PC.2 (pgl of 7) Enthalpy of Rx Name Per

You will need to use the AHformaiion Tables, as well as the last page which has Bond Enthalpies and specific heat capacity values.

1.

A student was burning propane to heat water just as you used butane to heat water in our LAD. She measured 325 ml of
water at 3.5°C and used 5.3 g of propane, C3Hs to heat the water to 88.3°C. Using the data in this problem, calculate the
experimental AH for the combustion of propane reporting the result in kJ/1 mole propane. (Look back at your lab calculations
from today — this problem is nearly the same calculation.)

Write a balanced chemical equation for the combustion of propane, C3Hs

Use the balanced equation you just wrote in the problem above, the equation below, and the heat of formation values on the
orange sheet to calculate the theoretical value for the heat of combustion of propane.

* Y means calculate the sum (add together)
AHix = ZnAl{f products — ZnAI_[f reactants  n stands for the stoichiometric coef%lcient of the
substance in the balanced equation.
* AHr stands for the enthalpy value looked up on the list
for formation reactions for the particular substance

Compare your theoretical value (as calculated in #3) with your experimental value (as calculated in #1) as a percent yield
which would tell you a % efficiency of heat transferred from the flame to the water.

Using the experimental value calculated in problem #1, calculate the temperature to which you could expect to heat 250 g of
water that starts at 10.0°C if you burned 1.5 g of propane.

Again, assuming the experimental AH calculated in problem #1 what mass of propane would you need to heat 100.0 g of
liquid water from 5.0°C to 55.0°C?
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Remember to put your work on paper before you even begin to touch a calculator.

7.

Using the theoretical value for the AHcom» butane (you’ve got the theoretical value on your LAD C.3, or you can calculate it
using your Thermodynamic Tables), how much heat would be released if you burned 2.50 g of butane?

a.  When burning 2.50 g of butane, (assume 100% transfer of energy) how much water could you heat from 20°C to 100°C?

b. If you were heating 500.0 g of water that started at 25.0°C, how much butane (assume 100% efficiency) would you need
to burn in order to raise the temperature from 25.0°C to 85.0°C?

c. Ifyou were heating 350.0 g of water that was ended up at 55°C and you burned 1.0 g of butane (assume 100%
efficiency), to what temperature did the water start at?

d. If you burned only 1.00 g of butane and you realized the transfer of energy is probably only 50% efficient, how hot could
you heat 350.0 g of water that started at 24°C?

Write a reaction for the combustion of sugar, C¢H1206

a. Determine the theoretical heat of combustion for burning sugar.

b. Using the theoretical AHcombustion for sugar. Determine how much energy will be released when you burn 25.0 g of sugar.

A twist in this next problem -

c.  When you burn sugar, assume that only 60% of the heat from the combustion of the sugar will be absorbed by the water
you are heating. If you would like to heat 325 g of water from 20.0°C up to boiling temp, how many grams of sugar
should you burn?

When calcium chloride dissolves in water it dissociates. There is an energy exchange associated with this process. Write the
equation that represents the dissolving process of calcium chloride.

a. Calculate the theoretical AHuissoming for calcium chloride.

b. Use the theoretical value from part b to determine the final temperature of 200.0 g of 30.0°C water when 5.60 g of
calcium chloride is dissolved in it.
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10. Calculate the theoretical A Huissone for the dissolving of copper(II) chloride.

11. Determine the AHx for this reaction: HxOw) — H20(y)

12. Determine the AHx for this reaction: H2O) — H2Oq)

13. Determine the theoretical heat of combustion for burning sugar. Assume water is vapor.

14. How much energy is produced when 4.0 g of sugar, CsH120s, is burned?

15. When you burn 4.0 g of sugar, only 60% of the energy is used to heat the water, the rest of the heat is lost. How hot can you
get 50.0 g of water starting at 15.0°C

16. Using the reactions below,
Py + 502 — P4O10 AHf=—2967 kJ/mole of P4O10
PClz + Cl, — PCls AH;x = —84 kJ/mole of PCls
PClzs + 202 — CIPO AHx=-286 kl/mole CI3PO
WPy + 3/,Cla — PCls AHf=—76.5 kJ/ mole of PCls

Apply Hess’s Law to determine the enthalpy for the reaction below.

PsOip + 6PCls — 10 CLPO

17. Determine the final temperature of 145 ml of water at 27.0°C is mixed with 98.0 ml of 75.0° water.

18. Determine the equilibrium temperature of 115 ml of acetone, C3HsO at 10.0°C mixed with 115 ml of water, H2O at 65.0°C

19. Calculate how much heat is required to heat a 58.0 g piece of copper from —35.0°C to 50°C.
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20.

21.

22.

23.

Use Bond Dissociation Energy values (on the last page of your Thermodynamic Table) to calculate AH,., for
CHs + Cl» — CH;Cl + HCI
Compute the AH,., using AH®s values. How do the values compare? Why might the values be slightly different.

Use Bond Dissociation Energy values (on the last page of your Thermodynamic Table) to calculate AH,x, for
CHs4 + 2H20 — CO2 + 4 H:
Compute the AH,.» using AH® values. How do the values compare? Why might the values be slightly different.

Use Bond Dissociation Energy values (on the last page of your Thermodynamic Table) to calculate AH,, for
CHg + 702 — 4CO; + 6 H20

ioH
||

2H—(|?—(|?—H(g) ¢ 70,(g) — 40=C=0(g) + 6 H—O—H(g)
H H

Compute the AH,.» using AH® values. How do the values compare? Why might the values be slightly different.

Use Bond Dissociation Energy values (on the last page of your Thermodynamic Table) to calculate AH,., for
N>Hs — N + 2 H»

H—N—N—H(g) > N=N(g) + 2H—H(g)

|
H H

Compute the AH,.» using AH®svalues. How do the values compare? Why might the values be slightly different.
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1.

In this question we will assume that the heat gained by water = heat lost by propane as it is burning

Cwater Xmass water X A 'Twater =- A H permolepropaneburned xXm Olespropanebumed
4.18J o o 1mol
(lgTj( 325g)(88 3 _3 5 ) == A Hpermolepropaneburned (5 3g X Ig}

A[_]per mole of propane burned = _956,3 84 J/mole thus —956 kJ/mole

Write out the balanced combustion equation:  C3Hg) + 5 Oz — 3 COzg + 4 H2O

Look up the AHy for each of the compounds in the equation above.
Cis + Oz — COxy AHr= -394 kJ/mole of CO;

Hyg + %2029 — H20g  AHr=-242 kJ/mole of H2O(g)
3Cs + 4Hag — CsHsg  AHp=-104 kl/mole of CsHsgg)

A Hcombustion = 2 n A H Sfusionproducts _Z n A H fusionreac tan ts

(n refers to the coefficient for each product or reactant in the balanced equation)

AHeombustion = [ 3(—394) + 4(~242)] — [ 1(~104) + 5(0) ] = —2046 kJ/1 mole C3Hsg)

(%) X 100 = 47%efficiency
4.18/ 250¢)(x°—10°) = 956kJ 1000 1.5g % Imol Solve for x, the water can be heated up to 41.2°C
1g1° 1kJ 44
8 8
4.1 1 1
(l—ijJ(IOOg)(SS"—S") =956kJ (%J(xg X %Ol) 0.96 g of propane need to be burned
8 8

Remember the calculation for the theoretical AHcomb for butane that was done in LAD 10.3:
CsHip+ 6502 — 4CO4 + 5SH20

AHix = EHAprroducts — ZnAHf reactants [4(_394) + 5(_242)] - [1(_125) + 65(0)] =-2661 kJ/1mole CsHio

(2661k]j(2-503) Imol —115k)
58¢

1mol

(You can leave off the negative sign since it simply tells us that is energy coming out.)

a. Use the heat energy from the last problem - change to Joules to match the units on cwater
Qbutane = Cwater X Mwater X ATwater remember to make the energy units match on both sides of the equation.)

1 2661 1 4.1
(MJ( 061k j(2.50g) mol | _[ 4187 ) )100°~20°)  masswaer = 343 g of water
1kJ 1mol 58¢ 1g1°C

b. Heat lost by butane = heat gained by water
AHcombustion butane X MaSSputane X 1/MMbutane = Cwater X Mwater X ATwater

1000 \( 2661k Imol | (4187
10007 (20616713 | Lmol ) _[f 2187 ) 530 4y850 250 wtane = 2.74
( 1kJ )( Imol )(m)[ SSgJ [lgl"C)( 8X ) masShuane .
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10.

11.

c. Heat lost by butane = heat gained by water
AH combustion butane X MassSbutane X 1/MMbutane = Cwater X Mwater X ATwater

(WJ(MJU )(lm"lj (418JJ(350g)(AT) ATyater = 31.3°C  thus 55° — 31.3° = 23.7°C

1kJ 1mol 58¢ 1gl°C
Of course you could put the Tfinai— Tiniriar into the equation and solve for Tiuiniar. I chose not to, so I could avoid
distribution.
1 2661 1 4.1 .
d. (MJ(MJ(I )| —— mol x 0.05(efficiency) = 4187 (350g)AT) AT=15.7° thus 15,7°+24°=39.7°C will
1kJ 1mol 58¢ 10

be the final temp, notice that this is not nearly as hot as the 55°C final temp in problem (c), because when the efficiency
is accounted for, the temperature of course can not go up so high.
First you need to write a balanced equation: CsH1206s)y + 6 O2g) — 6 CO2g + 6 H2O(

a. USC the equathIl Z Aprroduc[s - 2 AHfrcactams = theoretlcal AHC()mbustion
to calculate theoretical AHcombustion = [6(—394) + 6(—242)] — [(—1273) + 6(0)] = —2543 kJ/mole of sugar

b. USC the equatlon. AHcombustion sugar X maSSsugar X l/MMsugar = q

(_ 2543kJ)(25 ) 1m0l _ 35347 refeased
1mol 180g

(The negative sign of course does not mean negative energy, it simply means exothermic, so use the absolute value in
part b)

c. In this problem it is important to realize that 60% of the energy lost by the butane burning will be equal to the energy that
will be absorbed by the water.
AHcombustion sugar X 60% x masSsugar ¥ l/MMsugar = Cwater X Mwater X ATwater

_(_%)(w)(om@ﬁciem))(m)( Imol j ( 118/ j(325g)(100°—20° )

1mol 1kJ 180g 1g1°C

m = 12.8 g of sugar must be burned to provide enough heat.

First write an equation to represent the dissolving of calcium chloride: CaClx — Ca?"ag) + 2 Cl g

a. Then calculate the energy needed for this process using the equation: AHdissolve = £ AHf products — £ AHf reactants
theoretical AHuissolve = [(—543) + 2(—167)] — [-796] = —81 kJ/mole of CaCl> (the negative sign tells you that energy is
given off. This tells you that the temp of the water is going to go up.)

When you use the —81 kJ/mole in the next part of the problem, use the absolute value in the equation because really there
is no such thing as negative energy. The sign is just a convention to tell us energy in or out.

b. For this problem you need to realize that the heat lost by the dissolving calcium chloride will equal the heat gained by the
water
{dissolve = {Qwater

theoretical AHuissolve X MasScalcium chloride X 1MOI/MMealcium chloride = Cwater X MasSwater X ATwater

81kJ \( 1000J lmol (4.18J
_( 1molj( 1kJ j(5'6g)(111g) (1g1° J(Zoog)(”)

(Note that the AHuissoive was in KJ and thus converted to Joules to match the fact that c is in Joules.)
Solve: ATywater = 4.9°, and since it is exothermic, the water will heat 30° +4.9° = 34.9°C

First write an equation: CuCl, — Cu*? + 2 CIl~
AHcomb = ZAHprod — ZAHieact
— [2(~167) + 65] — (~206) = —63kJ/mole

AHcomb = ZAHprod - ZAHrcact
(~242) — (~286) = +44 kJ/1 mole H20
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12. Since the equation is reversed, the sign changes = —44 kJ/1 mole H>O

13. Remember, you need a balanced equation: C¢H120¢s) + 6 O2¢g) — 6CO2g) + 6 H2O(g)
AHcomb = ZAHprod - ZAHreact
AHcomb = [6(—394) + 6(—242)] — [ —1273 + 6(0)] = -2543 kJ/mole

14. Calculate the energy for4 g >> 4 g x 1mole/180g x 2543 kJ/mole = 56.5 kJ produced

15. 4.0 g of sugar would in theory produce 56.5 kJ of energy, however, only 60% of the energy reaches the water.
56.5kJ x0.60=33.9 k] >>33,900 J =4.18 x 50 x AT solve and AT =162°C
AT = 162°C >> the water would reach 162°C and begin to boil, never going above 100°C

16. AH = —613 klJ/mole of P4sO10

Reverse P4O10s) — Pas) + 5 Oz AH =+2967
Multiply by 6 and reverse 6 PClsg — 6PCl3gy + 6 Clyg AH=+504
Multiply by 10 10 PCl3g + 502 — 10 ClsPOy AH = -2860
multiply the AH by 4 since it’s listed per mole Pys) + 6Clygy — 4PCly AH=-76.5x4

POl + 6PClsy — 10 CLPOg AH=+305kJ

7. _(4'181 j(l45g)(x°—27")=(4'18'] j(98g)(x"—75°) x = Tr=46.4°C
1g1° 1gl°

18. Remember that 115 ml of acetone does not weigh 115 g 115ml X 01'791g =9lg
m

_(2'17JJ(91g)(x°—10°)=[4'18Jj(1158)(x°‘65°)

lglo 1g10
x =T¢=49°C
19. (0-1381?)(58(&’)(85“) = 1902/ of heatRequired
8

20. —113 kJ/molyxn

21 . 71700 kJ/mOlrxn

22. —2831 kJ/mol,xn

23. —86 kJ/mol,x

24.



