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PHYSICS & ASTRONOMY The Relationship Between Heatand Temperature
THE UNIVERSITY OF UTAH

The Heat Capacity of an Object

Amountof heat (energy) that needs to be added to the
objectin order to raise its temperature by 1 degree Kelvin.

O =CAT = C (T, ~Tps)

—

=il acded Change in Temperature

(in Joules) ' '
Heat capacity (in Kelvin)
(in Joules/Kelvin)

If Q>0 then T;., > T, (temperature rises)
If Q<0 then T;., <T,ia (temperature drops)
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First Law of Thermodynamics
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Heat Transfer

AS = Entropy = 'ﬂfl_—Q

There exists a useful thermodynamic variable called entropy (S).
A natural process that starts in one equilibium state and ends

in another will go inthe direction that causes the entropy of the
system plus the emwvironment to increase for an imeversible
process and to remain constant for a reversible process.

S;= 5, (reversible) S,;> §, (imeversible)
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Third Law of Thermodynamics

In decreasing order of Temperature

I

In decreasing order of kinetic energy
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Thermal systems

Granular powders

The zeroth law

The first law

The second law

The third law

It TA = TE! TB = Tc, then TA = TC

Conservation of energy, AE°" =
Q + W, where Q is heat and W is
work.

Entropy tends to increase, AS = 0

Absolute zero temperature is

unattainable, T # 0

Same
Tg% = Tgcp

Same
AEtot = Q+W

Same
AS = 0

Same
THIJ ; 0
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PV & TS Diagram

Constant pressure
heat addition

Isentropic
v expansion

Met work tﬁtl‘lﬁfﬂr 4 1-2 lﬂEntrﬂpin nnmpmsﬂ.[nn

2-3 Constant pressure heat addition
Isentropic ———s4 I 34 |sentropic expansion

Temperature
Fad

compression
4-1 Constant pressure heat rejection

Constant pressure
heat rejaction

Entropy
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Types of Thermodynamic Processes

Reversible: Can happen slowly in
either direction.

Irreversible: Inveolves net

increase in entropy (can’'t go
backwards).

The types illustrated at right for
a sample of ideal gas:

pressure P

1 Isothermal: Constant temperature
(P =nRTI{V =constant™/ )

2 Isobaric: Constant pressure P

3 Isochoric: Constant volume WV
4 Adiabatic: Mo heat added vohmme V

(steeper degmdence of P on V!.




o AR TG

TP IR GG =T TI GO (TN ¥y GG =0 [Wifee
SIPTOR SI@l 2E 20O &AfS el 7= SreN@e & SRR o
G FUR T =, GG 297 (I FeDee feRrens A .
2] (I SFRT F6P S [ IMETS S O 2~ S#ANial =il
Sl FAC (@ F TSN I O GG 0 .




TR T

Entropy is the measure of the disorder of a system

Entropy increases

Melting
—

Freezing
R

Vaporization
e

Condensation
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P-V and T-S Diagram of
Otto Cycle
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Rangkin Cycle
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P-V Diagram of
Carnot Cycle
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Steam Boiler
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2 Stroke Diesel Engine

TWO STROKE ENGINE

Transsar port

@orus

Spark plug

Cylindar

Exhaust gorl

Inlet port
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Purpose of the Experiment

To demonstrate the complexities involved in measuring
properties of gases related to:

1.) Complications in weighing due to the buoyancy
of air;

2.) Problems in pressure measurements over water;
and,

3.) Non-ideality of Gases.
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Physical Characteristics Typical Units
\Volume, V liters (L)
Pressure, P atmosphere

(1 atm = 1.015x10° N/m?)
Temperature, T Kelvin (K)
Number of atoms or mole (1 mol = 6.022x1043
molecules, n atoms or molecules)




** Pressure and volume
are inversely related at
constant temperature.

@ PV =K

“* As one goes up, the other
goes down.

% P,V,=P,V,

“Father of Modern Chemistry”

Robert Boyle

Chemist & Natural Philosopher
Istmore, Ireland
ber 30, 1690




: P1V1 — P2V2 P =2.0atm

P=1.0 atm

Increase

pressure
———————————

Decrease
pressure




M 4.0 atm I 1V1 — I 2V2
2.0 atm
I 1.0 atm
=
g
7
(-]
& 40
20+ \t:\' '
\\
1.0 - Sl
1 | | |
V 2V 4V

Volume
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“* Volume of a gas varies
directly with the absolute
temperature at constant
pressure.

o V=KT

@V, IT,=V,/T,

Jacques-Alexandre Charles
Mathematician, Physicist, Inventor

Beaugency, France
November 12, 1746 — April 7, 1823




VT, = V,IT, 'a=
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Amedeo Avogadro
Physicist
Turin, Italy
August 9, 1776 — July 9, 1856

At constant temperature
and pressure, the volume of
a gas Is directly related to
the number of moles.

“*V=Kn
“V./n,=V,/n,



V,/n,=V.,/n,

1 atm

1 atm
Add gas
> >
Remove gas s
B s
w
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“* At constant volume,
pressure and absolute
temperature are
directly related.

@ P=KT

@ P, /T,=P,/T,

Joseph-Louis Gay-Lussac
Experimentalist
Limoges, France
December 6, 1778 — May 9, 1850
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“* The total pressure in a container
IS the sum of the pressure each
gas would exert if it were alone

In the container.

¢ The total pressure is the sum of
the partial pressures.

#Prjy =P +P,+P;+P,+ P ...

(For each gas P = nRT/V) John Dalton
Chemist & Physicist

Eaglesfield, Cumberland, England
September 6, 1766 — July 27, 1844




0.60 mol H,

(a) 5.0 L at 20 °C

TleB] 7 1

PHe = 7.2 atm

(b) 5.0 L at 20 °C

P 10.1 atm

total —

o
- ®lp 0
P &

R » 9
)=
9/)

@&

w
Q
E
9

0.60 mol H,
1.50 mol He

2.10 mol gas

(c) 5.0L at 20 °C
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“*\Water evaporates!

“*When that water evaporates, the vapor has a
pressure.

» Gases are often collected over water so the vapor
pressure of water must be subtracted from the
total pressure.
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Ideal Gas Real Gas
Obey PV=nRT Always | Only at very low
Pand high T
Molecular volume Zero Small but
nonzero
Molecular attractions Zero Small
Molecular repulsions Zero Small
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“»* Real molecules do take up space and do interact
with each other (especially polar molecules).

“* Need to add correction factors to the ideal gas
law to account for these.




Ideally, the VOLUME of the molecules was neglected:

Ar gas, ~to scale, in a box 3nm x 3nm x3nm

at 1 Atmosphere Pressure |

>

at 10 Atmospheres Pressure |

>

at 30 Atmospheres Pressure

>




But since real gases do have volume, we need:

ST APIFAN

+*» The actual volume free to move in Is less
because of particle size.

s More molecules will have more effect.
*¢» Corrected volume V’=V —-nb

“* “b” 1s a constant that differs for each gas.
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+»» Because the molecules are
attracted to each other, the
pressure on the container will be
less than ideal.

** Pressure depends on the -
number of molecules per liter. &

+** Since two molecules interact,
the effect must be squared.

N
F)observed =P-a (V)z




Van der Waal’s equation

[Py, +2 ()" (V =nb) = nRT

|

Corrected Pressure Corrected Volume
¢ “a” and “b” are
determined by experiment
¢ “a” and “b” are
different for each gas
¢ bigger molecules have larger “b”

s “a” depends on both Johannes Diderik van der Waals

a I Mathematician & Physicist
nd pOIarlty Leyden, The Netherlands
November 23, 1837 — March 8, 1923




Compressibility Factor
The most useful way of
displaying this new law for
real molecules iIs to plot the
compressibility factor, Z :

Forn=1

Z=PV/ RT

Ideal Gaseshave Z=1
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Page 194-195
In your
Lab Packet

If you would like to take notes, these slides start on page 201 of your Lab Packet.




Molar mass of butane (C,H,) = g/mole

Mass of butane:

N or Ng=




Molar mass of butane (C,H,) = g/mole

(12.011 x 4) + (1.008 x 10) = 58.124

Mass of butane:

Initial weight of cartridge — final weight of cartridge

N or Ng=

mass of butane
Molar mass of butane




Ask your TA for the
Lab Temperature and Pressure*

T=__ °C P =

torr

T= K P =

atm

V= L

0.500 L

Note: K=°C + 2/3.15 & 1 atm = 760 torr

Apparent molar volume, (V,, =V / n) of butane

at experimental T & P: V=

0500 L —

L / mole

V/nr

n — Calculated earlier

*These will be posted on the chalkboard.
he valt®sage for your session before recording in your book.




Apparent molar volume of butane at STP; V= L/mole

0.500 L

Lab pressure l } atm or 760 torr

\Pl V, P,V calculate

Lab temperature—— T1 Tz\
(K)

273.15 K

V‘— Vz

n . Already calculated

calculate \/

m




Partial pressure of water vapor in flask: P, = torr

X=InP, (torr) =20.943 >300

/ T

calculate x [
Lab temperature

(K)

P (torr)=¢’




Partial pressure of butane in flask: torr
atm

calculate ——p_=p P —— calculated

In previous step
(torr)

tot

Lab pressure
(torr)




Partial pressure of butane: P, = atm
0.08206 L.atm/mole. K
Already calculated J Llab temli)'/ 14.47 atm .L2/mole?
nRT an’

calculate ;PV — ——
V-nh) V2— 0500L

0.1226 L/mole

0.500 L




Compressibility factor for butane : Zg =

Partial pressure of butane in flask (atm)
Calculated earlier

l - 0.500 L

5 P V
° Ng R T——Lab temperature

“ / ‘ (K)

Same aS 1

already calculated  0,08206 L.atm/mole. K

calculate




Estimated second Virial Coefficient for Butane at room temperature:

Bg = L/mole
0.500 L
/
V
calculate— BB — (ZB _1) XF

~—_already calculated

Calculated in previous step
Compressibility factor for butane




Part 2: Buoyancy Effect
Filling Ziplok bag with butane gas

u L .:.-\-. .ﬁ_ I-"r H
:'|_'|I 5 _-‘_F I
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Initial mass  cartridge g bag g
Final mass g g

Change in mass g g
~C =
Discrepancy is the difference between these two masses
Discrepancy: g
Moles of Butane inbag: n = moles

_— Change in cartridge mass
mass
Molar mass

calculate—— N =

\ 58.124 g/mole




Calculated volume of Butane in bag: L

Calculated in previous step

|

B Estimated second Virial Coefficient
NxBg—-F
calculate ——\/ = for Butane at room temperature
(Z _ 1) Calculated in Part 1 (p 195).
B

T

Compressibility factor for Butane
Calculated in Part 1 (p 195).




Estimated density of air at experimental T and P: d= g/L

Buoyancy effect of displaced volume of air
(the mass discrepancy)

Mmass
volume

calculate— =

Calculated volume of Butane in bag
(calculated in previous step)




Estimated Molar mass of air: g/mole

Estimated density of air 0.08206 L.atm/mole. K
(calculated in previous step) l
\d RT- Lab
calculate——M = temperature
P (K)

Lab pressure
(atm)




Part 3. Conservation of Mass
Gas generating reaction in a closed system
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Part 3: Conservation of Mass
Gas generating reaction in a closed system

Molar mass of NaHCO, : g/mole

Moles of NaHCO.;: mole




Part 3: Conservation of Mass
Gas generating reaction in a closed system

Molar mass of NaHCO, : g/mole

(22.990) + (1.008) + (12.011) + (3 x 15.999) = 84.006 g/mole

Moles of NaHCO.;: mole

mass
Molar mass

moles =




Weight of bag and reaction components:

Before reaction: g after reaction : g
N /
Discrepancy is the difference between these two weights.
Discrepancy: g
Estimated volume of expansion: L

calculate V- weight discrepancy
density of air

Determined in Part 2 (p 197).




Reaction:
1 NaHCO,(aq) + CH;CO,H(agq) >+ 1 CO,(g) +

Expected moles of CO,(gas) : moles
Expected volume of gas at laboratory T & P: L

0.08206 L.atm/mole.K
Expected moles of CO, Lab temp. (K)

(from previous step) \ /
c:o2
/ ~— Lab pressure (atm)

calculate . Vg = TP,
/ l— Lab pressure (atm)

\ essure of water vapor. (Note: Convert your Pw to atm.)
‘ ulated Pw in torr in Part 1 —p 195.)




Check Out from the Stockroom

1000 ml beaker In The Hood:

500 ml volumetric flask 50% Acetic Acid in a

Tygon tubing with Hook 500 ml plastic dispenser
Butane cylinder By Balances:

1 piece of plastic wrap Sodium bicarbonate, NaHCO,

1 quart Ziploc Bag
5 dram vial with lid*

Clean Up:

*Dispose of liquid waste in appropriate container. Rinse vial and lid with water
and return them to the stockroom.

Hazards:
50% Acetic acid (corrosive, sharp, irritating odor)
Butane (flammable)

. Bmdao liguid waste for NaHCO, and acetic acid



</~ This Week: April 28 - 30 S

Turn In: Gas Laws Experiment pp. 195-199 + calculations page.*

 Students must do all calculations before leaving lab,
due to the complex nature of the calculations.

 Calculations must be shown on a separate piece of paper,
with units to the correct number of significant figures.
Datasheets need to be in ink, but calculations may
be done with pen or pencil.

¢ Calculations scribbled in the margins of the lab pages

are NOT ACCEPTABLE.

Evaluation Forms:
To evaluate Chem 1319, you should be receiving an email from the CET Committee with
the following link:

The Chemistry Outstanding TA Awards are based on these evaluations.
So please complete the evaluations, as TAs without enough surveys
completed are not considered eligible for the award.


https://itweb.mst.edu/auth-cgi-bin/cgiwrap/distanceed/evals/survey.pl
https://itweb.mst.edu/auth-cgi-bin/cgiwrap/distanceed/evals/survey.pl
https://itweb.mst.edu/auth-cgi-bin/cgiwrap/distanceed/evals/survey.pl
https://itweb.mst.edu/auth-cgi-bin/cgiwrap/distanceed/evals/survey.pl
https://itweb.mst.edu/auth-cgi-bin/cgiwrap/distanceed/evals/survey.pl

BRIANS GUIDE TO STUDPYING

EXAM
TECHNIQUES

IF IN COUBT,
CHOOSE “C"

IF NOT “C, TRY
, "PHOTOSYNTHESIS"

*It's a biology joke! ©

be a dumb bunny! - Study!









