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[5] T ¥rgol tE AH® & Fol EE o]&3lo T3t} (15%)
C(9) + 2 Cly(g) — CCl4(9)

TABLE 7.3|

AVERAGE BonND ENTHALPIES

Molar Enthalpy

-1
of Morisation Bond Enthalpy (kJ mol™ )#

(k) mol ")t H— s c= = N— N=— N= o— o=
I 218.0 436 413 39l 463
¢ 716.7 413 348 615 812 202 615 891 351 728
N 4727 391 292 615 891 161 418 945
0 2492 463 351 728 139 408
S 278.8 339 259 477
¥ 79.0 563 441 270 185
cl 1217 32 328 200 203
Br 111.9 366 276
| 106.8 299 240

t From Appendix D,
+ From L. Pauling, The Natwre of the Chemical Bond, 3rd ed, Ithaca, New York: Cornell University Press, 1960,

© 2003 Thomson - Brooks/Cole
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[8] You are stranded on a tropical island with no access to chemical literature resources, the internet (or no-
rae-bang). Based on your knowledge of intermolecular forces, and molecular geometries, predict the order
of normal boiling points for the series: SnCl,, SnCl,, and TeCl,. List these compounds in decreasing

temperature with explanations (5%).

=)

[9] While cast away on your island, your favorite drink is “Moju,” which contains variable amounts of ethyl
alcohol and water.  Given that ethyl alcohol (specific heat capacity 2.44 JK'g™) and water (heat capacity
4.18 JK'g™) contribute independently to the heat properties of Moju, address the following: (& 77)

a) Calculate the specific heat capacity of Moju Cqwojuy Which is 45.0 % by weight in alcohol. Give
your answer in JK'g™ (274).

=)

b) A bartender takes an ice cube of mass 5.00 g from the freezer (-20°C) and drops it into 50.0 g of
the solution from part (a) with a temperature of +20°C. In order to not dilute the drink, the
bartender pulls out the ice cube when its temperature reaches 0°C (assume none of the ice has
melted). Calculate the temperature of “Moju” at this point in °C. The heat capacity of ice is 2.40
K'g! (53).

k0



[10] Later on the island, you realize that you don’t produce enough stomach acid to sufficiently digest your
octopus stew. Since you are an adventuresome chemist, you resolve to synthesize HCI, from the pure
elements of hydrogen and chlorine. Importantly you want to determine the heat of formation AH¢ for
$H,(g) + 1Cly(g) = HCl(g). Calculate this heat AH; in k/mol given the following equations (25°C). (5%)

H,(g) = 2H(q) (436.0 kJ)
Cl,(g) = 2CI(g) (243.4 KJ)

H(g) > H'(g) + & (1312.2 kJ)
Cl(g) + & > CI(g) (-348.8 kJ)

H*(g) + CI'(g) & HCI(g) (-1395.4 kJ)

=)

[11] A mixture of H, and He at 300 K effuses from a very tiny hole in the vessel that contains it. What is the
mole fraction of H, in the original gas mixture if 3.00 times as many He atoms as H, molecules escape from
the orifice in unit time? If the same mixture is to be separated by a barrier-diffusion process, how many

stages are necessary to achieve H, of 99.9% purity? (157%)
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[12] At 90°C the vapor pressure of toluene is 0.534 atm and the vapor pressure of benzene is 1.34 atm.
Benzene (0.400 mol) is mixed with toluene (0.900 mol) to form an ideal solution. Compute the mole fraction
of benzene in the vapor in equilibrium with this solution. (15%)
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CHa4, NH3, H,09] =02 Zhievh fopxith, aig-a1y, ag-A3, A4 ¢o=z Axpgzt
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() #&AF] FAT ofre FAUA TAY ALARED HAT IHFLEA FF FH
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3] B8 Asadnse AL (@ 47)

(@) CuS + HNO; > CuSO,4+NO
(b) MnO, (ag)+Fe* (aq) > Mn? (ag)+Fe**(aq) (A& )

(a) 3CuS(s) + 8NO;(aq) +8H;0"(aq) > 3Cu**(aq)+3S0.4*(aq)+8NO(g)+12H,0(1)
T 2CuS + 8HNO; = 3CuSO, + 8NO + 4H,0
(b) MnO 4 (aq)+5Fe** (aq)+8H;0"(aq) > Mn* (aq)+5Fe* (aq)+12H,0(1)



[4] o} EAlo] B2 L.(R=0.08206 L atm K™ mol™, 1 L atm = 101.325 J)

(@) 1.00 mole] DX} o] d7[A|7F PA(constant) 2% T = 293 K oA 2.0 atmel] 1.0 atme 2 7}¥H o=
(reversibly) B3% F, oA 7194 94 BFE B 2% 250 K 74A] WE BT AgEHA 9=
250 K& AI8HHA drizt 7193 o2 5% F oA 7193 ddAFS T3 dH9 2% 23 K £
383t o] o] ©A #AL P-V state diagram o EAJ8E} 2+ Ao 43 RAE atm} LY
A2 dAHoE FANEY (FraxAs F AR 1A). 283 o] Al2"d 7teR g fFste F
S YIFo= FAFE (20%)

4 Z71FEE At 3P Ta = 293 K, Pa = 2.0 atm ©] Fo{ %tk Wb Va = nRTA / Pa = (1
mol)*(0.08206 L atm K™ mol™)*293K / 2.0atm = 12 L.

e HR HF o AHYE B} oW, Feo|mE Tg=293K o]l A4 Pg=10atm &= F
o] 9lo B Vg =(PalPg)*Va = (2.0atm/ 1.0atm)*12L = 24 L.

G433 A5 FEHE cg dE, FAlClA T = 250 K2 FoA] 9lar, Tdo| =z pPeVy! =
PV 7F ARl ozl Zlo] 28 X3gh 2oz v, TVt = TV o) upehA]
Ve =[(Te/ Te) * Ve J¥0Y = [(293K / 250K)*(24L)¥* V3D = 30 L. Pc = nRT¢ / V¢ = (1 mol)*(0.08206
L atm K™ mol™)*250K / 30L = 0.67 atm.

OAl 32 55 Z$9 AEHE Do} ol F20|B=E Tp = 250 K2 Fo]#] Qlth o] ZJEjol A
FATH F oA AR SRR, D AdlA TS 3 o AdEjel vk wEbA okl A
el GdB g mIIA R TaVaT = TpVp!t 7 A-EEHER Vo = [(Ta / Tp) * VA" =
[(293K / 250K)*(12L)***]¥®*Y = 15 L. P, = nRTp / Vp = (1 mol)*(0.08206 L atm K™ mol™*)*250K / 15L =
1.3 atm.

e oef oo
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(b) $1< ¥l SA FAHE AXA L AR Bl F¢ A2EH AEA Ay, 4, 4& J G2
T-8t4 2}.(10%)

) =5=7F HElA] ko= E AE =0, W= Wag + Wge + Wep + Wpa = -NRTAIN(VE/VA) = NCy(Tc-Tg)
+ NRTIN(Ve/Vp) + Nov(Ta-To) = -NR(TA-To)IN(Va/Va) = -(1mol)*(293K-250K)* (0.08206 L atm K
mol)*In(24L/12L) = 2.445 L atm = -248 J. q=-w=248 J.




[5] T vkEol digk AH® & FoJF RE o]&3lo T3l (15%)
C(9) + 2 Cly(g) = CCl4(9)

TABLE 7.3|

AVERAGE BonND ENTHALPIES

Molar Enthalpy

-1
of Atomiztion Bond Enthalpy (kJ mol™ )#

(kJ mol ")t H— s c= = N— N=— N= o— o=
I 218.0 436 413 39l 463
¢ 716.7 413 348 615 812 202 615 891 351 728
N 4727 391 292 615 891 161 418 945
0 2492 463 351 728 139 408
S 278.8 339 259 477
¥ 79.0 563 441 270 185
cl 1217 32 328 200 203
Br 111.9 366 276
| 106.8 299 240

t From Appendix D,
+ From L. Pauling, The Natwre of the Chemical Bond, 3rd ed, Ithaca, New York: Cornell University Press, 1960,

© 2003 Thomson - Brooks/Cole

) AH® = AH{(CCl4y(g)) - AHP(C(9)) - 2AH(Cly(9)) ©1=Z AHP(CCli(g)), AH(C(g)), L&|aL
AHL(Cly(g)) = TFalloF 3t} o] F Cly(g)= Cle 71 ¢k sk Aejol] Qo= 2 AH(Cly(g)) = O.
w2k A] AHO(CCl,(g)) 2F AHP(C(g)) W T-3HH ==t

WA AHOC(g) & Fol Yokl atomization NUAZRE FA 7+ 5 Atk S5 AHPC(C(Q))
=716.7 kJ mol™.

AHP(CClu(9)) & T3tel¥ thao whg& Aztelof gir}.
C(s, gr) + 2 Cly(g) > CCl4(g)
Iy o] WkEo = 7] wkgo] o g Ajztsk 4= gltl. = Atomization ¥4 <l C(s, gr)
+2Cly(g) > C(g) + 4 Cl(g) ¢} ststd g o] AA ==
C(g) + 4 Cl(g) > CCl4(9).
o] = AWHA WS 3k AH, & Fol| 2+ atomization o X ZHE] & Frh =, AH, =
AH(C(g)) + 4 AH(CI(g)) = 716.7 ki mol™ + 4*121.7 kJ mol™ = 1203.5 kJ mol ™,
FHA wkeo] g AH, = Fol U9l bond enthalpy=F-E] G-k 4= it} 471¢] C-Cl 2%
o] HAE =R AH, = 4*(-328 k] mol™) = -1312 kJ mol™.
bk AH(CCla(g)) = AH; + AH, = 1203.5 kJ mol™ - 1312 k] mol™ = -108.5 kJ mol ™.

HEH 02 AH® = AHL(CClL4(9)) - AHP(C(g)) - 2AH;°(Cl»(g)) = -108.5 k] mol™ — 716.7 kJ mol™ — 2*0 kJ
mol™ = -825.2 kJ mol™.



[6] (a) EAFFo] 14,400 g/mol Q1 BHAS Eof FojA 001 mol L' FE] &4 1L & THE &
Hjo]F o] &gttt & Wl vlo|Aq I} deA vEE &F vk He F ES U WoA 1L 7}
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) FHA Hlo] A @7l &Ml FEi= 0.005 mol/liter= AWK H]o]A ] fART} FEI} F
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(b) AlZto] T3] s2H Z}7He] nvlo|Ad @3] &9 FEe Ryl €A WHE=I1? o7
A A" 8719 277t R3] FokA JASEHE FEEE Y FS AY FAE F U
7Y 8k (23)

2 AMA "o A} 7F ekl o] kL (0.5 L)*(0.01 mol L™) = 0.005 mol.

FHA vlo] A7 7h vl A o] kL (1 L)*(0.005 mol L) = 0.005 mol.

AA @d k2 0.010 mol ofar HA] & Hy= 15 L ot webA HF &= = (0.010
mol) / (1.5 L) = 0.0067 mol L™.

b A A B)o] 7 ¢ HEFX-3] =(0.005mol) / (0.0067 mol L) =0.75 L.

TRHA wlo]A ] FHFHIE vl7FA R 0.75 L.
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[8] You are stranded on a tropical island with no access to chemical literature resources, the internet (or no-
rae-bang). Based on your knowledge of intermolecular forces, and molecular geometries, predict the order
of normal boiling points for the series: SnCl,, SnCl,, and TeCl,. List these compounds in decreasing

temperature with explanations (5%).

Answer:
SnCl,, 925 K > TeCl,, 595 K > SnCl, 385 K.

SnCl,: #5422 Ad @2 F=4HS 713,
SnCl,¢} TeCl,: A%e] FAHL AV S EY zpo)7t 271E4E AR
J%= x}o]7t Te-Cle] A7| A% Xpolrt} At}

b

[9] While cast away on your island, your favorite drink is “Moju,” which contains variable amounts of
ethyl alcohol and water. Given that ethyl alcohol (specific heat capacity 2.44 JK'g™) and water (heat
capacity 4.18 JK™'g™) contribute independently to the heat properties of Moju, address the following:

a) Calculate the specific heat capacity of Moju Cqwojuy Which is 45.0 % by weight in alcohol. Give
your answer in JK g™ (274])

Answer:

Comojuy = (2.44 JK'g™) (0.450) + (4.18 JK™'g™) (0.550)

Comojyy = 3.40 JK g™

b) A bartender takes an ice cube of mass 5.00 g from the freezer (-20°C) and drops it into 50.0 g of
the solution from part (a) with a temperature of +20°C. In order to not dilute the drink, the
bartender pulls out the ice cube when its temperature reaches 0°C (assume none of the ice has
melted). Calculate the temperature of “Moju” at this point in °C. The heat capacity of ice is 2.40

K'gh.(5%)
Answer:
i. Ice: (-20°C, 5.00 g) = Ice: (0°C, 5.00 g) 01 = M1-Cice) AT
ii. Moju: (+20°C, 50.0 g) > Moju: (0°C, 50.0 g) d2 = M2 Cmoju)AT>
i1 +02=0

(5.00 g)(2.44 JK g™ (0°C - (-20°C)) + (50.0 g)(3.40 JK*g™*)(Ts - (20°C)) = 0
T;=18.6°C



[10] Later on the island, you realize that you don’t produce enough stomach acid to sufficiently digest your
octopus stew. Since you are an adventuresome chemist, you resolve to synthesize HCI, from the pure
elements of hydrogen and chlorine. Importantly you want to determine the heat of formation AH; for
$#H2(9) + 2Cly(g) = HCI(g). Calculate this heat AH; in kJ/mol given the following equations (25°C): (5

)

1 Hz(g) > 2H(9) (436.0 kJ)
2 Clz(g) > 2CI(9) (243.4 KJ)
3 H(@>H(g+e (1312.2 kJ)
4 Cl(g) +e > CI(g) (-348.8 kJ)
5 H'(g) + CI(g) > HCI(g)  (-1395.4 kJ)

Answer':

Hag 2 2H( (436.0 kJ)(1/2)

Clyg = 2Cl(g (243.4 KJ)(1/2)

H'g +Clg > HClgy  (-1395.4 kJ)

Hg > H'g +¢€ (1312.2 kJ)

Clg +e > Cl (-348.8 kJ)

AH; =-92.3 kd/mol

[11] A mixture of H, and He at 300 K effuses from a very tiny hole in the vessel that contains it. What is the
mole fraction of H, in the original gas mixture if 3.00 times as many He atoms as H, molecules escape from
the orifice in unit time? If the same mixture is to be separated by a barrier-diffusion process, how many
stages are necessary to achieve H, of 99.9% purity? (15%)



4.59
eate (lle) _\'Hle*i‘/'{u[ll-_.}

rate () a== N{Ha) V m(lle)
N(He) m(He) | . 4.997
N () wm{}ﬁ) = 31,986 = 4.22
X(H-) = Ni{Hz) L _ 0.9

N(H2) + N(He)  1+4.23

The enrichment factor per stage is v1.986 = 1.409. After n stages. the ratio 1s

N(H2)\ _ (N(H) o 2l )
(N(He))n - (N{He})ﬂ(l‘dog) = 1935 (1+409)

Q For 99.9% purity,

L
N(Ha) 999 _ g9q
N(He) 01

1

= ——(1.409)"
999 = —-(1.409)
4223 = (1.403)"

log,0 4223 = nlog;, 1.403
n=24.7 Thus 25 stages are required.

[12] At 90°C the vapor pressure of toluene is 0.534 atm and the vapor pressure of benzene is 1.34 atm.
Benzene (0.400 mol) is mixed with toluene (0.900 mol) to form an ideal solution. Compute the mole fraction
of benzene in the vapor in equilibrium with this solution. (15%4)

@ I'he vapor pressure is simply the vapor pressure that the component would have, if it were
~ pure, multiplied by its mole fraction in the solution. Therefore, the vapor pressure of the
toluene above this solution is

‘I’!.Jlnjll' = -\-rnlw tie ‘”0

Toliuens

0.900 . =

= [ —————— ] {0.534 atm) = 0.370 atin
0.-100 4 0.900

Al this temperature, and the vapor pressnre af the benzene is 0112 atm, by a similar calcula-

tion. The total pressure of the vapors above the solution is 0.782 atm, which is the sum of the

partial pressures of the two volatile components of the solution. The mole fraction of benzene

15
0.412 atm

X NZENE — mem . — 0.527

AR 0.782 atm S



[1] You are in charge and busy preparing a special series of chemical demonstrations to be made for

people of all ages at the A LUSIER. In preparation, you need to attend to and carefully test
S

several experimental conditions. (2 3& x 61 = £18 &) (Ec|H 28+ 28)

First, you are considering the following reaction in a container at equilibrium
(25° C).

3 H|(|) + Nz(g) —_— NHg(g) + N|3(S), AH =+ 20.0 kJ
Because you are operating on a large scale and that there will be many spectators, you need to be
sure which direction the reaction will shift: (i) to the left, (ii) to the right, or (iii) remain unchanged,

under each of the following conditions (a — f):

a) A catalyst is added.

) (iii)

b) The volume is decreased (hint: think of the container as a piston).

) (iii)

c) The temperature is lowered.

E) ()

d) The total pressure is increased by adding Heg.

AE) (i)

e) Some Ny is added.

E) (i)

f) Some Hlg, is removed.

) (i)



[2] Next, you are considering the following gaseous reaction that involves the production of extremely

hazardous hydrogen fluoride (HF): (Z 10 &)

i. 2F, +2C3HyF CeHeFs + 2 HF K1

From your General Chemistry knowledge, you know that this reaction is composed of these three

equations listed below:

ii. 3 HF + C3H4F; C3HFs + 3H,; K,
iii. F, + C3HFs —~—— Cj3Fg +HF Kj
iv. 2 C3Fg+ 6 H, —_— CeHeFs + 6 HF K4

Calculate the equilibrium constant K; (for reaction i) in terms of K;, K3, and Kj.

HEH KKK, (ME 6&, € 4%



[3] Lastly, you are worried about a 3-liter iron (Fe) container of 50.0 g mass that contains NO,(g) (density =
2.054 g/L) at standard temperature and pressure (STP). The problem is that the NO, is corrosive has
started to react with the inside wall of the iron container (!) and the total pressure has now fallen to 0.750
atm. However, at this point equilibrium has been attained. From your General Chemical knowledge you

have decided that the reaction that has most likely occurred is the following: (£ 15 &)

8 Fe(s) + 6 NO,(g) === 4 Fe,0x(s) + 3 N1(q)

a) You must first calculate the equilibrium pressures of NO, and of N,. (5 &)

B

a) 8Fe(s) +6NOyy === 4Fe;O54 +3Nyg
(1-6x) (3x)

P+ =0.750 = (1 — 6x) + 3x = 1 — 3x
x = 0.0833

P(NO,) = 1 — (6)(0.0833) = 0.500 atm

and...

P(N,) = 3x = 0.250 atm

s 28, g 3%8)

b) Then, you must write the equilibrium expression K, for the reaction as balanced above. (5 &)

B

Ha

Kp=P(N,)/P(NO,)°  (S2I8 224+ oU8)

c) Finally you will calculate the numerical value of K, for this reaction. (5 &)

B

Kp = P(N2)*/P(NO,)° = (0.250)%/(0.500)° = 1

un
[t}
e
4t
HI
X
1>
£
o



[4] TtS acetaldehydel| E=oHEBFS0l CHoll 242toi 2 Xt
CH3CHO(g) — CHa(g) + CO(g)

AD| BEE2 A9 mechanismO| Ct2F 20| XIQHZ| ACE.

1.Initiation: CH3;CHO — «CH3; + «CHO Ki
2.Propagation: CH3CHO + «CH; — CH, + CH3COse Ko

Propagation: CH3CO+ — *CH3; + CO Ky
3.Termination: *CH; + «CH; — CH3;CH; Kq
Ct2 =30 Zotet. (520%)

(a) reaction intermediate= (™ X 210t? (5&)
g“é’) (a) ‘CH3 , CH3CO‘

(b) Olefst BtES U reaction Olct) ot=It? (58)
A& (b) chain reaction

(C) CH,2 MA=TAS SE512+2 (108

(= AHIS] HBrE0F Lgdotl, BtESS2HM0I e steady state approximationsS & &
H)

()

The net rates of change of the intermediate are

d[eCH;]/dt = k;[CH3;CHO]-k ,[#CH3][CH3CHO]+k,'[CH3COe]-2k [®CH5]?
d[CH3;COe]/dt = k,[®#CH3][CH3;CHO]- k,[CH3COe]

Applying the steady state approximation

d[eCHs]/ dt = ki[CH3CHO]-k ,[#CH3][CH3CHO]+k,, [CH3COe]-2k [6CH3]? = 0
Ol H 3F)
d[CH;COe]/ dt = k,[€CH3][CHsCHO]- k, TCH;COe] = 0
O] UH 3F)

Sum of the above two equations equals
ki[CHsCHO] -2k [eCH3]*=0

[eCH3] = (ki/2k,)¥? [CH;CHO]*?
The rate of formation of product can now be expressed as

d[CH,]/dt = k,[®CH3][CH3CHO] = k, (ki/2k,)"’[CH;CHO]*?* (& 4&)

F = d[CO]/dt = k,[®CH3][CH3CHO] = k,, (ki/2k)"*’[CH;CHO]%?



HEmad BHQ RENY HL,

[4] Ct= acetaldehydell Z=olB+S0l CHoll A=2toH £ A
CH3CHO(g) — CH4(g) + CO(g)

AD| BEE2 A9 mechanismO| Ct2F 20| XIQHZ| ACE.

1.Initiation: CH3;CHO — «CH3; + «CHO Ki
2.Propagation: CH3CHO + «CH; — CH, + CH3COse Ko

Propagation: CH3CO+ — *CH;3 + CO Ko
3.Termination: *CH; + *CHO — CH;CHO ki
Ct2 =30 Zotet. (520%)

(a) reaction intermediate= ™ 2210t? (5&)
HEH (a) *CH;3 , CH3COe, CHOe

(b) Olei&t BHESE O™ reaction Ol2t) Gt=Jt? (5&)
A& (b) chain reaction

(c) CH,2l MAEEEAZS RE6He? (10E)
(= AHIS HBrE0F Lgdotl, BtESS2EM0l 8 steady state approximationsS & &
H)

()

The net rates of change of the intermediate are

d[eCHj3]/dt = ki[CH3CHO]-k,[#CH3][CH;CHO]+k, [CH;COe]-k;[#CH;][ eCHO]
d[CH3;COe]/dt = k,[®CH3][CH3CHO]- k,[CH3COe]

d[CHOe]/dt = k;[CH3CHO]- k;[¢CH3][ eCHO]

Applying the steady state approximation
d[eCHj3]/dt = ki[CH3CHO]-k,[#CH3][CH;CHO]+k, [CH;COe]-k;[#CH;][ #CHO] =
d[CH3;COe]/dt = k,[®#CH3][CH3CHO]- k, [CH;COe] =0
d[CHOe]/dt = kj[CH3CHOQO]- k;[eCH3][ «CHO] =
(f12 HHE 6F)

ki[CH3CHO] = k([#CH;][ CHO]

The rate of disappearance of reactant can now be expressed as



[5] NH; &t&ol

8 SA4E 900K OlA K, =3.7x10° 3t2 JIXICH
KOIA 2 KpatS ?8?3? (E10%)
(Physical constant: R = 8.31 J mol~K™)

. 0] gt=2l

AH® = -92 kJ 0|2tH, 550

=12
from In[K/K1] = (-AH°/R) [L/T,-1/T4], Kp (550 K) = 9.23 x 10

[UE(A): 68

s, € 48]

[6] Ha(9),12(0),HI(g)2F M= 220l P(H,) = 0.2000 atm, P(l,) = 0.2000 atm, P(HI) = 0.2000 atmZ ! |
871201 SEEI01QUC (5107)
(a) 600 KO 2T 0IA H

ol SE¥ME Mo 2 JIMe 22 +#
(Et, 600 KON A Kp=81.0 0ICH.)

n

O (57(4)
g

() Hz2(g) + I2(9) > 2HI(g)
0.2 0.2 0.2
atEq 0.2-x 0.2-x 0.2 +2x
Kp = (0.2+2x)"2/(0.2-x)"2 = 81, x = 0.145
et M P(H,) = P(l,) = 0.0550, P(HI) = 0.490 atm

[WUEA): 28, & 3F]

SCOA 2719 ST 2882 2RI SOISCH 0 20| CrAl HE ol
oS Tale). L (58)

| &0l 1/284ck &0l 24

[mm)

o

A,

P(H,) = P(l,) = 0.0275, P(HI) = 0.245 atm



[7] Sodium D-line2 Na& Ate AU X2t MOl 2o L= ZOICh 0 2o m&EO0| 589.3
nmOl{ JI2S22 0| A0/12 UCH Otel =S 0l ESHAIL. (B 20&)

( Physical Constants: Nu = 6.022x10* mol™

h = 6.6261x10% J's, ¢ = 2.9979x10° m s™, 1 eV = 1.6022x10™ J, R = 8.31 I mol* K™)

(@) Lo &0 2P MHNBEE J2 LIEHHOIR) (BE)

1)

(@) £photon = NC/A = [(6.6261x10°%* J 5)( 2.9979%x10° m s7)]+ [(589.3 x 10°m)] =3.37 x 10™°J

[WUEA): 28, & 3F]

(b) JI2S0l 10003 s'2 OIUXIE LE524H 1E0 Z 2° Naatom0| ZEHII? (5F)

&8 &) The energy change per moleis

= [(3.371x10 193) (6.022x10* mol )] =203 kJ/mol
1ooo Js'+ (203 kd/mol) =4.93x 10° mol s™

Thus 4.93x 10° mole is needed.
[ (A): 28, & 3&]
(c) Na2IXtol ZFX AHEHS MEO0 9.89x10"° m <l XrayE ARgste] dojmi] Ao

=YX 7} 181.6 eV, 1190.1 eV, 183 1223.1 eVolA I AE 7HHAS & 5 gt 7+ 339
NGt Nagate]l AR AGTAUA S Fota o] e u o) fFst=A= 71@0}3}. (1074)

B

(gphoton
= hc/h =[(6.6261x10* J s)( 2.9979x10° m s™)]+ [(9.890 x 10"°m)( 1.6022x 10™° J eV')] =1253.6 eV
[UHE(A): 28, & 2F]

Binding Energy = 1253.6 eV —181.6 eV = 1072 eV [1&] (for 2s [13])
=1253.6eV—-1190.1eV=635eV [1&] (for2p [1A])
=1253.6eV-1223.1eV=305ev [18] (for3s[1A])



[8] oFell =&l HatAl L. (F 104)
(@) 257] ¥4 (Li, Be, B, C, N, O, F, Ne)2] A 10]&3lo|YAE e Aioi & 949 o7 YUY
atet. (53)

Heh

(a) Li-B-Be-C-O-N-F-Ne

EIHE T2 e)

(b) 257] P& Al 2 o] YA & W PholA =2 P29 Fo2 Yt (53)
)
(b) Be-C-B-N-F-O-Ne-Li (EYd FEAF 89

[9] In a Franck-Hertz experiment on H atoms, the first two excitation thresholds occur at 10.1 eV and 11.9 eV.
Three optical emission lines are associated with these levels. Sketch an energy-level diagram for H atoms
based on this information. Identify the three transitions associated with these emission lines. Calculate the
wavelength of each emitted line. (510&)

15.22 ) The three emission lines connect each possible par of levels (see diagram)
=
l 11.9
10.1
EleV
0

The corresponding wavelengths of emitted light are given by

hc 12.3982 x 10~7 m

“TAE” Vine [V

(recall Example 15.3). Substituting Vip, = 10.1, 11.9, and 1.8 V (the last of these is the voltage
difference between the two excited states) gives wavelengths of

A=1.23%10"" m, 104 1077 m, 69x107"m

which can be written as 123, 104, and 690 nm

Energy-level diagram: [3&]
H &4 : [4E]
=1 : [3&]



[10] In some reactions there is a competition between kinetic control and thermodynamic control over
product yields. Suppose compound A can undergo two elementary reactions to stable products:

kl kz
AS———=B or A<—= C
k., K.,

For simplicity we assume first-order kinetics for both forward and reverse reactions. We take the numerical
values k; = 1x10° s, k., = 1x10° s, ko= 1x10° s, and k., =1x10* s™. (£10&)

(a) Calculate the equilibrium constant for the equilibrium

B =—= C[

From this value, give the ratio of the concentration of B to that of C at equilibrium. This is an example of
thermodynamic control. (5&)

Heh [MHA: 28, € 33]

(b) In the case of kinetic control, the products are isolated (or undergo additional reaction) before the back
reactions can take place. Suppose the back reactions in the preceding example (k.; and k.;) can be ignored.
Calculate the concentration ratio of B to C reached in this case. (5&)

=Heh  [MA: 23, g 338]

ri/a a) f I B = k & ks —
\; (a) At ¢ uilibrium, A] = 1_—_-11— and Al = 1—; Dividing the second expression by the first

gives

[C] ks koy (1% 10%(1 x 10°)

——————== (LI =K

B] — k_aky ~ (1x 104)(1 x 108)
The ratio of [B] to [C] is the inverse of this, or 10
(b) If £_, and k_, can be ignored, then B forms at a rate k; /k; times that of C. In this case,

B] %k 1x108

— = — = —— —(}.
6]~ & 1nigs

[11]The total pressure of the gases in equilibrium with solid sodium hydrogen carbonate at 110°C is 1.648
atm, corresponding to the reaction

2 NaHCO,(s) =——= Na,CO4(s) + H,0(g) + CO,(g)

(NaHCO; is used in dry chemical fire extinguishers because the products of this decomposition reaction
smother the fire.) (Z510&)
(a) Calculate the equilibrium constant at 110°C. (5&)

Heh [WE: 28, € 33]

(b) What is the partial pressure of water vapor in equilibrium with NaHCO3(s) at 110 °C if the partial pressure
of CO,(g) is 0.800 atm? (5&)

Heh [H: 28, € 3 ]

-44 [Z}fﬂw partial pressures of the two product gases (H,0 and CO,) must equal each other and
add up to 1.648 atm; hence they both equal 0.824 atm. Inserting the two partial pressures in
the equilibrium expression gives the value of the equilibrium constant:

Pi0 Pco, = (0.824)(0.824) = 0.679 = K

(b} P”zo = ;\‘/P(Tﬂ:. = 0.697 f 0.800 = 0.849 atm



[12] Calculate the entropy change that results from mixing 54.0 g of water at 273 K with 27.0 g of water at
373 K in a vessel whose walls are perfectly insulated from the surroundings. Consider the specific heat of
water to be constant over the temperature range from 273 K to 373 K and to have the value 4.18 J K* g'l.

(10&)

B

@ Although the process is carried out in-an insulated vessel so that there is no heat exchange
with the environment and consequently no entropy change for the environment, the system
mcreases in entropy because the process is irreversible. Let us find a two-step reversible process

leading to the same final state.
Step 1510 g HaO(1) at 0°C = 54.0 g H,0(1) at .
Step 2027.0 g HaO(l) at 100°C — 27.0 g H0(1) at tr.
Hecanse Hiarai =1k
MOg 18 K™ g~y —0) +27.0 g x 4.18 J K~ 'g™'(tr — 100) = ¢

{r = 33.33°C = 306.48 K

306.48

‘inﬂg . il ¥ -1 ey
JK™ ' g™! x 18.02 g mol™") In 27315

=———2_ (418

18.02 g 1110|"'[
2599 1 K1
306.48 —
R —2291 I K
ASis = AS, + AS; =38JK™!

AS,

nacy In

I

T=306.48 K: [2&]
AS;: [3F]-IIH 1, ¢ 27
AS,: [3F]-IIH 1, ¢ 27

ASq : [2E]



