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«The Laboratory Assistant» – an indispensable aide for your daily  
laboratory work!

The stimulus for innovation is the conversion of visions into the reality. Since de-
cades, Buchi has supported this philosophy very successfully with new product 
innovations for evaporation and separation. With the continual development of 
methods and technologies for the laboratory, we have the pleasure of presenting 
the revised edition of the «Laboratory Assistant».

This guide will help you acquire a broader and deeper understanding of several 
of the most widely used laboratory instruments, as rotary evaporators, vacuum 
pumps, and instruments for melting point determination. The equipment shown 
in the illustrations are all products of Büchi Labortechnik.

The chapters of the book, have been created in as general terms as possible 
so that they will also apply to equipment supplied by other manufacturers.

I wish all readers of this «Laboratory Assistant» an interesting time in reading 
the book, and a challenging and successful work in the laboratory!

Dr. Reinhardt Büchi
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temperature reaches the boiling point. The liquid starts to boil, changing into 
a gas with an enormous increase in its volume. It continues to expand when 
heated. This is the normal path for a transformation from a solid to a gas. 

–	� Path from G to I: Here the work is being done under reduced pressure. Due 
to the low pressure, the material begins not to melt but to sublimate. It passes 
directly into the gas phase.

–	� Path from L to M: This is a special process. Here the heating is taking place 
under a higher pressure so that the liquid is transformed into a gas without 
boiling or evaporating.

	 Several selected points and zones on this diagram are worth mentioning:
	 – �The triple point: This is the point where a certain pressure and a certain 

temperature are present at which all three phases are in equilibrium. This 
combination of values for p and T is referred to as the «triple point».

	 – �The boiling curve / dew point curve: This is that group of combinations for p 
and T at which the substance begins to boil and/or to condense.

	 – �The melting curve / solidification curve: This is that group of combinations 
for p and T at which the substance starts to melt or solidify.

	 – �The sublimation line: This is that group of combinations for p and T at which 
sublimation starts.

	 – �The critical point (K): At pressures and temperatures above this point, no 
boundaries exist between the gas and liquid phases.

Figure 5:
p-V-T surface of a pure 
material. V has been 
graphed logarithmically.

Figure 5:
p-V-T surface of a pure 
material. V has been 
graphed logarithmically.
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Boiling point, vapor pressure, and evaporation heat
As already shown, a liquid transforms into the gaseous state at its boiling point. 
This means that no liquid can assume a temperature higher than its boiling point. 
Experience, of course, tells us that a liquid can also give off gas before it boils: it 
evaporates at far lower temperatures. When a liquid is evaporating, a few of the 
molecules on its surface can gather up enough energy to enable them to over-
come the forces of attraction and escape into the environment as a gas. This cools 
the liquid, since an amount of energy is withdrawn from it. The higher the tempera-
ture, the more likely it is that a particle will be able to gather up enough energy to 
escape into the gas phase. The escaping molecules exert a pressure counter to 
the outside pressure. The more particles that can free themselves from the liquid, 
the higher that pressure. This vapor pressure depends upon temperature and dif-
fers from one compound to the next. It is a measurement for the volatility of a com-
pound. Since the number of particles able to leave the liquid keeps increasing as 
the temperature keeps rising, vapor pressure rises rapidly with temperature. Once 
it becomes equal to the outside pressure, there is no longer any force present that 
can hold the gaseous molecules back in the fluid. The fluid starts to boil.

The Clausius-Clapeyron equation shows how vapor pressure depends on 
temperature:

		    (2.1)				    (2.2)

p is the vapor pressure, T the temperature, R the universal gas constant 
(8.3145 J · (mol · K–1)), and Lv the molar heat of evaporation.

Shown in the form of a graph, Equation 2.2 appears as the straight line shown 
in Fig. 6. Its slope depends on the heat of evaporation. Because the heat of 
evaporation is largely independent of temperature and pressure, it is a constant 
specific to the given material. Thus, the slopes of the vapor pressure curves for 
different materials also differ from one another.

The difference in the volatility (vapor pressures) of compounds is the criti-
cal factor that makes distillation possible. During the heating process, the more 
volatile components of a mixture accumulate in the vapor, and thus in its con-
densate as well. The French chemist François Raoult examined the dependence 
of vapour pressure on the composition of a component mixture. Through the 
investigation of mixtures from similar component mixtures (e.g. from benzene 
and toluene) he found that the quotient p1/p1* is proportional to the mole fraction 
(x) of solvent 1 in the liquid: 

Raoult's law: p1 = p1* · x1 

2.1.22.1.2

Ln
p

L v /T
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Figure 6:
Logarithmic graph of the 
vapor pressure curve.

p1	 = Partial vapor pressure 
solvent 1

p1*	= vapor pressure of pure 
solvent 1

x1	 = mole fraction of  
solvent 1 in the liquid




