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UNDERSTANDING THE DENSITY
OF 1M NAOH: A COMPLETE
REFERENCE GUIDE

Sodium hydroxide, commonly known as
caustic soda or lye, is one of the most
widely  used  inorganic  chemicals  in
laboratories  and  industrial  settings.
When  working  with  sodium  hydroxide
solutions,  knowing the density of 1M
NaOH  i s  essent ia l  for  accurate
preparation, safe handling, and reliable
experimental  outcomes.  Whether  you
are a chemist, a laboratory technician, a
student,  or  a  professional  in  the
chemica l  process ing  indust ry ,
understanding  how  density  relates  to
concentration,  temperature,  and  purity
can significantly improve your work. This
article explores everything you need to
know  about  the  density  of  1  molar
sodium  hydroxide  solution,  from  its
theo re t i ca l  bas i s  t o  p rac t i ca l
applications.

What Is 1M
NaOH and Why
Does Its Density
Matter?
A 1M NaOH solution contains exactly one
mole of  sodium hydroxide dissolved in
enough  water  to  make  one  liter  of

solution. Since the molar mass of NaOH
is approximately 40.00 g/mol, preparing
one liter of 1M NaOH requires dissolving
about  40.00  grams  of  pure  sodium
hydroxide in water and then diluting to
the  final  volume.  The  density  of  1M
NaOH  is  a  critical  physical  property
because  it  links  the  concentration
expressed  in  molarity  to  mass-based
measurements.  Density  allows  you  to
convert  between  volume  and  mass,
which is especially useful when you need
to  prepare  solutions  by  weight  rather
than  by  volume,  or  when  you  are
working  with  large  quantities  where
volumetric  flasks  are  impractical.
At  standard  laboratory  temperature
(around 20°C or 25°C), the density of
1M NaOH is approximately 1.04 g/mL.
More precisely, at 20°C, the density is
often reported as 1.040 g/mL, while at
25°C it is about 1.039 g/mL. This slight
difference  underscores  the  importance
of  temperature  control  when  making
precise measurements. For many routine
applications,  a  value  of  1.04  g/mL  is
sufficiently  accurate,  but  for  research-
grade work or when preparing standards
f o r  t i t r a t i o n ,  u s i n g  t h e  e x a c t
temperature-corrected  density  is
recommended.

Factors That
Influence the
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Density of 1M
NaOH
Several factors can cause the density of
a 1M NaOH solution to deviate from the
expected  value.  Understanding  these
variables helps you maintain consistency
and accuracy in your work.

TEMPERATURE

Like  most  liquids,  sodium  hydroxide
solutions  expand  when  heated  and
contract  when  cooled.  As  temperature
increases, the solution occupies a larger
volume for the same mass, causing the
density  to  decrease.  Conversely,  lower
temperatures  increase  density.  The
density  of  1M  NaOH  changes  by
roughly  0.0003  g/mL  for  every  1°C
change  near  room  temperature.  This
means that a solution measured at 30°C
will have a noticeably lower density than
the same solution measured at 15°C. For
precise  work,  always  record  the
temperature  at  which  the  density  was
measured  or  use  a  temperature
correction  table.

PURITY OF THE SODIUM HYDROXIDE

Sodium hydroxide is highly hygroscopic,
meaning it readily absorbs moisture and
carbon dioxide from the air.  Impurities
such  as  sodium  carbonate  can  form
when  NaOH  reacts  with  atmospheric
CO₂.  These impurities  alter  the  effective
concentration  of  the  solution  and
therefore  affect  the  density  of  1M
NaOH.  Using fresh,  high-purity sodium
hydroxide  and  storing  solutions  in
airtight  containers  helps  maintain  the
expected density.

DISSOLVED GASES AND CARBONATE
CONTENT

Even small amounts of dissolved carbon
dioxide can convert some hydroxide ions
into carbonate ions, changing the ionic
composition  of  the  solution.  Since
carbonate  ions  have  a  different  molar
mass  and  hydration  behavior  than
hydroxide ions, the overall density shifts.
For critical applications, it is advisable to
use  degassed  water  and  to  prepare
solutions  under  a  nitrogen  or  argon
atmosphere to minimize contamination.

How to Measure
the Density of
1M NaOH
Accurately
Measuring  the  density  of  a  sodium
hydroxide  solution  is  straightforward  if
you  fo l low  standard  laboratory
procedures. The most common method
involves  using  a  pycnometer  or  a
hydrometer.  Here  is  a  step-by-step
approach for determining the density of
1M NaOH with good accuracy.

Prepare the solution carefully.1.
Weigh exactly 40.00 grams of
analytical-grade sodium hydroxide
pellets. Dissolve them in about
800 mL of distilled or deionized
water in a beaker. Allow the
solution to cool to room
temperature because the
dissolution of NaOH is highly
exothermic. Transfer the cooled
solution to a 1-liter volumetric
flask and dilute to the mark with
water. Mix thoroughly by inverting
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the flask several times.
Equilibrate the temperature.2.
Place the solution in a water bath
set to the desired temperature
(usually 20°C or 25°C). Allow
sufficient time for thermal
equilibrium, typically 15 to 30
minutes.
Use a calibrated pycnometer.3.
Clean and dry a pycnometer of
known volume. Weigh the empty
pycnometer. Fill it completely with
the 1M NaOH solution, ensuring no
air bubbles are trapped. Wipe off
any excess liquid and weigh the
filled pycnometer. The difference
in weight divided by the volume of
the pycnometer gives the density
at that temperature.
Alternatively, use a4.
hydrometer. Pour the solution
into a tall, clean cylinder. Gently
lower a hydrometer calibrated for
aqueous solutions into the liquid.
Read the meniscus at eye level.
The hydrometer scale provides a
direct density reading, but
accuracy is typically lower than
with a pycnometer.
Record the temperature.5.
Always note the temperature at
which the measurement was
made. This allows you to compare
your result with published
reference values or to apply
temperature corrections later.

Reference Values
for the Density of

1M NaOH at
Various
Temperatures
T h e  f o l l o w i n g  t a b l e  p r o v i d e s
representative  density  values  for  1M
NaOH  solution  at  commonly  used
temperatures.  Note  that  these  values
are  based  on  pure  solutions  prepared
with  high-quality  reagents.  Slight
variations may occur depending on the
source  of  sodium  hydroxide  and  the
purity of the water used.

At 15°C: Approximately 1.042
g/mL
At 20°C: Approximately 1.040
g/mL
At 25°C: Approximately 1.039
g/mL
At 30°C: Approximately 1.037
g/mL
At 35°C: Approximately 1.035
g/mL

These  values  illustrate  the  inverse
relationship  between  temperature  and
density.  For  most  laboratory work,  the
density at 20°C or 25°C is used as the
standard. If you need to use a solution at
a  different  temperature,  applying  a
correction factor of roughly -0.0003 g/mL
per  °C  above  20°C  is  a  reasonable
approximation.

Practical
Applications of
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Knowing the
Density of 1M

NaOH
Understanding  the  density  of  1M
NaOH  is  not  merely  an  academic
exercise.  It  has  direct,  practical
impl icat ions  in  several  areas  of
chemistry and chemical engineering.

SOLUTION PREPARATION BY
WEIGHT

In  many industrial  settings,  it  is  more
convenient  to  prepare  solutions  by
weight rather than by volume, especially
when dealing with large tanks or when
volumetric glassware is not available. If
you know the density, you can calculate
the mass of solution needed to obtain a
specific  volume.  For  example,  if  you
need  500  mL  of  1M  NaOH  and  the
density is 1.04 g/mL, the required mass
is 500 mL times 1.04 g/mL, which equals
520 grams of solution. This mass-based
approach  is  often  more  accurate
because  it  eliminates  errors  from
volumetric  measurements.

TITRATION AND ANALYTICAL
CHEMISTRY

In  acid-base  titrations,  the  exact
concentration of  the sodium hydroxide
solution is critical. While molarity is the
standard  unit  of  concentration,  some
analytical  methods rely on mass-based
measurements. Knowing the density of
1M  NaOH  a l lows  you  to  convert
between  molarity  and  molality  or  to
verify  the  concentration  by  measuring
the  density  and  comparing  i t  to
reference tables. This is especially useful

when  standardizing  NaOH  solutions
against  pr imary  standards  l ike
potassium  hydrogen  phthalate.

PROCESS CONTROL AND QUALITY
ASSURANCE

In chemical manufacturing, the density
of  process  streams is  often  monitored
online using densitometers. If you know
the  expected  density  of  a  1M  NaOH
solution  at  the  operating  temperature,
you can quickly  detect  deviations that
might  indicate  incorrect  concentration,
contaminat ion,  or  temperature
fluctuations.  This  real-time  monitoring
helps  maintain  product  quality  and
process  efficiency.

MATERIAL SELECTION AND
ENGINEERING DESIGN

Engineers  designing  storage  tanks,
piping systems, and pumps for sodium
hydroxide  solutions  need  accurate
density  data  to  calculate  hydrostatic
pressures,  flow  rates,  and  required
material strengths. The density of 1M
NaOH  i s  a  key  i npu t  f o r  t hese
calculations.  Using  the  correct  density
ensures  that  equipment  is  neither
overdesigned  (wasting  money)  nor
underdesigned  (creating  safety  risks).

Safety
Considerations
When Handling
1M NaOH
Sodium hydroxide is a strong base and is
corrosive to skin, eyes, and respiratory
tissues.  Even  a  1M  solution,  which  is
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about 4% by weight, can cause serious
injury if mishandled. Understanding the
density of the solution does not directly
improve  safety,  but  it  does  help  in
preparing  the  solution  correctly,  which
reduces the risk of splashes and spills.
Here  are  some  essent ia l  safety
practices.

Always wear appropriate
personal protective
equipment. This includes splash-
proof safety goggles, chemical-
resistant gloves, a lab coat, and
closed-toe shoes. When handling
larger volumes, a face shield is
recommended.
Work in a well-ventilated area
or use a fume hood. While 1M
NaOH does not produce toxic
fumes under normal conditions,
aerosols can form during mixing or
pouring, which can irritate the
respiratory tract.
Add sodium hydroxide to
water, never water to sodium
hydroxide. The dissolution
reaction is highly exothermic, and
adding water to solid NaOH can
cause violent boiling and
splashing. Always add the solid
slowly to cold water while stirring
continuously.
Have emergency equipment
readily available. An eyewash
station, safety shower, and a spill
kit should be within easy reach.
Neutralizing agents such as dilute
acetic acid or citric acid can be
used to neutralize small spills.
Label all containers clearly.
Include the concentration (1M
NaOH), the date of preparation,
and any hazard warnings. Even if
you know the density and
concentration, others may not, and

clear labeling prevents accidents.

Comparing the
Density of 1M
NaOH to Other
Common
Solutions
To put the density of 1M NaOH  into
perspective,  it  is  helpful  to compare it
with other solutions you might encounter
in the laboratory. Pure water at 20°C has
a density of 0.998 g/mL, so 1M NaOH is
about 4% denser than water. Here are a
few other comparisons.

1M HCl: Approximately 1.016
g/mL at 20°C. Hydrochloric acid
solutions are less dense than
NaOH solutions at the same
molarity because HCl has a lower
molar mass (36.46 g/mol) and the
solution behaves differently.
1M NaCl: About 1.037 g/mL at
20°C. Common salt solutions have
densities similar to NaOH solutions
because the molar masses of NaCl
(58.44 g/mol) and NaOH (40.00
g/mol) produce comparable
solution densities when dissolved.
1M H₂SO₄: Approximately 1.057
g/mL at 20°C. Sulfuric acid
solutions are denser due to the
higher molar mass of H₂SO₄ (98.08
g/mol) and the strong interactions
between sulfuric acid molecules
and water.
1M KOH: Around 1.048 g/mL at
20°C. Potassium hydroxide
solutions are slightly denser than
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NaOH solutions because KOH has a
higher molar mass (56.11 g/mol)
than NaOH.

These  comparisons  show  that  the
density  of  1M NaOH  is  in  the  mid-
range among common 1M solutions. This
is consistent with the fact that density
depends on both the molar mass of the
solute and the way the solute interacts
with water molecules.

Common
Mistakes When

Working with
Density of 1M
NaOH
Even  experienced  chemists  can  make
errors  when  using  density  data  for
sodium hydroxide solutions. Being aware
of these pitfalls can save time, materials,
and frustration.
Mistake  1:  Using  density  without
temperature correction.


