AP Chemistry - Thermodynamics / Electrochemlstry Exam
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Show all work to receive credit. Circle the letter corresponding to the best choice on multiple choice

questions. There are 15 questions.
AS% iy = AS%qur + Asosys

Ascsurr = 'AHQSVS/T
AG® = IMAGprod = ZNAG react
AG®y, = -RT InK

0 =0 0
E cell . E cathode ™ E anode

E = E° - (0.0257/n)InQ

AS%ys = EMS°prod = INS rect
AH® = EMAHP r0d = ZNAH  react

R = 8.3145]/molK
AGO = AHOSYS - TASOSyS

AG = AG® + RT InQ K =°C + 273.15
Eoceil = Eored + Eoox Ece!l = Eoceu - (00592\// n)logQ

InK = nE®/(0.0257) E°en = (RT/nF)InKeq

AG® = -nFE° I=g/t 1Volt = 1joule/coulomb
V=IR Na = 6.022x10%
1. Estimate the boiling point of carbon tetrachloride given the following thermodynamic parameters.
AH’(KJ/mol) S°(J/Kmol) AG%(kJ/mol) ol F37 . YkT
CClagy -128.4 214.4 -57.6 < M
CClug) -96.0 309.7 536 BShn: 952 gl
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2. Use the following thermodynamic data 229 ©
AHP (k3/mol) S° (3/Kmol)
H,0u -187.78 109.6
H,0q -285.83 69.91
Oz 0 205.14
To calculate AS°,,, for the decomposition of hydrogen peroxide at 25. 0°C L &y
2H,05) > 2H,00 + Oy 2 (-29572) — 2(~i7.75) = . OHon =~/ 56/
: ’ P y %77 -
Work Area: [ a(¢9.9:)+ I(zos, 5‘7553 - 2(109.¢) 3&’3%3 212676 3k
x7 Al " 5%
Answer: 78 5.5 J/K ey LUy
/96,1097 4 125745,
3. Consider the reaction 198.15 k S 9¢3.0g
2POC13(Q) — 2PC|3(9) + Oz(g) oo '
a. Calculate AG® for this reaction. The AG% values for POCl3q, and PCls) are -502k3/mol and
-270.kJ/mol, respectively. - o/~ 770 ;C,.«; Yoo P
Work Area: (=27 ht) — 2t (-502K The) = Y64 &
55
Y
Answer: %!é / kJ




b. The value of AS® for this reaction is 1793/K. What is the threshold temperature (in K) at which this reaction

becomes spontaneous at standard conditions? Assume that AH® and AS° do not depend upon temperature.
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4. Ethanethiol (C,HsSH; also called ethyl mercaptan) is commonly added to naturai gas to prov;de the “rotten

egg” smell of a gas leak. The boiling point of ethanethiol is 35.0°C and its heat of vaporization is 27.5k]/mol.
What is the entropy of vaporization for this substance?
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5. Cells use the hydrolysis of adenosme triphosphate, abbrewatecl as ATP, as a sc;’?u;?ce of energy.
Symbolically, this reaction can be written as
ATP(aq) + HzO@) > ADP(aq) + H; 304‘(3(3)
Where ADP represents adenosine diphosphate. For this reaction AG® = -30.5kJ/mol.
a. Calculate K at 25.0°C. o )
Work Area: ‘ﬁ‘é&a > -RT Ink

38 . 5 12. 30

Answer: 2, 1L1X/0 d
k-e'"*® =22 X0

b. If all the free energy form the metabolism of glucose (CsH1,0¢s))

C5H1205(5) + 602(9) —> GCOZ(g) + 6H20(|)
goes into forming ATP from ADP, how many ATP molecules can be produced for every molecule of glucose?
(Standard Gibbs free energy of formation (kJ/mol): CsH1,0¢(5) = -911; COyq) = —394 H,0q) = -237)
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6. Calculate E for the following electrochemical cell at 25°C
Pty | SN**(aq, 0.50 My SN**(ag, 050y 1] T'ag, 0.15m) | ALy | Agis)
given the following standard reduction potentials. S eV oS 2L
zAQI(S) +28 —Ags) +Tag) E° =-0.15V & ox — TOI7 Gy 2OV
Sn*eg + 2€ — Sn*'pg =+0.15V & re</
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10.

What is the pH (pH = -log[H30"]) of the solution at the cathode if E.y = —0.174 V for the following
electrochemical cell at 25 °C?

Pt | Hyg1oam | H*{aq’, "L’OO'M)"i"l""'H+(aq')' [ Hog, 1oaemy }PE o

0174V = g Jorrsp)), [1n)1.0cks)
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Calculate AG® for the dispropomonatzon reactionof Cu* at25°C, = 09447 M é;f;?i‘?%

2Cu* taq) CU (ag + CU(S)

glven the following thermodynamic information. ;3}"5 -~ 1o fa | [ty »;} = 2.97
Cu'egy + € — Cug o= 10518V ‘°/9 v
CU2+(aq) + 26 — CU(S) E° = +0.337 V - %{’7‘?
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Answer: -39 kJ z -3 g ey

Calculate the equilibrium constant for the following reaction at 25°C,

Co**(aqy + 2Cr¥'q — Cog + 2Cri'e, , 0

given the following information. o ox £ e = y [ = =g - 13
Co** (aq)  F 2e — CO(S) E° =-0.28V 7 : ’ T
Py + € — ey E°=-0.41V L= ne’ LYy
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One kind of battery used in watches contains mercury(II) oxide. As current flows, the mercury oxide is
reduced to mercury.

HQO(S) + HzOg) + 2 - Hga) + 20H (aq)

If 2.5 x 10°° amperes flows contmuously for 1095 days what mass of Hg(;) (in grams) is produced?
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Write a balanced half-reaction for the reduction of ClO57,q) to Clyg) in an acidic solution.

e

Answer: f;/ﬁf% 4 ?éﬁfg;%;} 1/l —> 5?%5 ) %é;%fz/@f



12. For a chemical system, AG® and AG are equal when
a. the system is in equilibrium

e @he reactants and products are in standard state conditions
c. the equilibrium constant, K, equals 0 f{; .
d. the reaction quotient, Q, is less than 1 Lased T i& = NG i g“
e. the reactants and products are in the gas phase ]

13. The following reaction is endothermic
30y = 204 ; |
L, The reaction is o M@ﬁww /c ﬁ?ﬁf ¢c DHer >0
a. spontaneous at all temperatures , ;
non-spontaneous at all temperatures ;?g%,ﬁ{;%g@w i Yndle e wgf Jg
. spontaneous at low temperatures ’
d. spontaneous at high temperatures < dv% Al s >0

S

14. With respect to electrolytic and galvanic cells, which of the following statements about these celis is
correct?
»% a. The anode will gain weight in a voltaic cell.
~b. Oxidation occurs at the cathode of both cells. 1l s Mﬁ» AR
(C.)The free energy change, AG, is negative for the voltaic cell. b E
d. The current flows from cathode to anode in an electrolytic cell.

15. Use the standard reduction potentials below to determine which element or ion is the best reducing agent?
pd** (aq) + 2 — Pd(s) E° = +0.90V
Sn gy F 2 Sn(s) ES =-0.14V
s sz (aq) + 28— Cr(s) E° = -0.91V
a 7 a. Pd2+(aq)
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