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Key 
Chem 111000-2 Fall 2021 Final Review 

The following questions cover content from the entire quarter but in no way represent every- 
thing that you can be tested on. These questions should be supplemented with understanding 
of all homework problems, discussion worksheet problems, as well as the 3 midterms. Fur- 

thermore, the only additional material that should be needed to complete these questions 

is a caleulator, ruler, and a periodic table (in addition to the constants/values provided on 
this front page). 

Some useful constants: 

1. Boltzmann Constant k = 1.38 x 10-J/K 
2. Avogadro Number NA = 6.02 x 1023 

3. Gas Constant R = 8.314 J /(mol K) = 0.0821 (1 atm)/ (mol K) = 2.00 cal/(mol K) 
4. Specific Heat Capacity of Water cuater=1.0 cal/(e °C) 
5. Specific Heat Capacity of Ice Cice = 0.5 cal/(g °C) 
6. Specific Heat of Fusion (water) AHu = 80.0 cal/g 
7. Spccific Hcat of aporization (water) AHrap = 540 cal/g 
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1. For the following question8, select tlie ONE corfect answer for each multiple choice 

question. 

(a) Which of the following contains the smallest percent of oxygen by mass? 

A) 1.02 g of water (H,0) 

B) 5.21 g of hydrogen peroxide (H,02) 

C)1.40 g of ethanol (C>H,OH) 

D) 1.67 g of liquefied sugar (CoH12O6) 

E) 8.27 g of vinegar (C,H,02) 

(b) Which of the following is closest to the mass of an oxygen atom? 

CA) 2.66 x 10-23 grams 

B) 5.32 x 10-2 grams 

C) 16 grams 

D) 32 grams 

E) 9.63 x 10 gramns 

(e) The equation Na + energy Nat +e best represents which of the following? 

A) non-metal character 

B) electron affinity 

C)ionization energy 

D) electronegativity 

E) effective nuclear charge 

(d) Which of the following statements is true?

A) Two objects will always reach thermal equilibrium at a temperature exactly 
halfway between the starting temperatures of the two objects. 

B) Work and heat are both state functions. 

C) Energy cannot be created, destroyed, or change tforms. 

D) Thermal energy is based on the position or composition of the chemical in- 

volved. 

E) If equal amounts of heat energy are transferred to two objects, the objects with 
the higher specific heat capacity will experience a smaller change in tempera- 

ture. 
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(e) in which of the following reations would gases veuave si rieaily 

A) At low altitudes in an extremely cold climate. 

B) At high altitndes in an extrenely cold climate. 

C) At low altitudesin an extremely hot climate. 

(D) At high altitudes in an extremely hot climate 

E) At sea level in an average-temperature climate. 

(f) Which of the following pairs would you expect to form the strongest ionic bond? 

A) Cobalt and silicon 

B) Chromium and selenium 

C) Calcium and sodium 

D) Chlorine and strontium 

E) Carbon and sulfur 

(g) In the reaction cycle below, the enthalpies are known for four of the the five reactions 

for example, the enthalpy for the reaction A B is AHAB). Which of the following 
is equal to the reaction enthalpy for D> E? 

AHBD B- D 

AHAB 

AHDE? 

AHAC 
E 

A) AHAB + AHAC +AHBp + AHCE 

B) AHAB +AHAc - AHBD + AHCE 

(C)-AHn t AHAc =AHBv t AHcE 

D) -AHAB AHac - AHBD-AHCE 

E) AHAD AHc + AHBD - AHCE 



Chem 11100-2 Section 33 Final Review, Page 4 of 15 Fall 20211 

2. How many eiections are in the valence shell of each atom' 

(a) Carbon 
(b) Nitrogen 5 

(c) Chlorine 
d) Aluminum S 

3. Which statements are true about resonance contribution structures? 

(a) All contributing structures must have the same number of valence electrons. 

(b All contributing structures must have the same arrangement of atoms. Ifve 

C) All atoms in a contributing structure must have complete valence shells. False 

(d) All bond angles in sets of contributing structures must be the same. Trv 

4. Cyanic acid, HOCN, and isocyanic acid, HNC0, dissolve in water to yield the same 

anion on loss of H*. 

(a) Write a Lewis structure for cyanic acid. 

:N= C-Ö-H 

(b Write a Lewis structure for isocyanic acid. 

H-N= C=ö 

(c) Account for the fact that each acid gives the same anion on loss of H. 

Cyam'c Acid Anidn Tyocyamic Acid Ani 

:N= C-o 

1 
Sam e3nance 

Shvctru 
11 Sam aMI OV 

:NEC-ö 
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5. A certain sample of solid alumium oxide (Al,O3) contains 10.0 grans of aluminum. 

How many grams of oxygen are present in this same sample? 

0.0 Al xmo A 3mol O I6.0 0 
3.0 Al mo Al 

6. Answer the following questions about the element tellurium, Te. 

(a) Samples of natural tellurium contain eight different stable isotopes of the element. 
In terms of atomic structure, explain what these isotopes have in common and how 

they differ. 

In Conmun: Sam o pvotans ( Vot necessarly Sun e) 
Dfer: nwher o, nevhos (also in il masu) 

(b) How would you expect the electron affinity of tellirum to compare with that of 
sulfur and with that of xenon? In your answer, define electron affinity and briefly 

explain your comparisons. 

1enas lower EA han S be Cawse lanzer has betev shieldina 
1as hgher EA than Xe sive nobo gases are Un reauhe 
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7. A 0.7549 gram sample of an oxygen-containing hydrocarbon called wampetin burns in 
oxygen gas to produce 1.906l grams of carbon dioxide gas and 0.3370 grams of gaseous 
water. 

(a) Determine the empirical formula of wampetin. 

106l (O2x lotal CO y lwot C 0.01332 mC2.01 0.520sC 44.0 Imo CO 
ImoC 

0-9370 Hdx Imale Ho 2mul H .031 umoft 1.ljo.0 372 K 

walt Ho 
mr -01341 Sawp- 0.5203, C -0.03 82 4 0 19G 710 mro.01 230md 

I O o.097 9 mo 3md ¥molO 
0.o332 moC 3.S molCuolo 
0-01 230 -01230 mdo 

(b) Write a balance molecular equation for the combustion of this solid hydrocarbon, 
which is known to have a molar mass somewhere in the range of 350 g/mol - 400 

g/mol. 
Molar Ms) o (M, 02 22 alol. Teipk hs ta torrect 

malecul fuvmula: Ca Hi3 Oa 

Ca is O (5) t Oa) 42 C0z(a) t 18hzO) 

2 C HiO, ts) t 45 Q4) 42 (O (1) t 18Ha0r 

(c) Calculate the mass of oxygen gas that must react with the 0.7549 grams of wampetin 
in this reaction to form the exact amounts of products listed in this problem. 

Con servohon of Mas S 

Mass prodwes 1.1ool gt 0.33702.2l 
Mus O, 2.24 31- o.7541 mampeth= ||.4 882 9 
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o. 20.0 grams of nitric acid are added to 1.20 L of 0.180 M aqueous zinc sulfite in a 

flask. (Assume no change in volume when the nitric acid is added). Recall thatM 

is moles/Litre. 

(a) Balance the molecular equation for this chemical reaction (below). 

2HNOg (aq) +ZnS0, (ag)Zn(NO3)a (ag) + H,O (0) + SO2 (s) 

(6) How many moles of which reactant will be left over at the end of this reaction? 

0-0Ho0q x mo H003lmat Soz 
3.0 Ho 

0-ls? md sO 
amol Hdo 

-150 M)(1.20L) - o 11G mol 200y x lmei So - 0.26 mo S02 

HrO03 LR mala 2 503 

0.D 
3 H0O xlmoe Hdo, m n 0.1S5? miimj03 dzd. 3.0 Hrdb 2nmula Hd o 

026 mou inihul- 0ISe7 mola vse 0.os7 moa n Sd3 {t ee 

Omou Hrd0z S MCe CR 

(c) Draw the 2D Lewis dot structure and 3D VSEPR structure for a sulfite ion. 
sure to minimize formal charges. If multiple resonance structures are possible, draw 

them all.) Indicate the name of the geometry that describes the structure of the 

(Be 

molecule. 

0- S=o 

Bettew 4igonal pyrimadal 
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9. Let's consider a ciosed system consisting of one mole of ideal gas. As showa in thep-V 
diagram below, it starts from Point A, then follows the process A B C A > 
B C... and so on repeatedly, spending one second between each point. 

Point A (t=0 sec): (p, V, T) = (Pa, Va. Ta) = (1 atm, Va, 300K) 

Point B (t = 1 sec): (p.V, T) = (PB, VB, Tp) = (3 atm, Va, T) 

Point C(t =2 sec): p, V, T) = (pc, Vo, Tc) = (1 atm, Va, 300K) 

P (atm) 

Pa 3 

PA Pc=1. 
V 

0 
VA Vc 

(a) Write down the ideal gas equation for n moles of the ideal gas with (p, V,T). 

(b) In general, what is the internal energy (Eint) of the ideal gas with with n moles at 
temperature T? Express it in terms of n, T and then in terms of p, V. 

int nRT pv 

(c) Using the equation Ent above, calculate the internal energy EA at Point A for one 
mole of the ideal gas at 300 K (in calories). 

E.n 0() ( 3ooE) -/100 c 
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(d) Next consider the isóvolumetric process: A > B. What is the temperature Tp 
Express it in terms of Ta and then calculate it. 

PA T3: TA am T - 37-10ok TA R atm 

(e) Express the internal energy at Point B (Ez) in terms of EA 

nTg 3(}nPTA)-|sEa 
) How much heat (=Q) is required in the isovolumetric process A B? Express it 

in terms of EA. 

Ain 3EA EA 2EA 
ovolumumc w=0 

(g Next, consider the isothermal process: B C. What is the volume Vc? Express 
it in terms of VA. 

Pe VaV 3VAVe 

(h) What is the relation between the internal energy at point B (= EB) and that at 
point C (= Ec)? 

EEc sine T dsesvit ehang 

i) How much work (= W) is done by the expansion B -> C? Express it in terms of 

EA W -nRTg :2M3EA 

2147 FA 
G) How much heat (=Q) must be injected into the system during B > C? Expre 

it in terms of W (from part (i). 

AEin |W=-Q Q 2117FA 
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(k) Lastly, consider the isobaric process: C Á. lHow much work (= W') is done by 
the gas system? Express it in terms of EA 

w'-pAv PalVa-V) 2a VA2(GeaVa) 

EA 
(1) During one full cycle of A > B »C^ A, how much total work (= Wtotal) is done 

by this system? Express it in terms of Ea first, then calculate it (in calories). 

117 EA tFR0-8GEA - 737.5 ra 

(m) During the one cycle of A B C> A, how much heat (= Qtotal) is injected to 

the gas system? Express it in terms of Wtotal 

DET0)ToWTor 

(n) Please plot the graph of the total internal energy (= Eint) as a function of time 
for tE 0 sec, 6 sec. Use EA as the unit of Eint. Assume that gas expansion and 
compression rates are constant, and that heat injection rates during A B 
and CA are constant. 

3EA 

2EA 

EA 

2 4 5 6 t (sec) 3 

-EA 

-2EA 

-3EA 
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) Please piot the graphs of the work done by the system ( w), as a iunction of the 
time for t e 0 sec, 6 sec Use E^ as the y-axis unit. 

3EA 

2EA 

EA 

6t (sec) 2 3 0 
. o. EA 

-. 
2EA 

-2.197 
'***"****""T* -3EA 

S.Oal 
(p) Please plot the graphs of the heat injected into the system (=Q), as a function of 

the time for t E |0 sec, 6 sec. Use EA as the y-axis unit. 

4.11t 

3EA Iasa 

2EA 
-8 

0.864 

4 5 6 t (sec) 1 3 

-EA 

" 2EA 

-3EA 
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10. Lets consider making hot water (100° C) from a chunk of ice in a freezer (-20° C). Here 

are the assumptions 

1. Mass of ice: m = 200 grams (initially at -20°C). 
2. For simplicity, assume 1 calorie = 4 Joules. 

(a) First we must heat up 200 grams of ice from -20°C to 0°C. How much heat energy 

Qice) is required (in units of calories)? 

Qeoo )(2PC) -l2000 (a 

(b) Next we must melt the ice to water at 0°C. How much heat energy (Qfusion) is 
required (in units of calories)? 

AsM Hus 00,) (8o.o u)-//G 000 cal 

(c) Next we must heat up water rom 0°C to 100°C. How much heat energy (Qvater) is 
required (in units of calories)? 

water-200;) )(lo0 t)- |20000cal 
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(d) We would like to make a peifect icy-cold ioed tea (= 0°C). We will start from 200 
grams of ice (at 20°C) only. We have no liquid water to begin with. We first 
take a fraction of ice, melt it, and heat it up to make a hot tea. The optimum 

temperature to make a hot tea is 90°C. Once you make the hot tea at 90°C, you 
will then drop the remaining ice (-20°C) into the hot tea. To make the largest 

amount of icy-cold iced tea (i.e. 200 g of 0°C water, with no remaining ice), how 
many grams of ice do we need to heat up from -20°C to 90°C? 

Mice t e = 200 ice = a0 - MTa 

ice c20) uieo gl t Are)70T)- O 

MTUn 

=)ao -HTu MTea 
Tea 10oS 

Se h l001 ie tu 90'c fv max. tea 
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Dwale Me n T (l5)0Lod) 273 

il. One kilogram of water at 0°C is brought into cöntact with a large heat reservoir at 

100°C. 

(a) When the water has reached 100°C, what has been the change in entropy of the 
water (in cal/K)? 

373 

n323 B12. 
13 

000 

(6) What is the change in entropy of the heat reservoir (in cal/K)? 

A T: 373 K 
T 

Mep lo0k) - (O0o) (1.0 C«P) ( (00) - /10o ooo Cal 

A 5 100 000 c |-%8.l6 Ca 
37 

(c) What is the change in entropy of the entire system, consisting of both water and 
heat reservoir (in cal/K)? 

31. + (-26818 

941.01 
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12. Consider now a similar scenario as before, but instead the water is heated fiorm 0°C to 

100°C by first bringing it in contact with a reservoir at 50°C and then with a reservoir 
at 100°C. 

(a) What would have ben the change in the entropy of the entire system? 

311.11 Ca Sana o4 elou 3M Sstae pnthunn) 

(doo Lor(5u) -5.o a 
323 

323 

br 373 0 000 cap -139. o5 ca 
373 373 

T w ,4,?1 23.20 

(b)Staina phum O'C ne late the wate in a latho, Small ST 
olla to enhvale. lo hon pate the water in ebu thoh 28T 
Ond allu gab hvaBe iteratt tis iu the Aval hath teup 
S100°C hon taki Hu imit od 8T >0 Po this
Yte 
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