Phase Diagrams — In Class Notes
1) A phase diagram is a graph of pressure vs. temperature that shows the conditions at which the
phases of the substance exist. It also shows how the phases change with changing temperatures
and pressures.

2) Key Parts of a Phase Diagram:

a) States of Matter:

e Solids exist at }f\‘!(f'o,ik"i pressures and g’\f;‘,-‘";,:.ﬁ! temperatures, while gases

exist Low) pressures and 1 1 ; d& N temperatures
L -

b) Atmospheric Pressure:

e This is the pressure our atmosphere exerts on us (at sea level). There are several units for
pressure, but all of the following are equal each another and reflect atmospheric pressure:

l atm (atmosphere) = F0() torr=_F60 mm Hg (millimeters of mercury) = /| . 37.5 kPa (kilopascal)
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[ c) Melting & Boiling Points:
a.
\ .

Melting Point - the temperature at which a substances changes from a salid to liquid; this
‘\ phase change occurs when the solid and liquid states are in equilibrium with one another
\ e Boiling Point — the temperature at which a substances changes from a liquid to gas; this
\ phase change occurs when the liquid and gas states are in equilibrium with one another
)"
\_\‘
“~.____o Allsubstances have only one NORMAL melting point and one NORMAL boiling

point which occur at _ /rbynos P‘*\t’j ‘(“’a C pressure

o Ifthe pressure is changed to something other than atmospheric pressure, then the
substance will have different melting and boiling points

d) Triple Point — indicates the temperatyre & pressure conditions at which the solid, liquid, and
gas phases of a substance {"Q(;ye <1 atthe same timein equilibrium with each other

e) Critical Point - the terﬁperature & pressure at which there is no longer distinct
¥ %r.;f d and___ QN . phases
/ f

e Once a substance reaches the critical point or exceeds the critical temperature or critical
pressure, it becomes a supercritical fluid

* Supercritical Fluid - the substance exhibits behaviors of both liquids and gases (it can

behave as a gas, both effusing & diffusing, but it can also dissolve other substances like a
liquid).



Phase Diagram of Bromine (Brz) — In Class Example

[Note that the scales are distorted to emphasize some of the graph’s features]
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Directions: Answer the questions below using the phase diagram of bromine.

1) Label the states of matter in the appropriate places on the phase diagram above.

2) ldentify the phase changes that occur on the line next to points A, B, and C on the diagram.
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3) Label bromine’s normal melting point (MP), normal boiling point (BP), triple point (TP), & |
critical point (CP) on the diagram & estimate the temperature & pressure values at each point: i
|

I

_ T Temperature (°C) | Pressure (kPa) Temperature (°C) | Pressure (kPa)
. Normal MP — =, 5 jol.32.5 Triple Point —qQ 6 |
-No.rmal BP 5 10] 325 Critical Point | 40 oo 4 o chact |




4) Looking at the diagram, describe what happens to the melting point of bromine as the external
pressure increases.
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What can you conclude about the forces of attraction between the bromine molecules as the

e % pressure increases? o5
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:'__ff“_‘ J " What is the relatronsh:p between the melting po:nt onllng pomt))of substance and the

strength of attractive forces between its molecules?
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5) If you keep the temperature of a substance constant, but increase the pressure the ore

dense state of matter is always favored. If you look at the slope of the melting-point equilibrium
line, a positive slope (as seen with bromine) means that with i mcreasmg pressure will favor the

SO [ I C L state as the more dense state of matter. Rarely, a substance may have

a negative slope signifying that the Z I (? (U d state of matter would be denser. An

example of a substance like this would be { A ;{HPC_\ ( | c€ floa J\Nﬂ.>

6) Whatis the boiling point of bromine when the external pressure is 75 kPa? 5C &

7) Complete the following sentences by filling in to correct phase change that occurs:

a) Bromine at 15°C will C:()ﬂd ENSE.
from 10 kPa to 50 kPa. '
,C_KCLE = [ EgC(/
b) Brs at 70 kPa ﬁ“ef, "’Cu
decreased from 20°C to 15°C
Zl%({fd - So/ fd
c) Bromine at —20°C will undergo C\{D ’L\) O S\ "h C"\(ﬂ\H is the pressure is

increased from 0 kPa to 10 kPa.
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Phase Diagram of Water — In Class Example
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1) Describe all the phase changes a sample of solid water would undergo when heated from

~10°C to its critical temperature at a constant pressure of 1.00 atm. | o = 243, S a
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2) Describe all the phase changes a sample of water vapor would undergo when cooled from

110°C to 5°C at 1.00 atm ofgressure AenS *‘HO\) 0% C. = S°C
il ela A leNiuLle _
gas == {r Céu (condenSas ( c oo \{i@

3) At w\l‘Et_pEssures will water be a vapor at 0°C? lgﬂ \ow C) . 0060 O;me

— _—-—

4) Within what range of pressures will water be a liquid at temperatures above its normal boiling
point? —_= Te— — . loo°C

between | atm and 213 %5 atm




Phase Diagrams — Homework WS #1

Directions: Refer to the phase diagram below when answering the questions on this worksheet:
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1) At atmospheric bressure at room temperature (27°C), what state of matter is this substance?

o\id
. . 5 . 1 - A @ \‘ (‘-'s:-‘.,'}..
2) What is the normal melting point of this substance? l OO e i & AN
2 Mo ~ ﬁ
3) What is the normal boiling point of this substance? oo ¥ ol B8 @ \aktm

4) What is the normal freezing point of this substance? f C/O | C, {&_‘g’ ( oty = MP

5) If I had a quantity of this substance at a pressure of 1.25 atm and a temperature of 300°C and
lowered the pressure to 0.25 atm, what phase transition(s) would occur?

Li (p@a(aé\ - gas (vapocizah C-ﬂ)

6) At what temperature and pressure do the gas and liquid phases become indistinguishable
from each other? What is this point called?

y 9 o ) N y YO
Crbical Poirk @ 1.6 atm ond 0 25°C

—

7) If I had a quantity of this substance at a pressure of 0.50 atm and a temperature of -100°C,
what phase change(s) would occur if | increased the temperature to 600°C? At what
temperature would this occur?

-~ N

solid = AAS (SL'\;\OK imad ur\)

8) Under what conditions of temperature and pressure are all three states of matter in
equilibrium? What is this point called?

\ o | —~ | | | (20
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2)

3)
2)
5)

6)

7)

8)

Phase Diagramrs = Homework WS #2

Use the phase diagram for water below to answer the following questions.
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Label the three states of mater on the diagram above.

= 2 . . )
What is standard atmospheric pressure on this graph? ‘( e 525 }LP&, [look at
units] :

Mok gl
What is the normal melting point of this substance? oL
= O
What is the normal boiling point of this substance? SL) C

At atmospheric pressure and room temperature (27°C), what state of mater is this substance?
//i %w CL

If the external pressure was raised to 160 kPa, what would be the new melting and boiling
points of this substance?

Melhng Pont = —50°C  Baling Foint= 75°C

What phase\change occurs when a substance at 60 kPa and 0°C has its pressure lowered fo
10 kPa?

Liguid > qas (Vapocieatia)
At what temperature and pressure is the critical point? What is the critical point?

\—l\phﬁ- Point atwhich e U(Dui& ¢ gas phases A
ndistinguishible @ 1anie, and 0T @



Phase Diagrams — Homework WS #3

Use the phase diagram for water below to answer the following questions.
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X/'O ( Carbon dioxide is a unique substance, hence its very a-typical phase diagram. The
‘ states of matter have been labeled to help assist you in answering the questions below.

- 1) At atmospheric pressure and room terﬁperamre'(ZTOC), what state of matter is the substance?

Cj SN
2) Atthe point labeled -78.5°C at 1 atm, what phase change is occurring? What would we call
this point? \L,
i} o s e 4 ol St ot a0
SO \\d —> (_J 0% (DL&\C)\\H’&U\\ O\ S upiim ‘\_ 5
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3) What is happening at the conditions of -56.6°C at 5.11 atm?

s is ¢he fiple DCJH”\&\— where ((({ "'fh}é/;_rg@
ey %‘CJ&V{'CQ} Cﬂﬁ'* (Y LOﬂ’xﬁf (\OC’KE )A(f 0 Q%L, (b WM.

4) ltis very difficult to get COz into the liquid phase. At a temperature of —40.0°C it is possible to
melt solid CO; into a liquid; what pressure would be necessary to do this?

00 ohm %l}”‘f(?@(l = Melh g Point

5) Under what range of pressure conditions would CO; be a liquid at —20.0°C?

behveen 20 atm. and (000 atm B




