Thermochemistry Review Packet
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MgO(s) + 2H'(ag) > Mg¥(ag) + H.O0)

3. A student was assigned the task of determining the enthalpy change for the reaction between solid MgO and
aqueous HCI represented by the net-ionic equalion above, The student uses a plysiyrene cup calorimeter and
performs four trials. Data for each trial are shown in the table below.

Volume of Massof | Inital Temperature | Final Temperature
Teal | LOMHCI | MgO(s) Added of Solution, of Solution
(mL) ® o co
| 1000 025 55 %5
2 1000 050 50 EXl
5 1000 025 %0 251
5 1000 050 2.1 251

() Which s the limiting reactant i al fourtias, HCI or MgO? Justfy your answer.

(b) The data in one ofthe trials i inconsistent with the daa i the other three rials. Identify thetral with
inconsisten data and draw a line through the data from that ral in the table above. Explain how you
identifed the inconsistent data.

For pars (¢) and (4), use the data from one of the other three trials (1., not from the tral you identified in part
(0) above). Assume the calorimeter has a negligible heat capacity and that the specific heat of the conteats of the
calorimeter is 4,18 J(g-C°). Assume that the density of the HCI(ag) is 1.0 gimlL.

(©) Calculate the magnitude of g, the thermal energy change, when the MgO was added to the 1.0 M HCI(ag).
Include units with your answer.

(@) Determine the student’s experimental value of AH® for the reaction betuween MgO and HCT in units of

Kimol,,,.

(@) Enthalpies of ormation for substances involved i the reaction are shown in the table below. Using the
information in the table, determine the accepled value of AHF for the feaction between MgO(s) and

HCl(ag).
Substance | AH7 (/mol)
Mg0(s) 602
HO() 286
H'(ag) o
Mg (ag) 467

) The accepted value and the experimental value do not agree. I the calorimeter leaked heat energy (o the
environment, would it help account for the discrepancy between the values? Explain.
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3. A sample of CH,CH,NH, is placed in an insulated container, where it decomposes into ethene and ammonia
according to the feaction represented above.

Rl [T
CHLCHNH(@) 2849
i 2193
Ny 1928

(@) Using the data n thetable above, calculate the value, in J/(mol,.,-K), of the standard entropy change, AS°,
for the reaction at 295 K.

(b) Using the data in thetable below, calculte the value,in KJ/mo,
for the reaction at 295 K.

Bond cc|c=c|cn

of the standard enthalpy change, AH®,

‘Average Bond Enthalpy
3as | eis a3 | 203 | 30
(imor)

(€) Based on your answer [0 part (b, pedict whether the temperature of the contents of the insulated confainer
‘will increase, decrease, or femain the same as the reaction proceeds. Justify your prediction.
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Process. AHP (Jimol,)
Brih > Brg) 3091
6) > L) 6244

5. AU298 K and 1 atm, the standard state of Br, s  liquid, whereas the sandard state of 1 is  sold. The enthalpy
changes for the formation of Bry(g) and 1y() from these clemental forms a 298 K and 1 atm are given in the

table above.

(@) Explain why AH® for the formation of Ly(g) from L,(s) i larger than AH® for the formation of Br,
Bey(h. In your explanation identify the type of paticle nteractions nvolved and a feason for the difference

in magaitude of those iteractions.

(b) Predict which of the two processes shown in the table has the greater change in entropy. Justify your

prediction.

(€1 146) and Br() can eact o form the compound IBr(D). Predict which would have the greaer molar

enthalpy of vaporizatio, IBr(h) or Bry(). Justify your prediction
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3. Answer the following questions bout gucose, CyHy;0; . 4 imporant iochemica cnegy source.
(@) Wit the empircal formulaof glucose
I many organisms, gucose is oxidized o carbon ioxide and waer,a epresenid by the ollowing cquaton.
CaH0,45) +6 04(5) > 6 COL) +6 H,00)
A 250 g sample of glucose and an excessof Os(g) were plced n  calorimeter. Afer the reaction was niited
and proceeded t compleion, he ttal het elased by the reaction was calculted 1o be 3.0 kL.
) Caleulate the value of A, i I mol”,fo the combustion of glucose.

() When oxygen is not available, glucose can be oxidized by fermentation.In that process, ethanol and carbon
dioide are produced. as epresented by the following equation.

CHOs) > 2CHOHD +2C0Lg)  AHP= 680K mol™ at 298 K.

“The value of the equilibrium constan, K., for the reaction at 298 K is 89 % 107

() Calculate the value of the standard free-energy change, AG, for the reaction at 298 K. Include units
with your answer.

(i) Caulat the value of the standard entropy hange, AS”, in 1 K™ mor”,for the reaction t 295 K.

(@) Indicate whether the equilibrium constant fo the fermentation reaction increases, decreases, or remains
the same i the temperature s increased. Jusify your answer.

(d) Using your answes for par (b) and the informlion providd i part (¢, calculate the valu of A fo the
following raction.

CHLOH() +304(8) = 2C0x(g) +3 H,00)
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3. Hydrogen gas burns in air according Lo the equation below.
2Hy) + 0s0) > 2H00)

(a) Calculatethe standard enthalpy change, AHgg. for the reacton represented by the equation above.
(The molar enthalpy o formation, AH . for H;0()is =285 kI mor” at 298 K )
(b) Calculate the amount o heal, in k. hat s released when 10.0 g of Ha(g) is buned in air.

(©) Giventhat the molar enhalpy of vaporization, AH . for HO(0) is 44.0 k) mol™ at 298 K. whatis the
standard ehalpy change, AHs. for the reaction 2 H(g) + Os(g) — 2 H0(8) ?
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NJH, reacts in ai according o the equation below.
N +0,(8) = Ni®) +2HO(g)  AH® = ~534KJ mor

(@) 1 thereaction an oxidation-reduction, acid-base, or decomposition reaction? Justfy your answer.

() Predict the sign of the entropy change, AS, for the eaction. Justfy your prediction.

(&) Indicate whether the statement writin in the box below i true o fase. Justiy your answer.

“The large negative AH for the combustion of hydrazine results from the large.
release of energy that occurs when the stzong bonds of the fesctants are broken.
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2. A student performs an experiment (o determine the molar enthalpy of solution of urea, H;NCONH,. The student
places 91.95 g of waler at 25°C into a coffee-cup calorimete and immerses 4 thermomeler in the water.
‘After 50, the student adds 5.13 g of solid urea, lso at 25°C, o the water and measures the lemperature of the
Solution s the urea dislves. A plotof the emperature data is shown i the graph below.

60—
250
240

301

Temperare ()

204

npb—
0 0 100
Time (5)
(a) Determine the change i temperature of the solution that results from the disslution of the urca.

(b) According to the dat,is the disolution of urea in water an endothermic process of an exothermic process?
Justiy your answwer.

(€) Assume that the specific heat capacity of the calorimeter is negligible and that the specific heal capacity of
the solution of urea and wateris 4.2 g1 °C"1 throughout the experiment.

i) Calculte the hal o dssolution ofthe ureain joules.
(i) Caclat the mola enthalpy of sluion, A3, of urea in k) mol .

(@ Using the information inthe table below, calculate the value of the molar entropy of solution, 5%, . of
urea a1 298 K. Include unis with your answer.

‘Accepted Value
140K mol”

69K mol !

(@) The student repeats the experiment and this time obains a resul for AH2,, of urea that i 11 percent
below the accepted value. Calculate the value of AHS,, that the sudent obiained in this second tral.
©) The student performs a thid trial of the experiment but histime adds urea that has been taken dircetly

from a refrigerator i 5°C. What effect, if any, would using the cold urea instead of urea at 25°C have o
the experimentally obtained value of AH %, ? Justify your answer.
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®) Calculatethe standard frce-<nergy change, AG®, hatoccurs when 12,0 of H(g) reacs with excess
Ny(g) 2 295 K according 1o the reaction represented below.

Nie) +3Hle) 2 2NH() 2GE = 34K mol!

(@) Given that AHg for thereaction is ~92.2 kJ mol ", which i larger, the otal bond dissociation energy
of the reactants or th total bond dissociation energy of the products? Explain.

(@ The value of the standard enropy change, S, for the reacton s ~199 J mol 1K . Explain why the
value of AS s negative.

(€) Assume that AH® and AS® for the reaction are independent of emperaure

() Explain why there is a temperature above 295 K at which the algebric sign of the value of AG®
changes.

(i) Theoretically, the bestyields of ammonia should be achieved at low emperatures and high pressures.
Explain.
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Resction Equation ang, 5 G5,

X | Cw+H0@ 2 COm i | +3tkmort | +1343mor’ K| 491k mor

Y| coe+iye 2 om0 | +akmor’ | 42 mor K| +20k mor!

z 200 2 €9+ COE) B 2 2

. Answer the following questions using the information related o reactions X, Y, and Z in the able above.
(@) Forreaction X, write the expression for the equilibrium constant, K,

(b) For reaction X, wil the equilibrium constant, K, increase, decrease, o remain the same if the lemperature.
rises above 298 K ? Justify your answer.

(©) Forteaction Y 2t 298 K. i the value of K, greater than 1, less than 1, or equal (0 17 Justify your ansiwer.

(@ Forreaction Y 2t 298 K, which s larger: the ttal bond energy of the reactants of the tola bond energy of
the products? Explain,

(@) 1s the following statementtrue o false? Justify your answer.

On the bass of the data i the table, it can be predicted that reaction Y will occur more rapidly than
reaction X will occur.”

() Consider reaction Z at 298 K.
() s AS® for the reacton positiv, negative, or zero? Justfy your answer.
(i) Determine the value of AH for the reaction.

(i) A sealed glass reaction vessel contains only CO(g) and a small amount of C().If & eaction occurs
‘and the temperature s held constantat 295 K. will the pressure i the reaction vessel increase,
dectease, o remain the same over time? Explain.
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1. A student investigates the enthalpy of Solution, AH,, for two alkali metal halides, LiCl and Nacl. In addition
1 the salts, the student has access (0 a calorimeter, a balance with a precision of £0.1 g, and a thermometer with
a precision of £0.1°C.

(@) To measure AH,, for LiCl, the student adds 100.0 g of waterinitally at 15.0°C t0 4 calorimeter and adds
100 g of LICIs), stiring o dissolve. Afier the LiCI dissolves completel, the maximum temperature
reached by the solution i 35.6°C.

() Calculate the magritude of the heat absorbed by the solution during the dissolution process, assuming
tha the specific heat capacity of the solution is 418 J(z-°C). Include units with your answer.

) Determine the value of A, for LICl in KMo,

To explain why A, for NaCl is different than that for LiCl, the student investigates factors tha afect
AH, ;, and finds that ionic radius and lattice enthalpy (which can be defined s the AH associated with the
Separation o a slid crystal nto gaseous ions) contribute (0 the process. The student consulls references and.
colleetsthe data shown in the table belov.

oo fonic Radivs (pm)
L 76
Nat 102
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(b) Write the complete electron configuration for the Na* ion in the ground state.
(©) Using principles of atomic structure, explain why the Na' fon s larger than the Li" ion
@ Which salt, LiCl or NaCl, has the greater latice enthalpy? Jusify your answer

(@) Below is  representation of a portion of  crystal of LIC1. Identify the fons in the epresenation by wrting.
the appropriate formulas (Li* or CI°) in the boxes below.

(D) The lattce enthalpy of LI is positve, indicating tha t takes energy o break th ions apart n LiCl.
However, the dissolution of LICl in water i an exothermic process. Identify all paricle-paricl interactions
that contrbute significantly o th dissolution process being exothermic. For each interaction, nclude the
particles tha nteract and the specific type of inlermolecular force betwen those particle.
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NaHCO,(5) + HCH,0,(ag) — NaC,H,0,(ag) + H,0(0) + CO,(g)

2. A student designs an experiment to study the reaction between NaHCO; and HC;H;0;. The reaction is
represenied by the equation above. The student places 2.24 g of NaHCO in a flask and adds 60.0 mL of
0.875 M HC;H,0;. The student bserves the formation of bubbles and that the fask gets cooler s the reaction
proceeds.
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(@) In thermodynamic terms, a reaction can be driven by enthalpy. entropy, or both.
() Considering that the lask gets cooler s the reaction proceeds, whal drives the chemical reaction
between NaHCO,(s) and HC;H;0(ag)? Answer by drawing a circle around one of the choices

below.

Enthalpy only Entropy only Both enthalpy and entropy

i) Justity your selection in part (4)) in terms of AG®.
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7. Aluminum metal can b recyeled from scrap meal by melling the metal {0 evaporate impurites.
(@) Calculate the amount o heat needed to purify 1.00 mole of Al originally at 295 K by meltng it The

‘melting point of Al s 933 K. The molar heat capacity of Al is 24 J{(mol.K), and the heat of fusion
of ALis 107 Kifmol.

(1) The equation forthe overall process of extracting Al from Al,O is shown below. Which requirs less
energy, recycling existing Al or extracting Al from A0 ? Jusify your answer with a calculaion.

ALOYS) > 2810+ 30,6 AH = 1675 Kimol,
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In 2 separate experiment, the student measures the enthalpies of combustion of propene and viny chioride.
“The student determines that the combustion of 2.00 mol of vinyl chloride releases 2300 kJ of energy, according
o the equation below.

2GHCUE) + 5058) = 4COLe) + 21,0 + 2HCUg)  AH°

2300 kiimol,

(@) Using the abl ofsandard enhalpes of formation below, determine whether the combusion of 200 mol
of ropene eleases more es, o the same amount of encrgy that 200 mol of vinylchloidereleases. Jusify
your answer with  calculaion. The balanced equation for the combustion of 2.00 mol of popene
IS 2CH®) +90,0) > 6COL) + 6H,0().

Substance CHCI) | CHie) | COxe) | WO | HONg) | O

“Standard Enthalpy of
Formation (ki/mol)

Bl 2 | e | 2m | w2 | oo





