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m Measuring energy changes
Energy is o Measurement of the ability to do work. /
Heat is a mode of energy transfer that results from a temperature difference and causes
an increase in disorder in how particles behave.
Work is a more ordered mode of energy transfer.
System and surroundings :
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In thermodynamics we consider 3 types of system:
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% Enthalpy is the total amount of heat energy in a system. It is stored in chemical bonds and

IMFs as potential energy. When substances react (at constant pressure), the difference
between the enthalpy of products and reactants results in 2 heat change.

Whatis the symbol for enthalpy? . H QH

If the products in a reaction have a lower total enthalpy than the reactants, heat is released
to the surroundings as seen in diagram (a).
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The opposite is true for diagram (b). s AW
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We use the terms exothermic ~ and endothermic ~ to describe these processes.
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Standard conditions  and standard states  for enthalpy changes: o “j
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The standard conditions
for enthalpyciranges a7 The standard state
of a substance isthe
apressure of 100 kPa che=r 02 »
substance under
standard conditions of
o . 298K (25 °C) and 1.00 x ( )
peiLins scbelancw by 10°Pa.
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under standard conditions and with all substances in standard states:

The ion of meth be described by the ical equation:

CH,(g) +20,(g) - CO,(g) + 2H,0() AHO=-890 k] mol!

Which has a higher temperature  and which more heat ?
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Temperature i an measure of the average measurement of the kinetic energy of particls.
¥ Therefore at 0 K particles cease to move.

We can use temperature change information to calculate heat (enthalpy) changes.

In general, the increase in temperature when an object is heated depends on:
«the mass of the object
«the heat added

«the nature of the substance. (o wder 4_“ T 5' k—‘

heat change () = mass (m) x specific heafZapacity (9 x temperature change (AT)

(-M&\‘l(‘) . . ] . 3
J X temperature of unit mass of material by 1 K. t

. ; heat change (q) ‘

mass (m) x temperature change (AT)
+ The heat capacity (C) is defined asthe heat needed to increase the
temperature of an object by 1K.
heat change (q)

temperature change (&T)

heat capacity (€)=

How much heat is released when 10.0 g of copper with a specific heat capacity of
0.385] g °C'is cooled from 85.0 °C 10 25.0 °C?

Solution

mxex AT
=10.0g%0.385] g™ °C' X ~60.0 °C (the value is negative as
the Cu has lost heat)

heat changs

-231)

1 s B0, 50, 8 bt o Sxbermic onceg
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t0alig
true about the reaction?
The process is endothermic and 8H is -
The process is endothermic and AH s +
The process is exothermic and AH is -
The process is exothermic and AH is +
2 of
A They produce gases.
B They gve outheat
€ They occur quicky
They involve combustion.
3 1FS00) bek
largest temperature increase?

Substance Specific heat capacity /) g K

onw>

A gold 0129
B siker 0237
c copper 0385
o water 418

copper “Ct0 29 °C. Calculate how much heat
has been added to the system. (Speciic heat capacity of Cu=0385 ) g K)

A 0770 B 150 c 300 D 185
(Considerthe specificheat capaciy of th folowing metals

Metal | Speciic heat capacity /) g K

Al 0897
Be 182

c 0231
< 0449

10 min
Identiy the metal which has the highest final temperature.
B 8

D«
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Enthalpy changes and the direction of change
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The enthalpy change in an exothermic reaction leads to products that are more stable (lower enthalpy) so in
general we expect exothermic process to occur.

Endothermic processes are less common but do occur depending on other factors to do with the reaction.

Measuring enthalpy changes of combustion
For liqui thanol, py
using the simple aPPIFATGS shown in Figure 5.7.

thermometer

| draugnt shieia
water

[ | &/

calorimeter
containingwater

L bumer with liquid
ethanol as fuel
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418 35K
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Calculate the enthalpy of combustion of cthanol from the following data. Assume all

the heat from th bsorbed by the water. Comp withthels g d;««)v
data booklet value and suggest reasons for any differences. i
4 | Mass of water in copper calorimeter/ g 200.00 > CJLI‘ e ‘uw
| Temperature increase in water / °C 1300 ) Ls
Mass of ethanol bumed / g 0.45 - ‘r ol 'f
P— ,dkm\.
e e %%; mol Peak ey < 20000 X 4lfx 13-00

=(1201%2) + (6 1.01)+1600=46.08 g mot! <4 10900 3

i =-(H0) X H,0) <ATH,0)
AHe= Mooy for one mole of cthanol) AM: 10960
nHOAH,ONATHO) | g
CH,OM) MICHOM adbsin | 0-900 S
:Wlmol" - 45
=-1112883 ] mol* N"f : 0 N 0,0098 "-\4-3
=-1112883K] mol* ey 4b-08
=-1100K] mol* o
" Tirdys b anved +o K5 el ™
-
T390 kT o kT =)
The 1B data booklet value is ~1367 K &P TRPFBretbecween the values can be

accounted for by any of the following factors:

~200g x 4.18] g °C x 13.00°C.

« Notall the heat produced by the combustion reaction is transferred to the water.
Some is needed to heat the copper calorimeter and some has passed to the
surroundings.

« The combustion of the ethanol is unlikely to be complete owing to the limited oxygen
available, as assumed by the literature value.

« The experiment was not performed under standard conditions.

9 A copper calorimeter was used to determine the enthalpy of combustion of butan-1-ol. The
100 200 mol”! -2676 K mol"!.

per
Which
| random measurement errors

I incomplte combuston

Il heat loss to the surroundings
A landllonly B 1ehd Ijonly € lland il only D Lilandll

10 110 g of glucose was completely Bt in a copper calorimetet The temperagars of the water
increased from 25.85°C t0 36.50°C QO

(a) Calculate the enthalpy of combustion of glucose from the data below.

Mass of water/ g 200.00
Specific heat capacity of water / g* K- 418
Mass of copper/ g 12000
Specific heat capacity of copper/ g K- | os3ss
(b) Draw an enthalpy level diagram to represent this reaction.
11 The heat releas 4 g
15000 g of water from 25.0°C to 31.5°C. C Iy chang

phosphorus. Discuss possible sources of error in the experiment.

10 (a) AT=36.50-25.85 = 10.65 °C orK) " q=motT
meaT q=15000gx 418" K- x (315-250] K
(H,0) x G{H,0) x AT(H,O) + m(Cu) x =40755 4= 4100J o2 5.f)
©(Cu) x AT(Cu) n(p) = -20509
3007 g mort
= (20000gx 4180 K x 10.65K) + 161 %10 mol
(120,009 0385 J g K- x 10,65 K) 41004
000 J + 402 61 x 10° mol
- - 2525 x 10°J mot
q=0302J —_— !
CH0) =gt e
180.18.g mor' The precision of the answer s imited by the
. procision of measuremant of the temperature
i caloating th ontalpy chango of aifarance. Tho valua is ower than the iteratura

value owing to heat lossas and incompleta

combustion, AH,, we have to recognize that
~ o combuston.

this s an exothermic reaction and that AH,
wil thersfore b a negative value
9302
641 x 10°mol
=154 x 10 mot*

®
z AH=-1540kJ ol
800(g)+ 6HO)
Exent o reaction

Cmrk}t Combydion
G, s 0, — @ 1+ WO

A

Tawm rt,)( o uskion

hyr 9, —Co, s WD+ 0 +C
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Enthalpy changes of reaction in solution
The enthalpy changes of reaction in solution can be calculated

by carrying out the reaction in an insulated system, for example,

)
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a polystyrene cup (Figure 5.8). The heat relcased y
h fr

water.

temperature Increases or decreases

insulating polystyrene cup traps heat

February 25, 2015

or keeps out heat from the surroundings

Take the reaction between a copper sulfate solution and excess zinc powder (to ensure the

reaction goes to completion).
G0, + 20— + Ca
2, 2450 -
S—— “
Tt o 007

extrapolating the line assuming
the same rate of cooling

recorded maximum
temperature = 61.0°C

temperature/C

time/s

The largest source of error is the loss of heat to the surroundings during the reaction (it is
To for this we canextrapolate the graph back to the start of the
reaction to find the maximum temperature acheived.

thermic).

To proceed we can make the following assumptions:

no heat loss from the system
all the heat goes from the reaction to the water

the solution s dilute: V(CuSO) = V(H,0)  —p
water has a density of 1.00 g cm

PO

Foran exothermic reaction, AHyeucea is negative as heat has passed from the reaction
into the water.

AH(water) = m(H,0) X ¢(H,0) X AT(H,0)

The limiting reactant must be identified in order to determine the molar enthalpy
change of reaction.

AH. = 20X c(H,0)x AT(H,0)
o ‘moles of limiting reactant

Th fsodi Ifi d

volumes of the
1200 cm® and the
concentrations of the two solutions were both 1.00 mol dm (Figure 5.10).

was studied by g
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was produced. -3
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(d) The literature value for the enthalpy of neutralization is ==57.5 k] mol-L.

¢ xvzloox 80_
between the experimental and literature values. lbod
20 -08 Y]
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Solution
(a) From the graph: V(NaOH) = 80.0 cm®
V(H,SO,) = 40.0cm®
(b) Assuming 1200 cm’ of the solution contains 120.0 g of water and all the heat
produced by the neutralization reaction passes into the water.
AHcgon = ~m(H,0) X c(H;0) X AT(H,0) |
=-1200g %418 g K1 % (33.5-250)K
=-4264]
—4264
(€) AHuescgen = o
n(NaOH)
__ w6
~ T00x800/1000

Jmolt
Jmott

IR
800
=-53.3K] molt

-575--533
7.5

(d) %error= X100%=7%

The calculated value assumes:
«no heat loss from the system
«all heatis transferred to the water
 the solutions contain 120 g of water.
Exercises

12 Calculate the molar enthalpy chang: in Figure 5.9. The copper has
a concentration of 1.00 mol dm? and a volume of 1.00 drm?.

13 Calculate the enthalpy of neutralization based on the following data.

Inital temperature of solutions / °C 25
Concentration of KOH(aq) / mol dr? 0950
Concentration of HNO;(aq)/ mol dm? | 1050
Volume of HCl(ag) / cm? 5000 |
Volume of NaOH(ag) / cm? 5000
Final temperature of mixure/ °C |23

H

y y
A student added 5.350 g of ammonium chloride to 100.00 cm? of water. The initial

2555°C 2179 °C. Calculate the
enthalpy change that would ocaur when 1 mol of the solute is added to 1.000 dm? of
water

15 Explain the meaning of the term AH and describe how it is measured.

12 g=moAT
=1000gx 4.48Jg" K-* x (70.0-200) K

00 kJ, for 1 mole of 1 mol drm solution
A+ =-200kJ mot!

13 AT=323-245=
=mH0) x HO) x ATIHO)
=10000gx 4.18 J g K- x 7.8K

q=2036Jperg

NH,C) = 5350 g ot

AH=2036J g x 53,50 g ol
=15.7 kJ mot*

8K 15 AH is change in enthalpy, the heat content of a
‘system. Enthalpy cannot be maasured directly
but enthalpy changes can be calculated for
chenical reactions and physical processes

from measured temperature changes using the.
equation g = moAT, where g is the heat changs,
m's the mass of the substancels) changing
temperature, ¢ s the specifc heat capacity of
the substance(s) changing temperature and AT
is the measured temperature change ocourring
in the substances).

Assumptions: no heat loss, c{solution) = ofwater),
‘msolution) = m(H,0), density(H,0) = 1.00

14 Ifthe mass of the solution is taken as 106.04 g
(mass of water + mass of NH,Cl dissolved),
M = +165 kI moF.
Ifthe mass of the solution is instead assumed to
be 100.00 g (mass of water only), AH = +15.7 kJ
mor

q=moaT
=100.00 g x 4.18 J g™ K- x (21.79 - 25.55)
=-1570 Jfor535
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