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Chem 112000-2 Winter 2022 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 calculator 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 10-23 J/K 

2. Avogadro Number NA= 6.02 x 1023 

3. Speed of light is 3 x 108 m/s 

4. Planck's constant is 6.626 x 10- 34 Js 

5. Mass of electron is 9.1 x 10-31 kg 

6. 1 Joule is 6.42 x 1018 eV 

7. Gas Constant R = 8.314 J /(mo! K) = 0.0821 (I atm)/(mol K) = 2.00 cal/(mol K) 

8. Specific heat capacity of ethanol: Cgas = 1.702 J/g·K and C/iquid = 2.443 J/g•K 

9. Normal boiling point of ethanol is 78.4°C 

10. Ka of HCN is 4.9 x 10- 9 

11. Ka of HNO2 is 4.6 X 10- 4 

12. Kb of NH3 is 1.8 x 10- 5 

13. K sp = 8.90 X 10- 17 for Ag3PO4 
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1. For the following questions, select the ONE correct answer for each multiple choice 
question. 

(a) Which of the following is true of an unsaturated solution? 

A) Q > Ksp 

@YQ < Ksp 

C) Q = Ksp 

D) Q = K;,,1 
E) Q = K;P 

(b) The initial product to reactant ratio for an equilibrium reaction is found to be 
2.40 x 105 . If the reaction must shift in the reverse (backwards) direction to reach 
equilibrium, which of the following is a possible value for the equilibrium constant, 
Keq for this reaction? 

A) -2.40 x 105 

@ 2.40 X 10-5 

C) 2.40 x 105 

D) 2.40 x 1015 

E) 0 

( c) The following equilibrium was established in a reaction flask 

Y(s) + Z(g) + A(g) 2X(g) 

Which of the following actions would results in an increase in [X] in the reaction 
flask? 

A) Adding more solid Y 

B) Adding a catalyst 

C) Increasing pressure on the flask 

R lncreasing the flask 's volume 

~ one of the above 
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(d) What is the Ka for a 0.10 M weak acid solution that is found to be 1.50% ionized? 

A) 1.5 x 10- 3 

8) 1.5 

C) 0.23 

@ 2.3 X 10-5 

E) 2.3 X 10- 5 

(e) Which of the following combinations of equal volumes of solution will result in a 
buffer? 

l. 0.1 M HCl + 0.1 M NH3 

2. 0.1 M HNO2 + 0.05 M NaOH 

3. 0.05 M HNO2 + 0.05 M NH3 

A) 1 only 

8) 2 only 

C) 3 only 

@ 1 and 3 only 

E) 2 and 3 only 

(f) Who discovered the exact location of electrons in atoms? 

A) Rutherford 

8) Bohr 

C) Schrodinger 

D) Heisenberg 

@ None of the above 

(g) Which of t he following is certainly true about a single, neutral atom of manganese? 

A) It has a mass of exactly 54.95 atomic mass units. 

8 ) Its two highest energy electrons are located in a spherically-shaped orbital. 

C) Its nucleus contains as many protons as it does neutrons. 

l\ To form a + 1 cation, an electron will be removed from a d orbital. 

\.:'.}) It contains unpaired electrons. 
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(h) Which of the following statements regarding Valence Bond Theory is not true? 

@ with a set of hybridized atomic orbitals, half of the orbitals are anti-bonding 
orbitals. 

B) Lone pairs of electrons on the central atom of a molecule are located in hybrid 
orbitals. 

C) There are four orbitals in a set of sp3 hybridized orbitals. 

D) An orbital hybridization of sp4 is impossible, even in a trigonal bipyramidal 
molecule. 

E) An atom of phosphorus does not need to promote any electrons before it can 
hybridize its orbitals to engage in bonding with hydrogen atoms to form the 
molecule PH3. 

(i) Select the atom or ion with the incorrect electornic configuration: 

A) Mo: [Kr]5s14d5 

@cu+: [Ar]4s13d9 

C) Ce: [Xe] 6s25d14f1 

D) Eu+2 : [Xe]4f7 
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2. Would you expect a solution of aqueous ammonium cyanide to be acidic, basic, or 
neutral? As part of your explanation, please include chemical equations showing how 
relevant particles react in the aqueous solution to impact the pH. 

A}U/ -f oll- 2 Nl-f'TOH (oH- c<.MSu,¾t.J ZJt·c.. rxn w/ Nl-li/) 
CN -1 wt r fl-CJ\) c H c <fYIJ ,v11.J y;~ t)0 1 (i)/ C/(J ~) 

bu"th r~wwYJ_ LM wa-1.vi ifcit /; hf\v-vt'l · t<h. ([4,vl 

Set lVWe,k vtrM 1f1 J)1 fH I~ C<f k&i5 -
K"' JJ; fl}/J,'--/ / . C)Q Y/0 -:. '-J,<,~'fJ<JrlU 

/. ~t/o-s 

'(~ SO CN-::. /-o x.1r11 

lf-1XID-7 

Jb cru - > l Sb N M"l 1, w -l'&tb fYWlR- f11& th~ 
MtJ_ FM() f;u/11_ c9,11-_ ~() 5hw(J fu hWtL. 

3. What minimum volume of pure water would be needed to dissolve exactly 1.00 g of 
Ag3PO4? (Assume the volume occupied by the solid doesn't contribute to the overall 
solution volume.) % 3 ?o~ 3Aa, -t--i /ol-

C) 0 
+ ~5 tS 
55 5 

::- Jrs~ 
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4. Imagine that a stable atom of mQ were discovered. 

(a) Write the abbreviated (noble gas shortcut) ground state electron configuration for 
Q. 

1•}' (ocA I 1-f'~ (oJ 11f~ 
"JV 

[~(\] i l, ~P1 GJ 10 tp ;-
(b) Which element would you expect Q to be most similar to in terms of chemical 

reactivity? Why? ' 

f~ (l4lt,t mart !A"y,..t 41 tfu_ Mt,n,Q~- fo 
ax sho00-- tit JiN At . 

( c) Write a set of quantum numbers that would represent a valence electron in the 
highest energy orbital occupied in an element of Q. 

vi:=- r j;;: I ~(-:: ('.)( :t I 1'115:;. r. lh._ 

(d) Would you expect a neutral atom of Q to be paramagnetic? Why? 

Q b I UM{J{);~J e - -=-> y~ s r e1µc.1 pMv.-~ 

(e) To make an atom of this nuclide smaller in size, would you want to add or take 
away an electron? Explain. 
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5. When a glass tube full of hydrogen gas is electrified, we only see 3 specific wavelengths 
of light when viewing the tube through prism glasses. Respond to each of the following 
related questions, using 100 words or fewer for each response. 

(a) Describe the atomic level process that leads to the production of visible light in this 
experiment. 

• 1VtiNI ttlz,,,le- at/5.n,h E, 'f1t.iir e - usoyeLI/,t £ hf""'{' ,I. 
( ~S -

~a.xa,~#l c~ Ml-17t.J.JNf-1 E }Dk ~ -
Qu~/r~i 1 f Ml !U~~J ~fh, rf·, IV~ 1 tM {itd,:CilhW\ ~t fo!hrlA'I ~UVl -

(b) Why do we only see specific, distinct wavelengths of light in that experiment as 
opposed to the full rainbow spectrum? 

is ~J-e~ :Ii '1J e,v11,)~ £ -!r~h~ ./fu,f-- Ml e 
(YNt NJJI~ ~ ,fc. ~!31 ( ¼ 

Mvat»JJ .w1 eal1 e- -Jr~h~-
(c) Were those the only wavelengths of electromagnetic radiation given off during the 

process of giving energy to the hydrogen atoms? Explain. 

Alt; o "' ( +\,..ojl. i\w.} +. 11 ·, V\ 11M. 11-1 ,; 114. "Ii""' . n,...,\+r\Jvel 
1} toWA 7 tawtA t (u,Vl ~p .w1 Uv Jv T!<- ~{)W& -

6. Consider the following three specifies: 0 2 , o/+, and o/-. 
(a) How do these three species compare in terms of bond length? 

0 2-i-t ( IO vu.~{ (() tt', ~\9. 

ol ( 11- v~e_ t,-) ~LL Aw.,,) 
c\~- LI~ V~e_ fl-) ==:} <;,\fl/t-

(b) How can 02 be magnetic even though it has an even number of total valence elec-
trons? 

!\Jkvt f '½ mu d.';JrfM"' 1 Cl-i_, /1iw. riwt1" ,fu_ af Im+ 
I (),f;Lf<MWJ e-, 
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7. In terms of electron configuration, shielding, and/or effective nuclear charge, explain the 
overall location of the most reactive non-metals on the Periodic Table (Don't just state 
trends!) 

, /V'1fl , M~ Y'QQ,U-- li_ e,-
-~ t ~w. ,(A' 7Z'fJ ""~Jb ?T-
• 1~ tiducb-o NtmCt. ~ -

ilV11s, YT,. e -o.JJJ fl> 1""1Al w,,1 , btf- ]4t-. 
Cwt. r tj u ./NI t - ci"!VL- ,., n_, r1w,-v,.wr d)J,) - .tM,1/Ut>rrJ 
)ii,-f-~ fMvr; i,»Js , bJt- ~"--tvi s n: uJ ; ,:,. ~) /,J111PA 2e-ft 
0~ c5l; ~u:6 -lo may. B<rl- ~/VA- JvipJ-
{,,f 'F[ooi,,u) . &,.;el t -la .JI ol,v.e_ lo f9"' sh',e/J,.""J i k\j It 1w-· 

8. Consider the following molecule of acetaminophen (Tylenol), in which all bonds between 
atoms are shown but any lone pairs that exist on atoms are not shown: 

"")I~ · 
0 C 

3 , II s II I 1 

H'--- /c'-... l /c'-... ~c, 
/C N C H 

H I I I 
H H H 

cGpl.) 
(a) What are the hybridization of the orbitals in C and 0, respectively in bond 1? 0 ( Sf s') 
(b) How many er and 1r bonds, respectively, are involved in bond 2? { 6"1 l1i 
( c) What should the geometry of the molecule be around atom 3? lr-~cJ. Y IWV\c;....v 

(d) What would you estimate the C-O-H bond angle to be around atom 4? .( /uj. s-0 

(e) What kinds of orbital does the lone pair of electrons on atom 5 occupy? 'J 
(f) Which carbon/oxygen bond in the molecule should be the longest? Circle itJ )le 
(g) Which hydrogen is the most acidic? Box it . a.,~ . 
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9. Consider the ionization of pure water: H20 (1) H+ (aq) + OH- (aq) . 

T [°C] I Kw 
10 2.93 X 10-lS 
25 1.00 X 10-14 

40 2.92 X 10-14 

(a) Is the forward process endothermic or exothermic? Explain using the table of data 
provided. 

¥1\1 •~ w/ 1eMf'- Rx"1 ;, e,w,lo ~Mk 

(b) How would you expect the pH of pure water to change as the temperature increases? 

kw I~ w/ '!KWf · [ w1J ·,(\~ i,)/ t&#f· 
wiM ~-

(c) Is pure water at higher tern ratures acidic, basic, or neutral? Explain. 

fl.klittJ.t,,:1WJ, 98~ 1~ 

; (l f (J-1.{ 

)" /~cJJ . 
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10. 216.2 kJ of energy are given off as 235.0 grams of ethanol (CH3CH2OH) are cooled in a 
sealed flask from 100°C down to 60.0°C. 

(a) Given this (along with data on the front page), calculate the vapor pressure (in mm 
Hg) of the ethanol in the container once it reaches a temperature of 60.0°C. 

b M, ~c., ~, ,t f1 (} i\v°1 f M(t,t/J) 

'(I~ n-:r -c 0-~ o) ( \,1"1.) (18' ,,_ fW) + '3>) c~ }::i H,"i' 
?t.<i) J 

/}j /-t VC\lf :. f :,r ~Cs, \LJ/ WI~ 

N & rvt,u..Q \J 9 6b E f o\t ~, 115. o/''-C /4 rM . 1fef 11L fJ Y£ 1rP u MrYI i-
Us "';3- ,i., -- -!If U ) -~ , 1i 

':l \-:srs,.,eoc)-s/~)( J - -1-- ) pJ r t. \ _ ( ..L _ J_ ) \'~~IL 'Kl. '1 

"" \rouMM "t UL 1~ -r, ,,~ 
-c.) (ti,_~ %(; ,nm ~] 

(b) The vapor pressure of propane (CH3CH2CH3) at 60.0°C is significantly higher than 
that of ethanol at the same temperature, even though their molar masses are quite 

{ f:, Jmi;:;xplair ~7; t(Jku< <Lt f Wf "IN ovJ:; ,vvA l1 r &M 

~Ce/J. W , V/rAl111A#"1 S'1VtM-~ So yWJU. Tw . ~- f c~druJ h? p VrJf wM . V K/o -aJ-r::;;-r WAIL 

f~a.w, W t1W>"{. fr&fJMU .RM -nu_ g-c-va 
~fJh -
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11. Determine the pH of each of the following solutions to two decimal points. 

(a) Solution A: A 125 mL solution of 0.230 M Ba(OH)2. 

Q. 2."~o M ?, ( cHt) i. 2~-, D· '1,(,0 tvtu1IIJ'l?-f)lf ,. 

y«H, -/"}/aµ} o. n 1 
1

~,11_ d' 011 "'#_3 c.~ \ 

(b) Solution B: Solution A+ 200 mL of 0.185 M HN02. 
~~(oih. -\ :i:JN 01. ---4 J",.o -+ 

0 -cn,, 0.u'3¾~ 
- (H)l )'S-0 -o,o JrO mo{ 

0 ·0101,f" -oM-0{ 

51'W.-t ( tillt. ·, Y\ ~X::(~J . 

M c,tf---

Winter 2022 

rl-t !'/- ,ort+ j}l-iiJ 

(c) Solution C: Solution B + another 200 mL of 0.185 M HN02. 
(~ · t ir }A) (o · '"'~ () -=- o -of'"f ,~ Jl9u l. 
~ -1.~o #-) (o· n.r i) -c: O· Ol~}r- O"'~h. lU.L ~11 0 81r-l~) . 

rwJ_ 0,0( Ct) Mu( If /(}Ol rL11 0'1,Al,1. · 

O & lfrJ ,...{ 8./ait )c ¥~~{Mo,), y. 1-,,w{ NO,~_ 0 f) '1/J;j f 
lw.o< B"-( a" )l \vw'{ u wU,l . 

7/t-· -/~ ('r r. JCIU-~ F I (o ,or=,-r- Jt,{v{ l\)oL-, 
cJ 0 ·Ol!.r' mJ IW<J,) 

- 3- 7J1' t V-r -9L .,__ /~ 
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12. How many grams of KOH must be added to 2.00 total L of a buffer solution made up of 
0.125 M HF and 0.235 M KF in order to change its pH by 0.20 pH units? (Assume no 
change in total solution volume upon addition of solid.) 

?* 1 6l1} ~ : 
~~-- ~l-- + '~ 5 -lo t ~XI!(~ f rd(~-~";~:;} 7 -r.3 

C o. lo WI\: ll :,) ).., 5t.J-f H ·- ) 1 . K cJJf (\UL, IJ) i,, ~~Ir{ 

~- /+F . fo ; 

lt {: + l-\ 'l. 0 1-1- -t t F 
\.'.) ' n, )- o -2~5" M 

0 , l l.S-- X -
0 -L3 c;- t )( 

?fie p .. 4 1;) (1-:; ) ·'>) ' , 0 -r, r-,<1o·q) -t 

:::, "J__ ;1 "f Ci :; ( · 2 J J t X) M_,:; -
I J - - = ) x-;,. o,Ollfo/ M H ~evl+. 

(o,11s--- - x) Mlf- ' 

0 . D 3 't '1 M_ /LO '1 ''ttN.t l 
4' 0 31 '-I M k011 'f.. i. r;;;, L '/. "'·'J --[3 ~(o d toiA 

Wl<K. 
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13. (a) Using the materials provided below, describe precisely how you would make 3.0 L 
of a pH 10.2 buffer solution. Indicate the exact quantities (in units of L or grams) 
of each component that would be needed to establish your buffer system (You must 
use exactly 250 mL of which ever acid or base you choose.) Show all relevant 
calculations. _th. 

Acetic acid HCH3CO2 Ka = 1.8 X 10-5 

Chlorous acid HClO2 Ka= 1.1 X 10-2 

Iodic acid HIO3 Ka= 1.7 X 10-1 

Ammonia NH3 Kb= 1.8 X 10-5 

Aniline C5H5NH2 Kb = 3.9 X 10-10 

Methylami!1e CH3NH2 Kb = 4.4 X 10-4 

Table 1: Dissociation Constants at 25°C 

Materials provided: 

1. 1.5 M solutions of each acid/base in the table. 

'1,7~ 
I . <t 
C) · 1'1 r. 2,C'o c., . s, 
fo , <, 

2. Unlimitedmassesofeachofthefollowing: NaCH3CHO2 (s), NH4Cl (s), NaC1O4 (s), 
CH3NH3Cl (s), Nal03 (s), C5H5NH3Cl (s). _ ,/L . 

u ) 3. Deionized water C W 14-/ vJ& wifl'l P " I-" f~f f H · 
\U[ '~ f { 't -f I tv., \3c,._SA / ~ 

o Ave). ==-) 1 D . l = 1 o. (9 + 100 J:: r ,lb: o. 3 (g 3 . 

I ,S-M X 0 -7,~- L -= O· 37-f hoM aJchJ. ~) o , ,--:;-, ~ -=- o. SCa3 

\ [ Ao~ = 1 , v 3 3 »w{ CH, IV U ... 1 rttttkJ -=) I " . -i q n 
/ l9 r , O C ! )JVH 3 C( flt1'€.~cJ. 

)JI I ,1.1 J Cf-t~/l)l-f3CJ 
JSd.O .,nL of; / . .,- tfA CH JN H, 

th~ L U
1 
o 

(b) After you've made the buffer in part (a), you add in 12.5 g of Sr(OHh (s) and 50.0 
mL of 2.2 M HCI. What is the final pH of the solution after everything has reacted? 

ll . -s-1 <;" I ol\)t O· m~ul-+- c,.Jl~ c~JtJ »Jt 

() ,OY Lx 2-lM-; o -11 rl'lo{ Ii-CJ o·tl md ~rf w-,fh_ CH3N Hl 

(,It- A/11 l. + W- l., u 
t) · '31-r 

-!- 0 • W 'e-
t, · 5-yf 

_ cJ • 11 

(9 .'1 -:rt 

O -'111 
0 ·'13+ 
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14. Draw a picture showing all molecular orbitals created by taking linear combination of 
all 2p orbitals with each other. Label them from lowest energy to highest energy and 
state each whether g, u, or no symbol applies. 

' f ,rl 0 d 

® 
vtW\~~ 0 

11 CA, 

°J 
15. Draw a picture showing a linear combination of atomic orbitals that each produce one 

molecular orbital containing 2 nodes. Note the nodes must involve the internuclear axis. 
Please label the atomic and molecular orbitals and state whether each is g or u. 

+ 

p p 
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16. Suppose we have both gold foil, and gaseous gold atoms. 

(a) Explain the difference between ionization energy and the work function. 

JcJV1,i1.,_hcN\ ~ : -lo e- j~ 
a,,fwvt (V\.ltl mJ I. 
WdVl ~M : ry»-'1 tJ /o e - (). M~ ~ai,cQ, 

(b) Suppose we hit the gold foil with 100 nm light and observe electrons ejected moving 
at 1.57 x 106 m/s. What is the work function for gold in eV? 

L ½__:_ :o (Co .<;.1~ 'l</() - 3 '1-;y..,,)(_31-10~ rtl{s) _ {.'jg 8' 
-

~"1."t.• (i .S )(10 ' 31~)( / ,f}-)(f0e,)l.wt1/4t-. (, l~I Xtc~l f."J 

1 -- \I-~ ii YJo -1.;, - /, /1. 1 'i(lu-'S'j J')(. G-'1 'LyJ0' 'IQ.,\/ 

-<-~·a- f-~ 
- [ Ci-Co eV ] 

(c) Suppose we hit the gaseous gold atoms with 100 nm light and the slowest electrons 
we observe move at 1.05 x 106 m/s. What is the first ionization energy of gold in 
eV? 

f::. /. 'i~~ 'f/D - (!J J ( 5/IV)'lAL (¼-~) · 
) t / (., t ;- H -11 
~mv~:: il7 -~X/o-~l~) (\.os-~rO m;;) ::: £., .0,w "l. (D v 

f Ho U> (, .~, xro' ~,,v~ ~s 
0-6V~ 

(d) Which electron has the greater de Broglie wavelength? Compute it. 

"N3 -=- __b_ -c. 1__ . oY',UA,Uvl 'V ::c:) hi 1c,f.ll Apu3 . S~ p4+c. 
f 111 v 
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( e) Which subshell will the electron _be err.itted from in the gaseous gold atoms? Esti-
mate Z, ff Im this electrnn. A• 1' LX<J f 11 <;' J" G, S \ 

)& Cos )J~!w,(/ j .,-J, ' r 'ls ,hu,\ f uJ. q IN e- a f O rs--. &u~ -
, '1\. 'h - 1 oV l.v wiut. . 

}c-, - & u - o -rs- :- J-,.--:,--~- 2-~Ff-J 

(f) Estimate the orbital energy for the electron that is ejected during ionization. 

f'l r- - t" (~ff-)' n-(, 
__ :) - IH, ,,,v t~-1 )'c r '>-IT-{,~ 

(g) Estimate the first ionization energy for gold using the orbital energy. How close did 
we get to the experimental value? :i::f C4h\.t. oL.s~ u'eid 1 c!v\.. ~ . 

If~ :: - ::::) 5 ,17- e,V ( ftw.ru.,+-i c.~). 

lUt_ lW\1 ct6f; · 1/r,w~,e ~~~MU.1'~ 

'1_ oun1');1 ~i-1 ruJc1- !'w~t (~1(,llb (}fl-

O;tM [ ~tn/Vl,1-) U)IAJ k Ml c,( f Y19f1-1 
elu,fwvit'l.. .sh'Vc.trM. e,rd_c_J{ fA.(1WV7 . 

(h) If you did the previous parts correctly, you will have used the Hartree approximation 
and Koopman 's theorem. What are each's key assumption. Finally, identify which 
parts above you used each for. 

\b.w,,~: e- l'llW-0.- .WI l1A1 1fuJi""- friJ~ Ji:; fu '11,\!WA 
vW.aNt e --e cov~L Nf vts;cNl . 

IV\_ e.~(£) . 
J~s: cf6 ozh/~ Smtu l~ C¼i.e ' 

tWVttJl 
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