Preview for tomorrow

Read ahead on the following topics either in a textbook or articles
provided by the teacher and/or the department.

Topics:

1. Calorimetry

2. Using a Calorimeter

3. Using a Calorimeter to Determine the Enthalpy of a Rxn

Make notes using the following note taking strategies:

1. Cornell
2. Mind map/flow chart
3. Chart

Due at the beginning of next class
Formaftive



The Technology of Heat Measurement

* \Why do we need to measure
heat (transfer of kinetic
energy, Ek)?
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Calorimeter

 [nstrument used to measure changes in
Ek.

Basic components: < Thermometer
* Water
e Thermometer

+ Isolated system (no flow of energy or [ . Steeer
matter —

cups nested together

Calorimetry:

* The process of measuring changes in
Ek




Using a Calorimeter

A known mass of water is inside T
The water, surrounds and in direct o = polystyrene
contact with the process (undergoing | = cups
energy change)

Energy transfer between the \‘ i
chemical rxn (system) and the water L-
(surrounding) is monitored by B water
measuring AT of water sample

being tested

A coffee-cup

calorimeter usually consists of two
nested polystyrene cups with

4 rn = - A water a polystyrene lid, to provide
insulation from the surroundings.

q system =-g surrounding



Using a Calorimeter

Assumptions for, q,,,, = -9 water-
« System is completely isolated

* No heat is exchanged between the system and the calorimeter

* The reactants have the same properties as water:
o Density of water (1.00g/mL)
o Specific heat capacity (4.184 J/g°C)
* [t is because the solution is dilute enough

* Temperature change of water 1s monitored, thus... g, =mc AT



Inside a Calorimeter

temperature of the
water decreases

ZCUTCRESY An endothermic process,
such as ice melting

temperature of the

U TCRY &S An exothermic process,

such as a neutralization reaction



Using a Calorimeter to measure AHrXn

Recall:

Energy

Changes in Kinetic and Potential Energy

high potential energy

low kinetic energy

high kinetic energy

A A

| B

low potential energy

Surrounding

System

Reaction Progress



Using a Calorimeter to measure AHrxn

Steps:
. Observe changes in temperature

1
2. Determine q g ounging(EK)...=m ¢ AT
3

Law of conservation of energy: energy changes into
different forms, but it cannot be created or destroyed.

4. g surrounding (Ek) = -0 system(Ep)

(Ep) =n AH

q system

Recall:

Assume the reactants have the same density and specific heat
capacity as water.



Example

Copper(Il) sulfate, CuSOy, reacts with sodium hydroxide, NaOH, in a
double displacement reaction. A precipitate of copper(Il) hydroxide,
Cu(OH)z, and aqueous sodium sulfate, Na;SQy, is produced.

CuSOy(aq) + 2NaOH(yq) — Cu(OH)y(s) + NazSO4(aq)

50.0 mL of 0.300 mol/L CuSO, solution is mixed with an equal

volume of 0.600 mol/LL NaOH. The initial temperature of both solutions
is 21.4°C. After mixing the solutions in the coffee-cup calorimeter, the
highest temperature that is reached is 24.6°C. Determine the enthalpy
change of the reaction. Then write the thermochemical equation.

 Copy the chemical equation, and values only



Given:

* V cuso: = 90.0 mL
[Clcusos = 0.300 mol/L
Vieon = 90.0 mL
[Clnaon = 0.600 mol/L
T.=21.4°C

Te=24.6 °C
D=1.00g/mL

c =4.184 J/g°C

Required:
Y AHI’XF\ = 7




Analysis:

« m=DxV;
g surrounding (Ek) =mcCAT
Ncusos = [C] XV
Nnoon = [C] XV

° q = -q :
system surrounding

* O gsem (EP)=NAH

Solution:

+ M = 1.00g/mpt. x (50.0 + 50.0)mi/
=1.00 x 102 g

¢ Neysos = 0.300 mol KX 5.00 x 102 )¢
= 0.0150 mol

* Nyoon = 0.600 molj'x 5.00 x 102/
= 0.0300 mol




=(mc AT) = Neusoa A Hix
[-(1.00 x 102 g (4.184 J/g’@2) (24.6 — 21.4)°2] / 0.0150 mol = AH,,,
A H.., =-8.92 x 10* J/mol (-89.2 kJ/mol)

The thermochemical equation is
GHSD4{aq] + ZNHDH[aq] —> GU[OH]E[S} + NaESDq[aq} + 89 kJ

Paraphrase:
* The enthalpy change of the reaction is -89.2 kJ/mol of CuSO,

Check:
The surrounding gained heat (increase in Temp.)-—> system lost
heat (exothermic process)




Homework

Complete practice problems on Worksheet # 3



