Laboratory Calorimetry

OBJECTIVE

To calculate the enthalpy of solution of sodium thiosulfate pentahydrate

Reaction: Na»S>03:5H,0(s) = 2Nat(aq) + S»03%27(aq) + 5H>0(%)

You will be measuring the change of temperature of a solution in which the reaction above occurs.
This change of temperature is generated by the heat of the salt dissolving in water.
The energy absorbed (or released) by the solution (measured) is the one from the reaction (to determine).

Energy is never lost. According to the first law of thermodynamic: ENERGY IS CONSERVED.

Qsolution + Qreaction = 0 (0 = no heat lost!)

Both “Q” are equal but opposite (Q < O = exothermic or heat lost, Q > 0 endothermic or heat absorbed).
If you record the temperature change, then you can calculate the heat of reaction Qreaction -

General equation of calorimetry:

Q=m cp AT
where:
Q: heat in joule (released or absorbed) at constant pressure
m: mass of the component that absorbs the energy (here the solution)
Cp: specific heat capacity of the component at constant pressure, cp , water = 4.184 J/(g °C)

AT: temperature change (AT = Tfinal — Tinitial )

You will measure the heat change of the solution. This change is generated by the heat of solution of the
salt (heat of the reaction).

PROCEDURE

Start the computer and run the Logger-pro software. Open the file: "Bond & matters: 8-Calorimetry”

1-

2-

Use a graduated cylinder to pour 50.0 mL of distilled water in the calorimeter. Place in the calorimeter
the temperature probe, the stirrer and the cover. Do not collect the temperature yet.

Use a weighing dish to weigh 5 g of sodium thiosulfate pentahydrate (NaS,03:5H>0). Weigh the
chemical just before its addition to the cup since Na>S,03:5H,0 absorbs humidity from the atmosphere,
causing the reaction to start without being in the solution (therefore, %error).

When you are ready to perform the experiment, start the temperature acquisition. This is your
initial temperature. Then rapidly add the salt to the calorimeter. Close the lid and stir the solution
continuously with the stirrer while recording the temperature.

The recording is completed when a constant temperature is obtained (less than 5 min). The recording
will automatically stop after 10 min.

From the table of data (computer left column), record the initial temperature or room temperature.

By doing the graph analysis, (linear fit + interpolate) find the maximum (or minimum) temperature of
the reaction.

Print the graph with a proper title and nhame using the same procedure as performed last week.



> Analyze Insert Options Page Help

Replay...
Replay Latest Ctrl«W
Examine Ctrl+E

A Autoscale Linear regression Inerpolate
[& Logger Pro - _LPAutoSave.cm WEL.F .\ @

Tangent
File Edit Experiment Data (Analyze ) Insert Options Page

.

D@ R s ek =DEBARQULNLAL MR T

|vm$ Temperature = 2140 *C

Rl Heat of solution NaOH
Time Tempernlure 25 : :
(min) (C) .
28 | 0.450000 17 51 Interpolate :
29 0.466667 1745 : | i H
B S AN ; Double-click to cha \ge the title
31 0.500000 1738 g / :
32 0.516667 17.35|
33| 0533333 1732 Tomporaute. 23117
34 0.550000 17 31| Tomporature: 23.112
35 0.566667 17.30| frflfullzllfsr.m L ,
36| 0583333 1720 234 L T L | |
37 0.600000 1727 ] 1 —
38 0.616667 1726 || :
39 | 0633333 17.25|
40 0.650000 1725 :
41| 0.666667 1783 ] 3 e ,
42 0.683333 2000 i Linear Filfor; Latest] Temperalure
43 | 0.700000 2128 o) u_m“,”mv% 6771 +Cimin
44 0.716667 2208| L b (Y-Intercept): 23.60 °C
45 [ 0.733333 2253 2 Correlation: -0.9820
46 | 0750000, 2278, 2 2 RMSE: 0.01196 °C |
47 0.766667 22 91| = f
48 | 0.783333 2301 E
49 0.800000 2304 [ =
50 0.816667 2304 o
511 0.833333 2304 1 Linear Fitfor: Lates!| Temperature
52 | 0.850000 2303 Temp =mteb
53 0.866667 2303 m (Slope) 77.13*C/min
54 | 0.883333 2303 - b (Y-Intercepl): -32.70 *C
<l — - Correlation: 1.000
RMISE: 0°C
19 t

mgbmﬁmﬁc_. . to print the graph press together

=l 3
|

23.12 °C

17 _ - ; . _ ; ;
06 08 1.0 1.2
(0.724,23.76) (At:0.304 Ay:0.34) Time (min)



Name:

first (print) family (print) date

Enthalpy of solution : Table of data and results

DATA (must be filled in ink)

Mass of Na»>S>03:5H,0 (recorded £ 0.0001 g) m = g

Volume of water (recorded = 0.1 mL) V= mL
Initial temperature of the solution (before reaction) Tinitial = °C
Final temperature of the reaction (after reaction) Tfinal = °C

Results (calculations can be completed in pencil)

Mass of water used (pwater = 0.998 g/mL) m = g

Total mass of the solution (NaS>03-5H,0 + water) Mgo| = g

Temperature change of the solution (ATsol = Tfinal — Tinitial) ATgo = °C

Heat absorbed / lost by the solution (Qsol = Msol Cp ATsol) Qsol = ]

Heat of solution of the reaction (Qreaction = — Qso1) Qreaction = ]

Mole of NayS>03-5H,0 used (mol.mass: 248.19 g/mol) n= mol

Molar enthalpy of solution of Na;S>03-5H>0 AH = Q/mol = kJ/mol
%oerror = %

Note: Never round off your numbers throughout a calculation, always keep the maximum number
available. Round-off only the final answer.



Sample calculations

Total heat absorbed / released by the solution (Qg, = m o AT): (1 mark)
Enthalpy of solution of Na2S>03-5H>0 (AHsoi= Qsol / N): (1 mark)
%error:'value obtained— value IlteratureIXmo%

value literature (1 mark)

(note: for Na»S>03-5H,0: AHso = 48.8 kJ/mol.).

Post-lab questions

a. If your thermometer was uncalibrated and constantly giving a value 3 °C higher than the real one, what
will be the impact on the AH obtained in the lab vs. AH literature? (Circle one) 1 mark

i) AH_ap will be more positive ii) AH_ap will be more negative iii) no change

b. If you weigh your chemical and wait 1 hour before starting the reaction, what will be the impact on the
AH obtained in the laboratory compared to the AH in the literature?? (Circle one) 1 mark

i) AHpap will be more positive ii) AHpap will be more negative iii) no change



