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Stan dard So lu tion of Hy dro chlo ric Acid

First Ac tion 1936
Fi nal Ac tion

A. Prep a ra tion of Stan dard So lu tions

Ta ble 936.15 gives ap prox i mate vol umes of 36.5–38% HCl
re quired to make 10 L stan dard so lu tions.

B. Stan dard So dium Hy drox ide Method

Ti trate 40 mL against stan dard al kali so lu tion, 936.16C–E (see
A.1.12), of ca same con cen tra tion as acid be ing stan dard ized in
300 mL flask that has been swept free from CO2, us ing CO2-free
H2O and 3 drops phenolphthalein.

Molarity = 
mL standard alkali molarity of alkali

mL HCl

´

If more con cen trated than de sired, di lute so lu tion to re quired
molarity value by fol low ing for mula:

V1= V2 ´ M2/M1

where M2 and V2 rep re sent molarity and vol ume of stock so lu tion,
re spec tively, and V1 = vol ume to which stock so lu tion should be
di luted to ob tain de sired molarity, M1.

Check ex act con cen tra tion of fi nal so lu tion by ti tra tion as above.
Molarity will be ex act only if same in di ca tor is used in
de ter mi na tion as in stan dard iza tion. Restandardize if in di ca tors
other than phenolphthalein are used.

Ref er ences: JAOAC 19, 107, 194(1936); 49, 250(1966).
Kolthoff & Stenger, “Vol u met ric Anal y sis,” II,
52(1947).

B. Con stant Boiling Method

Di lute 822 mL HCl (36.5–38% HCl) with 750 mL H2O. Check
spe cific grav ity with spin dle and ad just to 1.10. Place 1.5 L in 2 L
flat-bottom dis till ing flask, add ca 10 SiC grains (ca “20 mesh”), and
con nect to long, straight in ner-tube con denser. Heat on elec tric hot
plate and dis til at 5–10 mL/min, keep ing end of con denser open to
air. When 1125 mL has dis tilled, change re ceiv ers and catch next
225 mL, which is con stant boil ing HCl, in Erlenmeyer with end of
con denser in serted into flask, but above sur face of liq uid. Read
ba rom e ter to near est mm at be gin ning and end of col lec tion of
225 mL por tion and note ba rom e ter tem per a ture. Av er age read ings.

Cal cu late air weight in g (G) of this con stant boil ing HCl re quired
to give one equiv a lent weight of HCl from one of fol low ing
equa tions:

For P0 = 540–669 mm Hg:

G = 162.255 + 0.02415 P0

For P0 = 670–780 mm Hg:

G = 164.673 + 0.02039 P0

where P0 = bar o met ric pres sure in mm Hg cor rected to 0EC for
ex pan sion of Hg and of ba rom e ter scale. For brass scale ba rom e ter,
fol low ing cor rec tion is ac cu rate enough:

P0 = Pt (l – 0.000162t)

where t = ba rom e ter tem per a ture in °C.
Weigh re quired amount of con stant boil ing HCl in tared,

stoppered flask to at least 1 part in 10 000. Di lute im me di ately, and
fi nally di lute to vol ume with CO2-free H2O at de sired tem per a ture.

Ref er ences: JAOAC 25, 653(1942); 36, 96, 354(1953);
37, 122, 462(1954).

Stan dard Bo rax Method

C. Re agents

(a) Methyl red in di ca tor.—Dis solve 100 mg methyl red in 60 mL
al co hol and di lute with H2O to 100 mL.

(b) Ref er ence so lu tion.—Pre pare ref er ence so lu tion of H3BO3,
NaCl, and in di ca tor cor re spond ing to com po si tion and vol ume of
so lu tion at equiv a lence point. For use in de ter mi na tion of end point
of ti tra tion with 0.1M HCl, ref er ence so lu tion should be 0.1M in
H3BO3 and 0.05M in NaCl.

(c) Stan dard bo rax.—Sat u rate 300 mL H2O at 55°C (not higher)
with Na2B4O7@10H2O (ACS) (ca 45 g). Fil ter at this tem per a ture
through folded pa per into 500 mL Erlenmeyer. Cool fil trate to ca

10°C, with con tin u ous ag i ta tion dur ing crys tal li za tion. De cant
supernate, rinse pre cip i tate once with 25 mL cold water, and

dis solve crys tals in just enough water at 55°C to en sure com plete

so lu tion (ca 200 mL). Recrystallize by cool ing to ca 10°C, ag i tat ing
flask dur ing crys tal li za tion.

Fil ter crys tals onto small Büchner with suc tion, wash pre cip i tate
once with 25 mL ice-cold water, and dry crys tals by wash ing with
two 20 mL por tions al co hol, dry ing af ter each wash ing with suc tion.
Fol low with two 20 mL por tions ether. (Just be fore use, free al co hol
and ether from any pos si ble re act ing ac ids by vig or ously shak ing
each with 2–3 g of the pure, dry Na2B4O7@10H2O and then fil ter ing.)
Spread crys tals on watch glass, im me di ately place dried
Na2B4O7@10H2O in closed con tainer over so lu tion sat u rated with
re spect to both su crose and NaCl, and let it re main $24 h be fore
us ing. Then trans fer the pure Na2B4O7@10H2O to glass-stoppered
con tainer and store in closed con tainer over so lu tion sat u rated with
re spect to both su crose and NaCl (sta ble un der these con di tions
1 year).

D. Stan dard iza tion

Ac cu rately weigh enough stan dard Na2B4O7@10H2O to ti trate ca
40 mL and trans fer to 300 mL flask. Add 40 mL CO2-free H2O,
936.16B(a) (see A.1.12), and stop per flask. Swirl gently un til
sam ple dis solves. Add 4 drops methyl red and ti trate with so lu tion
that is be ing stan dard ized to equiv a lence point as in di cated by
ref er ence so lu tion.

Molarity (mol/L) = g Na2B4O7@10H2O ´ 1000/mL acid ´ 190.69
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Table 936.15. Vol umes of con cen trated HCl re quired to
pre pare so lu tions of dif fer ent molarities

Ap prox i mate molarity mL HCl to be di luted to 10 L

0.01   8.6

0.02  17.2

0.10  86.0

0.50 430.1

1.0 860.1

http://www.eoma.aoac.org/gateway/readFile.asp?id=936_16.pdf
http://www.eoma.aoac.org/gateway/readFile.asp?id=936_16.pdf


Ref er ence: JAOAC 22, 102, 563(1939).

Stan dard So dium Car bon ate Method

E. Re agents

(a) Methyl or ange in di ca tor.—0.1% in H2O.

(b) Ref er ence so lu tion.—80 mL CO2-free H2O con tain ing 3 or
4 drops methyl or ange.

(c) An hy drous so dium car bon ate.—Heat 250 mL H2O to 80°C
and add NaHCO3 (ACS), stir ring un til no more dis solves. Fil ter
so lu tion through folded pa per (use of hot water fun nel is de sir able)

into Erlenmeyer. Cool fil trate to ca 10°C, swirl ing con stantly dur ing
crys tal li za tion. Fine crys tals of trona that sep a rate out have
ap prox i mate com po si tion: Na2CO3@NaHCO3@2H2O. De cant
supernate, drain crys tals by suc tion, and wash once with cold water.

Trans fer pre cip i tate, be ing care ful not to in clude any pa per fi bers,

to large flat-bottom Pt dish. Heat 1 h at 290°C in elec tric oven or
fur nace with py rom e ter con trol. Stir con tents oc ca sion ally with Pt
wire. Cool in des ic ca tor. Place the an hy drous Na2CO3 in

glass-stoppered con tainer and store in des ic ca tor con tain ing

ef fi cient desiccant. Dry at 120°C and cool just be fore weigh ing.

Ref er ences: Kolthoff & Stenger, “Vol u met ric Anal y sis,” II,
80(1947).
Ind. Eng. Chem., Anal. Ed. 9, 141(1937).
JAOAC 22, 563(1939).

F. Stan dard iza tion

Ac cu rately weigh enough an hy drous Na2CO3, E(c), to ti trate ca
40 mL, trans fer to 300 mL Erlenmeyer, and dis solve in 40 mL H2O.
Add 3 drops methyl or ange and ti trate un til color be gins to de vi ate
from H2O tint (ref er ence so lu tion). (Equiv a lence point has not been
reached.) Boil so lu tion gently 2 min and cool. Ti trate un til color is
barely dif fer ent from H2O tint of in di ca tor.

Molarity HCl, moles/L =

g Na2CO3 ´ 1000/mL HCl ´ (105.988/2)

Ref er ence: JAOAC 22, 102, 563(1939).
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