ~ Precision  (Within-Laboratory,
units. etween-Days Variability), formerly called Repeatability

24.1.2 Hydrochloric Acid (0.1 N) (See Note:6) The standard deviation of results (each the average of dupli-
24.1.2.1Repeatability (Single AnalystiThe standard de- cates) obtained by the same analyst on different days, has been
viation for a single determination has been estimated to be _ S .
0.00010 normality units at 28 df. The 95 % limit for the TABLE 6 Weights of Dried Tris(Hydroxymethyl)Aminomethane

difference between two such determinations is 0.0003 normal- ; : Weight of Dried
Normality of Solution (HOCH,).CNH, to be Used, g

ity units.
24.1.2.2 Laboratory Precision (Within-Laboratory, 0.02 0.16 - 0.008"
. . L 0.04 0.32 = 0.016
Between-Days Variability), formerly called Repeatabiity 01 0.40 + 0.028
The standard deviation of results (each the average of dupli- 0.2 080 = 004
cates) obtained by the same analyst on different days, has been g-g 421'8 - 8;5

estimated to be 0.00007 normality units at 14 df. The 95 % PYETT T —— p—————

L . . -mL buret should be used for this standardization.

limit fOI.‘ the (_jlfference between two such averages Is 0.0002 B The listed weights are for use when a 50-mL buret is used. If a 100-mL buret
normality units. is to be used, the weights should be doubled.
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estimated to be 0.0007 normality units at 8 df. The 95 % limitsodium carbonaté (Na,CQ,) to a platinum dish or crucible,
for the difference between two such averages is 0.001@nd dry at 250°C for 4 h. Cool in a desiccator.
normality units. 30.2 For standardization of a ON solution, weigh accu-
28.1.1.3 Reproducibility (Multilaboratory)—The standard rately 0.22+ 0.01 g of the dried N&CO; and transfer to a
deviation of results (each the average of duplicates), obtainesl00-mL conical flask. Add 50 mL of water, swirl to dissolve the
by analysts in different laboratories has been estimated to b€a,CO;, and add 2 drops of a 0.1 % solution of methyl red in
0.0015 normality units at 7 df. The 95 % limit for the difference alcohol. Titrate with the HSO, solution to the first appearance
between two such averages is 0.0043 normality units. of a red color, and boil the solution carefully, to avoid loss,
28.1.2 Hydrochloric Acid (0.1 N) until the color is discharged. Cool to room temperature and
28.1.2.1 Repeatability (Single Analys§The standard de- continue the titration alternating the addition of$0, solution
viation for a single determination has been estimated to band the boiling and cooling, to the first appearance of a faint
0.00010 normality units at 16 df. The 95 % limit for the red color that is not discharged on further heating.
difference between two such determinations is 0.0003 normal- 30.3 The weights of dried N&O; suitable for other nor-
ity units. malities of H,SO, solution are given in Table 5.
28.1.2.2 Laboratory  Precision (Within-Laboratory,
Between-Days Variability), formerly called Repeatability
The standard deviation of results (each the average of duplj-

31. Calculation
31.1 Calculate the normality of the ,HO, solution, as

cates) obtained by the same analyst on different days, has be lows:

estimated to be 0.00012 normality units at 8 df. The 95 % limit Ae B ®)
for the difference between two such averages is 0.0003 0.053X C

normality units. where:

28.1.2.3Reproducibility (Multilaboratory)-The standard
deviation of results (each the average of duplicates) obtaine
by analysts in different laboratories has been estimated to be; millilitres of H,SO, solution consumed.
0.00024 normality units at 7 df. The 95 % limit for the .
difference between two such averages is 0.0007 normalitg?- Stability
units. 32.1 Restandardize monthly.

normality of the HSO, solution,
grams of NaCO; used, and

Note 7—These precision estimates are based on an interlaboratory Note 9—A solution of 0.1N sulfuric acid may be standardized using
study conducted in 1973. One sample of each concentration was analyzedfied tris(hydroxymethyl)aminomethane by the same procedure used to
One analyst in each of 9 laboratories performed duplicate determinatiorgiandardize 0.N hydrochloric acid in Section 25.
and repeated them on a second day, for a total of 36 determinations fi - .
each concentration herein. Practice E 180 was used in developing these’: Precision and Bias

statements. 33.1 The following criteria should be used for judging the
Note 8—Precision data have not been obtained for Concentrationﬁcceptab“ity of results:
other than those listed in Section 28. 33.1.1 Sulfuric Acid (1.0 N)
SULFURIC ACID, 0.02 TO 1.0 N 33.1.1.1Repeatability (Single AnalysSee 24.1.1.1.
33.1.1.2 Laboratory  Precision (Within-Laboratory,
29. Preparation Between-Days Variability), formerly called Repeatabilit§ee

29.1 To prepare a 0.N solution, measure 3.0 mL of 24.1.1.2. o _
concentrated sulfuric acid ¢80, sp gr 1.84) into a graduated ~ 33.1.1.3Reproducibility (Multilaboratory}-See 24.1.1.3.
cylinder and slowly add it to 400 mL of water in a 600-mL  33.1.2 Sulfuric Acid (0.1 N)
beaker. Rinse the cylinder into the beaker with water. Mix the 33.1.2.1Repeatability (Singly AnalystSee 24.1.2.1.
acid-water mixture, allow it to cool, and transfer to a 1-L 33.1.2.2Laboratory = Precision  (Within-Laboratory,
volumetric flask. Dilute to the mark with water, mix well, and Beétween-Days Variability), formerly called Repeatabititgee

store in a tightly closed glass container. 24.1.2.2. o _

29.2 For other normalities of the 80, solution, use the ~ 33.1.2.3Reproducibility (Multilaboratory}-See 24.1.2.3.
requirements given in Table 7. HYDROCHLORIC ACID, SPECIAL1 N
30. Standardization° Note 10—This solution is not for general use but is designed to satisfy

. the special requirements of ASTM Committee E-15, Subcommittee
30.1 Transfer 2d 4 g of primary standard anhydrous g1s 55 o Alkalies.

TABLE 7 Sulfuric Acid Dilution Requirements 34. Preparation
Desired Normality Volume of H,SO, to Be 34.1 Measure 83.0 mL of concentrated hydrochloric acid
Diluted to 1 L, mL (HCI, sp gr 1.19) into a graduated cylinder and transfer it to a
0.02 0.60 1-L volumetric flask. Dilute to the mark with water, mix well,
o s and store in a tightly closed glass container.
05 15.0 35. Standardization
1.0 30.0

35.1 Transfe 5 g of primary standard anhydrous sodium
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carbonaté! (Na,CQy) to a platinum dish or crucible, and dry at acid-water mixture, allow it to cool, and transfer to a 1-L
250°C fa 4 h (see Table 5). Cool in a desiccator. Weighvolumetric flask. Dilute to the mark with water, mix well, and
accurately 2.2t 0.1 g of the dried NgCO;, and transfer to a store in a tightly closed glass container.
500-mL conical flask. Add 75 mL of water, swirl to dissolve the L
Na,CO,, and add 3 drops of a 0.1 % solution of methyl orange?0- Standardization
indicator. Titrate with HCI solution to a pink color. 40.1 Transfe 5 g of primary standard anhydrous sodium
35.2 Methyl orange indicator solution modified with xylene carbonaté' (Na,COs) to a platinum dish or crucible, and dry at
cyanole FF, suitable for use as an alternative indicator in thi@50°C fa 4 h (see Table 5). Cool in a desiccator. Weigh
procedure, is described in 96.17. Titrate with HCI solution to aaccurately 2.2+ 0.1 g of the dried NsCO;, and transfer to a
magenta color. 500-mL conical flask. Add 75 mL of water, swirl to dissolve the
Na,CO;, and add 3 drops of a 0.1 % solution of methyl orange.
Titrate with H,SO, solution to a pink color.
40.2 Methyl orange indicator solution modified with xylene
cyanole FF, suitable for use as an alternative indicator in this

36. Calculation
36.1 Calculate the normality of the HCI solution, as follows:

A= ﬁ (6)  procedure, is described in 96.17. Titrate with&d, solution to
' a magenta color.
where .
A = normality of the HCI solution, 41. Calculation
B = grams of NaCO; used, and 41.1 Calculate the normality of the ,HO, solution, as

C millilitres of HCI solution consumed. follows:
o B
37. Stability A=5053%C @)
37.1 Restandardize monthly.
where: _ _
38. Precision and Bias (See Note 11) A = normality of the HSO, solution,

. o s B grams of NaCO; used, and
acig.plta-lk;ﬁi?yf(())lfl(?‘\(IQV&I‘,TJEI;'[S(?rIte”a should be used for judging the ¢ - pjjjilitres of H,SO, solution consumed.
38.1.1 Repeatability (Single AnalysyThe standard devia- 42. Stability
tion for a single determination has been estimated to be 45 1 Restandardize monthly.
0.00064 normality units at 34 df. The 95 % limit for the
difference between two such determinations is 0.0018 norma#3. Precision and Bias
ity units. 43.1 The following criteria should be used for judging the
38.1.2 Laboratory Precision (Within-Laboratory, Between- acceptability of results:
Days Variability), formerly called RepeatabilityThe standard 43.1.1 Repeatability (Single Analyst)See 38.1.1.
deviation of results (each the average of duplicates) obtained 43.1.2 Laboratory Precision (Within-Laboratory, Between-
by the same analyst on different days, has been estimated to pRys Variability), formerly called RepeatabilitySee 38.1.2.

0.00081 normality units at 18 df. The 95% limit for the  43.1.3 Reproducibility (Multilaboratory}-See 38.1.3.
difference between two such averages is 0.0023 normality
SILVER NITRATE SOLUTION, 0.1 N

units.
38.1.3 Reproducibility (Multilaboratory}-The standard de- ;
viation of results (each the average of duplicates), obtained b?/4' Preparation . . .
analysts in different laboratories has been estimated to be 44-1 Dry 17.5 g of silver nitrate (AgNg at 105°C for 1 h.
0.0022 normality units at 16 df. The 95% limit for the Cool in a desiccator. Transfer 16.99 g of the dried AgN®@a

difference between two such averages is 0.0062 normalit -L volumetric flask. Add 500 mL of water, swirl to dissolve
units. he AgNQ,, dilute to the mark with water, and mix. Store the

solution in a tightly stoppered amber-glass bottle.
Note 11—These precision estimates are based on an interlaboratory

study conducted in 1962. One sample was analyzed. One analyst in eachNoTe 12—If desired the solution may also be prepared on a determinate
of 18 laboratories performed duplicate determinations and repeated theR@Sis by weighing the dried silver nitrate accurately and diluting the
on a second day, for a total of 72 determinations. Practice E 180 was us&@!ution carefully to volume.

in developing these statements. L
pIng 45, Standardization

45.1 Warning—Nitrobenzene, used in this section, is ex-
tremely hazardous when absorbed through the skin or when its
) vapor is inhaled. Such exposure may cause cyanosis; pro-
39. Preparation longed exposure may cause anemia. Do not get in eyes, on

39.1 Measure 30.0 mL of concentrated sulfuric acidskin, or on clothing. Avoid breathing vapor. Use only with
(H,SO,, sp gr 1.84) into a graduated cylinder, and slowly addadequate ventilation.
it to one half the desired volume of water in a 600-mL beaker. 45.2 Dry 0.3 g of sodium chloride (NaCl) at 105°C for 2 h.
Rinse the cylinder into the beaker with water. Mix the Cool in a desiccator. Weigh accurately 0.280.01 g of the

SULFURIC ACID, SPECIAL1 N
(See Note 10)
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dried NaCl and transfer to a 250-mL glass-stoppered conicacceptability of results:

flask. Add 25 mL of water, swirl to dissolve the NaCl, and add 48.1.1 Repeatability (Single AnalystyThe standard devia-

2 mL of nitric acid (HNG,). Add from a volumetric pipet, 50 tion for a single determination has been estimated to be

mL of the AgNGQ, solution, while mixing thoroughly, add 1 mL 0.00010 normality units at 34 df. The 95 % limit for the

of ferric ammonium sulfate solution (FeN/iSQ,),-12H,0, 80  difference between two such determinations is 0.0003 normal-

g/L) and 5 mL of nitrobenzenéNarning, see 45.1). Stopper ity units.

the flask and shake vigorously to coagulate the precipitate. 48.1.2 Laboratory Precision (Within-Laboratory, Between-

Rinse the stopper into the flask with a few millilitres of water Days Variability), formerly called RepeatabilityThe standard

and titrate the excess of AgNQvith ammonium thiocyanate deviation of results (each the average of duplicates) obtained

solution (NH,SCN) until the first permanent reddish-brown by the same analyst on different days, has been estimated to be

color appears and persists after vigorous shaking for 1 min. Sé&00017 normality units at 17 df. The 95 % limit for the

49.1 for preparation of ammonium thiocyanate. Solution doeslifference between two such averages is 0.0005 normality

not need to be standardized for use here. (See Note 13units.

Designate the volume of N}$CN solution required for the 48.1.3 Reproducibility (Multilaboratoryy—The standard de-

titration as Volume |. viation of results (each the average of duplicates) obtained by
45.3 Using the same volumetric pipet used in 45.2, transfeanalysts in different laboratories has been estimated to be

50 mL of the AgNQ solution to a clean, dry, 250-mL, 0.00035 normality units at 16 df. The 95 % limit for the

glass-stoppered conical flask. Add 25 mL of water, 2 mL ofdifference between two such averages is 0.0010 normality

HNO; 1 mL of FeNH,(SO,),-12H,0 solution, stopper the units.

flask, and shake vigorously. Rinse the stopper into the flask NoTe 14—These precision estimates are based on an interlaboratory

W?th a few mi"”itre_s of Wa_ter and titrate the AgNQspIution study conducted in 1963. One sample was analyzed. One analyst in each
with NH,SCN solution until the first permanent reddish-brown of 19 laboratories performed duplicate determinations and repeated them

color appears and persists after vigorous shaking for 1 mirobn a second day, for a total of 76 determinations. Practice E 180 was used
Designate the volume of NI$CN solution consumed as in developing these statements.
Volume II.

45.4 Measure accurately, from either a buret or a volumetric AMMONIUM THIOCYANATE SOLUTION, 0.1 N
pipet, 2.0 mL of the AgNQ solution, designate the exact 49. preparation
volume as Volume lll, and transfer to a 100-mL, glass-

stoppered conical flask. Add 25 mL of water, 2 mL of HNO a flask, add 100 mL of water, and swirl to dissolve the

ier::lé O(IVZ?rE\ilr%(Ssoegiézl?g[()sgg)lgiot%ei?:si rgh(?fs?wlz;rlfebsirgor-'\l H,SCN. When solution is complete, filter through a hardened
P ’ o o S filter paper, or other suitable medium. Dilute the clear filtrate to

ously. Rinse the stopper into the flask with a few millilitres of1 L with water and mix. Store the solution in a tightly

water and titrate the AgNQOsolution with NH,SCN solution toppered alass bottle '

until the first permanent reddish-brown color appears and °PP 9 '

persists after vigorous shaking for 1 min. Designate the volumg(. Standardization

of NH,SCN solution consumed as Volume IV. 50.1 Measure accurately about 40 mL of freshly standard-
Note 13—The ammonium thiocyanate titrant used in the three titra-ized 0.1N silver nitrate (AgNQ) solution and transfer to a

tions must be from the same, well-mixed solution. The nitrobenzene use@50-mL conical flask. Add 50 mL of water, swirl to mix the

in each titration must also be from the same, well-mixed container. solution, and add 2 mL of nitric acid (HNQ)and 1 mL ferric

ammonium sulfate solution (FeNK8O,),-12H,0, 80 g/L).

Titrate the AgNQ solution with the NH,SCN solution until

the first permanent reddish-brown color appears and persists

49.1 Transfer 7.8 g of ammonium thiocyanate (J$i&€N) to

46. Calculation
46.1 Calculate the normality of the AgNGCsolution as

follows: after vigorous shaking for 1 min.
B
A= 5.05844x (C - D) (8)  51. Calculation
here: 51.1 Calculate the normality of the NHCN solution, as
where: . . follows:
A normality of the AgNQ solution,

B = grams of NaCl used, a_BXC )
C = volume of AgNO ; solution consumed by the total D

chloride = 50 - [Volume Ix (50/Volume 11)], and where:
D = volume of AgNG, solution consumed by any chloride e . .

ion in the nitrobenzene = Volume Il - [Volume A _ normality of the NHSCN solution,

IV X (50/Vol r B = millilitres of AQNO used,

X (50/Volume 11)]. C = normality of the AgNQ solution, and
47. Stability D = millilitres of NH,SCN solution required for titration
47.1 Restandardize monthly. of the solution.

48. Precision and Bias (See Note 14) 52. Stability

48.1 The following criteria should be used for judging the 52.1 Restandardize monthly.
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53. Precision and Bias (See Note 14) C = millilitres of iodine solution required for titration of
53.1 The following criteria should be used for judging the the solution.
acceptability of results: 57. Stability

53.1.1 Repeatability (Single Analyst)The standard devia- :
tion for a single determination has been estimated to be g;% gestangarg!ze sealeotl) bolttles mokrllthly.
0.00010 normality units at 38 df. The 95% limit for the >°'-% Restandardize open bottles weekly.
difference between two such determinations is 0.00028 noi58. Precision and Bias (See Note 15)
mality units. 58.1 The following criteria should be used for judging the
53.1.2 Laboratory Precision (Within-Laboratory, Between- acceptability of results:
Days Variability), formerly called RepeatabilityThe standard ~ 58.1.1 Repeatability (Single Analyst)The standard devia-
deviation of results (each the average of duplicates) obtainegon for a single determination has been estimated to be
by the same analyst on different days, has been estimated to bey0015 normality units at 32 df. The 95 % limit for the
0.00035 normality units at 19 df. The 95 % limit for the difference between two such averages is 0.0004 normality
difference between two such averages is 0.00099 normalitynits.
units. 58.1.2 Laboratory Precision (Within-Laboratory, Between-
53.1.3 Reproducibility (Multilaboratory)—The standard de- Days Variability), formerly called RepeatabilityThe standard
viation of results (each the average of duplicates), obtained byeviation of results (each the average of duplicates) obtained
analysts in different laboratories has been estimated to b@ the same ana|yst on different days, has been estimated to be
0.00046 normality units at 18 df. The 95% limit for the 0.00016 normality units at 16 df. The 95 % limit for the
difference between two such averages is 0.00130 normalitififference between two such averages is 0.0004 normality

units. units.
58.1.3 Reproducibility (Multilaboratory3—The standard de-
IODINE SOLUTION, 0.1 N viation of results (each the average of duplicates) obtained by
i analysts in different laboratories has been estimated to be
54. Preparation 0.00021 normality units at 15 df. The 95 % limit for the

54.1 Transfer 12.7 g of iodine and 60 g of potassium iodidedifference between two such averages is 0.0006 normality
(KI) to an 800-mL beaker, add 30 mL of water, and stir until units.
solution is complete. Dilute with water to 500 mL, and filter - . .
Note 15—These precision estimates are based on an interlaboratory

through a sintered-glass filter. Wash the filter with about 15 mI‘study conducted in 1962. One sample was analyzed. One analyst in each

of water, transfer the combined filtrate and washing to a 1-Lyf 16 japoratories performed duplicate determinations and repeated them
volumetric flask, dilute to the mark with water, and mix. Store on a second day, for a total of 64 determinations. Practice E 180 was used

the solution in a glass-stoppered, amber-glass bottle in a cool developing these statements.

place.
SODIUM THIOSULFATE SOLUTION, 0.1 N
55. Standardization 59. Preparation
_ 55.1_ Warning—Arsenic trioxide is extremely toxic, avoid 59.1 Dissolve 25 g of sodium thiosulfate pentahydrate
ingestion. (N&,S,05-5H,0) in 500 mL of freshly boiled and cooled water,

55.2 Transfe 1 g of primary standard arsenic trioxitle and add 0.11 g of sodium carbonate {86s). Dilute to 1 L
(As,05) (Warning, see 55.1) to a platinum dish, and dry at with freshly boiled and cooled water, and let stand for 24 h.
105°C for 1 h. Cool in a desiccator. Weigh accurately 0220 Store the solution in a tightly closed glass bottle.

0.01 g of the dried Ag; and transfer to a 500-mL conical
flask. Add 10 mL of sodium hydroxide solution (NaOH, 40 ] ) ) )
g/L), and swirl to dissolve. When solution is complete, add 100 60.1 Pulverie 2 g of primary standard potassium dichro-
mL of water and 10 mL of sulfuric acid ($0,, 1 + 35), and maté (K2Cr20_7), trans_fer toa pla'glnum dish, and dry at 120°C
mix. Slowly add sodium bicarbonate (NaHg@intil efferves- ~ for 4 h. Cool in a desiccator. Weigh accurately 0-210.01 g
cence ceases, @ g of NaHCO, in excess, and stir until ©f the dried KCr,O, and transfer to a 500-mL glass-stoppered
dissolved. Add 2 mL of starch solution (10 g/L) and titrate with conical flask. Add 100 mL of water, swirl to dissolve, remove

60. Standardization

the iodine solution to the first permanent blue color. the stopper, and quickly dd3 g ofpotassium iodide (KI), 2 g
of sodium bicarbonate (NaHG{ and 5 mL of hydrochloric
56. Calculation acid (HCI). Stopper the flask quickly, swirl to ensure mixing,

and let stand in the dark for 10 min. Rinse the stopper and inner

56.1 Calculate the normality of the iodine solution, aswalls of the flask with water and titrate with the )0,

follows: ! . L :
solution until the solution is yellowish green. Add 2 mL of
— B starch solution (10 g/L), and continue the titration to the
A= 0.04946x C 1o =
: disappearance of the blue color.
where: 61. Calculation
A = normality of the iodine solution,

61.1 Calculate the normality of the B&O, solution, as

B = grams of AsO; used, and follows:



b £ 200

A B (11) about 45 s until the pink color disappears. Heat the solution to
0.04904x C 60°C, and complete the titration by adding KMp®olution
. until a faint pink color persists for 30 s. Add the final 0.5 to 1.0
where: mL dropwise, and give the solution time to decolorize bef
A = normality of the NaS,0, solution, drop ' give the solution time to decolorize betore
B = grams of KCr,0, used, and adding the next drop. o
C = millilitres of Na,S,05 solution required for titration of ~ 65.2 Carry out a blank determination on a second 250-mL
the solution. portion of the HSO,(1 + 19), and make sure that the pink color
at the end point matches that of the standardization solution.
62. Stability Correct the sample titration volume as shown to be necessary.

62.1 Restandardize weekly. Note 18—If the pink color of the solution persists more than 45 s after
‘o . the addition of the first 39 mL of KMn@solution is complete, discard the
63. Precision and_B|as _(S(e_e Note 16) ) ) solution and start over with a fresh solution of the,8g0,, but add less
63.1 The following criteria should be used for judging the of the KMnO, solution.

acceptability of results: Note 19—The blank correction usually amounts to 0.03 to 0.05 mL.
63.1.1 Repeatability (Single Analyst)The standard devia-
tion for a single determination has been estimated to b&6. Calculation
0.00009 normality units at 32 df. The 95 % limit for the 66.1 Calculate the norma]ity of the KMQ@O'U“OI’], as
difference between two such determinations is 0.0003 normakp|lows:
ity units.
63.1.2 Laboratory Precision (Within-Laboratory, Between- A
Days Variability), formerly called RepeatabilityThe standard
deviation of results (each the average of duplicates) obtainedvhere:
by the same analyst on different days, has been estimated to b
0.00014 normality units at 16 df. The 95 % limit for the B grams of NaC,0, used,
difference between two such averages is 0.0004 normalityC = millilitres of KMnO, solution required for titration of
units. the solution, and
63.1.3 Reproducibility (Multilaboratory}-The standard de- D = millilitres of KMnO, solution required for blank
viation of results (each the average of duplicates), obtained by titration.
analysts in different laboratories has been estimated to be N
0.00024 normality units at 15 df. The 95 % limit for the 67. Stability
difference between two such averages is 0.0007 normality 67.1 Restandardize weekly.
units.

Note 16—These precision estimates are based on an interlaborator§/8' Precision and Bias (See Note 20)
study conducted in 1962. One sample was analyzed. One analyst in each68.1 The following criteria should be used for judging the
of 16 laboratories performed duplicate determinations and repeated theﬁbceptability of results:
ona second day, for a total of 64 determinations. Practice E 180 was used 68.1.1 Repeatability (Single AnalysyThe standard devia-
in developing these statements. . . LI .

tion for a single determination has been estimated to be
POTASSIUM PERMANGANATE SOLUTION, 0.1 N 0.00009 normality units at 32 df. The 95 % limit for the
] difference between two such determinations is 0.0002 normal-
64. Preparation ity units.

64.1 Dissolve 3.2 g of potassium permanganate (KMpO  68.1.2 Laboratory Precision (Within-Laboratory, Between-
in 100 mL of water and dilute the solution with water to 1 L. Days Variability), formerly called RepeatabilityThe standard
Allow the solution to stand in the dark for two weeks and thendeviation of results (each the average of duplicates) obtained
filter through a fine-porosity sintered-glass crucidio not by the same analyst on different days, has been estimated to be
wash the filter Store the solution in glass-stoppered, amber0.00009 normality units at 16 df. The 95 % limit for the

B

= 0.06701(C — D) (12)

normality of the KMnQ solution,

colored glass bottles. difference between two such averages is 0.0002 normality
Note 17—Do not permit the filtered solution to come into contact with units. o )
paper, rubber, or other organic material. 68.1.3 Reproducibility (Multilaboratory)—The standard de-
0 viation of results (each the average of duplicates) obtained by
65. Standardization analysts in different laboratories has been estimated to be

65.1 Transfe 2 g of primary standard sodium oxaldte 0.00013 normality units at 15 df. The 95 % limit for the
(Na,C,0,) to a platinum dish and dry at 105°C for 1 h. Cool difference between two such averages is 0.0004 normality
in a desiccator. Weigh accurately 0:80.01 g of the dried units.

Na,C,0, and transfer to a 500-mL glass container. Add 250 . . .

mL of sulfuric acid (HSO,, 1 + 19) that was previously boiled Note 20—Thes_e precision estimates are based on an |nterlab(_)ratory
. . . study conducted in which one sample was analyzed. One analyst in each

for 10 to 15 min and then cooled to 273°C, and stir until the ¢ 18 janoratories performed duplicate determinations and repeated them

sample is dissolved. Add 39 mL of the KMpG@olution at a  on a second day, for a total of 72 determinations. Practice E 180 was used
rate of 3G= 5 mL/min, while stirring slowly, and let stand for in developing these statements.

10
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POTASSIUM DICHROMATE SOLUTION, 0.1 N analysts in different laboratories has been estimated to be
] 0.00009 normality units at 13 df. The 95 % limit for the
69. Preparation difference between two such averages is 0.00026 normality

69.1 Transfe 6 g of potassium dichromate ¢Cr,0;) to a  units.
platinum dish and dry at 120 C for 4 h. Cool Ir.] a desiccator. NoTe 22—These precision estimates are based on an interlaboratory
Place 4.9 g of the dried JCr,O, in a 1-L volumetric flask, and  gy,qy conducted in 1963. One sample was analyzed. One analyst in each
add 100 mL of water. Swirl to dissolve and when solution iSof 18 laboratories performed duplicate determinations and repeated them
complete, dilute to the mark with water and mix. Store theon a second day, for a total of 72 determinations. Practice E 180 was used
solution in a glass-stoppered bottle. in developing these statements.

Note 21—If desired, the solution also may be prepared on a determi- METHANOLIC SODIUM HYDROXIDE SOLUTION,
nate basis by accurately weighing dried primary standard potassium 05N
dichromate® and diluting the solution carefully to volume.
o Note 23—Because of the magnitude of the temperature correction
70. Standardization factor (AN/°C) for this normality, volume corrections should be utilized if
70.1 Place 40 mL of water in a 250-mL glass-stoppere his solution is used at temperatures differing from that of standardization
.' 6.1 and Table 1).
conical flask, and add 40 mL, accurately measured, of th see 6.1 and Table 1)
K,Cr,0; solution. Stopper the flask, swirl to mix, remove the 74. Preparation

stopper, and aii3 g of potassium iodide (K})2 g of sodium 74.1 Dilute 28 mL of clear 50 % NaOH solution (see 14.1)
bicarbonate (NaHC), and 5 mL of hydrochloric acid (HCI). i 71 mi of water, add 90 mL of absolute methanol, and mix

Stopper the flask quickly, swirl to ensure mixing, and let stan horoughly in a hard glass container having a vented closure.

in the dark for 10 min. Rinse the stopper and inner walls Of.theStore the solution in a light-resistant hard glass bottle fitted

Myith a delivery tube and a guard tube containing a carbon
thiosulfate solution (Ng5,03) until the solution is yellowish diloxide abglorgenltj. au . ning

green. Add 2 mL of starch solution (10 g/L), and continue the

titration to the disappearance of the blue color. Note 24—Mixing of the solution may be accompanied by pressure
build-up and should be done with a vented system.

71. Calculation

71.1 Calculate the normality of the Kr,O, solution, as
follows:

75. Standardization

75.1 See Section 15, but use 4.750.05 g of the dried
KHCgH,O,.
BXxC
A="p

(13) 76. pH 8.6 End Point Color Standard

where: 76.1 See Section 16.

A = normality of the KCr,0O, solution, .
B = milllitres of Na,S,0, solution required for titration of /7~ Calculation
the solution, 77.1 See Section 17.
C = normality of the NaS,05 solution, and -
D = millilitres of K,Cr,O, solution used. 78. Stability
- 78.1 The solution must be standardized frequently if there is
72. Stability evidence of action on the glass container, or if insoluble matter
72.1 Restandardize monthly. appears in the solution.
73. Precision and Bias (See Note 22) 79. Precision and Bias (See Note 25)
73.1 The following criteria should be used for judging the 79.1 The following criteria should be used for judging the
acceptability of results: acceptability of results:

73.1.1 Repeatability (Single AnalystThe standard devia- 79.1.1 Repeatability (Single AnalystyThe standard devia-
tion for a single determination has been estimated to bdion for a single determination has been estimated to be 0.0004
0.00007 normality units at 28 df. The 95 % limit for the normality units at 30 df. The 95 % limit for the difference
difference between two such determinations is 0.00019 nometween two such determinations is 0.0010 normality units.
mality units. 79.1.2 Laboratory Precision (Within-Laboratory, Between-

73.1.2 Laboratory Precision (Within-Laboratory, Between- Days Variability), formerly called RepeatabilityThe standard
Days Variability), formerly called RepeatabilityThe standard deviation of results (each the average of duplicates) obtained
deviation of results (each the average of duplicates) obtaineldy the same analyst on different days, has been estimated to be
by the same analyst on different days, has been estimated to BeD0061 normality units at 15 df. The 95 % limit for the
0.00007 normality units at 14 df. The 95 % limit for the difference between two such averages is 0.0017 normality
difference between two such averages is 0.00019 normalitynits.
units. 79.1.3 Reproducibility (Multilaboratory}y—The standard de-

73.1.3 Reproducibility (Multilaboratory)—The standard de- viation of results (each the average of duplicates) obtained by
viation of results (each the average of duplicates) obtained bgnalysts in different laboratories has been estimated to be

11
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0.00132 normality units at 8 df. The 95% limit for the Cc = miliilitres of ceric sulfate solution required for titra-
difference between two such averages is 0.0037 normality tion of the solution.
units.

83. Stabilit
Note 25—These precision estimates are based on an interlaboratory y

study in which one sample was analyzed. Two analysts in each of 9 83.1 Restandardize monthly.

laboratories performed duplicate determinations and repeated them on a L .

second day, for a total of 72 determinations. Practice E 180 was used @4+ Precision and Bias (See Note 26)

developing these statements. 84.1 The following criteria should be used for judging the
. acceptability of results:

ERI LFAT . i . .
CERIC SU E SOLUTION, 0.1 N (in 1 N H2SO,) 84.1.1 Repeatability (Single AnalystyThe standard devia-
80. Preparation tion for a single determination has been estimated to be

. . . .. 0.00013 normality units at 36 df. The 95 % limit for the
80.1 Warning—The addition of water to the sulfuric acid difference between two such determinations is 0.0004 normal-

slurry in this procedure should be carried out slowly andit units

cautiously, as the resulting solution becomes very hot and ma 84.1.2 Laboratory Precision (Within-Laboratory, Between-

spatter. Wear a face-shield during the operation. o o
; . . _ Days Variability), formerly called RepeatabilityThe standard
80.2 To 60 g of ceric ammonium nitrate [(N)3-Ce(NQ)ql deviation of results (each the average of duplicates) obtained

:ﬂg :;Sr Thti?facgrr;%%?gasﬁgrSﬂgl;gfma:éd ﬁod“ igu%iroigél)én dby the same analyst on different days, has been estimated to be
y X ' Y 0.00012 normality units at 18 df. The 95 % limit for the

with constant stirring, 100 mL of watel\(arning, see 80.1) , X .
and stir for 2 min when addition is complete. Add 600 mL of d:figence between two such averages is 0.0004 normality
additional water in three portions, adding the water slowly, an ' - .

. ; o , . ' 84.1.3 Reproducibility (Multilaboratory3—The standard de-
stirring for 2 min after each 200 mL is added. .D|Iut(.a with Waterviation of results (each the average of duplicates) obtained by
to 900 m, cool, filter through a glass microfiber filter, and let analysts in different laboratories has been estimated to be
the filtrate stand undisturbed in a tightly-closed glass containe(5 00021 normality units at 17 df. The 95 9% limit for the

for 2 or 3 days. If the solution is clear after standing, dilute itdifference between two such averages is 0.0006 normalit
with water to 1 L. Store the solution in tightly-closed glassunitS 9 : y

containers. If any insoluble matter precipitates during the
standing, filter as above and dilute the filtrate with water to 1 Note 26—These precision estimates are based on an interlaboratory

L. study conducted in 1965. One sample was analyzed. One analyst in each
of 18 laboratories performed duplicate determinations and repeated them
81. Standardization on a second day, for a total of 72 determinations. Practice E 180 was used

. . . . in developing these statements.
81.1 Warning—The preparation of the osmium tetroxide Ping

solution used in this procedure should be carried out in a ACETOUS PERCHLORIC ACID, 0.1 N
well-ventilated hood because of the poisonous and irritatin% .
vapors given off by this compound. 5. Preparation

81.2 Transfer abdul g of primary standard arsenic triox-  85.1 Warning—Use chemical safety goggles and long-
ide® (As,0;) (Warning, see 55.1) to a platinum dish, and dry sleeved rubber gloves in the preparation of this solution.
at 105°C for 1 h. Cool in a desiccator. Weigh accurately 0.20Perchloric acid in contact with certain organic materials can
+ 0.01 g of the dried AgD, and transfer to a 500-mL conical form explosive mixtures. All glassware that has been in contact
flask. Rinse the walls of the flask with 25 mL of water with perchloric acid and its solutions should be rinsed with
containing 2 g of sodium hydroxide (NaOH), and swirl to water before being set aside.
dissolve. When solution is complete, dilute with 100 mL of 85.2 To approximately 500 mL of glacial acetic acid
water, add 10 mL of sulfuric acid ¢$0,, 1 + 1), 3 drops ofa (CH;COOH, sp gr 1.05) in a 1-L volumetric flask, add 8.5 mL
solution of 0.01M osmium tetroxide (Osg) (Warning, see of 70 % perchloric acid (HCIQ sp gr 1.67) and mix the
81.1) in 0.1N H,SO, (see 96.20), and 2 drops of 0.08%  solution by swirling. Dilute to volume with glacial acetic acid
1,10-phenanthroline ferrous sulfate indicator solution (seend mix again.

96.21). Titrate slowly with the ceric sulfate solution to the 85.3 Add 25.0 mL of the acetous perchloric acid solution to

sharp color change from pink to very pale blue. a flask containing 25.0 mL of pyridine and determine the
percent water (w/w) by titration with Karl Fischer reagent (Test
82. Calculation Method E 203). Make any necessary blank correction after
82.1 Calculate the normality of the ceric sulfate solution, aditrating a separate 25.0-mL portion of pyridine with the Karl
follows: Fischer reagent.
B 85.4 Calculate the amount of acetic anhydridgHgD5)
A= 004926x C (14)  required to react with all except 0.035 % (w/w) of the water in
the acetous perchloric acid solution. The following formula,
where: based on acetic anhydride having a specific gravity of 1.08 and
A = normality of the ceric sulfate solution, an assay of 100 % may be used:
B = grams of AsO; used, and

A=525%B (15)
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where: deviation of results (each the average of duplicates) obtained
A = millilitres of acetic anhydride to be added to 1000 mL by the same analyst on different days, has been estimated to be
of the acetous perchloric acid, and 0.00008 normality units at 17 df. The 95 % limit for the
B = percent (w/w) of water in the acetous perchloric acid. difference between two such averages is 0.0002 normality
units.

85.5 Add with constant stirring, the calculated amount of 89.1.3 Reproducibility (Multilaboratory)—The standard de-

acetic anhydride (§H¢O5) in successive small portions to the viation of results (each the average of duplicates), obtained by
acetous perchloric acid. Cool, mix the solution thoroughly ancanalysts in different laboratories has been estimated to be
determine the water content with Karl Fischer reagent a®.00016 normality units at 16 df. The 95 9% limit for the
described in 85.3. If the water content exceeds 0.658dd  difference between two such averages is 0.0005 normality
more acetic anhydride, but if the solution contains less thaminits.
0.02 % water, add suficient Wa,lter to make_ the content between Note 27—These precision estimates are based on an interlaboratory
0.02 and 0.05 % of water. Mix the solution thoroughly, andstdy conducted in 1966. One sample was analyzed. One analyst in each
again determine the water content by titration. When the watesf 20 laboratories performed duplicate determinations and repeated them
content of the solution is between 0.02 and 0.05 %, standardizs a second day, for a total of 80 determinations. Practice E 180 was used
the solution by the following procedure and protect it fromin developing these statements.

atmospheric moisture by a guard tube containing silica gel. DISODIUM ETHYLENEDIAMINE TETRAACETATE
86. Standardization SOLUTION, 0.05 M

86.1 Weigh accurately about 0.7 g of potassium hydroge
phthalaté (KHCgH,O,), previously dried at 105°C for 3 h, and
dissolve it in 50 mL of glacial CECOOH in a 250-mL flask.
Add 2 drops of crystal violet indicator solution (10 g/L in
glacial acetic acid), titrate with the HC}Gsolution until the
violet color changes to emerald-green. Determine the volum o
of HCIO, solution consumed by a blank using 50 mL of thesl' Standardization

$0. Preparation

90.1 Dissolve 18.6 g of disodium ethylenediaminetetraac-
etate dihydrate (GH,,N,Na,Og-2H,0)*2in sufficient water to
make 1000 mL, and store in a polyethylene container.

glacial CH,COOH. 91.1 Weigh accurately about 200 mg of calcium carboffate
transfer to a 400-mL beaker, add 10 mL of water, and swirl to
87. Calculation form a slurry. Cover the beaker with a water glass and

introduce 2 mL of hydrochloric acid (HCI, 3 + 10) from a pipet

87.1 Calculate the normality of the HCJGCsolution, as . X
y A inserted between the lip of the beaker and edge of the watch

follows: glass. Swirl contents of the beaker to dissolve the calcium
A= B (16)  carbonate. Wash down the sides of the beaker, the outer surface
0.2042x(C = D) of the pipet, and the watch glass, and dilute to about 100 mL.
where: While stirring the solution, preferably with a magnetic stirrer,
A = normality of the HCIQ solution, add about 30 mL of the disodium ethylenediaminetetraacetate
B = grams of KHGH,O, used, solution from a 50-mL buret. Add 15 mL of sodium hydroxide
C = millilitres of HCIO, solution consumed by the solution (NaOH, 40 g/L), 300 mg of hydroxy naphthol blue
KHCgH,O, solution, and indicator, and continue the titration with the disodium ethyl-
D = millilitres of HCIO, solution consumed by 50 mL of enediaminetetraacetate solution to a blue endpoint.

glacial CH,COOH.
92. Calculation

88. Stability 92.1 Calculate the molarity of the disodium ethylenedi-
88.1 Restandardize monthly. aminetetraacetate solution as follows:
89. Precision and Bias (See Note 27) M= ﬁ 17
89.1 The following criteria should be used for judging the
acceptability of results: where: _ o o
89.1.1 Repeatability (Single AnalystjThe standard devia- M = mola_nty of the disodium ethylenediaminetetraacetate
tion for a single determination has been estimated to be solution, _ ,
0.00008 normality units at 34 df. The 95 % limit for the W = milligrams of CaCQ in the sample of calcium
difference between two such determinations is 0.0002 normal- carbonate taken, and -
ity units. V = millilitres of disodium ethylenediaminetetraacetate

89.1.2 Laboratory Precision (Within-Laboratory, Between- solution consumed.

Days Variability), formerly called RepeatabilityThe standard

3 Correct American Chemical Society name: (Ethylenedinitrilo) Tetraacetic
12When the reagent is used for the titration of strong bases, higher contents arcid Disodium Salt Dihydrate.
permissible. 14 Use chelometric standard grade of calcium carbonate (GaCO
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93. Stability mL of HCI, and dilute to 1 L. To 50 mL of this solution (1
93.1 Restandardize monthly. \TVLzll mgMHg) 'addhls .(rjnL' of HCtI, an$ dilulfe toOI 1 L.
. : arning—Mercuric chloride is very toxic if swallowed.
94. Precision and Bias (See Note 28) o 95.6 Sulfate, Standard Solutiofl mL = 0.01 mg SQ)—
94.1 The following criteria should be used for judging the Dissolve 0.148 g of anhydrous sodium sulfate {81@,) in

acceptability of results: water, and dilute to 100 mL. Dilute 10 mL of this solution to 1
94.1.1 Repeatability (Single AnalysgThe standard devia- | .

tion for a single determination has been estimated to be
0.00004 molarity units at 40 df. The 95% limit for the 96. Nonstandardized Reagent Solutions and Indicator
difference between two such determinations is 0.0001 molarity  Solutions

units. : . : . .
- - 96.1 Acetic Acid Solutiorfl + 19)—Dilute 50 mL of glacial
94.1.2 Laboratory Precision (Within-Laboratory, Between- acetic acid with 950 mL of water, and mix.

Days Variability), formerly called RepeatabilityThe standard 96.2 Ammonium Acetate Solutiga00 g/L)—Dissolve 100

deviation of results (each the average of duplicates) obtaine of .ammonium acetate (GBOONH,) in about 750 mL of

by the same analyst on different days, has been estimated to ter. filter. and dilute to 1 L

0.00006 molarity units at 20 df. The 95 % limit for the 9% 3 Amr'nonium AcetateA.cetic Acid Solutior-Dissolve

difference between two such averages is 0.0002 molarity units_too g of ammonium acetate (GBOONH,) in about 600 mL
94.1.3 Reproducibility (Multilaboratory)—The standard de-

viation of results (each the average of duplicates), obtained bga\év%t"eurigllzgr,laf f/jvﬁr? (\)Nr;tléff glacial acetic acid to the filtrate,

analysts in different laboratories has been estimated to bé 96.4 Ammonium Hydroxide Solutiofl + 1)—Dilute 500

0.00006 molarity units at 19 df. The 95 % Iimit for the . : )
difference between two such averages is 0.0002 molarity unitgnLdor;i(mmomum hydroxide (NEOH) with 500 mL of water,
Note 28—These precision estimates are based on an interlaboratory 96.5 Ammonium Molybdate-Sulfuric Acid Solution(50 g
study conducted in 1966. One sample was analyzed. One analyst in eagRiH )6 M0,0,,-4H,0/L)—Transfer 50 g of ammonium mo-
of 20 laboratories performed duplicate determinations and repeated the bd;fe tetZahz;drate)ta 1 Lflask. add 800 mL of N H.SO
) 2oy

on a second day, for a total of 80 determinations. Practice E 180 was us . . . .
in developing tr?/ese statements. Ssee Section 39), shake to dissolve the salt, and dilute with 1

H,SO, to 1 L.
REAGENT TESTING SOLUTIONS 96.6 Ammonium Thiocyanate Soluti¢800 g/L)—Dissolve
95. Standard lon Solutions 300 g of ammonium thiocyanate (NJ$CN) in about 750 mL

95.1 Arsenic, Standard Solutiofl mL =0.001 mg As)— ©f water, filter, and dilute to 1 L.
Dissolve 0.1320 g of arsenic trioxide (435) (Warning, see _ 96.7 Barium Chloride Solution(120 g BaC}-2H,0/L)—
55.1) in 10 mL of sodium hydroxide solution (NaOH, 40 g/L), Dissolve 120 g of barlum chloride dihydrate in about 750 mL
neutralize with sulfuric acid (580, 1 + 15), add 10 mL of the  Of water, filter, and dilute to 1 L. _
acid in excess, and dilute with water to 1 L. To 10 mL of this 96.8 Bromine Water (SaturateejTo 1 L of water in a
solution (1 mL = 0.1 mg As) add 10 mL of430, (1 + 15), and glass-stoppered bottle add bromine and shake until no more

dilute with water to 1 L. bromine is dissolved by the solution. Start with 10 mL of
95.2 Chloride, Standard Solutio(l mL = 0.005 mg Cl)—  bromine. Keep a few drops of bromine on the bottom of the

Dissolve 0.1650 g of sodium chloride (NaCl) in water, andPottle, and use only the clear water solution.

dilute to 1 L. Dilute 5 mL of this solution to 100 mL. 96.9 Crystal Violet Indicator Solutiorf10 g/L)—Dissolve 1

95.3 Iron, Standard Solution(1 mL=0.01 mg Fe)— 9 of crystal violet (hexamethyd-rosaniline chloride) in 100
Dissolve 0.1000 g of iron in 10 mL of hydrochloric acid (HCI, ML of glacial acetic acid (CECOOH, sp gr 1.05) and filter if
1+1) and 1 mL of bromine water. Boil until the excess necessary.
bromine is removed. Add 200 mL of HCI, cool, and dilute to 1 96.10 Ferric Ammonium Sulfate Indicator Solutio80 g
L in a volumetric flask. Dilute 100 mL of this solution to 1 L. FENH,(SO,),-12H,0/L)—Dissolve 80 g of clear crystals of

95.3.1 Alternative Method-As an alternative, the standard ferric ammonium sulfate dodecahydrate in about 750 mL of
iron solution may be prepared by weighing exactly 0.7022 g ofvater, filter, add a few drops of sulfuric acid {80,), if
ferrous ammonium sulfate hexahydrate necessary, to clear the solution, and dilute to 1 L.
(FeSQ-(NH,),S0,-6H,0, minimum purity, 99.5 %), dissolv- 96.11 Hydrogen Sulfide Solution (Saturatedpaturate wa-
ing in 500 mL of water containing 20 mL of sulfuric acid ter with hydrogen sulfide gas by bubbling the gas through the
(H,SO,, sp gr 1.84) and diluting to 1 L with water. Dilute 100 water. The solution must be freshly prepared.

mL of this solution to 1 L. 96.12 Hydroxylamine Hydrochloride Solutio(l00 g/L)—

95.4 Lead, Standard Solution(l mL =0.01 mg Pb)— Dissolve 100 g of hydroxylamine hydrochloride (MBH-HCI)
Dissolve 0.160 g of lead nitrate (Pb(l)9) in 100 mL of nitric  in about 600 mL of water, filter, and dilute to 1 L.
acid (HNQ;, 1 +99), and dilute to 1 L. Dilute 10 mL of this  96.13 Hydroxylamine Hydrochloride Solutio(800 g/L)—
solution with HNQ; (1 + 99) to 100 mL. Prepare the dilute Dissolve 300 g hydroxylamine hydrochloride (BDH-HCI)
solution immediately before use. in about 600 mL of water, filter, and dilute to 1 L.

95.5 Mercury, Standard Solutiofl mL = 0.05 mg Hg)— 96.14 Mercuric Acetate Solutio(25 g/L)—Dissolve 25 g of
Dissolve 1.35 g of mercuric chloride (Hgflin water, add 8 mercuric acetate (Hg(C}€£OO),) in about 500 mL of water,
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filter, and dilute to 1 L. \Varning—Mercuric acetate is very (see Note 29), methanol, or isopropanol.

toxic if swallowgd.) _ _ . 96.24 Phenolphthalein Indicator Solution in Pyriding0
96.15 Mercuric Chloride Solutior(50 g/L)—Dissolve 50 g  g/L)—Dissolve 1 g of phenolphthalein in pyridine and dilute

of mercuric chloride (HgG) in about 750 mL of water, filter, with pyridine to 100 mL.

and dilute to 1 L. Warning—Mercuric chloride is very toxic 96.25 Potassium lodide Solutiof100 g/L)—Dissolve 100 g

if swallowed.) . _ . of potassium iodide (KI) in about 750 mL of water, filter, and
96.16 Methyl Orange Indicator Solutio(il g/L)—Dissolve  jjute to 1 L.

0.1 g of methyl orange in 100 mL of water and filter if g5 56 potassium lodide Solutiof800 g/L)—Dissolve 300 g

necessary. of potassium iodide (KI) in about 750 mL of water, filter, and
96.17 Methyl Orange Indicator Solution, Modifiedl  qibe o q | (Kl) in abou water, et

g/L)—Dissolve 0.1 g of methyl orange and 0.14 g of xylene 96.27 Silver Nitrate Solution(17 g/L)—Dissolve 17 g of

cyanole FF dye in 100 mL of water and filter if necessary. . . ; s )
96.18 Methyl Red Indicator Solutioft. g/L)—Dissolve 1 g silver nitrate (AgNQ) in water, mix, dilute to 1 L, and store in

: a light-resistant glass container.
of methyl red in 1 L of ethanol (95 %).
Y (95 %) 96.28 Sodium Diethyldithiocarbamate Solutidd g/L)—

Note 29—In most cases certain denatured alcohols such as speciallpissohe 1 g ofsodium diethyldithiocarbamate in 750 mL of
denatured Formula Nos. 3A, 30, or 2B may be substituted for ethanol. water, filter if necessary, and dilute to 1 L.

96.19 Methyl Red Indicator Solutio(b g/L)—Dissolve 5 g 96.29 Sodium Hydroxide Solutiof# g/L)—Dissohe 4 g of
of methyl red in 1 L of ethanol (95 %) (Note 29). sodium hydroxide (NaOH) in water and dilute to 1 L.

96.20 Osmium Tetroxide Solutio(0.01 M) (in 0.1 N 96.30 Sodium Hydroxide Solutiof#0 g/L)—Dissolve 40 g
H,SO,)—Dissolve 0.25 g of osmium tetroxide (OgAn 100 4 sodium hydroxide (NaOH) in water and dilute to 1 L.
mL of 0.1 N H,SO, (see 29.1).\(varning—The preparation of 96.31 Stannous Chloride Solutiof20 SnCl-2H,0/L)—

the osmium tetroxide solution should be carried out in 8issolve 20 g of stannous chloride dihydrate in 500 mL of

weII-vent?Iated f?ct))odthpecause of Lhe poisonous and irritatinghydrochloric acid (HCI), filter, if necessary, through a sintered-
vapors given off by this compound.) . glass filter, and dilute with HCl to 1 L.

96.21 1,10-Phenanthroline (o-Phenanthroline) Ferrous Su 96.32 Starch Indicator Solution(10 g/L)}—Mix 1 g of

fate Indicator Solution (0.025 Dissolve 1.485 g of 1,10- . S
phenanthroline monoh3(/drate :\?100 mL of 0.0Mngerrous soluble starch with 5 mg of re(_j mercuric iodide (Hgand .
sulfate solution. The 0.025M ferrous sulfate solution is enough cold water to make a thin paste, and pour slowly, with

. ; ; constant stirring, into 100 mL of boiling water. Boil the
prepared by dissolving 0.695 g of FeH,0 in 100 mL. of mixture while stirring until a thin, translucent fluid is obtained.

water. , A C
96.22 1,10-Phenanthroline (o-Phenanthroline) Indicator Cool before use.Warning—Mercuric iodide is very toxic if
Solution (3 g/L)}-Dissolwe 3 g of1,10-phenanthroline mono- swallowed.)
hydrate in 500 mL of water, add 1 mL of hydrochloric acid
(HCI), mix, filter, and dilute to 1 L. 97. Keywords
96.23 Phenolphthalein Indicator Solutio10 g/L)— 97.1 indicator solutions; reagent solutions; standard solu-

Dissolwe 1 g ofphenolphthalein in 100 mL of ethanol (95 %) tions; titrants

The ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item
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