Thermo Test Review ! (Some data is given at the end)

1. State the first law of thermodynamics.

«Enegy is Conserved

. Though éntrgy can c hang< Forms, +he toid amount Pad eneryy
rémains !ms-}mT.‘

2. a. State the Second Law of Thermo in word form.
b. How does AG’xp relate to the entropy change of the universe?

a) -« The entropy o the uriverze must increase” for Change
- 70 occur s*,oonﬁmem_r{y,
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3. [§0FU+ Nogg) + Opg) < > 2NO(g) AH’pxp = 180.74 kJ/mole
AS°rxn = 24.7 J/mole-K

a. Write the heat term into the reaction on the correct side. Is energy absorbed or released by the rxn? a,bs N M :
b. Calculate AG’rxp at 25°C

c. Is the rxn spontaneous at 25°C? O

d. For what temperature range is the reaction spontaneous?

e. Calculate Kp at 7000. Kelvin.

f. Which Kp value make sense for this reaction at 8000. Kelvin: 129 or 0.775? Explain.
g. Use the Kp value at 8000. Kelvin to calculate the AG’rxp at this temperature.

(5) Ao = Ao - TAS® = 1503415, ~ (2985 K)(.0247 7ty
"f? 3 38 )f‘/mote_

W ——

(d) LCSPM"‘. \\'F-F A()o is nfya‘h\)(.

B(f — AHo’TASo =0 H"” b—e.SPOf‘"'ﬂflebLu—
a-bove 7320 K
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1803y -T(o217) =0
T= #ap 73)72 K= 7320 k.
(6) Fotfad By at 7000 K

Ag - 19074 5, = (F000.K ) (D247 K ot k)
AG = .94 KT /mol
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@ 0.5 bre Ny + 2Op(g) <-—-—-> 2NOyy AH’ = 67.7 klimole

AS xn=a-T21 J/mole-
a, Write the heat term into the reaction on [I‘J::Fiorrecl side. Is energy absorbed or released by the rxn?

b. Determine the sign of AS® 1, . nfﬂa W Sw e 3 Mmoo 9a0 —> 2 molls gau (ﬁn 7|
3 5 P
¢. Calculate AG™pypy at 25°C W\‘hf\ -pf.W(/' Mol.o 14 éo P/{sfn-]-) Qmpj Vn‘“ b‘l‘.ﬁ

d. Is the rxn spontaneous at 25°C?) (#)

e. For what temperature range is the reaction spontaneous? [ _Qu,.e- VJ a(“J .I..o a(ra/lg& ’_Le ‘e/' e )

f. Explain your answer to (¢) mathematically.
g. Explain your answer to (e) conceptually.

O R 5607 A TTIS 637, )- (1w nh iy )
= 103,758 = 1038 kT/mb4
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5. GHyy +50y, <> 300y +4H,0 F2044 ARy =+/-2044 kKiimole = — 2O KT oo

AS"pxpy = +/- 101 J/mole-K <= 1ol T /maf K_.
a. Determine the sign of AS°yxn . and AH'rxp, - ; N
b. Write the heat term into the reaction on the correct-side. Is energy absorbed m the rxn?

c. Calculate AG™pxq at 25°C @’ €) AGe = AHO -TASe = =204y - (zqg.ns)[o.)m%
1’4

d. Is the rxn spontaneous at 25°C?

" K,
e. For what temperature range is the'reaction spontaneous ?' A | ' i. eM p J /e K mol

f. Explain your answer to (e) mathematically. = =-20 7 .l

g. Explain your answer to (e) conceptually. 2

h. When propane gas is allowed to mix with oxygen gas at 25°C, no reaction is observed. -

Does this mean that Keq <1? Explain. .

i. What will be the enthalpy change if 10.0 grams of oxygen react? ’ ‘2 0 74 E
j- How much energy will be released, if 10.0 grams of oxygen react, at constant pressure? L mole,

—md

k. What mass of propane must combust in order to release 645 kJ of energy?
1. A calorimetry experiment is done to determine AH of this reaction.
5.55 grams of propane are combusted while in thermal contact with 2220 grams of water.
The energy from the reaction causes the water to increase in temperature from 18.4 °C to 45.8 °C.

Calculate AHrxn based on the data including the sign. Use kJ for the energy unit.
(Ignore the heat capacity of the propane in this problem — we don’t know how much its temp changed anyway)

a) AS muskbe ® since the # of moles 1t gas ihcreases

fom 6 mileo g0 Fo 7 moles gas.
DY must be ® Sina 11+ Shaws combusdtn # C3Hg.

Combushm is exothermic.

(F) A¢e = AHe - Tase

7 T
S AK ad OS is positive, and Since T must be pesShw,
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result o AL fv any gm/gJ g0 will ke

(9) Both DB ond Spurtanevus at any Htmp.
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Cont | oo ot bt positive.



5. CHgpy +50y, <-—- > 3 COy, +4H,0, AHtxn = +/- 2044 kJ/mole
AS’rxn = +/- 101 J/mole-K
a._ Determine the sign of AS°rxp . and AH'rxp -
" Write the heat term into the reaction on the correct side. Is energy absorbed or released by the rxn?
Q( c. Calculate AG rxp at 25°C

N Y] " d. Is the rxn spontaneous at 25°C?
9 e. For what temperature range is the reaction spontaneous?

f. Explain your answer to (e) mathematically.

g. Explain your answer to (e) conceptually.

h. When propane gas is allowed to mix with oxygen gas at 25°C, no reaction is observed.

Does this mean that Keq <1? Explain.

i. What will be the enthalpy change if 10.0 grams of oxygen react?

j. How much energy will be released, if 10.0 grams of oxygen react, at constant pressure?

k. What mass of propane must combust in order to release 645 kJ of energy?

1. A calorimetry experiment is done to determine AH of this reaction.
5.55 grams of propane are combusted while in thermal contact with 2220 grams of water.
The energy from the reaction causes the water to increase in temperature from 18.4 °C to 45.8 °C.

Calculate AHrxn based on the data including the sign. Use kJ for the energy unit.
(Ignore the heat capacity of the propane in this problem — we don’t know how much its temp changed anyway)

Q‘)E K“‘[ > | at 25°C;4he rxn 1S SPo(ﬁﬂné’bu’J.. at
s +mp acc o prt ). But the Keg d?gsn-i #;\Ijo?M
anylning aboud the cate of 09 ; e At kano how Idg
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5- QHS (g) + 5 02(8) < """" > 3 COZ(g) + 4 Hzo (g) AHoan = +/' 2044 kJ/mOle
Asorxn = +/- 101 J/mole-K
a. Determine the sign of AS°yxp . and AH xp .

b. Write the heat term into the reaction on the correct side. Is energy absorbed or released by the rxn?
¢. Calculate AG’pxp at 25°C

d. Is the rxn spontaneous at 25°C?

e. For what temperature range is the reaction spontaneous?

f. Explain your answer to (¢) mathematically.

g. Explain your answer to (e) conceptually.

h. When propane gas is allowed to mix with oxygen gas at 25°C, no reaction is observed.

Does this mean that Keq <1? Explain.

i. What will be the enthalpy change if 10.0 grams of oxygen react?

j. How much energy will be released, if 10.0 grams of oxygen react, at constant pressure?

k. What mass of propane must combust in order to release 645 kJ of energy?

l. A calorimetry experiment is done to determine AH of this reaction.
5.55 grams of propane are combusted while in thermal contact with 2220 grams of water.
The energy from the reaction causes the water to increase in temperature from 18.4 °C to 45.8 °C.

Calculate AHrxn based on the data including the sign. Use kJ for the energy unit.
(Ignore the heat capacity of the propane in this problem — we don’t know how much its temp changed anyway)

=ysQ-18.y = 274 °C
(ﬁ) I * Muzo Chizo BTho AT=4

= (Zzzoy) (\ C‘p/joc)[ﬁg.q ‘C) = 60823 Cﬂ'e

254.50 K

(60828 cal )/ ,_L&L )
/0007 abSoched by the HeO .

5 Moo
(555 g GGHs )/ WD%ZJ = 0.)12586 moless

Aann = - inO baﬁ = i A54.50 KT ‘2022)43—//%((
moles G Hy 0.12586 mele

e —— ‘ 3SF

I AH = —2020 ¥T/n,




6. AH’s (kJ/mole) AG’s(kJ/mole) S°¢ (J/K-mole)
PCl3(g) -288 -270. 312
PCly( -320. =272 217

Thermodynamic data for PClyg) and PCl,, are shown above.
Use the data to estimate the normal boiling point of PCl,.

The nermad bOi/'nj Pom} would be The HMPM’L'”’(
at whieh  the Vafy})/(jjuf{ H Plls is 1.00 atm

PC/P&(/) -;_:—_) FCngj) }<P = PPCB = /DDa'th

S we heed o And the +-f’M/0 aF which
G, o s o=, which wadd aboo be

fhe Hamp atwhich BL> = O
AMonz Dy = (288 k5) ~(-320.07) = 3202
AS* e = AS"VaF = (31234)~ (217 Th) 7 45 Tf e
Ago = Do~ TDS' = O

32 - T(.095 £ ) =0
T = 33684 Kelvin
33444 - 27215 = 63.69 °C



7a. Formation of ATP from ADP is not a “spontaneous” reaction.
So, how can we generate ATP in our body? What reaction do we “couple” together with the formation of ATP?
Write the balanced equation for this reaction. &g b.@l oW,

b. What is'the sign of AG” for each of these processes:

€)) 1 protein ----- > individual amino acids S| A )

2) individual amino acids ----- > 1 protein E A sont )
3) a bunch of glucose molecules ----> a “strand” of glycogen &I ymer @ nﬁ' S P M‘l"
(4) 85 glucose + 510 02 ------ > 510 H20 +510CO2 (&) QPM(C-R-)

c. Which of the above reactions are “nonspontaneous?” (’L) ool (3 )
Since they are nonspontaneous, how do they happen in your body?

(4) To -ﬁlm A’TP [""?M ADP ‘PPthPW) , e W-h a0
Cﬁ,((‘ellulﬂ/ ffspifm‘m)" CoMu0p + 602 6COL + 6H20.
CR s Spsatdnems- at all +emps,

Hwe do CR. togethe wrin Porming  (regtntmtag ) AP
meu pocess (n Occw an-}meMj,

() Ty Cinbe " apleg> wiin He Spnitinend Ri

ATP = ADP+ phafphdlL.
o the.  overll poced s sonrtmems—



O a. 2 C( sy T 02(g) ------ > 2 CO(g)
AH’f 0O 0 -110.5 kJ/mole

AS°f 77? 205 197.9 J/mole K
AGf 0 0 -137.2 kJ/mole

Calculate Kp at 25°C

a. - N
b. Without using numbers,Predicl the sign of Aern.\;E-S_:m’jlﬂu Anjw IS + ‘

(@) DG ma= 2(- 13’1'2) -2(0)-1(v) * \’Z?LIL/ KT/MOIT
) ~0G°/RT . 27344 kT /mole
a’) KP 4 IR ?SIU*IO'J’.E— +298 K =€“0753

- L ux\o 1

©) DW= 2(-105)- 2(0) - 0 =\ 2221.0 ¥ Imoe AJ

NGe = AW - TAS®
-97uY = -221.0 = (298 ) AS'n
AS*nen = 0.17914 ¥ /mek-¥

S

(D) NGown= 2S4(c0)~ 254(0) = 1 5¢(02)

3209 = 2 (19749) - 2S¢ -~ ) (205)

SC - 55 253 ST /mlE]

e) Sputfr all Jemps
sSinw AS%mtr@ NAHM s @



A Combuston oF popene)

(™ 20Hsy +9 Or > 6COyg +6H0 + 33518 kT /mole

A, Determine AH rxn using heats of formation:
this reaction? (e)c D)

b. Write the heat term into the reaction on the correct side. Is energy absorbed
¢. If 100. grams of propene combust, how much energy will be absorbed or rel&aset?
d. Determine the heat of combustion of propene in kl/gram.

e. Determine AH rxn using bond enthalpies.

0) DHom> 6 A (00 + 6 ARh04) — 2 DHpGHe —9 DHE(02)

= b(-29%5) + b (-2418) - 2 (200) —9/(0)
| D™ -3851.8 k7 /e |

) (100- 3. t3H X%){m"”m’“") < 45763

2Zmole (3H;

4580 ET
d) (3851.8 ;q)( M N g2, released

2 mile GH, 42.0&04] f\%mﬁ/
(0 —us%T K1 /5 )

) BHM\‘/ Z\)ﬁ\jﬂ bokin — < A\/(bmﬁlwd

“ K, I /—/'n
2(“\ 5&/5,:“)*‘1(0";0) _s é(b =( O.,>

\'\/ i - 6(‘-\"’0>
|
Brokent 2 c=C =2(pW) H
1C—C =2 (3\‘\3) 1275 \L’y (-Cq%ffd (MSWMB
‘2 (=R =7 (4%) n bl bends

4 0=0 =4(H495)
Fmed: 2 c=0 =\'L(=)—ﬁ‘ﬂ) 7} Sy g veleisd i vamjw
2 H-0 = \2(""63 ,_-—-——---"——:/_
M= (s -5y #3801 (1]

v T [msle



@ )a Sketch a graph showing temperature vs. heat added for water going from -50.0°C to 150.0°C.
= Calculate the total energy required for part (a) if the mass is 10.0 grams.

o 1 2athi

heat added

@q_anAT=(/0-Oj)/0.§o%‘f.;)[;o.o%)-' 250 col

(D g mAHosn 2 (009) (799 ) = 7299 col

® qg=mc T = (10.09)( | ""%%)(mo,otc) = 1000 ¢ od

® f["mAHVa,= (10.0§) (5%o0. “‘8/9) = 5400 cof

® 9= MEOT = (ipp) (0, 40w ) (50.0%) =240 ¢l
Toil 09 — l 7690 CMM&—L/&?WMA

e
( 11. | 50.0 grams of metal at 100.0°C are placed into 125 mL of water at 4.0°C, in a “perfect calorimeter.” At
mal equilibrium, the metal/water mixture is at a temperature of 6.8°C. Calculate the specific heat of the

metal. le"muﬁfeﬂy/ _ / N7y gGauned [y #-20/

meaT] Ly - Imeat |y,

(0093 € (A32°C) = (125g) (1 <o) ( 23 C)
7
1000 - 6.% 5,37‘4.0

\C = 0.095 “Vpc |




12.  MgSO,,  —-- > Mg + SO

An experiment is done to determine AH for the above “reaction.”

87.3 grams of water and 6.48 grams of magnesium sulfate are each at a temperature of 21.4°C.

The water is placed into a calorimeter. The magnesium sulfate is added to the water, and the mixture is stirred
until the MgSO, completely dissolves. As the salt dissolves, the solution reaches a maximum temperature of

BIC F33¢C~ YUY = 11.9°C = AT

Calculate AH for the “reaction” (so, calculate “AH,y,0, of MgSO,”) in kJ/mole.
Assume that the calorimeter contents have a specific heat of 4.184 J/g°C.

9 = mce AT = (87.3J + 6.485)(4.1843—/5-5)(!!.‘)’() = Yetgq 3T
Mb6937) (V¥ foppr ) = H.6b93 1T absubed by Heo ehe

amd re|equed by
o e " P
(685 Mgs0s) (o s,) > O-05 3836 molear MgSDy

| Afwg [ = 1669~ g4733 -

] 053836 moloy- ik 5§67 1T imile

bt s he HoO et ) #mf wenfulo,-fu. e S have ff_;’iﬁ‘id
2n0qy it The Hhp, so the i is Cxatharmic, So AH S negahve.

| At = 27 = |

13. Given the following:
( 2Fe + O3y > FeyO3(s) AHyy = -964.96 KJ/mole F) _mile ¥
3 Fe(s) + 2 O2(g) ———————— > Fe304(s) AHyn = -1117.1 kJ/mole
( 203 - > 302y AHyy, = -284 kJ/mole ) 3
Use Hess’s Law to calculate AH,,,, for: 6 FepO3(5y - > 4 Fe3Oy) + Ogg)

bFe05 —> JaFe+kty A= +57897 k7
25 <50 UTeson AN Z -4 dpr
—> 'G 0z = -Z®2 yT ny )
%F.i:o; —» YFespy+ Oz v’ AH = 46930 kT —/7[ Lf'é‘] 2

DATA!!! Bond Enthalpies: (kJ per mole of bonds broken) 4 KJ_ /mole,
Cl-Cl: 242 H-0:463 C-0: 358 C=0: 799 0-0: 146
C-H: 413 C-C: 348 C=C: 614 C-C: 839 0=0: 495

Enthalpy of formation: (kJ per mole)

C3H6(g) 20.0 CO2(g)-393.5 H20(1) -285.8 H20(g) -241.8 CaCl2(s) -
7914

specific heat (cal/g’C) H,O(s) 0.50 H20(1)1.00 H,0(g) 048

heat of fusion for water: 79.9 cal/g heat of vaporization for water: 540. cal/g

(“h |4 1S on the next pﬁye)



14.a. For each of the following phase changes, state whether the AH of the phase change is
positive or negative, and whether the AH of the phase change is positive or negative.

AH AS
melting —+ -+ Solid —> ,94\1\/\4‘0'
freezing - — Lgud — sohd |
condensation e g a0 — /QA‘q wed oc 9G¥ —> solid
vaporization v " U ‘ﬂ‘”’; 4 9MA——
sublimation _ * ¥ Soivd — q as

b. Which of the phase changes are more “favorable” at high temp than at low temp, and how
does this relate to the sign of the AH and AS?

Me}ﬁf\j, Vaporiz—aﬁon, and Sublimatsn are all
WrModjnde(;l_l] ﬁVom“C at }\A‘j}\ -I'FMID, bwfflOfﬁ‘lL Jow T

7;)(56 F}\MC Chm‘yg /l\gviga Eos‘;’h\/f AH o~ AS

NGo= AH° - T AS? As  Tempeatnce (T) rncrease
7 ©, ® NG Mzmjsl 3;\016 nega five,
G must b ah So favocabr s [nerease,
DG wist be, negede fo 1ot el

¢. Which of the phase changes are more “favorable” at low temp than at high temp, and how
does this relate to the sign of the AH and AS?

Freezing ond Conﬂﬂfaﬁm are Wrmodynamimfé,
Lavocalble at Jow }me’ bud /lf_)_}_ at hl‘jh‘f?mlo.
Aé o= AH°-TAS'
e &
As Jemp Increat®s, the AG pecomes more poSiHive,

So '&V’Drab”p Adecreqses. g
(DGe will be pcﬁrhv*f at hash T — ot ﬁVﬁajﬂtL.j

(Aéo wsll be neja'hv‘f at fDM)T—:/" %Vgrﬁbl@)





