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Chemistry'{:hanges of State, Vapor Pressure, & Phase Diagrams

Generic Phase Diagram

« Sublimation is the phase change as
a substance changes from a solid to
a gas without passing through the
intermediate state of a liquid.

o P
« Depositionis the phase change as gatm)

substance changes from a gas to a
solid without passing through the
intermediate state of a liquid.

« TRIPLE POINT - The temperature
and pressure at which the solid,
liquid, and gas phases exist
simultaneously.

« CRITICAL POINT -The

rEquiIibrium ‘rEquilibrium

™\
CRITICAL

melting liquid POINT

freezing o
solid vaporization
condensation
sublimation gas
::/deposition TRIPLE POINT
T (C)

temperature above which a substance will alwayes ¢p@s regardless of the pressure.

- NOTE:

o The solid phase is more dense than the liquid phase
o The line between the solid and gas phases is thiélemm of solid and gas phases at that
specific pressure and temperature,a curve of all the deposition/sublimation points.
o The line between the solid and liquid phases isthelibrium of solid and liquid phases at that
specific pressure and temperature,a curve of all the freezing/melting points.
o The line between the liquid and gas phases isgh#ilerium of liquid and gas phases at that
specific pressure and temperature,a curve of all the vaporization/condensation points
+ Melting Point (Freezing Poin) - The temperature at which the solid and liquid phadgea substance
are in equilibrium at atmospheric pressure.
o Normal Melting Point (Freezing Poin) - The temperature at which the solid changes to a
liquid at StandardPressure (1.00 atm = 760 mmHg = 760 torr = 101.32&) k
« Boiling Point (Condensation Poin} - The temperature at which the vapor pressureligtia is equal

to the pressure on the liquid.

o Normal Boiling Point (Condensation Poin} - The temperature at which the vapor pressure of a
liquid is equal tcStandardPressure (1.00 atm = 760 mmHg = 760 torr = 101.32&) k

Phase Diagram for Watel

For water, the liquid phase is
more dense than the solid phase
due to hydrogen bonding.

Pressure (atm)

(374°C, 218 atm)

Solid Liquid

Normal
Boiling

Normal
Melting
Point

(4.01°C, 0.00603 afm)
| | i

0°C  100°C

Temperature



Vapor Pressure - . E‘&.’&‘S'pom.
If you put any liquid in a sealed ves and wait long enough, . / i .
(b) the liquid will come into equilibrium with its vapoand ¢~ goo|  >+&C T8I0\ J19C\
constant (steady; dependent only of the tempeik 760
equilibrium vapor pressure will be establish s
© 600
- . . 5 Diethyl Ethyl alcohol
Normal Boiling Point - The temperature at which t 2 ether (ethanol)
vapor pressure of a liquid is equalStandardPressure & 400
(2.00 atm = 760 mmHg = 760 torr = 101.325 k 3
—_— =
Pgas = Equilibrium
vapor pressure\ 200
o) & B 3 Ethylene
U2 1 glycol
- " - - -
/ N1 o
f= i . 0 20 40 60 80 100
Ligquid N / \ \\'f Temperature (°C)
ethanol \W/ \\“_{/ \\W/
(a) (b)
PART B —VAPOR PRESSUREGRAPH
Use the graph at righd answer the following questic: e T e T
: ] H
1. What is the vapor pressure of Ct; at 50C? I 1]
100 f 5 CVTPY (OPPVY YUY PPPH 101.3 kPa
(0 q 1 1/
2. What is the boiling point of D when the F & J /
external pressure is 30 kPa? %‘E i // /
T0°C ; AN
g / T
3. What is the normal boiling point of C,? § 40 4 p
75 °C a4
- /
4. Which substance has the weakest | C,@ o4 i
C R LT
0 20 40 80 80 100
5. What does each VP curve repres Temperature (°C)

47/w0\ f)ra& 52& ikoriam

Phase Diagram 1 217.75
Use the phase diagram for wagtirigh' to answer the Critical
following questions: pressure

1. What is the state of water at 2 atm an®
\ | ﬁ/ (XN (&

2. What phase change will occur if the tempera
is lowered from 8 to -5°C at 1 atm

1.00

Pressure {(atm)

Freezing (1= ) 00080 o

3. You have ice at -2C and 1 atm. What cou
you do in order cause the ice to subli

o eceease P

Normal
freezing

Critical point

. Normal

bmhng
. i point
| |
|| Triple ! Vapor
B |1 point |
0.00 0.01 100.00 373.99
Critical
Temperature (*C) temperature

sre below 0.00

GO o



Phase Diagram 2
Refer to the phase diagram at right when
answering the questions on this worksheet: 2.00

1. What is the normal freezing point of this 175

substance? //\-/ [OC) OC

1.50

1.25

2. What is the normal boiling point of this 100

Pressure {atmospheres)

substance? o

N

_ 3 @O C 0.75
3. What is the normal melting point of this 0.50
substance? o

N\ ( 00 C 0.25

0.00

4. If | had a quantity of this substance at a
pressure
of 1.25 atm and a temperature of 300and

lowered the pressure to 0.25 atm what ph
transition(s) T /@ 3>
would occur? @_QOKFO CO\' o0
5 At what temperature do the gas and liquid phbaeesme indistinguishable from each other?
~  §30°C

6. If | had a quantity of this substance at agues of 0.75 atm and a temperature of 2XDOwhat phase
change(s) would occur if | increased the termjpee to 600C? At what temperature(s) would they ccur?

(‘/\Q |4 /\S [;.,,@ ol Q\Tg()/c)(’(\g;c j (

7 O C Phase diagram for mysterious compound X

T T T T
= = = = = =
(=] [=] [=] = (=] [=]
- ) Lax] -+ T} w

-200
100
T00
800
900

=]

Temperature {degrees C)

Phase Diagram 3
For each of the questions on this worksheet, tefdre a0
phase diagram for mysterious compound X:

80
1. What is the critical temperature of compound X? / /

270 °C " } bl

2. If you were to have a bottle containing comgmbun EO y /
in your closet, what phase would it most §keé in? 6 solid } V.

G\QS /’__,.;-'"""
40

Pressure (atm)

3. At what temperature and pressure will all thpbases

coeX|st’> C_ (../ + V.
O B\' 30
Z g- O A N\ j/ gas
4. If | have a bottle of compound X at a pressire 20 7
45 atm and temperature of 2@ what will happen /

10 T

if | raise,the temperature to ’ <
’El < > Z, 10

100 0 100 200 300 400 S00 600 70O S0

5. Why can't compound X be boiled at a temperature Temperature (degrees Celsius)

of 206 C? Or\(j colid “Pﬂ&igp A$e S OL’} QDDOC

6. If l wanted to, could I drink compound X?/\)



Pressure (atm)

Name: PerioDate

Chemistry | - Phase Diagrams Water & £0

Use the diagrams below to answer the following tjaes:

217.7

6.0x1073

Phase Diagram for Water (Notto Scale) Phase Diagram for Carbon Dioxide
Supercritical
Supercritical alid
fluid
) F ce
Be .
E
E
&
3
_______________________________________ :
] ¢
o!
G Ll 1 1
0 160 3711.4 G —7é.5 —5|6.4 31I.1
0.0098

Temperature (°C) ———> Temperature (°C) ——~

What does Point O in both diagrams above repreddutd what can you tell me about the phase or

of matter at those pressuyres and temperatures? ( Y .
Tmp 0 Po,/\ ‘. § jQ 3 qu_)(lg Q?/wltérmm

\rq/(/\\ Q%(A/
What is the significance of I|ne OG’>
gol:d qu Q?MI ! F/l/lm /S Y- 3 QVIS@

What is the significance of line OE?

@AJ g xS e;mtl bGnn Cﬂ ‘Lﬂ M’SO

Using the diagrams above indicate the proper teatyper or pressure for the following r&r@&gc
a. Normal melting pointC for water g. Normal boiling point i€ for water

[ghase

What is the S|gn|f|cance ofge OF? l: E('/‘VUV\ (bo-‘/[,\ S.H\L,QS @( I\S’]’B

b. Triple point temp for Wate@. ( !2 ig ‘Z h. tripl@mt pressure for Wateré >(/0 3 Q_/’VV]

c. Triple point temp for CQ/ -gé 'C/ OC i. triple point pressure for g:(g / Q.ﬂLm
d. Critical pressure for WateQ 7’ 7’ ”"fm j. crititerhp for water g? (7L . (/ OQ

e. Critical pressure for CZO:'L g o\‘{’m k. critical temp for GO 3 ( ¢ / OC

o
f. Normal sublimation temperature for @O ?’Xag/ <

Refer to the phase diagram for water. What chaimgesnperature, pressure, and physical state Wi ld

n??é?éagroﬁfslntﬁg:o&_co Hmf 9&33 Lﬂu(‘ﬁ 5\‘!-6_4 3)

o condenes o o liqu

Refer to the phase diagram for £@/hat changes in temperature, pressure, and pthygsate would be
necessary to go from point B to point D?

pressure s steada (femp INCRALLS, solid Sub

s



