
Determination of a Molar Mass of a Volatile Liquid

1.To measure the physical properties (pressure, volume, and temperature) for a gaseous substance 
2. To determine the molar mass of an unknown volatile liquid 

There are many analytical methods to measure the M of an unknown substance based on its  nature and state

1. Mass spectrometry : uses to determine the molar mass of compound as well as to identify the structures of high 
molar mass compounds in the biochemical fields. 

2. Dumas method (John Dumas, 1800–1884) provides an accurate determination of molar mass of  a volatile 
liquid by the use of ideal gas law, PV = nRT. 

 ةبرجتلا نم فدهلا

 ةبرجتلا هذه liquid صئاصخ نم
1. Volatile at low boiling point 

2. Flammable 
3. Volatile 

4. Goes under ideal gas path

 ةبرجتلاب اهيلع لمعلا مت يتلا ةقيرطلا مسا





1- The liquid is converted into a gas at an E/M flask at a measured temperature and
barometric pressure.

2- Then use of the ideal gas law equation (PV = nRT, assuming ideal gas behavior), to 
calculatet the number of moles of vaporized liquid.

3-The mass of the vapor, mvapr, is determined from the mass difference between the empty
E/M flask and the vapor-filled vessel.

4-The molar mass of the compound, M, is then calculated from the available data:

1.The barometer is an instrument accurately measures atmospheric
pressure in mmHg (or torr).
2. the temperature of the vaporized liquid is determined in this

experiment by measuring the temperature of water bath by using a
thermometer

In this analytical procedure (Dumas method )
 راخب ىلإ هليوحتل ةليلق نايلغ ةجردب liquid رايتخا مت

 رتيمورابلا مادختسا مت طغضلا سايقل

رتيمومريثلا مادختسا مت ةرارحلا ةجرد سايقل



Example. Experimental Data and Calculations:

A 0.252 g of an unknown gas was found to have a volume of 1 7 5 mL. The temperature 

was found to be 27  oC and the pressure was 0.995 atm. Calculate the molar mass of  

the unknown gas.

Solution (Answer):

From the ideal gas law

n = PV/RT

= (0.995 atm)(0.175 L) / (0.0821 L atm mol−1K−1) (300 K) =
0.00707 mol.

then, Mgas = mass/n = 0.252 g/0.0707 mol = 35.64 g/mol



van der Waals’ equation un ideal gas 

-The ideal behavior of the gas assumes no intermolecular forces between its molecules in the vapor state.
Also, assumes zero molar volume of the molecules.

-Gases and liquids with relatively large intermolecular forces and large molecular volumes deviate
from ideal gas law equation.

-therefore, van der Waals’equation, a modification of the ideal gas law equation, is used to correct for the 
intermolecular forces and molecular volumes in determining the moles of gas present in the system:

a is an experimental value that is representative of
the intermolecular forces of the vapor, and

-b is an experimental value that is representative
of the volume (or size) of the molecules.

 اهعم لماعتلا متيف يلاثلما زاغلا كولس كلست لا يتلا تازاغلا اما
 ةلداعم وا نوناق ىلع

Van der Waals Equation 

 ربتخلماب ةبرجتلا للاخ نم ايلمع اهيلع لوصحلا متي

 a and b ميق
 volatile liquids ةدعل

 ظفحلل تسيل
😃



 يلمعلا بناجلا

 و تاودلأا انزهج 1
 مهانزو

+
We made a 

holes n 
Al foil to allow 

to liquid to 
evaporate 

2 We take (5-6) ml from 
volatile liquid 

3. Prepare 
a water 

bath 

We use 
water bath 
not direct 

flame 
because 
the liquid 
flammable

 نا بجي 4 
 سيقي

 ةرارح ةجرد
 ءالما
 بجي اذل

 هلعج
 رومغم
 ءالما لخاد
 نع ديعبو

 لك رادج
 لا نم

two 
flasks

Gentle 
flame 

 ىلإ ةبرجتلاب رارمتسلاا 5
 ايلك لئاسلا رخبتي نا
 ةبولطلما تانايبلا ليجستو

 Erlenmeyer لا نزون +
flask

 لا ذخلأ ءاهتنلاا دعب
Mass of vapor 



- Put the heat source on again and heat gently to allow the vapors of the unknown liquid to go

out through the wholes of the aluminum foil.

- Stop heating when the vapors are no longer visible out of the flask, continue slow and gentle

heating for few more minutes.

Caution:

1. Do not heat flammable liquids on a direct flame
2.Avoid excessive heat not to allow all of the vapors of the liquid to leave the E. flask, 
also, the heating should be sufficient not to leave liquid unknown in the E. flask in
the liquid form.
3. most unknowns are flammable. Use a moderate flame for heating.

- Use the thermometer in the laboratory to measure the temperature of the boiling water in the 

water bath and record it to ±0.01oC.

 hot water bath انمدختسا
 لاعتشلال لباق volatile liquid لاا ببسب

Flammable 



PreLaboratoryQuestions

▶1. a. How is the pressure of the vaporized liquid determined in this
experiment?
▶b. How is the volume of the vaporized liquid
determined in this experiment?

▶ c. How is the temperature of the vaporized liquid determined in this
experiment?

▶d. How is the mass of the vaporized liquid determined in this
experiment?

 نم لك سايق مت فيك

 لبق ةنزولا - ةبرجتلا ةياهن دعب ةنزولا

Erlenmeyer flask لا ةئبعت

We take the volume by filling it with water to the neck then 
using graduated cylinder 



Do it 



 تادحولا عيمج ليوحت نم دكأت
 نوناقلل هيساسلاا تادحولا ىلإ

 لحلا ادبأ مث


