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Les changements d'états Réalisation: C.Gisèle Jung - cgjung@ulb.ac.be 1

• &KDQJHPHQWV G¶pWDWV
• 7HQVLRQ�GH�YDSHXU
• &U\RVFRSLH � HEXOOLRVFRSLH
• /RLV�GH�5DRXOW

• DSSOLFDWLRQV�
• GpYLDWLRQV j�O¶LGpDOLWp
• GLVWLOODWLRQ�IUDFWLRQQpH

&KDSLWUH����OHV�FKDQJHPHQWV�G·pWDW
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• &KDQJHPHQWV G¶pWDWV
• 7HQVLRQ�GH�YDSHXU
• &U\RVFRSLH � HEXOOLRVFRSLH
• /RLV�GH�5DRXOW

• DSSOLFDWLRQV�
• GpYLDWLRQV j�O¶LGpDOLWp
• GLVWLOODWLRQ�IUDFWLRQQpH

&KDSLWUH����OHV�FKDQJHPHQWV�G ·pWDW
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&DUDFWpULVDWLRQ�GH�OD�PDWLqUH
• PDVVH���YROXPH
• ��pWDWV��

• VROLGH�
• forme, V dépend peu de p et T

• OLTXLGH
• forme = f(récipient), V dépend peu de p et T

• JD]HX[�
• forme et volume du récipient, V=f(P,T)
⇒ compressibles
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/LTXLGH *D]6ROLGH

7HPSpUDWXUH
3UHVVLRQ

6XEOLPDWLRQ
)XVLRQ 9DSRULVDWLRQ

6ROLGLILFDWLRQ &RQGHQVDWLRQ

'pSRVLWLRQ

&KDQJHPHQWV�G·pWDWV
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&KDQJHPHQWV�GH�SKDVHV� �I�7��j�3 FVWH
7 ��&�

WHPSV

��
���

Liquide

Gaz

�
Solide

7Ê
7Ì

Exemple : H2O à P = 1 atm
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&KDQJHPHQWV�GH�SKDVHV��VL�3�FKDQJH�������
7 ��&�

WHPSV

��
���

Liquide

Gaz

�
Solide

3Ê
� 7 ���  �I�SUHVVLRQ�

Exemple :  H2O
Influence de variation de P

7 ��� !����&
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• &KDQJHPHQWV G¶pWDWV
• 7HQVLRQ�GH�YDSHXU
• &U\RVFRSLH � HEXOOLRVFRSLH
• /RLV�GH�5DRXOW

• DSSOLFDWLRQV�
• GpYLDWLRQV j�O¶LGpDOLWp
• GLVWLOODWLRQ�IUDFWLRQQpH

&KDSLWUH����OD�WHQVLRQ�GH�YDSHXU
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7HQVLRQV�GH�YDSHXU�GHV�FRUSV�SXUV��
7HPSpUDWXUH�G ·pEXOOLWLRQ�� 7(E

o
ip

HDX3Ì

3 ����� S �

 7 	�

7 �

 Ì

6L 3�Ì��7(E Ì
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7HQVLRQV�GH�YDSHXU�GHV�FRUSV�SXUV�� o
ip

�� �� ��

S � �PP�+J�

T(°C)

����
����
���

3 � �DWP�

Eau

Eau

6L 7�Ê��S � Ê
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&RQYHUVLRQV�G·XQLWpV GH�SUHVVLRQ
• 5DSSHO�� XQLWpV

• ��DWP  �������03D  ���������3D� �����PP�+J
• ([HPSOHV GH�FRQYHUVLRQ�

atm 0,658 atm 
760
500

mmHg 500 ==

Pa 661.66Pa  325.101
760
500

mmHg 500 =×=

= 0,0667 MPa
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3UHVVLRQ G·XQH FRORQQH GH�OLTXLGH L
S

hi

P � � �  �6uKuU )
m
kg

m(m 3
2 ×× ( kg)

m)
s
m

m
kg

( 23 ××

) �P � uJ

==
S
F

Pcol = ρi×g×hi

(N))
s
m

(kg 2×

(Pa)

ρHg =13,6 g/cm3 = 13.600 kg/m3

• hHg = 760 mm Hg = 0,76 m

Pcol =13.600 ×9,81×0,76=101.396 Pa

ρH2O=1,00 g/cm3 = 1000 kg/m3

• hH2O = 10 mm H2O = 0,010 m

Pcol =1.000 ×9,81×0,01= 98,1 Pa

DYHF�J ������P�V �

Pcol =13.600 ×9,81× hHg Pcol =1.000 ×9,81× heau

+J +�2
S

)h(S ii J×××

3� �U � uJ�u K �
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3UHVVLRQ G·XQH FRORQQH G·HDX

N

heau

Patm

Patm

•A

Au niveau N:

• Pext= Patm

• en A: P= Patm+ Pcol

Pcol = ρH2O ×g×hH2O

Si heau = 100 mm = 0,1m

Pcol = ρi×g×hi = 1000×9,81×0,1= 981 Pa

ρH2O=1,00 g/cm3 = 1000 kg/m3

En A : P = Patm+ Pcol = 101.325 + 981= 102.306 Pa

et Patm = 1 atm

Pcol eau
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3UHVVLRQ SDUWLHOOH G·XQ�JD] �+���UHFROWpGDQV XQH FXYH j HDX

heau

Patm

Gaz: H2+ H2O +�

+� 2

Patm − Pcol eau

avec pH2O= p°H2O

Patm= pH2+ p°H2O+ Pcol eau

pH2 = Patm − p°H2O− Pcol eau

Pgaz
Pgaz = pH2 + pH2O=

Les changements d'états Réalisation: C.Gisèle Jung - cgjung@ulb.ac.be 14

'LDJUDPPH�GH�SKDVHV�G·XQ�FRUSV�SXU

7 ��&�

3��DWP�

/,48,'(

*$=

62/,'(

SRLQW�FULWLTXH

SRLQW�WULSOH
Courbe de sublimation

Courbe de fusion Courbe de tension de vapeur

%

$

7•

&•
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'LDJUDPPH�GH�SKDVHV�GH�FRUSV�SXUV
H[HPSOHV���+�2�HW�&2�

7 �.�

3��DWP�

7•

&•

����

������

����

7�.�

3��DWP����
&•

7•

��������

���
����

���

6 / *
��DWP

���. ��DWP
���.

6 /

*

+�2 &2�
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'LDJUDPPH�GH�SKDVHV��DMRXW�VROXWp

7 ��&�

3��DWP�

/
*

6

��DWP

+�2

����&��&

���&+�2��

7

&

'7 ���'7 � 0
OH2

p
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• &KDQJHPHQWV G¶pWDWV
• 7HQVLRQ�GH�YDSHXU
• (EXOOLRVFRSLH � &U\RVFRSLH
• /RLV�GH�5DRXOW

• DSSOLFDWLRQV�
• GpYLDWLRQV j�O¶LGpDOLWp
• GLVWLOODWLRQ�IUDFWLRQQpH

&KDSLWUH����pEXOOLRVFRSLH�FU\RVFRSLH
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(EXOOLRVFRSLH ² FU\RVFRSLH ���

'7(E �N(E�PL '7I �N&U�PL

(EXOOLRVFRSLH &U\RVFRSLH

N ��� ��FDUDFWpULVWLTXH GX�VROYDQW N ��� ��FDUDFWpULVWLTXH GX�VROYDQW

+� 2 ���� �����
pWKDQRO ���� ����

6ROYDQW N ��� ��&�NJ�PRO�������N ��� ��&�NJ�PRO�

FKORURIRUPH ���� ����

P � ��PRODOLWp GX�VROXWp L
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&U\RVFRSLH�² pEXOOLRVFRSLH����
6ROXWLRQ� �VROYDQW���VROXWp�(corps dissous)

• VROXWLRQV�PROpFXODLUHV��VROXWp�QRQ�GLVVRFLp�
� CH3OH(l) → � CH3OH (aq)

• VROXWLRQV�LRQLTXHV��VROXWp�GLVVRFLp�
� NaCl(s) → �Na+ 

(aq) +  �Cl−
(aq) ��SDUWLFXOHV

� CaCl2(s) → �Ca++
(aq) + �Cl−

(aq) � SDUWLFXOHV
1RPEUH�GH��YDQ��W�+RII L �
L ��nombre de particules en solution par molécule dissoute

'7(E �L�N(E�PL'7I �L�N&U�PL
avec  kCr et  kEb fonction de la nature du solvant

� SDUWLFXOH
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'RQQpHV��� solution de 12g de sucre dans 100g d’eau
bout  à 100,34°C à 1,00 atm. 

(EXOOLRVFRSLH��DSSOLFDWLRQ

• Le sucre ne se dissocie pas ⇒ L �

0DVVH�PRODLUH G¶XQ�FRUSV�HQ�VROXWLRQ�

PVXFUH

• kEb = 0,512 °C.kg/mol

C0.34100,00-100,34 7Eb °==

= 0,67 mol/kgeau

msucre= 120g g/mol 179
67,0

120
n
m

Msucre ===
Dans 1 kg d’eau, on a:

51,0
34,0=

nsucre= 0,67 mol 

TEb eau= 100,00°C

'7(E �L�N(E�PL
Eb

Eb

k
7=
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'RQQpHV� • 3,24g de nitrate de mercure II dans 1 kg d’ eau
congèle à -0,0558°C��

&U\RVFRSLH��DSSOLFDWLRQV����
'LVVRFLDWLRQ�G¶XQ�FRUSV�GLVVRXV HQ�VROXWLRQ

mi

• kCr = 1,86 °C.kg/mol  

( ) C0558,00,0558--0,000 Tf °==

• +J�12���� 0 ����J�PRO

n [Hg(NO3)2] = = 0.01 mol/kg mi

mol/kg 03,0
86,1

0558,0 ==

z L� ��

� +J��
� �12��−

TF eau= 0,000°C

'7I �L�N&U�PL

mol 01,0
324

24,3 =

Cr

f

k
7=
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'RQQpHV� • 10,84g de chlorure de mercure II dans 1 kg d’ eau
congèle à -0,0744°C��

&U\RVFRSLH��DSSOLFDWLRQV����
'LVVRFLDWLRQ�G¶XQ�FRUSV�GLVVRXV HQ�VROXWLRQ

mi

• kCr = 1,86 °C.kg/mol  

( ) C0744,00,0744--0,000 7f °==

• +J&O� 0 ����J�PRO

n (HgCl2) = = 0.04 mol/kg mi

mol/kg 04,0
86,1

0744,0 ==

 L� ��

� +J&O�
TF eau= 0,000°C

'7I �L�N&U�PL

mol 04,0
271

84,10 =

Cr

f

k
7=
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• &KDQJHPHQWV G¶pWDWV
• 7HQVLRQ�GH�YDSHXU
• &U\RVFRSLH � HEXOOLRVFRSLH
• /RLV�GH�5DRXOW

• DSSOLFDWLRQV�
• GpYLDWLRQV j�O¶LGpDOLWp
• GLVWLOODWLRQ�IUDFWLRQQpH

&KDSLWUH����/RLV�GH�5DRXOW
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'LDJUDPPH�GH�SKDVHV���DMRXW�VROXWp

7 ��&�

3��DWP�

/
*

6

��DWP

+�2

����&��&

���&+�2��

7

&

'7 ���'7 �

'S ���  �"
0

OH2
p

OH2
p
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Pression partielle

(TXLOLEUH OLTXLGH �JD] �ORLV GH�5DRXOW�
S��DWP�

$ %�
[  � �[!� �

S"

�

S#

S#S"3� 

0pODQJH�OLTXLGH�GH
$ HW�%

[" ��[ #  ��

[" HW�[ #

/LTXLGH

*D]

$ %[" [ #

S " S #

 �[ # �S�# [" � S�"
0
Ap

0
Bp

Tension de vapeur

)UDFWLRQV�PRODLUHV�
GDQV�OD�SKDVH�OLTXLGH

¬�XQH�7�GRQQpH
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$ %
� �[ $

3
0
Ap

0
Bp

Ap Bp

0
BBB pxp =
0
AAA pxp =

( ) 0
AB p x1−=

=+= BA ppP 0
BBpx+

( )0
A

0
BB

0
A ppxpP −+=

/RLV�GH�5DRXOW��H[SUHVVLRQ�GH�3
Si on ajoute % caractérisé par [% et 

à      $ caractérisé par [$ et 
0
Ap

0
Bp

et xA+xB =1

0
AA p x

¬�7�FRQVWDQW

0
BBpx+
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&RPSRVLWLRQ�GX�JD]����!���OLTXLGH
)UDFWLRQ�PRODLUH�GH�%�HQ�SKDVH�JD]HXVH

'DOWRQ�
P
p

x BG
B =

5DRXOW�

==
P
p

x BG
B

HQ�IFW GH�IUDFWLRQ�PRODLUH�GH�%�HQ�SKDVH�OLTXLGH

0
BBB p xp = Bx=G

Bx
P

p0
B

P
p x 0

BB

G
Bx

Bx
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Comme

&RPSDUDLVRQ�FRPSRVLWLRQ�GHV�
SKDVHV�OLTXLGH��HW�JD]HXVH

$ %
� �[ %

3
0
Ap

0
Bp

Ap Bp
Bx=G

Bx
P

p0
B

1 
P

p0
B 〉 Bx〉G

Bx

/RUV�GH�O¶pEXOOLWLRQ�G¶XQH�VROXWLRQ�OLTXLGH�
OH�JD]�V¶HQULFKLW�HQ�FRPSRVDQW�OH�SOXV�YRODWLO�%�FDU�� 0

A
0
B pp 〉

¬�7�FRQVWDQW
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$SSOLFDWLRQ��FRPSRVLWLRQ�G·XQ�PpODQJH�
$�%�HQ�SKDVH�OLTXLGH HW�JD]HXVH

  mmHg 1836p0
B =

'RQQpHV��6ROXWLRQ�G¶XQ�PpODQJH�$�%
Mélange (A + B) bout  à 100°C

B
0
BA

0
A xpxpP  +=• avec xA + xb = 1

760 = 354 xA+ 1836 xB = 354 xA + 1836 (1-xA) ⇒ xA= 0,726

==• A
0
AA xpp   mmHg0,5720,726543 =×

P
p

  x AG
A =• 3830,

760
257,0

xG
A ==

et  mmHg 354p0
A =

A
G
A xx 〈

⇒ P= pA+ pB = 760 mmHg
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Comme

&RPSDUDLVRQ�FRPSRVLWLRQ�GHV�SKDVHV�
OLTXLGH��HW�JD]HXVH��DSSOLFDWLRQ

Ax=G
Ax

P
p0

A

1 
P

p0
A 〈 Ax〈G

Ax

/RUV�GH�O¶pEXOOLWLRQ�G¶XQH�VROXWLRQ�OLTXLGH�
OH�JD]�V¶HQULFKLW�HQ�FRPSRVDQW�OH�SOXV�YRODWLO�%�FDU�� 0

B
0
A pp 〈

$ %� �[ &

3

0
Ap

0
Bp

Ap

Bp

����PP+J

�����PP+J
¬�����&
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S�'
S�(

'LDJUDPPH�GH�SKDVHV 3��DWP�

3 ) *�+  ���DWP

�$ %�[ ,�
7 -/.

021

021

043

043
045

045046

046

047

047

/

*

�$ %�[ ,�

S�'
S�(

3

S�'

S�(
3

8:9

7

$%

G
Bx

Bx

Tensions
de vapeur

comme

Bx=G
Bx

P
p 0

B

Bx〉G
Bx
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'LVWLOODWLRQ�IUDFWLRQQpH

$ %�
[ ,� �

7

B1x

G
B1x

B2x B3x

G
B2x

7 ;�<

7 ;�<

Ê %

Ê $

% SOXV�YRODWLO�TXH�$

6pSDUDWLRQ�SK\VLFR�FKLPLTXH�GH�$�HW�%

7 =

/

*
7Ì
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S�'
S��DWP�

$ %�
[ ,� �[>� �

S�(
S( S'

/RLV�GH�5DRXOW��GpYLDWLRQV j�LGpDOLWp ���
'HYLDWLRQ ���

3

attractions

Ex: ethanol/eau

3 ;@? 8 ��3 0�A

Donc Teb Ê

7 ;�<

$ %�
[ ,� �

$]pRWURSH PD[LPXP

7 ;�< D]pRWURSH�!�7 ;�< GH�$�HW�%

TEb(azéotrope)
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/RLV�GH�5DRXOW��GpYLDWLRQV j�LGpDOLWp ���
'pYLDWLRQ�!��

S�'
S��DWP�

$ %�
[ ,� �[>� �

S�(

S(

S'
3
répulsions

3 ;@? 8 !�3 0�A

Donc Teb Ì

7 ;�<

$ %�
[ ,� �

$]pRWURSH PLQLPXP

7 B�< D]pRWURSH���7 B�< GH�$�HW�%
TEb(azéotrope)
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'LDJUDPPHV VROLGH�OLTXLGH

%�$
[ ,� �

7

(

/��$ C ��% C

6��$ D ��% D

/���% D/���$ D

& E�

% =�
' � & F�

& = �

& G
�

% F�
% G�

$ �
%�

En E: 3 phases (2 S et 1 L) 

C1ÆC2 refroidissement L

C2ÆD   refroidissement L
•précipitation BS pur
•L s’ enrichit en A

DÆE: refroidissement L...

En C2 précipitation BS pur

)
EÆF: refroidissement S

2 phases (2S)
Solide hétérogène 

[ ' E
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'LDJUDPPH OLTXLGH�OLTXLGH ���

$
[ ,� �%�

7

C� M� N�P �

��SKDVHV

��SKDVH

mn MÆ N 
•de + en + de LN (xN)
•de - en - de LM (xM)

En P:
• m: proportion de LM (xM)
• n: proportion de LN (xN) 

En M: apparition du liquide  
LN de composition xN

NÆD: L s’ enrichit en B

CÆ M:  L s’ enrichit en B
/

/ H ��/ I

D•

[ H [I
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'LDJUDPPH OLTXLGH�OLTXLGH ���
/

%�

7

C�
mn

M� N�P �

$
[ ,� �

��SKDVHV

��SKDVH/

/ H ��/ I

'�
/ I

/ H

/ I

/ H

0Æ 3

/

3Æ 1

CÆ M

NÆ D[ H [I
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2VPRVH

S  �&�5�7

6ROYDQW SXU
$

3LVWRQ
S

%
• C( mol/dm3)
• R= 0,082 l atm/mol.K
• T (K)6ROYDQW ��VROXWp

%
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2VPRVH��DSSOLFDWLRQ

S  �&�5�7

3UHVVLRQ RVPRWLTXH SURYRTXpH SDU�XQH VROXWLRQ
'RQQpHV��

• &L �����PRO�GP���VROXWp L�QRQ�GLVVRFLp�
• 7 ���&�����.�

= 0,1× 0,082 × 298 = 2,4 atm

&RXUV PDQXVFULW�����+RQ�3URI��$�)RQWDQD
$QLPDWLRQ�3RZHUSRLQW���'U�6F��&�*�-XQJ

Université Libre de Bruxelles (ULB)
Solvay Business School - Centre Emile Bernheim (CEB) 

50, Av.F.D.Roosevelt CP 145/1– B1050 Bruxelles

http://www.ulb.ac.be/soco/ceb

&KDSLWUHV FKRLVLV GH�&KLPLH *pQpUDOH

afontana@ulb.ac.be        cgjung@ulb.ac.be


