Phase Diagrams II: Construction of a Solid–Liquid Binary Phase Diagram

Objective: To construct a solid–liquid phase diagram for a binary mixture using thermal analysis and to estimate heats of fusion for each of the two components.

Introduction:
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The condition for equilibrium between the solid phase of one component A and a liquid phase consisting of a solution of B dissolved in A is that the chemical potential of A in the two phases be equal.  
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The chemical potential of A in the liquid phase is given by the usual expression 
Where µA is the chemical potential of pure liquid A and a is the activity of A in solution.  If we assume conditions of constant pressure we can write that  
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 where xA  is the mole fraction of solvent and A is the activity coefficient of the solvent at that temperature and composition.  The chemical potential of the pure liquid minus the chemical potential of the pure solid is the molar free energy of fusion and so we have 
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If we assume we have an ideal solution then the activity coefficient of the solvent is 1 at all compositions and the last term in equation can be neglected.  We can then apply the Gibbs-Helmholtz equation to determine the temperature dependence of the Gibbs energy of fusion.  This results in a straight-forward relationship between solidification temperature and mole fraction of solvent: 
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where TA0 is the normal freezing point of pure A.  Thus a plot of the natural logarithm of mole fraction of solvent versus the reciprocal of temperature should be linear when xA is close to 1 and can be used give an estimate for the heat of fusion for a substance.  For a system in which the liquid phase is an ideal solution, an analogous set of equations can be written for substance B.  

The overall liquid–solid coexistence curve for the system can then be describe by the combination of these two freezing point depression equations.  The system composition at which these two freezing point depression curves intersect is called the eutectic composition and is associated with a eutectic temperature. 

Procedure

Prepare your assigned mixture(s) by weighing out the appropriate mass of solvent (either naphthalene or biphenyl) in a clean, dry 25x200 mm test tube.  The assigned mass of solute (either naphthalene or biphenyl) should be weighed in a clean, dry weighing bottle or beaker.  Carefully transfer the solute from the weighing bottle or beaker to the test tube containing the solvent.  Reweigh the empty weigh bottle or beaker to determine the mass of solute actually transferred.  Clamp the test tube containing the naphthalene–biphenyl mixture to a ring stand.  Gently heat the test tube until the mixture melts.  Cover the test tube with aluminum foil.  Insert a thermometer and a copper wire stirrer through holes in the aluminum foil.  While gently stirring the mixture, measure and record time–temperature data every 30 seconds starting at 85 C.  Continue collecting data until the solution completely solidifies.  Gently reheat the mixture to 85 C and repeat the process to obtain a second set of time–temperature data.  Warm the mixture and then remove the thermometer and copper stirrer from the test tube.  Dispose of the mixture into the waste container provided.  Use acetone to clean the thermometer, stirrer and test tube.  
Calculations: 

Plot your time–temperature data for your assigned mixture(s).  From the resulting curves, determine the experimental solidification temperature for your mixture.  This is the temperature at the first appearance of solid.  This will be the point at which the slope of the time–temperature plot noticeably flattens out.  Determine the liquification temperature which is the temperature at which the last liquid disappears.  This will be the second noticeable flattening out of the time temperature plot.  If you have a pure substance, there will of course only be a single break point corresponding to the melting point of the pure substance.  Report the average liquification and solidification temperatures with error estimates determined from repeated trials for each of your assigned mixtures.  Exchange your data on mole fraction, solidification temperature and liquification temperature with the other groups.  Use the entire set of data to prepare a phase diagram for the system.  Based on the data collected decide which of the three possible phase diagrams is appropriate for biphenyl/naphthalene; two immiscible solids and their miscible liquid, two partially miscible solids (alloy formation) and their miscible liquids or two immiscible solids with compound formation and a miscible liquid.  Accurately label all section of the phase diagram.  Plot the natural logarithm of the mole fraction of solvent (dependent variable) versus the reciprocal of solidification temperature (independent variable) and use equations 5 and 6 to estimate the heat of fusion for naphthalene and biphenyl.  Note that you will have two plots each using half the data; one plot for when biphenyl is the solvent (mole fraction > 0.5) and one for when naphthalene is the solvent (mole fraction > 0.5).  Compare these values of the heat of fusion with accepted literature values.  Use your calculated uncertainties and the t–test to decide if any difference from accepted values is significant.      

	Mass (grams)

naphthalene
	Mass (grams)

Biphenyl
	Break

Temp
	Halt

Temp

	0
	20
	
	

	2
	18
	
	

	4
	16
	
	

	6
	14
	
	

	8
	12
	
	

	10
	10
	
	

	12
	8
	
	

	14
	6
	
	

	16
	4
	
	

	18
	2
	
	

	20
	0
	
	


Name

Ch 342 Solid-Liquid Pre lab

1) Look up the molecular weights, normal freezing points, and heats of fusion for naphthalene and biphenyl 

2) Assume you have 16.0 g of naphthalene and 4.00 g biphenyl.  What are the mole fractions of naphthalene and biphenyl in this mixture?

3) Assume you have a mixture of 0.5 mole fraction naphthalene.  Use the freezing point and heat of fusion from question 1 and equation 5 from the handout to estimate the freezing point of the naphthalene in the mixture.  This will give a rough estimate of the eutectic temperature.  

� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








[image: image7.wmf])

,

(

)

,

(

P

T

P

T

l

A

s

A

m

m

=

[image: image8.wmf]A

a

l

a

a

RT

ln

0

+

=

m

m

[image: image9.wmf]A

A

fus

A

RT

x

RT

G

g

ln

ln

-

-

=

D

[image: image10.wmf]A

A

A

s

A

RT

x

RT

T

g

m

m

ln

ln

)

(

0

+

+

=

[image: image11.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

D

=

T

T

R

H

x

A

fus

A

A

1

1

ln

0

[image: image12.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

D

=

T

T

R

H

x

B

fus

B

B

1

1

ln

0

_1047562147.unknown

_1047562545.unknown

_1110798741.unknown

_1047562702.unknown

_1047562266.unknown

_1047562014.unknown

