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INTRODUCTION

Sodium hydroxide (NaOH), commonly
known as caustic soda or lye, is one of
the most widely used inorganic
compounds in chemistry and industry.
When dissolved in water, it forms a
strongly alkaline solution that is
essential for countless
applications—from soap making and
water treatment to chemical synthesis
and food processing. For anyone working
with NaOH solutions, understanding
physical properties such as molarity,
concentration, and especially density of
1M NaOH solution is crucial.

The density of a solution is not merely a
number in a textbook; it affects how we
prepare, store, handle, and use the
solution. A 1M NaOH solution—meaning
one mole of NaOH per liter of
solution—has a specific density that
differs from pure water. Knowing this
value allows chemists to convert
between mass and volume, calculate
precise amounts for reactions, and
ensure safety in handling corrosive
substances. In this article, we will
explore what the density of 1M NaOH
solution is, why it matters, what factors
influence it, and how to wuse this
information effectively in laboratory and
industrial settings.

UNDERSTANDING SODIUM
HYDROXIDE (NAOH) SOLUTIONS

Sodium hydroxide is a strong base that

dissociates completely in water to
produce sodium ions (Na*) and
hydroxide ions (OH-). This dissociation is
exothermic, meaning heat is released
when NaOH pellets or flakes dissolve. A
typical 1M NaOH solution contains
approximately 40.0 grams of pure NaOH
per liter of solution (molar mass = 40.00
g/mol). However, total mass of the
solution is higher due to the water and
any impurities. The density of 1M
NaOH solution therefore reflects the
combined mass of solute and solvent per
unit volume.

In practice, “density” is defined as mass
per unit volume, typically expressed in
grams per milliliter (g/mL or g/cm3) or
kilograms per liter (kg/L). For aqueous
solutions, density increases with solute
concentration because the solute
molecules add mass without
proportionally increasing volume. This
relationship is not linear, but for dilute
solutions like 1M NaOH, the density is
slightly above that of pure water
(=1.000 g/mL at 20°C).

WHAT DOES 1M NAOH MEAN?
MOLARITY EXPLAINED

Before delving into density, it is helpful
to review molarity. Molarity (M) is
defined as the number of moles of solute
per liter of solution. A 1M NaOH solution
contains exactly 1 mole of NaOH (about
40.0 g) dissolved in enough water to
make a total volume of 1 liter. This is
not the same as dissolving 40 g of NaOH
in 1 liter of water, because the solute
occupies some volume and the final
solution volume will be slightly less than
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1 L. Proper preparation involves
dissolving NaOH in a smaller volume of
water, then diluting to the final volume
in a volumetric flask.

The density of the resulting solution is
determined by the total mass (solute +
solvent) divided by the total volume.
Since 1 mole of NaOH (40.00 g) is
present, and the remaining mass comes
from water (approximately 1000 g of
water per liter, but adjusted for volume
displacement), the density can be
calculated or looked up from standard
reference tables. For example, at 20°C,
the density of 1M NaOH solution is
approximately 1.043 g/mL (or 1.043
kg/L). This means that 1 liter of 1M NaOH
weighs about 1043 grams.

THE DENSITY OF 1M NAOH
SOLUTION: KEY VALUES AND
FACTORS

Standard reference data from CRC
Handbook of Chemistry and Physics and
other authoritative sources list the
density of 1M NaOH solution at various
temperatures. The most commonly cited
value is:

e At 20°C: 1.043 g/mL (or 1043
kg/m3)

e At 25°C: 1.040 g/mL (or 1040
kg/m3)

The slight decrease with rising
temperature is due to thermal
expansion. At 15°C, density is slightly
higher (=1.046 g/mL). These values
assume pure NaOH and high-quality
distilled water. Impurities or
deviations in concentration (e.g.,
0.98M vs 1.02M) will alter the
density accordingly.

It is important to note that these
densities are for a nominally 1M solution.

In real laboratory conditions, the exact
density may vary by £0.002 g/mL
depending on the accuracy of
preparation and temperature control. For
applications requiring high precision, you
should measure the density of your
specific solution using a pycnometer,
hydrometer, or digital density meter, or
standardize the solution by titration and
then consult a density-concentration
table.

Why Density
Matters

The density of 1M NaOH solution is
used to:

e Convert between mass and
volume for dosage calculations
(e.g., “I need 100 g of solution,
how many mL is that?”).

 Calculate the exact concentration
when preparing solutions by
weight instead of volume.

e Determine the buoyancy or
storage requirements in industrial
tanks.

» Control reaction conditions where
stoichiometry depends on accurate
mass or volume of base.

e Design safety protocols (spill
containment, neutralization).

FACTORS INFLUENCING THE
DENSITY OF 1M NAOH

Several factors can cause the density of
a 1M NaOH solution to deviate from the
standard value. Understanding these
helps avoid errors in experimental work.
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Temperature
Effects

Like most liquids, NaOH solution
expands when heated and contracts
when cooled. The density decreases as
temperature increases. For a 1M NaOH
solution, the change is roughly —0.0004
g/mL per degree Celsius near room
temperature. Thus, if your laboratory is
at 23°C instead of 20°C, the density
might be around 1.042 g/mL rather than
1.043 g/mL. Always record the
temperature when measuring density.

Concentration
Purity and
Accuracy

A nominally 1M solution may actually be
slightly more or less concentrated due to
measurement errors, absorption of
carbon dioxide (forming sodium
carbonate), or hydration of NaOH. Even
a 1% error in concentration (0.01M) can
shift density by about 0.0004 g/mL. For
critical work, standardize the solution
and determine its exact molarity, then
look up or interpolate the density from
reliable tables.

Presence of
Impurities

Commercial NaOH often contains small
amounts of sodium chloride, carbonate,
or iron compounds. These impurities
increase the total dissolved solids and
thus raise the density slightly. Similarly,

using tap water with dissolved minerals
will increase density compared to using
deionized water. For precise scientific
research, use analytical-grade NaOH and
high-purity water.

Measurement
Techniques

The way you measure density also
matters. A glass hydrometer calibrated
for NaOH solutions at a specific
temperature can give quick readings,
but it assumes a clean, non-viscous
liquid. Digital density meters are more
accurate (x0.0001 g/mL). If using a
pycnometer, careful temperature control
and exact volume calibration are
essential. Always account for the
meniscus and the solubility of air.

HOW TO MEASURE OR
CALCULATE DENSITY OF 1M
NAOH

There are two primary approaches:
direct measurement or calculation based
on known data.

Using Density
Tables

The easiest method for most situations is
to look up the density from a standard
table. Many chemical handbooks provide
density values for NaOH solutions at
various concentrations and
temperatures. For example, at 20°C and
1M, the density is 1.043 g/mL. You can
find tabulated values for 0.1M, 0.5M, 1M,
2M, etc. For in-between concentrations,
linear interpolation is usually sufficient
because the density vs concentration



relationship is nearly linear in this range.

Calculation via
Mass and
Volume

If you have prepared a 1M NaOH solution
yourself and you know its exact
concentration (from standardization),
you can calculate the density by
measuring the mass of a known volume.
For example:

1. Clean and dry a 100 mL volumetric
flask. Weigh it empty.

2. Fill with your 1M NaOH solution to
the mark, then weigh again.

3. Subtract the empty weight to get
the mass of exactly 100 mL of
solution.

4. Divide mass (g) by volume (100
mL) to get density in g/mL.

This method is simple but requires
careful technique to ensure the flask is
at the correct temperature (the flask
itself is calibrated for a specific
temperature, usually 20°C). If your
solution is at a different temperature,
the volume will be slightly off, and you
will need to apply a temperature
correction.

PRACTICAL APPLICATIONS
REQUIRING DENSITY
KNOWLEDGE

The density of 1M NaOH solution plays a
role in many fields. Here are some
examples.

Titration and
Analytical
Chemistry

In acid-base titrations, a 1M NaOH
solution is a common titrant. Knowing its
density allows conversion of volumes to
masses for precise stoichiometric
calculations, especially when working
with a balance that weighs solutions
rather than using a burette. Density is
also used to compute the exact molarity
if the solution is prepared by weight
instead of volume. For instance, if you
weigh out 40.0 g of NaOH and dissolve
to make 1 kg of solution (not 1 liter), the
molarity will differ from 1M; density
helps relate mass and volume.

Industrial
Processes

In large-scale operations, NaOH solutions
are often stored in tanks and transferred
by volume. Engineers need the density
to convert inventory from volume to
mass for billing, and for designing pumps
and piping. A 1M NaOH solution is
relatively dilute, but its density is still a
critical design parameter. For example, if
you need to pump 1000 liters of 1M
NaOH, knowing the density tells you the
total mass load on the pump and the
reinforcement required for the tank.

Safety and
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Handling

Sodium hydroxide solutions are corrosive
and can cause severe burns. Density
information helps calculate the weight of
a spill for proper neutralization. If you
spill 5 liters of 1M NaOH, its mass is 5 x
1.043 = 5.215 kg. To neutralize with a
weak acid like citric or acetic, you need
the exact mass (and moles) of the base.
Density also affects the behavior of the
solution in case of a leak—denser
solutions flow differently than water.

COMPARISON WITH OTHER
COMMON NAOH
CONCENTRATIONS

To give context, here are approximate
densities for aqueous NaOH solutions at
20°C (from standard tables):

* 0.1M NaOH: = 1.004 g/mL
e 0.5M NaOH: = 1.021 g/mL

1.0M NaOH: = 1.043 g/mL
2.0M NaOH: = 1.083 g/mL

5.0M NaOH: = 1.170 g/mL

10.0M NaOH (very concentrated):
=~ 1.330 g/mL

As you can see, the density increases
with concentration. The density of 1M
NaOH is about 4.3% greater than that of
pure water. While this may seem small,
it is significant for precise work. For
example, when pipetting 10 mL of 1M
NaOH, the mass difference compared to
water is about 0.43 grams—enough to
affect stoichiometric calculations if you
are using a balance.

COMMON MISCONCEPTIONS
ABOUT DENSITY OF NAOH
SOLUTIONS

One misconception is that the density of
1M NaOH is the same as 1.000 g/mL
because it is a “dilute” solution. As



