AP CHEMISTRY
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OP Test Tips from OP Chem Teachers. ..

Gereral Test Tips:

Spend more time on the problems you know rather than the problems you don't know

Do the MC in three passes - ones you know that are quick, then ones you know that take time, then try the ones you
didn't know (on first pass through, answer quick MC, circle MC you know that take time, circle MC you don't know)

Pay attention to you MC pacing = answer 10 MCQs in the first 15 min., 20 MCQs in 30 min., etc. (90 sec/question) ... If
you start to spend too long on an MC question, remember that 10 of the 60 MC questions don't even contribute to your
score. Efficiency is key

In multiple choice math questions round, approximate. You NEVER need long division et al.

Do the easy FR question first. Only the suckers/losers go in order.

If part (a) looks too confusing to you, then skip it and come back to it later. You can answer part (b) before part (a). Label
your answers clearly.

"RTQ - ATQ" (read the question - answer the question) ... After you have finished your FRQ answer, read it back to
yourself. Did you actually answer the question that was being asked?

Don't write too much, just answer the question! Be brief... be brilliant

If they ask you to make a choice (higher, lower, increase, decrease, etc.) make the choice and write this part down
FIRST...BEFORE you start justifying your answer.

If the question asks you to compare 2 substances make sure you refer to TWO substances
When in doubt, find moles.

MV =moles, but millimoles works just fine a lot of the time.

Geta good night's sleep

Lab error normally looks for an increase or decrease in experimental values.

Burets measure liquids more precisely than beakers or graduated cylinders. STOP TRYING TO USE A BEAKER TO
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You would read the volume on this buret as 5.65 mL...NOT 6.35 mL
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If you are clueless about rounding off your answer, 3 sig figs is plenty most of the time.
% error does not mean the same thing as % yield

How about this..."The AP test writers are lazy and boring. I highly doubt that they will come up with anything
original. You have seen these questions before!!"

Avoid the use of the word "it" ...refer to substances by name, so we know exactly what you meant to say.
"Just remember this, if | get your exam back next fall and | see that you answered, YES/NO when asked if something will
increase, decrease, or stay the same, | will hunt you down like a bloodhound and taser you in your face! Now, good luck

on your test!" ;)

Don't forget units! (and pay attention to the units you're given!)

Big ldea | — Otoms - Elements

Horizontal trends: they both have the same energy level (subshell), but one of them has more protons (greater
nuclear charge).

Vertical trends: one of them has valence electrons in an orbital with a higher value of n; this orbital is higher in energy
(and farther away from the nucleus).

Atoms/elements/ions/molecules/compounds don't “like" or "want" anything (ex. Justification for a trend cannot it “it
wants to have a full shell) ...also, stating a trend is NOT a justification. Give the scientific reason why things happen.

Trends are usually about nuclear charge & distance (coulomb's law!)

When explaining trends, don't talk about placement on the table or the atom having a full shell. Period... Talk about
things in the atoms like Zeg (nuclear charge), nuclear pull, distance between nucleus and valence electrons, etc.

Mass Spectroscopy is all about isotopes! Proton Electron Spectroscopy (PES) is all about coulomb's law & electron
configurations!

lons have a charge... Naand Na* are not the same!

Big ldea 2 — Structure & Properties of Matter

If the question says, "Draw ALL resonance structures," chances are there's more than one Lewis Structure.

Never trust printed structures for bond angles! Count the electron domains.



Use electron domains to help with determining shapes (and double bonds represent a single domain)
"Tetrahedral" is not a bond angle.
Non-polar molecules can contain polar bonds.
The greater the difference in electronegativity between two atoms, the more polar the bond is.
Breaking attractions (bonds, IMFs, nucleus-valence e-) REQUIRES energy (endothermic).
Lattice energy and Coulomb's law:

o MgO beats NaF (similar ionic radii, greater charge magnitude wins)

o NaF beats KCl (same charge magnitude, smaller ionic radii wins)

If the question says to justify your answer in terms of IMFs, mention ALL of the IMFs that each substance experiences. Do
NOT say "like dissolves like" when justifying why two substances dissolve or mix together.

Larger e-cloud = more London dispersion forces = more polarizable ...this is dependent on SIZE, not MASS
Stronger IMFs = higher boiling point = lower vapor pressure = greater viscosity

Hydrogen bonds only occur between an H already bonded to F, N, or O and another F, N, or O ...(H-H is NOT a hydrogen
bond)

Chromatography = distance traveled is based on affinity for the mobile phase and affinity for the stationary phase.

Sometimes the data tells you something that is different than what you would have predicted (i.e. CCly has stronger IMFs
than HCI.) GO WITH THE DATA!!!

Water is wet. ;)

Do NOT use 1 mole = 22.4 L unless you are actually at STP (0°C & 298 K) ...*STP is NOT “standard state” (which is 25°C
& 298 K)

Any two gases at the same temp. Have the same KE but NOT the same velocities
Ideal gas conditions = high temperature & low pressure

o Deviations from ideal gas law occur at low T & high P

o Deviations also occur when gases are too sticky (polar) or too large (LD).

MM =dRT/P (meow, meow)

Larger = size. Heavier = mass. More = amount (like moles). Don't mix them up!



Big ldea 3 — Chemical Reactions (including redox)

Net lonic Equations (NIE): Dissociate aqueous substances (strong electrolytes) and eliminate spectator ions.
All equations must be balanced for atoms AND charge!
Oxidation is loss of electrons/reduction is gaining of electrons
o LEO goes GER
o OILRIG
The more (+) Eeq is the reduction and the less (+) is the oxidation reaction.
When adding two half-reactions together, the electrons must cancel out.
o Ifyou reverse the rxn, change the sign of Ereq to serve as Eq.
o Ifyoudoubleit, do NOT double the voltage.

Reduction at the cathode, oxidation at the anode. (An Ox/Red Cat)

Electrons travel in the wire from anode to cathode. lons flow through the salt bridge: anions toward the anode, cations
toward the cathode.

Electroplating shortcut....grams = MM(1)(t)/nF

Big ldea 4 — Hinetics

Thermodynamics tells you IF it will happen. Kinetics tells you how FAST.

Rate Laws can be determined via experimental data OR if you know the reaction mechanism & the rate-determining
(slow) step.

The only thing that changes the value of "k" is changing the temperature (or adding a catalyst.)

High activation energy - slow reaction rate
Low activation energy - fast reaction rate

If the data shows that the half-life is constant over time, it's first-order kinetics for that substance.

Determining order of reaction via graphs... which produces a straight line?
o [A]vs.t=> zero order
o In[A]vs.t=> first order
o 1/[A]vs.t-> second order
o **regardless of which order the rxn is, the absolute value of the slope = k



e Don'tforget to include the proper UNITS for your k value!)

e Rate "k" HAS units; Equilibrium "K" does NOT have units

Big ldea 5 — Thermodynamics

e Thermodynamics tells you IF it will happen. Kinetics tells you how FAST.

If your answer is AH, AS, AG, or E°, make sure your answer includes the proper SIGN and the proper UNITS.

e Thermodynamically favorable reactions > AG<0...E>0 ...K>1
o Atequilibrium, AG=0, E=0 (both essentially indicate how far away from equilibrium the system is)

o Raising the temperature does NOT affect AH or the activation energy.
e Breaking attractions (bonds, IMFs, nucleus-valence e-) REQUIRES energy (endothermic).
e Bonds breaking is endothermic & bonds forming is exothermic (AH is the net sum of this)

e Pay attention to units! (specifically, pay attention when you have a mixture of joules &kJ)

Big ldea 6 — Equilbrium
e _Atequilibrium, AG=0, E=0
(both essentially indicate how far away from equilibrium the system is)

e Rate "k" HAS units; Equilibrium "K" does NOT have units
o The only thing that changes the value of “K" is changing the temperature.

e Increasing temperature increases both the forward and the reverse rxn rates...it just increases the endothermic
direction’s rate more.

e Manipulating the equilibrium constant values (K)
o Reverse the reaction = the new Kis the reciprocal of the old K
o Multiply the reaction by 2 = the new K'is the old K squared
o Add two reactions together = multiply (K1)x(K7)

e Ifyou have a reaction with a HUGE value of K, assume the reaction essentially goes to completion, and treat it like a
normal stoichiometry (or limiting reactant) problem; You don't need to make an ICE table
e Equilibrium expressions are determined via a balanced chemical equation



Beware the pressure equilibrium expression. And if it's K,, don't use brackets!

If you complete an equilibrium calculation (ICE table) and find "x", you're not done! x maybe not the answer the
question is asking for... answer what the questions is asking

Discuss reaction quotient (Q) to explain a shift in equilibrium. Saying "LeChatelier's Principle" will get you NOTHING! If
Qincreases reaction goes towards the reactants. The same goes for a voltaic cell voltage change. If Q increases, the
voltage decreases.

o Q<K...reaction shifts towards the products

o Q>K...reaction shifts towards the reactants

o Q=K...reaction is at equilibrium (no need to shift)

Whenever finding Q can help determine which direction a reaction will proceed to re-establish equilibrium is a good
thing.

Inert gases and catalysts DO NOT shift an equilibrium
If x = the solubility of an ionic solid (in mol/L)

o K for AgCl = (x)(x) = x2

o K for PbCly = (x)(2x)2 = 4x3
"x" = molar solubility

Larger K, = more ionizable

Acid-base reactions proceed from the strong side to the weak side. Look at the magnitude of K to determine which way
the reaction is favored.

HX versus HY...If HX is the stronger acid, then Y- is the stronger base.

The acidic species in a buffer neutralizes added base.

weak acid & strong base titration: pH = pKa at the halfway point (also at this point, [HA]=[A"])

If you titrate 10 mL of a 1 M weak acid and also titrate 10 mLof a 1 M strong acid, these samples would require the SAME
amount of 1 M NaOH to reach the equivalence pt. (i.e. volume of titrant is based on moles, not acid strength) ...BUT, the

weak acid would have a higher pH at the equivalence point

M1V1=MaV; is not on the formula sheet, but extremely useful in dilutions and neutralizations



Things to have Memorized in AP Chemistry

. . X-ray X-ra — .
The interaction & %) fnizaion z,y; 1 g = 1 mL for water (density)
(] A . .
it i I ionization ..
of radiation with |, .. Compounds containing
matter. B,
Click on any type of L'.z:\?;rength Na+’ K+’ NH4+ and NO;
radiation for more X-ray are considered fully soluble
information. P
lonization ) Le7 " J%. . Electron H
cnergy | oy Ulraviole "™ level changes Group | and Il hydroxides
Large numberof [N [ ol are strong bases
available energy _i_ Visible !
states, strongly CAVAYA
absorbed. N HCl, HBr, HI, HC|O4, HzSO4, HNO;3;
Infrared Molecular t id
= AU vibration are strong acids
Small number of i _ — Molecular
available energy S %‘—M'C“"""a"’@s (>_. rotation Hz, N2, O3, F», Cl3, Bry, |2
states, almost S L/'*\_/'\ ¥/ and torsion . .
transparent, = are diatomic elements
0 o e VSEPR Shapes and Bond Angles Hybridization
. 180" inear
g 2 (o) ,
é X—@—X 1 lone pair 4 electron groups around a central
E triganal planar bent i i
o X /Q\ atom create 4 hybrid orbitals
LS
£ X X Ny 2 lone pairs - same shape/bond angles as tetrahedral
® tetrahedral trigonal pyramid bent
B X a” 3 electron groups around a central
c
8 4 x@:w W5 & atom create 3 hybrid orbitals
2 x X X X% -
3 =108 <109 3 lone pairs > .
< pr—— Fv— — same shape/bond angles as trigonal
= X X X lanar
@ o s B p
2 5 Xm % K i,
2 g S XN 2 electron groups around a central
5 x x* 4 lone pairs . .
5 S s p—— || atom create 2 sp hybrid orbitals
o
E
2 gl X ‘h?u;( K gy ot X Crogaens D | o - same shape and bond angles as linear
X X X )(\ g QD 0
X X = x
General Rules for Oxidation numbers:

A Sampling of Common Polyatomics

—->DO NOT dissociate in water
- Oxidation numbers of their component atoms will sum to
give the charge

NHs* (Ammonium)
OH' (Hydroxide)

CO3? (Carbonate)

ClOs™ (Chlorate)

SO4% (Sulfate)

C2H30:3- or CH3COO" (Acetate)
NOj3" (Nitrate)

PO43 (Phosphate)

Units for rate constant
k = 1

M(overall order—1).¢

(ranked in order of priority)

Elements (watch for diatomics!) 0

Monatomic ion same as charge

1A metals +1
2A metals +2
Fluorine -1
Oxygen -2
Hydrogen +1

Common ions usual charges

Compiled by Nora Walsh, FJ Reitz High School, 2021




College Board Live AP Chemistry Review Videos

The video descriptions have handouts and
resources specific to each video


https://www.youtube.com/watch?v=hctKrGZMYi4
https://www.youtube.com/watch?v=N4xz0S_WpMk
https://www.youtube.com/watch?v=W-tM7P1Z3iU
https://www.youtube.com/watch?v=xbkqkrSEPLM
https://www.youtube.com/watch?v=vWulZGL_Sps
https://www.youtube.com/watch?v=sbHdT85n8Co
https://www.youtube.com/watch?v=MN3WFd1IncI
https://www.youtube.com/watch?v=zkWFkl2SyY0

2

UNIT
REVIEWS

2022 AP Chemistry Review Mr. Nackers

S

hN




]_] MOLES AND MOLAR MASS

-I 2 MASS SPECTROSCOPY OF
. ELEMENTS

]3 ELEMENTAL COMPOSITION
" OF PURE SUBSTANCES

]4 COMPOSITION OF
" MIXTURES

] 5 ATOMIC STRUCTURE AND
- ELECTRON CONFIGURATION

] B PHOTOELECTRON
" SPECTROSCOPY

OMIC STRUCTURE AND

1]  PERiODIC TRENDS

] 8 VALENCE ELECTRONS AND IONIC
- COMPOUNDS

7-9% of exam




-
....... woyF i
...... A A
...... A
IIIIIIII .|=¢<u. NCﬁ 9Vl = “
|||||||||| o4 P32:nbd !
r=- oo pUIG 00! H
......... [ —— i B m
|||||||| i - (rows ] o ] |
- - \s .0 1 [] )-0 T ..Mq 1
||||||| W | oW 53 0XP ! S) i i
m——— U\Lo x u R4 .O-QS 1 1 $2 T o 1
||||||||| - 2z W MO i . ? :
....... bz-.01 = |wwsqun huo Suvaois wf‘. : m :
———— ] o W 8- v YL Shun uy Qm_t:i 1 1 ‘ dJ 290l 1
||||||||| ' i  Yo920D ,oo_cc.rzosm d@.:c%« o P 3° 9Fn m m © 9% d 43" e 0§ YO+ - |
- Y . 1
550w 010V cetqo..sou\,m “ - ISFIAU0D 0 — SRR P ® o1 £aba v'1o4g dw_ﬁusu».“
||||| Vo 1
........ bl A s T M R0} N i | W33 AA} L =433 3 DoR .
||||||| puno X J0 12l | ' GH 312Uy 9 - ' 13 48 5 Mw..ﬁcﬁ,\ = yoad I
IIIIIII . ~ X ° M-mas §h g Sw ! 1 m. ° w—u.fhdc 1 1 1 *bs @usc :MJQ\—M - ul 6;‘— * “
r 1.00 43 9 o v ed P 01% 2209 Ll g nnuvcw?m, LR PRV 3 sn. !
“ « .ﬂad.lud_loﬂ.d_siqout ) ; ' SSO)y m.&o\rw_orz_ ! ' on?) d Jo $u0I3p Y- Qb §M mﬁc& VAR YY g
m Tm_vs_a% o:qum%% @90 L ) ,527»6 W ) : . # =03 72! wB:&& g VoAU
u! S e - H ‘rSOW 2 ———— - ol 2dS '
m drisul pUncvd WUCBQ;WOLU |||||||||||||||||| m : AW\NN ww IS pPpvv m,@:ww)w ||||||| ' m sto @OU@ONLU Gaovd|  SS0K o m
e SRR B WS . o 2910 PYb Son JoYs! I (Baav3 - A%vt mamen 0w [ |2 @ '
Lo SO "9 9Vl bA nﬁuﬁo.MUQ 1 “ MIM.GI IIIII ) .EGIL- “ 1 9 &b oW AWy uOVw 1
boreneorenranenenns ’ L o . 1 av
r lllllllllllllll , -dG—miuM. Eé.ﬂlﬁ-l—-ﬂ”t&& U. . “ “ llllll HO.&% NM:J wnﬂ ) M— “ “ - p Q9 WI m
[R—— \ N . . [ 1
= = O‘U “d—-.‘—cm. o Wl pss-u-w W—ODC “ -TIId‘GV«.UIQt e t ' Mam \VLN NM.N .NU .m ac.-*m“? “ 1 o$ /hUu “
. -3doad 0w WO 3yt Do ws 'sn w ! ' Sh su e . 1dwoxd St : ! w0 '
1 ao_.-éow ‘SNIP0Y 2 @V L oo 1 1 2 \:U_ d.U .Mﬂ W. “ 1 *‘m..ov\—- : 1
; (o7 vosmn os1905| N i TlE | K Q e :
' @ Wm0 ( 1991995 9Uoap #sy ! b= V| B ' - N\ 7 32U punqo J5d 0> dos . !
“ +P0 3wow _ Hyd) 25w uO.*a 00y “ ' d= 52 S\ 55 - T “ “ N 1P 0 SHRSS 9 So U “
' Q4 1540V Y+ ‘53509 2 30 srp 1 i R \:\ T woxXp i ' ! +USF3%): ﬂ& HUBwWa| vmw. SSION H
“ 2 _5 3w 53 +HBWI|3 > Loy P - LITH L Bhxo : w10 P adojos! sadaon 1 - Rdorsoa “
- 1 . ---
i FRifinddy o> 09N - P L 23 = \P® 04190 s P dooS' nw;cu_uvvmm ......... 1
i vd 0t W39dun) Qo+ 39 - %) .9 2v0n P il xg ik _ . o §3 bdodsoaoads '
: (P PO (2¢92) o (32 «o+8 7od $30>Y ' ' g _ _ ~ m e Sovonts 21wosy |
“ b 90W 9 29 ‘SN0 ™ e -Roa}to “ “ Nm _ ~ — V«n.l\ 1 “ IIIIIIII § Jo syoW _ N nwu.cz . “
o2ptb NJd ° U O 09 1 1 _ —_ X A _ 1 HE aﬂ a&g d~m°&ow.u 1
1 Q Y3 21 . N 24V 0 1 7 2 1 = 1/ bw . v 1
r Rl N3 /¥ id w._9 2 [ . s _ ¥ P SdUvpum ) ¥ (§5 Pqwau
P 48 B4y w04 Ue0Q I e I : 11 (Puopima 4P v phobalni “
. W .
“ 'Gumwiaus e A N oIV ' £ ¢ oddo o | ' MV SSOW 157 swaty :§2 '
1 . ¢ WY () )
i »3_%3 N3/ oUo W) m ' foys pvo jo41q20 ocs.._. oo ® m m WS ' pewald d 4 = TR+ WL ¥ m
ey 1
: 3994 Woas W0 .«.ws,mwsuto_u P Javy 450w _,”nauto_o z i oo P oo s ( cuﬂnﬂa_so,& VA ;
175 F oSav) WIS h-0 oay Gy “ ; o hd 20 uo d Unismiax3 tirog o | ; L d4 () 19 Wen SSow :
I” o390 H Vop Yonw ' [ :91douryd Vol PKanoy ! ' Iy, - (¥) 229 I
1 . o PUY Q-_\s Jo 1 “ w QN +9l0; ¢3 1 1 Nss_ Q ¢ ﬁ “
H 3 oM w v 1 1 9390 CAA 000 1 ' UM.MOK_O U+ g '
' ? up o4 >+ ¥ Qf pRpP : ! 99 w0 o0 o0 i : o !
1 U200 + V¢ _ . v Uo V02493 (P “ “ Lo ¢ ﬁcsx\r\ o ° “ “ “
: 3w top ) gy P n«fuu%wﬁﬂ oons mvcans P “
' e+ (v tu“wu_oa (Bwuy H\ o m ' PIrovs 113 Y5G - 489y M“..ou._u 212 00000 00e m m oLy - m
LN 1 \%) T:
'Jay Uy wym o ” : 1 PPV 920 ng ] “ “ nw .wm.usjo . 1
| o Y e o .{¢ P oMoy o _puac&n. "oy P > Suatong § m
: |o++m¢ & Far e v e waay,, old! ® oo :
1 1 »
i o+, T3 + sUo2 i 1 dnp = 00000 Y i ' H
' 2+ ¢ ¢ S rmom.u..““uw U014V 10 m m . _9h) m‘ o o000 000 m m 931 - coom- m
1 - - —_ -
: ERRCT > 1 Sl N 5 38wt :
nm.uv o 999 1 1 = 1 1 G 1
i Q) pR2:hbaY "'U0Y4OD) m.wGIU ' ' °9 PP ' ' 3
1 < - ([
e et B mwo 2 Tisweuses o 4]
i »S!uo_w u@._.:odow_o:c Nt ' ' 4o = ¢ ' i
' U 2np abrouo S e *v: i
H SurpBIys vr.._."_n:w : A.&v 2) QJub4S:a i } Suod 9JU3|oA ' '
1 sc —o 1 . P
1 o0 1D+ .ﬂw.ﬂdwuon“wcwdu o= ' ' FU0I9)d Cx 15 ez
; sinday b+ 1 b+ uaym m i SLEY O sm_wcqu N
oW - ) ' TG 8
; Wuooa 0 L b 5 : M0 5, awajno P i
O VoS P = J e A
i d Vveamiaq Uum.usx.o =% j = rl
169 pu0 3 Loy
“nd . nW—U..hWNM.rMO.DEO_SOU =3 U.«UO—MUQ IIIIIIIII
| 9. * o .llll
' Swuee 2P0
LT e
M.
beaue

T PUn

¢ D) WO ..ﬁ
ng

ogdn4o



2] TYPES OF CHEMICAL
" BONDS

2 2 INTRAMOLECULAR FORCE AND
- POTENTIAL ENERGY

23 STRUCTURE OF IONIC
" SOLIDS

24 STRUCTURE OF METALS
" AND ALLOYS

75  LEwis DIAGRAMS

2 B RESONANCE AND FORMAL
" CHARGE

97 VSEPR AND BOND
-/ HYBRIDIZATION

JLECULAR & IONIC COMPOUND

 AND PROPERTIES

7-9% of exam




(pyeg PUroan Loyoe2 OV) v T + 9 ;Ywqg 9913 L
Cocnu VUM oYvied 0v) AL + 9 :PUoq 319n0d

(wyotod Pwa) . :pwa OUS
SLLO  PUrCIV PTIVUS _D (LD PV
SUQo LBIMIIG KDFOMS B (9) 0U0q bw9ig

pomm T T T m e ‘swage 1 Yveh
puo (02 1pWwR 'S — 382040 o LounqrasIp
WAD yHm Pumd W ) PUOIWED 30[0d US
Garswwhe PO)12499)2 +drIT)P _D vod Vo _
00 12RWWASD - 4ro (80UBD_+ U0 Tpuoq 2v)od -

$3129dF D3'WIO wo 3bavyy = o 1 0 Wns
Swopo UV PD Lo §udIS IS Ym 5.y oM 400

WQo D DYOW wo >-1 3MPPBILU 201
FPIUDNA}S Fo449q wucﬁ.\n_ﬁ....ov >4 I9MOq
_“.m puoq 2/ + 9 2u0) ) - m\v chw_s\,u” .wm,@cxo (owyo4

T 30 owai panvovorap [°5 25000 07 e SoIIIIIIIIIIIIIIIIIIIIIIIiIiooizizioiiiiizcd
UaA3LN VO YHm pumadWo) y :ypunodwod 3D |od > PUeq o P _u e, 7 ‘57 | wuouesay
P : 0 :0: o ﬁmmwa PLOG = 9 O9FH0d0)3p |

oo o.
Hel <
oo ( oo -2
T - zn.@ jSVo QY $+3)P03q IVhbs tmu¢ +, voQ (fWwa09R PO2/10I0) Jp) INMVIOW 20

A £ - o Wo+0 38U v YPMm PaHI0 STV PU UOINI)P
]
5 —py = 4: 440 PRPUBIAS burpuog o3y oW
Woo) %0 (0b233"8YW  (oob) F3 9V (o90) 73 <y . Vo i sy
wedbys -  aoupid Jaonbs O woahd INbS | YIPIYD RO cas S~ Wopo SNHOIIU0YIIDID 0L $PIOMO4 Muted MozYL dd

J
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

9 13334 wafo _c.m.._.cwu DYf 04 SOOI WCWCSC,@@ PPy ¢ _
:09u0 1SSV WB3q 30y TU0ISR 22UBYIF}'Y V-3 MO| ¥ W~ TWY 35IVYD BaLHISed vyD0d .S
'H ® OUSIDA ||V OV PUD 43400 U 0INd'YOY InoY Swalto (|10 WWIRIF P ‘N D 4Oy 0 Ypim SWoty 2820y an13003u joud0d S
{ ¥ .. -9 o-" .. —Q . co. e SHOWRIE Otk Jo Bin140FOUC2RDID Ly UID)):q : h+aped wuog
. . v BIATRER L Menenom) s i o0 $bu3) puog 4=002ua Pwa y = 79p20 PUOT .
@ ® .. 1YRNINYO Vv LUIRG 4OV SO 43P0 Fi DLUD4TIY VA1 nuIIHU|
A.owcnwsmt noos ~m.~w¢ ﬂ.o~_..o3ﬁu...a¢ foON_.ooc.v Sgp . "__u" . WQ0 Yo PUrCIV 43400 Ub Y03d Of - .
CAZA ] padoys -1 MOS - 999 _dt..icuam..o .GCom..uLu 119=d =150 5210 39 TV CUOID CuILNOWIY PPY WUIVEHD IWOS : dojIIA0 JWOS m.. o
G 213948 1> 0T =9 -9T | 049F W02 TLUOA0D)3 @c;oCOQ 00ANS @ Y w
. (zomdin oys buoy ) 12 =d=1? (N2 AW/ gl VM) Wapo o34V ILRIRQ 2 vouomapv on:dogason © © N\ | 0 S
v ° “\ 0&303‘\4 Yr=COt+s nw.UQOCO_ N.Q.._.?Docu (W09 MU PN Wrs Vb funoS | S W..
e - ®- oo (s n%.“\w %v_.mw&._aum $INONAILS STMI MDIP O SIS c._n_.aou’ M %
auy PoYSoQ av pes @
1(o3men *3 "8 (.t01) T3 30 (3001 P2y ‘W3l PUNOID SWOAIDIB § M dh puo ‘JURLD WBIMIBQ UOLT|ndFY PUD LOUD0ZHD o DIV 0
+U9g Prwoahy joubiy) | 02PY 024D ) SWQY 10! w0g Puo WHIPRK 2oy 1% 19Nd $330 N5 T ows
fmo.nu h 2rR4S D B)10nva PRILYS
by oo oo oo V024033 : Jbljod LON
N= N m“.o. :d—d: N3 95307

[
Blionbs payous 4ou
SU02 9|7 : IV

$2)nSI%W Jiwotoig

n
2UMOLU V1 IMmpod3U S0 Ssrod BUG PUD SPYOY e buoays °lr3ajow v

£323Y f,awoinad QL Irp [9d9d SUAPI)I «

_® dDudop puv ) °d

R SRR SRR ————————

1

|

1

1

1

1

1

|

|

1

1

“ [ X J

1 <

' (o) 3% (eO21) wm¢ .. . i W o+ BTN -U0U L3dMEIG SO D)9 JO «o/c_ucim,
' +uUdg 2bup|d |ou0DIY) Pa-w W=Qor W= N = K- Do he Q-

! fmqu T NIV °t ' mU..SCow 4V olorod

“ o—@0—o rmw_s.um_or,_ SCAUN

m &R nm.uo:vscon,_\ndw_m 90&..««5._\ . M) §,9Woing)
' ( (081> *ov x| T | 95| vs| Y Y]

i J0aVi1 x| 99| 93| Sy| 99 by nucw_.; 2|9V 1d0) |90 | Yy lﬁ._.w.u..ﬂ YU

m wa T 212945 J¥| | s J | 'S W :SLOYIsUDA) _ns ON 1049 W -UOU 0 G4 |D4FW 0 WO TLOD4I31d J0 29 )SU0Y)
: on| 4 | 0| N| > |9 ° | N

mnuhﬁum,gcg¢c.n SUIOWRP U0A40)d JO 2 :FRGWAN D34S o O W @C...brbw 21UQ)

i wIfnddz INWW oL fan|IsWIYS budrr0 O 3 = 0339 oL PIOH- -

m

1

1

1

1

2b3oyp (owZeL YUD 3DUDUOSS Y ‘SIMI

e ——




31 INTERMOLECULAR FORCES

37 PROPERTIES OF SOLIDS

3_3 SOLIDS, LIQUIDS, AND GASES

J4 1DEAL GAS LAW

35 KINETIC MOLECULAR THEORY

36 DEVIATION FROM IDEAL GAS
- LAW

37 SOLUTIONS AND MIXTURES

38 REPRESENTATIONS OF
- SOLUTIONS

SEPARATION OF SOLUTIONS
39 AND MIXTURES
CHROMATOGRAPHY

[ERMOLECULAR FORCES AND

— 310 sorusiLiTy

3-" SPECTROSCOPY AND THE
- ELECTROMAGNETIC SPECTRUM

317 PHOTOELECTRIC EFFECT

3_]3 BEER-LAMBERT LAW

18-2290 of exam
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41

INTRODUCTION FOR
REACTIONS

4.

NET IONIC EQUATIONS

43

REPRESENTATION OF
REACTIONS

44

PHYSICAL AND CHEMICAL
CHANGES

4.5

STOICHIOMETRY

4.6

INTRODUCTION TO TITRATION

et et ™

TYPES OF CHEMICAL REACTIONS

48

INTRODUCTION TO ACID-BASE
REACTIONS

49

OXIDATION-REDUCTION (REDOX)
REACTIONS

7-9% of exam
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A Guide to Titrations and Finding the pH

Strong Acid/Strong Base:

Here, there’s nothing special happening — we either have excess acid or base, unless we’re at the
equivalence point where the pH=7

OmL: Here, you just have a solution of a strong acid with a known concentration.

o [HA]=[H'] because it’s a strong acid

o -log[H*]=pH
Prior to Equivalence point: Each mole of base neutralizes a mole of acid, but there is still an
excess of acid.

o Subtract moles of base added from the initial moles of acid and find new concentration

of acid
o Still, [HA]=[H"] because it’s a strong acid
o -log[H*]=pH

At Equivalence Point: We’ve added sufficient base to exactly neutralize the acid, leaving just the
salt present.

o pH=7 because neither conjugate is able to interact with water to act as an acid or base
Past Equivalence Point: Since all acid was neutralized at the equivalence point, any base added
past that point is just making a solution of the strong base.

o Subtract initial moles of acid from moles of base added to determine excess moles of

base. Find concentration of base which is [OH]. pOH=-log[OH], pH=14-pOH




Weak Acid/Strong Base:

(Just invert pH and pOH completely throughout if you have a weak base/strong acid titration).

e 0OmlL: Here, you just have a solution of weak acid with a known concentration.

W
o HAo H*+A-,sok, =211
[HA]

o Since all H*and A" come from the dissociation of HA, [H*]=[A"]

o Ifwesetbothasx, K, = % = % and pH=-log(x)
e Prior to equivalence point: Each mole of base neutralizes a mole of acid — creating a mole of
base — but there is still an excess of acid.
o  mol A= (mol OH).dded

o mol HA = (mol HA)initial — (Mol OH)added
o Use Henderson-Hasselback here pH = pK, + log (

molA‘)
mol HA
= HH on the equation sheet says concentration, but since they’re always in the

same solution, they have the same volume and that part cancels out!
e Half-equivalence point: When the volume of base added is exactly half of what is needed to
neutralize the acid initially present. This means that half of the acid has been turned to salt,
yielding an equal number of moles of acid and salt ([A]=[HA] and mol A"=mol HA).

o pH =pK,+log (:le fm) = pK, +1log(1) = pK,
o At this point, pH ALWAYS equals pK.. This is important enough to remember because it
comes up all the time.
e Equivalence Point: The equivalence point is the conjugate base’s one moment of glory. Here, we
have a solution of just the conjugate base. Find the concentration of it by dividing the moles of
salt (equal to the initial moles of acid) and dividing by the new volume. Then you just have a

solution of a weak base with a known concentration.

. . ) 10—14—
o Find K, of the conjugate using K, = K
o Then find new concentration of that salt by [A7] = —mm:A"“"“'“’
o A™+H,0 & HA+OH™,s0K, =[HA[1/E_‘_’]H‘1

o Since all HAand OH  come from the reaction of A" with water, [HA]=[OH]
2
o Ifwesetbothasx, K, = = and pOH=-log(x)

[A7]
o Subtract 14-pOH=pH
e Past Equivalence Point: Since all acid was neutralized at the equivalence point, any base added
past that point is just making a solution of the strong base.
o Subtract initial moles of acid from moles of base added to determine excess moles of
base. Find concentration of base. pOH=-log[OH"], pH=14-pOH
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AP Chemistry
Thou Shalt Not Forget

Adapted from the original document by Dan Reid

Unit 1: Atomic structure and properties

1. When an electron is in a higher the energy level, it is farther away from the nucleus and
therefore has less Coulombic attraction to the nucleus and is therefore easier to remove
(...it has a lower 1st ionization energy.)

2. Moving across a row on the periodic table, the Zefr increases, therefore the valence
electrons are more attracted to the nucleus, therefore the atomic radius decreases and
the ionization energy increases.

3. When reading a PES graph, the higher the peak, the more electrons there are in that
sublevel, and a larger binding energy means that the electrons are closer to the nucleus.
152252 2p®3s% 3p®4523d10 4p°

5. When writing the electron configuration for a cation, remove the valence electrons
first...the ones in the p-orbital and s-orbital...then you can remove d-orbital electrons if
necessary. (note: if the last orbital filled using the Aufbau principle was a d orbital, the s
orbital electrons are still the first to be removed).

6. Isotopes of an element have the same number of protons, but different numbers of
neutrons.

7. Mass spectroscopy graphs measure atomic masses of isotopes.

Elements in the same group (vertical columns) have similar chemical and physical
properties.

9. Metals are on the left side of the zig-zag line and nonmetals are on the right side of this
line on the periodic table.

10. Cations (+) are smaller than their atoms since you are removing valence electrons that
are farther from the nucleus; cations also have a higher Zeff, so a greater positive force
pulling on electrons. Anions (-) are larger than their atoms since adding extra electrons
increases electron-electron repulsions.

Unit 2: Molecular and ionic compound structure and properties
Covalent bonds are formed between two nonmetals sharing electrons.

2. lonic bonds are formed when a metal transfers electrons to a nonmetal and the opposite
charges attract.

3. The greater the electronegativity difference between 2 atoms, the more polar the bond
becomes.

4. Combustion reactions make CO2 and H;0.

Carbon makes a total of 4 bonds in a compound.
6. Bondangles: 4 domains=109.5° 3 domains=120° 2 domains=180°




7. Hybrid orbitals: 4 domains = sp? 3 domains = sp? 2 domains = sp

8. Asymmetrical molecules = dipoles DO NOT cancel = polar molecule; symmetrical =
dipoles cancel = nonpolar molecule

9. Single bond =sigma double bond = sigma + pi bond triple bond = sigma + 2 pi bonds

10. Lattice energy is the energy to break an ionic bond in a compound. Lattice energy
increase as the ion’s charge increases. Lattice energy decreases as the radii of the ions
increase. (This can be deduced from Coulomb's Law.)

11. Formal charge involves comparing the # of valence electrons an atom has to the # of
electrons around it in the Lewis structure. (Remember to “split” the bonded electrons
evenly between the atoms.)

Formal charge = valence electrons — lone pair electrons -1/2 bonding electrons

12. Obey the octet rule first when drawing the Lewis Dot Structure then use formal charge if
necessary. Extra electrons can go on the larger central atom, and if you have too few
electrons, start making some double or triple bonds.

13. Metallic bonds are between metals, and they ALWAYS conduct electricity, and their
hardness varies.

14. Interstitial alloys are made when a smaller atom fits into the gaps between the larger
atoms of a metallic crystal. Substitutional alloys are made when the radii of the metals
are similar in size and are substituted into the crystal lattice.

Unit 3: Intermolecular forces and properties

Intermolecular forces

1. IMF's from weakest to strongest: London Dispersion, dipole-dipole, hydrogen
bonding, ion-dipole.

2. All molecules contain LD forces, and this force gets stronger as the molecule is
larger...Larger electron cloud = more LD = more polarizable.

3. All polar molecules contain dipole-dipole forces, and this force gets stronger as the
molecule is more polar.

4. H-bonds are between a NOF in one compound to a hydrogen that’s already bonded
to a NOF in another compound.

5. Boiling point and melting point increase as IMF’s increase.

6. Vapor pressure and volatility decrease as IMF’s increase.

Structures of solids

1. Molecular solids have low melting/boiling points, and they do not conduct electricity.

2. lonic solids have high melting/boiling points, and don’t conduct electricity as a solid,
but DO conduct as a liquid or (aq).

3. SiO; (quartz) and diamonds are covalent network solids, and they have very high
boiling/melting points.

4. When a molecular solid melts or boils, it is the IMF’'s between the molecules that
break, not the covalent bonds.




Gases:

10.

11.
12.

13

Gas mixtures are homogeneous b/c of the constant random motion of the particles.
Gases are compressible b/c of the large spaces between the particles.

Gas pressure is caused by collisions of particles with the walls of the container. More
Collisions = More Pressure

P and V are inversely related...doubling the volume of a container will cut the
pressure of the gas in half.

T and V are directly related...If you heat a balloon, it will expand.

T and P are directly related...If you heat a rigid container, the pressure of the gas will
increase.

PV=nRT Units: Temperature = Kelvin; Volume = Liters; Pressure = atm Use this gas
constant—> R=0.08206

One mole of an ideal gas = 22.4 Liters ONLY at STP!!

Gas pressure and # of moles are directly related...if you double the mole of gas in a
container, the pressure will double.

Molar Mass = dRT/P  The “d” stands for density in units of g/L  Use this gas
constant—> R=0.08206

The more molar mass a gas has, the slower it moves at a given temperature.
Temperature = Average Kinetic Energy (Gases at the same temperature have the
same average kinetic energy.)

. When collecting a gas by water displacement: Piotal = Pdry gas + Pwater vapor
14.

Real gases behave most like an ideal gas at high temperature and at low pressure.
The more polar a gas is and the larger a gas is, the more it will deviate from ideal
behavior. Consequently, small, nonpolar gases are the most ideal.

Solutions and mixtures

1.

Compounds can be separated into elements by chemical changes, and mixtures can
be separated by physical changes.

Filtering separates mixtures based on differences in particle size...the large particles
are trapped on the filter paper while the soluble component goes through the filter
paper and stays in the “filtrate”.

Distillation separates mixtures based on differences in boiling point.
Chromatography separates mixtures based on differences in polarity.

In paper chromatography, the component that is most similar in polarity to the
“mobile phase” moves up the farthest.

Density = mass/volume

The % composition by mass for a pure compound does not change.

M1V1 = M;V; This is not on the formula sheet, but it is extremely useful for dilution
calculations.




Laboratory:

1. When reading a volume of a liquid in a container, you can estimate by
reading in between the graduated markings. That can give you one more

sig. fig. in your volume. Read at the bottom of the meniscus. For example,
in the picture you would read this as 36.5 and not 37 or 37.0.

2. Ranking measuring devices from least precise to most precise—> beaker,
graduated cylinder, volumetric flasks, burette

(The volumetric flask only has ONE line on it to measure one specific volume.)

\ l
-

Erlenmeyer Nlosh

S
Graduated
aylincior

By Praphai Donphaimueang -
Own work, CC BY-SA 4.0,

Volametre

Fank

https://www.lacitycollege.edu

Unit 4: Chemical reactions

1. H,02N,ClLBralyF; -- the diatomic elements (“I Have No Bright Or Clever Friends” or just

“Honclbrif”. When they are in a compound, their # of atoms can vary.
2. Empirical formula rhyme—>

% to mass
mass to mole
divide by small
times until whole

...Get the simplest whole # ratio of the moles (or atoms) in the compound.

3. The molecular formula for a compound is a whole # multiple of the empirical formula
ratio.
4,

% yield = (experimental/theoretical) x 100%
5.

% error= (experimental - theoretical)/theoretical x 100%

6. The amount of product for a reaction is determined by the limiting reactant.
7. Mass is conserved during both chemical and physical changes.




Unit 5:

Kinetics

1.

10.

11.

In order for a reaction to occur, particles must collide at the correct orientation & with a
minimum energy to break bonds...(This minimum energy is called the activation
energy...the height of the “hill”.)

How to write a rate law for an elementary step... 2A+B > C +D Rate = k[A]?[B]*
Rate constant (k) Units: 15t order = s1; 2"4 order = M5!

Graphs: 1°t order is linear for In[A] vs time; 2" order is linear for 1/[A] vs time

Absolute value of the slope =k

Ways to speed up a reaction: (1) Add a catalyst...lowers the activation energy (2) Increase
reactant concentration...more collisions (3) Increase surface area...more collisions (4)
Increase pressure of gases...increases the concentration of the gas, so there are more
collisions (5) increase temperature...more collisions AND more of them have the
minimum activation energy.

Y% life for a 15t order process:  ti/2 = 0.693/k

A 1t order reaction has a constant half-life regardless of the initial concentration.
(Radioactive decay is a 1°t order process.)

The taller the “hill” (or activation energy) the slower the reaction.

The slow step (rate-determining step) will dictate the speed of the reaction, and this step
will determine the rate law.

Reaction Mechanisms: Intermediates are produced in one step and used up in a later
step.

Reaction Mechanisms: Catalysts are used up in one step, and produced in a later step.

Unit 6: Thermochemistry

1.

Exothermic reactions: (-) AH; feels hot; heat is a product; temperature goes
up...(endothermic is the opposite.)

AHxn = Bonds broken - Bonds formed...(reactant bonds are broken; product bonds are
formed)

Breaking bonds is endothermic. Forming bonds is exothermic.

AHn=0Hproducts— AHreactants ...Don’t forget to multiply by the coefficients!!

If a reaction is exothermic, then the bonds formed in the products are stronger/more
stable than the reactant bonds.

Doubling a reaction? AH will double. Reversing a reaction? The sign for AH changes.
Adding reactions? Add the AH’s.




Unit 7: Equilibrium

1. Keq = [products]*/[reactants]¥ ... x and y represent the coefficients in the balanced
chemical equation.

2. Only (aq) and (g) appear in an equilibrium expression. Use [ ] for Molarity and (Pgas) for
atm.

3. Alarge Keg means that there are more products at equilibrium. A small Keg means there
are more reactants at equilibrium.

4. Reversing a reaction? 1/Keq Doubling a reaction? (Keq)?  Adding reactions?
Multiply the K’s together

5. Le Chatelier's Principle: It’s all about determining Q!! If Q >Keq, then the reaction shifts
to the left, towards the reactants.

6. Catalysts and inert gases DO NOT shift an equilibrium.
Changes in pressure (caused by changing the volume of a container) can shift an
equilibrium ONLY IF the # of gas particles are different on each side...An increase in the
pressure favors a shift in the equilibrium towards the side with LESS moles of gas.
(Reminder: As Vi, , P"1M)

8. Molar solubility is the moles/L concentration of the particular species in a saturated
solution at equilibrium

9. Solubility Equilibrium: 2 ions....Ksp = x%; 3 ions...Ksp = 4%3 “x” = Molar Solubility in
units of moles/Liter. Some people use “s” as the variable instead of x (see topic 7.11)

10. The larger the “x” value, the more soluble the salt is.

11. If Q> Ksp, a precipitate forms.

12. Group | cations (Na*,K*, Li*) NH4*, and NOs" salts are always soluble in water. These are
usually the spectator ions in a chemical reaction

Unit 8: Acids and bases
1. The pH of acids are less than 7, and bases are greater than 7. The pH of pure water is

only 7 when the temp. is 25°C.

Acids donate [H*]; bases accept [H*].

The hydronium ion is H3O*. [H*] is a proton.

Strong acids: HNO3z H,SO4 HCIO4 and HBr, HI, HCIL...”NO SO CIO 3, 4, 4 and BrICl”
Strong bases: Group 1 hydroxides Group 2 hydroxides *Some Group Il hydroxides are

ARSI RN

only slightly soluble, but whatever dissolves can completely ionize.
pH = -log [H] [H*] = 107PH
The stronger the acid, the weaker its conjugate base.

N o

8. Acid-Base reactions favor the direction of the “strong side” to the “weak side”...If K>1,
then the reactants are stronger.

9. [H*] =Square Root of MuKa...(This shortcut only works if “x” is really small compared to M,
. Also, don’t use this shortcut if you are given the pH of the solution and you are asked to
solve for K5 because the pH can be used to find “x” in the ICE box.)

10. “x” in the ice box calculation is [H*] for a weak acid, and [OH"] for a weak base.




11.
12.

13.

14.

15.

16.
17.

% lonization of a weak acid = [H*] /M,

% ionization increases as the acid concentration decreases...adding more water will
increase the amount of ionization.

If a salt contains a conjugate base of a weak acid, the salt is going to be slightly
basic...CBOWA's are (-) ions.

If a salt contains a conjugate acid of a weak base, the salt is going to be slightly
acidic...CAOWB’s are (+) ions.

If a salt contains conjugates of strong acid/bases, the ion is neutral. Example -- KBr is a
neutral salt (KOH + HBr)

A larger K, value means a stronger acid. A larger Ky means a stronger base.

Relative strengths of acids: (a) Smaller cations are more acidic. (b) More (+) charge on
the cation makes it more acidic. (c) More oxygens (or more electronegative atoms)
on an anion makes it more acidic since the proton is “more ionizable”.

Titrations and buffers

1. Buffers are created by a weak acid + CB (salt) or by a weak base + CA (salt).

2. [H'] = MaKy/[salt]...You can use # of moles instead of molarity in this formula.

3. Adding a common ion to a weak acid (or base) decreases the % ionization, and therefore
the pH gets closer to 7.

4. MaVa= MpVp ...This is only true at the equivalence point.

5. Titrations: Weak acid + Strong Base has a pH at the equivalence point that’s above 7.
Weak Base + Strong Acid has a pH at the equivalence point that’s below 7. Strong Acid +
Strong Base has a pH =7 at the equivalence point.

6. pH = pK, at the % equivalence point for a “weak + strong” titration. Also, when pH = pKa,
then [HA] = [A7]

7. More buffer capacity = more moles of weak acid & CB (or weak base and CA).

Unit 9: Applications of thermodynamics

1. Thermodynamically favorable (spontaneous) reactions have a (-)AG.

2. Reactions with (-)AH and (+)AS are ALWAYS thermodynamically favorable...“enthalpy
driven & entropy driven”

3. Reactions that increase the # of moles of gas have a (+)AS.

4. If AGis (=), then Keq >1.

5. AH and AS are usually NOT given in the same units!! When using AG® =AH°-TAS®, make
sure they match units.

6. AG =0 at equilibrium.

7. When using AG° = -RT InK, the value for R is 8.314 J/mol K so the answer for AG will be in
the units of Joules.

8. Sometimes a reaction with a (-)AG does not proceed at a measurable rate. They are said

to be under “kinetic control.” High activation energy is a common reason for a process to
be under kinetic control.




Electrochemistry:

1.

o AW

10.
11.
12.

Oxidation #'s: H =+1 (except in a hydride when itis -1) O = -2 (except in a peroxide
when itis-1).

LEO goes GER ... Oxidation always occurs at the anode in both a battery and an
electrolytic cell.

Electrons in a battery flow from anode (-) to cathode (+).

Salt bridge: Cations flow to the cathode, and the anions flow to the anode.

While a battery is discharged, the cathode gains mass and the anode loses mass.

If you reverse a reaction, the sign of E° .ol changes, but if you double a reaction, E° cell
DOES NOT change!!

E° cell = E°Red (ER) - E%Red (Le0) (The other way to calculate E° cell = E%Reduction + E°oxidation ...but
that involves reversing one of the reactions and changing the sign for E%ed)

The half-reaction with a more (+) E%eq is the reaction that takes place at the
cathode...GER.

When adding the two half reactions together, the electrons MUST cancel out.

AG® = -nFE° If AG®is (=), then E°eiis (+). Reminder: n = # of electrons transferred
If Q increases, then the voltage (E°cn) of the battery goes down.
Electroplating/Electrolysis Calculation: grams = (Molar Mass of the
metal)(amps)(seconds)/(n)(F) ... g=(MM)(I)(t)/nF
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Quick Guide to Experimental Procedures

Gravimetrie Analysis:

-

Weighing the | Dissolving Adding a Filtering to Repeated
sample to be | this sample in | suitable collect the drying and
analyzed. water. chemical to precipitate weighing until
form a a constant
precipitate. mass of
precipitate is
obtained.
Common Mistakes:

o Precipitate is not dry when you take the final mass.
o Results in the appearance of more precipitate than was actually produced
because some mass is water.
o Percent yield would be higher than it should be.

Common Applications:
e Mixtures of solids—determining the amount of a particular ion in a solution
Important to Remember:

e All sodium, nitrate, ammonium, and potassium compounds are soluble. Net ionic
equations would not include these ions.



Quick Guide to Experimental Procedures

The AP Readers would prefer

Making a solution: that you use a pipet at this
point to make sure you hit the

line perfectly.

9 <
.
- o
L - -
| - X -
Cobalt(ll) chloride dihydrate 500 =
(CoCl, - 2H,0) Ethanol / a
— Mark

100 g
' : - /

(a) An amount of solute is weighed out (b) A portion of the solvent is (c) The mixture is swirled (d) Additional solvent is
on an analytical balance and then added to the volumetric flask. until all of the solute added up to the mark on the
is dissolved. volumetric flask.
L]
Common Mistakes:

e Overfilling the volumetric flask

o Results in a dilute solution
¢ Not using distilled water.

o Otherions could affect the experiment for which the solution is used
o Not using a volumetric flask (beaker or Erlenmeyer instead)

o Loss of precision in concentration of prepared solution

Common Appliecations:
¢ Making solutions to dissolve substances for analysis, particularly in titrations.

Important to Remember:

e Molarity = moles solute/L of solution



Quick Guide to Experimental Procedures

]
]

Titration:
/Burette
Initial

inding

Pipette

Final
Acid rea ‘\
solution

| 0 I I I O

NSNS NS N

Hold Release

Neutralized solution
Indicator has changed color

Common Mistakes:

e Overshooting the titration (too dark of a color at the end)
o Results in the concentration of the unknown solution in the flask appearing to be
higher than it actually is, since too much titrant has been added.
e Not using indicator.
o No perceivable endpoint.
e Using incorrect indicator.
o pH at the equivalence point should be approximately equal to the pKa of the
indicator.

Common Applications:

e Solving for the concentration of an unknown substance (analyte).
e Acid/Base, Redox

Important to Remember:

e Molarity = moles solute/L of solution

¢ Analyte: substance in flask

o Titrant: substance in buret

e Standard solution: solution of known concentration, usually goes into the buret.

¢ M4V, = M.V: is helpful for solving for the concentration of the analyte solution at the
equivalence point.

o Endpoint: point in titration where flask solution changes color

¢ Equivalence point: point in the titration where the moles of acid are equal to the moles
of base



Quick Guide to Experimental Procedures

Analyzing Coneentration of Solutions Using Beer’s Law):

Diagram I: Spectrophotometer
White Many Single Remaining
light wavelengths _ Wavelength Transmitted
I Light
‘(I , o
Light Prism Slit Sample Detector and
Source Readout

Step 1: Pick the wavelength for the solution where absorbance is highest (for solute).

V4

Absorbance

240 260 280 300 320 340
Wavelength (nm)

Diagram 2

Step 2: Measure absorbance for different concentrations at that wavelength. Graph the
results.

Absorbance
=
W
=
T

0 0020 0.040 0.060 0.080 0.100
Molar Concentration of Co?*(aq)

A = ¢ebc

Absorbance = (molar absorptivity)(cuvette pathway length)(concentration)




Quick Guide to Experimental Procedures

Common Mistakes:

e Absorbance is lower than it should be (point falls below the line)
o Cuvette was cleaned with distilled water and then immediately filled with solution,
creating a more dilute solution
o Too little solute in the prepared solution
e Absorbance is higher than it should be (point falls above the line)
o Cuvette is dirty with fingerprints/dust, etc.
o Too much solute in the prepared solution
o Contamination with a more concentrated solution
o Used a cuvette with a longer path for one data point
¢ Did not use the correct wavelength of maximum absorbance for the solute.
o Absorbances could be too low especially for dilute solutions
e Overfilled the cuvette
o Should not have an impact on data
e Picked a wavelength where it is high absorbance for the solvent
o Won’t be able to distinguish absorbance due to solvent vs. solute

Common Applications:

e Determining the concentration of a solution of unknown concentration using solutions of
known concentration
¢ Kinetics reactions (like bleach + blue food dye)

Important to Remember:

e Before using, you need to calibrate the spectrophotometer with a blank of just solvent (in
order to account for any absorbance due to solvent and cuvette itself)

e Molarity = moles solute/L of solution

o Absorbance is the amount of light the solution absorbs at a specific wavelength

e Molar absorptivity (1/M*cm) describes how intensely a sample absorbs light at a specific
wavelength (constant unique to the substance at a specific wavelength)

e Path length of sample is the length of the cuvette where the light will travel (cm)

e Concentration is molarity



Quick Guide to Experimental Procedures

Chromatography

Felesd papor — Fillesf papes —

Individual pigments
travel different
distances up the filter

‘ paper
Bgaker — r

Ik At m

— Aolvernt

The R; value for each dye
is then worked outusing %
the formula: .

R, = distance travelled by component b
' 7 Tdistancetravelled by solvent

Common Mistakes:

e Solvent reaches the top of the paper strip.
o Rfvalues cannot be calculated as we do not know how far the solvent would
have traveled had their been more paper.
e No major difference in polarity between paper and solvent
o Substances cannot be adequately separated
¢ No major differences in polarity of components of mixture
o Substances cannot be adequately separated

Common Applications:
e Determining the components of a mixture

Important to Remember:



Quick Guide to Experimental Procedures

e Paper is usually relatively nonpolar in comparison to the solvent.

e The substance that travels further up the paper is more attracted to the solvent.

e The substance that travels the least is most attracted to the paper.

o If multiple trials are run, compare Rf values, not relative heights.

e Polar substances tend to lack symmetry, have polar bonds, and have lone pairs on the
central atom. They are most soluble in other polar substances.

o Nonpolar substances tend to be symmetrical, have identical bonds, and have no lone
pairs on the central atom. They are most soluble in other nonpolar substances.



Quick Guide to Experimental Procedures

Fractional Distillation

thermometer

KMistillation flask

cooling water

clamp Liebig condenser|
steam
salt water
condensed water
Bunsen receiving flask

burner
distilled water
clamp stand

Common Applications:

e Separating components in a solution/mixture based on differences in boiling point

Important to Remember:

e The substance with the lower boiling point has a greater vapor pressure and weaker
intermolecular forces

e The substance with the higher boiling point has a lower vapor pressure and stronger
intermolecular forces

o The temperature of the solution will remain constant while a component is boiling off



Quick Guide to Experimental Procedures

Coffee Cup Calorimetry
—
AT styrofoam
I /cup
system 1s
dissolved in
the water
Common Mistakes:

o The final temperature is the highest (for exothermic) or lowest (for endothermic)
temperature recorded during the reaction/process

Applications:

e Solving for the specific heat of a metal or the heat of reaction

Important to Remember:

o Endothermic processes have a drop in temperature.
o Exothermic processes have an increase in temperature.
o The water is not part of the system. It is part of the surroundings.
o q=mCAT
o q = heatin Joules or calories
o m = mass of entire solution OR object, grams or kilograms
o C = specific heat capacity, J/g°C (or a variation of the above)
o AT = Ttinal — Tinitial



AP Chemistry Name:

Lab Based Free Response Questions

1. There are several ways to dissolve salts with limited solubility. Describe one method to
redissolve a precipitate of a salt with a small K.



AP Chemistry Name:

Lab Based Free Response Questions

1. (2013, #1) There are several ways to dissolve salts with limited solubility. Describe one method
to redissolve a precipitate of a salt with a small K.

Valid procedures include adding water, adding acid (H*),
heating (i.e., increasing the temperature), and any valid 1 point is earned for a description
statement that implies a shifting of the equilibrium toward of a valid procedure.

the products side of the dissolution equation.




AP Chemistry

Lab Based Free Response Questions

Name:

2. A student was assigned the task of determining the enthalpy change for the reaction between
solid MgO and aqueous HCl represented by the net ionic equation below. The student uses a
polystyrene cup calorimeter and performs four trials. Data for each trial are shown in the table

below.
MgO (s) + 2 H* (aq) = Mg* (aq) + H,0 (l)
Trial | Volume of 1.0 M | Mass of MgO (s) | Initial Temperature | Final Temperature of
HCI (mL) Added (g) of Solution (°C) Solution (°C)
1 100.0 0.25 25.5 26.5
2 100.0 0.50 25.0 29.1
3 100.0 0.25 26.0 28.1
4 100.0 0.50 24.1 28.1

a. Which is the limiting reactant in all four trials, HCl or MgO? Justify your answer.

b. The data in one of the trials is inconsistent with the data in the other three trials.
Identify the trial with inconsistent data and draw a line through the data from that trial
in the table above. Explain how you identified the inconsistent data.

c. Enthalpies of formation for substances involved in the reaction are shown in the table
below. Using the information in the table, determine the accepted value of AH° for the

reaction between MGO (s) and HCl (aq).

Substance AH° (kJ/mol)
MgO (s) -602
H,0 (I) -286
H" (aq) 0

Mg?* (aq) -467

d. Astudent used a coffee cup calorimeter and determined the AH® =-140 kJ/molxn. If the
calorimeter leaked heat energy to the environment, would it account for the
discrepancy between the accepted and the experimental values? Justify your answer.




AP Chemistry Name:

Lab Based Free Response Questions

2. (2013, #3) A student was assigned the task of determining the enthalpy change for the reaction
between solid MgO and aqueous HCl represented by the net ionic equation below. The student
uses a polystyrene cup calorimeter and performs four trials. Data for each trial are shown in the
table below.

MgO (s) + 2 H* (aq) = Mg* (aq) + H,0 (l)

Trial | Volume of 1.0 M | Mass of MgO (s) | Initial Temperature | Final Temperature of
HCI (mL) Added (g) of Solution (°C) Solution (°C)
1 100.0 0.25 25.5 26.5
2 100.0 0.50 25.0 29.1
3 100.0 0.25 26.0 28.1
4 100.0 0.50 24.1 28.1

a. Which is the limiting reactant in all four trials, HCl or MgO? Justify your answer.

1.0 mol HCI

0.100 L x oL - 0.10 mol HCI
& 1 mol MgO
0.50 g MgO x ————"— = 0.0124 mol MgO
40.30 g MgO 1 point is earned for
By the stoichiometry of the equation, only 2 x (0.0124 mol) = 0.025 mol HCI the correct choice with
is needed to react with the MgO, thus HCl is in excess and MgO is limiting. Justification.

OR

The temperature change depended on the amount of MgO added, indicating
that MgO was the limiting reactant.

b. The data in one of the trials is inconsistent with the data in the other three trials.
Identify the trial with inconsistent data and draw a line through the data from that trial
in the table above. Explain how you identified the inconsistent data.

Trnal 1 is inconsistent.

The temperature change should be directly proportional
(approximately) to the amount of the limiting reactant
present. The ratio AT/(mass MgO) should be constant. In
trial 1, the ratio is one-half of trials 2, 3, and 4. Therefore,
trial 1 is inconsistent with the other trials.

| point is earned for identifying trial |
with a valid justification.
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c. Enthalpies of formation for substances involved in the reaction are shown in the table
below. Using the information in the table, determine the accepted value of AH® for the
reaction between MGO (s) and HCl (aq).

Substance AH°¢ (kJ/mol)
MgO (s) -602
H,0 (1) -286
H" (aq) 0
Mg?* (aq) -467
AH®= Z n,AH products — Z n,AH reactants | point is eam.ed for the A
correct setup using the AHy
= [ AH; Mg (aq) + AH7 H,0()) | - [ AH; MgO(s) + 2 AH} H* (ag) | T

[-467 kJ/mol + (-286 kJ/mol)] — [-602 kJ/mol + 2(0) kJ/mol]

. , | point is earned for the
~151 kJ/mol,, e
’ correct value and sign

consistent with the setup.

d. A student used a coffee cup calorimeter and determined the AH®s = -140 kJ/molxn. If the
calorimeter leaked heat energy to the environment, would it account for the
discrepancy between the accepted and the experimental values? Justify your answer.

Yes. The experimentally determined value for AH® was less
negative than the accepted value. If heat had leaked out of the
calorimeter, then the AT of the contents would be less than
expected, leading to a smaller calculated value for ¢ and a
less negative value for AH®.

1 point is earned for the correct
response with a valid explanation.
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3. Ethene, C;H4 (g) (molar mass 28.1 g/mol), may be prepared by the dehydration of ethanol,
C,HsOH (g) (molar mass 46.1 g/mol), using a solid catalyst. A setup for the lab synthesis is shown
in the diagram below. The equation for the dehydration reaction is given below.

—

Solid Caralyst Ethene

\ ____-._;ﬂ__-_—_'_'.'_'__"‘\\
& [~Test Tube
Cilass Wil i

with Ethanol j—- Bunsen Burner

=]
catalyst
C,HsOH (g) ——— CHa(g) + H2O (g)  AH° =45.5 kl/molixn
A student added a 0.200 g sample of C,HsOH (l) to a test tube using the setup shown above. The
student heated the test tube gently with a Bunsen burner until all of the C;HsOH (I) evaporated
and gas generation stopped. When the reaction stopped, the volume of collected gas was
0.0854 L at 0.822 atm and 305 K. The vapor pressure of water at 305 K is 35.7 torr.

a. Calculate the number of moles of C;Hs4 (g)
i. that are actually produced in the experiment and measured in the gas collection

tube and

ii. that would be produced if the dehydration reaction went to completion.

b. During the dehydration experiment, C2H,4 (g) and unreacted C;HsOH (g) passed through
the tube into the water. The C;H4 was quantitatively collected as a gas, but the
unreacted C;HsOH was not. Explain this observation in terms of the intermolecular
forces between water and each of the two gases.
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3. (2015, #2) Ethene, C2H4 (g) (molar mass 28.1 g/mol), may be prepared by the dehydration of
ethanol, C;HsOH (g) (molar mass 46.1 g/mol), using a solid catalyst. A setup for the lab synthesis
is shown in the diagram below. The equation for the dehydration reaction is given below.

Solid Caralyst Ethene

c s

[T~ Test Tubs

Gilass Wonl

with Ethanol rBunsen Burner

catalyst
C,HsOH (g) ——— CHa(g) + H2O (g)  AH° =45.5 kl/molixn
A student added a 0.200 g sample of C,HsOH (l) to a test tube using the setup shown above. The
student heated the test tube gently with a Bunsen burner until all of the C;HsOH (I) evaporated
and gas generation stopped. When the reaction stopped, the volume of collected gas was
0.0854 L at 0.822 atm and 305 K. The vapor pressure of water at 305 K is 35.7 torr.

a. Calculate the number of moles of C;Hs4 (g)

i. that are actually produced in the experiment and measured in the gas collection
tube and

| atm . . = ) &
—_— = 0.0470 : | point is earned for the calculation of
760 torr 0.0470 atm p

the pressure of the dry ethene.

35.7 torr x

Penene = Protal = Pwater = 0.822 atm = 0.0470 atm = 0.775 atm

- (0.775 atm)(0.0854 L) = 0.00264 mol I point is earned for the correct
RT  (0.08206 L atm mol~' K~')(305 K) T number of moles of ethene gas.

ii. that would be produced if the dehydration reaction went to completion.

1 mol C,H;OH N I mol C,H,
46.1 gC,HOH ~ 1 mol C,HOH I point is earned for the correct

number of moles of ethene produced.
= 0.00434 mol G,H, produced

0.200 g C,HsOH x
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b. During the dehydration experiment, C;H, (g) and unreacted C;HsOH (g) passed through
the tube into the water. The C,H4 was quantitatively collected as a gas, but the
unreacted C;HsOH was not. Explain this observation in terms of the intermolecular
forces between water and each of the two gases.

Ethene is only slightly soluble in water
because the weak dipole/induced dipole
intermolecular attractions between nonpolar
ethene molecules and polar water molecules
are weaker than the hydrogen bonds between
water molecules. Ethanol molecules are
soluble in water because they are polar and
form hydrogen bonds with water molecules
as they dissolve.

I point is earned for comparing the solubility of ethene in
water with the solubility of ethanol in water in terms of
differences in polarity.

I point is earned for describing the intermolecular forces
between ethene and water as weak dipole/induced dipole
forces and attributing the solubility of ethanol in water to

the hydrogen bonds formed between ethanol molecules

and water molecules.
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4.

To determine the molar mass of an unknown metal, M, a student reacts iodine with an excess of
the metal to form the water-soluble compound Ml,, as represented by the equation below.

M+ 1, 2 Ml,
The reaction proceeds until all of the |, is consumed. The Ml (aq) solution is quantitatively
collected and heated to remove the water, and the product is dried and weighed to constant
mass. The experimental steps are represented below, followed by a data table.

Add M Add 1,

— —

Add H,0

reaction solution heai reheat
_— — e
DCCUrS collected

Ml_ﬂu:ﬁ
M, (aq) leftover M M)

Data for Unknown Metal Lab
Mass of Beaker 125457 g
Mass of Beaker + metal M 126.549 g
Mass of Beaker + metal M + I, 127.570 g
Mass of Ml;, first weighing 1.284¢
Mass of Ml,, second weighing 1.284¢
The student hypothesizes that the compound formed in the synthesis reaction is ionic.

a. Propose an experimental test the student could perform that could be used to support

the hypothesis. Explain how the results of the test would support the hypothesis if the
substance was ionic.
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4.

(2016, #3) To determine the molar mass of an unknown metal, M, a student reacts iodine with
an excess of the metal to form the water-soluble compound Ml,, as represented by the equation
below.

M+ 1, 2 Ml,
The reaction proceeds until all of the |, is consumed. The Ml (aq) solution is quantitatively
collected and heated to remove the water, and the product is dried and weighed to constant
mass. The experimental steps are represented below, followed by a data table.

Add M Add 1,

—_— -

125457 ¢ 126.549 ¢ 127.570 2

Add H,0

reaction solution heat reheat
e - = -
DCCUTS collected

Ml Haef)

MIieg) leftover M ML}

Data for Unknown Metal Lab
Mass of Beaker 125.457 g
Mass of Beaker + metal M 126.549¢g
Mass of Beaker + metal M + |, 127.570 g
Mass of Ml,, first weighing 1.284¢g
Mass of M, second weighing 1.284¢g
The student hypothesizes that the compound formed in the synthesis reaction is ionic.

a. Propose an experimental test the student could perform that could be used to support
the hypothesis. Explain how the results of the test would support the hypothesis if the
substance was ionic.

The student could dissolve the compound in water
or melt the compound and see if the solution/melt

conducts electricity. If the solution/melt conducts

electricity, mobile ions capable of carrying charge
must be present, thus the compound is likely to be
ionic.

OR

The student could heat the compound until it melts
or boils. If the melting/boiling point is very high,
then the compound is likely to be ionic.

| point is earned for an appropriate test.

| point is earned for explaining how the
results would support the hypothesis.
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5.

The polyatomic ion C10H12N,0s* is commonly abbreviated as EDTA*. The ion can form
complexes with metal ions in aqueous solutions. A complex of EDTA* with Ba?* ion forms
according to the equation below.

Ba%* (aq) + EDTA* = Ba(EDTA)?* (aq) K=7.7x10’
A 50.0 mL volume of a solution that has an EDTA* (aq) concentration of 0.30 M is mixed with
50.0 mL of 0.20 M Ba(NOs); to produce 100.0 mL of solution.

a. Considering the value of K for the reaction, determine the concentration of Ba(EDTA)?*
(aq) in the 100.0 mL of solution. Justify your answer.

b. The solution is diluted with distilled water to a total volume of 1.00 L. After equilibrium
has been reestablished, is the number of moles of Ba?* (aq) present in the solution
greater than, less than, or equal to the number of moles of Ba?* (aq) present in the
original solution before it was diluted? Justify your answer.
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5. (2016, #6) The polyatomic ion C10H12N20s* is commonly abbreviated as EDTA*. The ion can form
complexes with metal ions in aqueous solutions. A complex of EDTA* with Ba%* ion forms
according to the equation below.

Ba%* (aq) + EDTA* = Ba(EDTA)?* (aq) K=7.7x10’
A 50.0 mL volume of a solution that has an EDTA* (aq) concentration of 0.30 M is mixed with
50.0 mL of 0.20 M Ba(NOs); to produce 100.0 mL of solution.

a. Considering the value of K for the reaction, determine the concentration of Ba(EDTA)*
(aq) in the 100.0 mL of solution. Justify your answer.

| point is earned for indicating that the
equilibrium concentration of

Ba(EDTA)Z‘(aq) is the same as the

Based on the K value, the reaction goes essentially to
. 2% . . o,
completion. Ba="(aq) is the limiting reactant.

The concentration of Ba®* when the solutions are first mixed original concentration of Ba?* when the
but before any reaction takes place is 0.20 M/2 =0.10 M. solutions are mixed.

Thus the equilibrium concentration of Ba(EDTA)*(aq) is 1 point is earned for the concentration
0.10 M. with appropriate calculations.

b. The solution is diluted with distilled water to a total volume of 1.00 L. After equilibrium
has been reestablished, is the number of moles of Ba?* (aq) present in the solution
greater than, less than, or equal to the number of moles of Ba%* (aq) present in the
original solution before it was diluted? Justify your answer.

The number of moles of Ba®*(ag) increases because the percent
dissociation of Ba(EDTA)* (ag) increases as the solution is diluted.

OR

A mathematical justification such as the following:

The dilution from 100.0 mL to 1.00 L reduces the concentrations of I pointis can?cd for statln% that
all species to one tenth of their original values. the numbcr.ot 'molcs of Ba™"(aq)
will increase.
Immediately after the dilution, the reaction quotient, Q, can be
determined as shown below.

%[Ba(EDTA)Z"] | point is earned for a
ol — ] = 10K valid justification.
TolBa™1x m[EDTA‘-]

Because Q > K, the net reaction will produce more reactants to

g . ~ 24 .
move toward equilibrium, so the number of moles of Ba“"(aq) will
be greater than the number in the original solution.
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6. Astudent is given a 25.0 mL sample of a solution of an unknown monoprotic acid and asked to
determine the concentration of the acid by titration. The student uses a standardized solution of
0.110 M NaOH (aq), a buret, a flask, an appropriate indicator, and other laboratory equipment
necessary for the titration.

a. The images below show the buret before the titration begins (below Iweft) and at the
end point (below right). What should the student record as the value of NaOH (aq)
delivered to the flask?

|||:rrn|]

b. Based on the given information and your answer to part (a), determine the value of the
concentration of the acid that should be recorded in the student’s lab report.

c. Inasecond trial, the student accidentally added more NaOH (aq) to the flask than was
needed to reach the end point, and then recorded the final volume. Would this error
increase, decrease, or have no effect on the calculate acid concentration for the second
trial? Justify your answer.
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6. (2016, #7) A student is given a 25.0 mL sample of a solution of an unknown monoprotic acid and
asked to determine the concentration of the acid by titration. The student uses a standardized
solution of 0.110 M NaOH (aq), a buret, a flask, an appropriate indicator, and other laboratory

equipment necessary for the titration.

a. The images below show the buret before the titration begins (below Iweft) and at the
end point (below right). What should the student record as the value of NaOH (aq)

delivered to the flask?

TR rm:l ]

37.30 mL - 5.65 mL = 31.65 mL

| point is earned for the correct volume.

b. Based on the given information and your answer to part (a), determine the value of the
concentration of the acid that should be recorded in the student’s lab report.

At the equivalence point, moles OH™ added = moles of H™ consumed.

Because HA is monoprotic:

v 1 mol HA 1
(0.110 M)(0.03165 L) x ol NaOH 00750 L
OR
moles of H™ consumed = MV,
MV, = MV,
MV, (0.110 M)0.03165 L)
Therefore, M, = v - 0.0250 L

=0.139 M

=0.139 M

1 point is earned for the
correct setup and molarity.
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c. Inasecond trial, the student accidentally added more NaOH (aq) to the flask than was
needed to reach the end point, and then recorded the final volume. Would this error
increase, decrease, or have no effect on the calculate acid concentration for the second
trial? Justify your answer.

The error would increase the calculated acid concentration.
1 point is earned for

A volume of NaOH(agq) larger than the actual volume needed to reach the e ;
indicating an increase.

equivalence point, would lead to a calculation of moles of base that would
be greater than the moles of acid actually present in the solution. The

assumption that the moles of acid are the same as the moles of base would 1 point is earned for
lead to a calculated concentration of acid that would be higher than the a valid justification.
actual concentration.
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7. Urea decomposes according to the reaction below:
CO(NH,); (ag) = NH4* (aq) + OCN
A student studying the decomposition reaction runs the reaction at 90 °C. The student collects
data on the concentration of urea as a function of time, as shown by the data table and the

graph below.
q - "
Time (hours) | [CO{NH. 2] (10
0 0, 1O — 0.0%8 1
5 L0707 - .06

10 (LO5)

[CONHL )|

004+
15 0.0354
20 0.0250 0.0z
23 0.0177 0.00 !
= TTEE 0 1o 0 30

Time (hours)

a. The student proposes that the rate law is rate = k [CO(NH,),].
i. Explain how the data support the student’s proposed rate law.

ii. Using the proposed rate law and the student’s results, determine the value of
the rate constant, k. Include units with your answer.

b. The student learns that the decomposition reaction was run in a solution with a pH of
13. Briefly describe an experiment, including the initial conditions that you would
change and the data you would gather, to determine whether the rate of the reaction
depends on the concentration of OH" (aq).
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7. (2017, #2) Urea decomposes according to the reaction below:
CO(NH,); (ag) = NH4* (ag) + OCN-
A student studying the decomposition reaction runs the reaction at 90 °C. The student collects

data on the concentration of urea as a function of time, as

shown by the data table and the

graph below.
Time (hours) | [CO{NH, ), 010
0 0, 1O — 0.08 1
5 00707 ' 006

10 (L0}

15 0.0354
0 0.0250 0.02

[COM{MH,),]

04 \

\

7 00177 0.00
0 00125 .

10 0 30
Time (hours)

a. The student proposes that the rate law is rate = k [CO(NH,),].
i. Explain how the data support the student’s proposed rate law.

From inspecting the data table or the graph, it is

half-life, which indicates that the reaction is a first-
order reaction.

ii. Using the proposed rate law and the student’s results, determine the value of
the rate constant, k. Include units with your answer.

Since the reaction is first order,
0.693 0.693

- - V070 -1

T T Rl

OR

i = 1[Aly —In[A], _ In(0.1000) — In(0.0500) _  eo -1

t 10. h

1 point is earned for the correct
value of k with correct units.

b. The student learns that the decomposition reaction was run in a solution with a pH of
13. Briefly describe an experiment, including the initial conditions that you would
change and the data you would gather, to determine whether the rate of the reaction

depends on the concentration of OH" (aq).

Perform the experiment at a different concentration of OH (ag) and
measure how the concentration of CO(NH,), changes over time.
(Other variables, such as temperature, should be held constant.)

1 point is earned for the
description of a valid
experiment.
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8. A student performs an experiment to determine the enthalpy of combustion of 2-propanol,
C3H,0H (l), which combusts in oxygen according to the equation below.
2 C3H70H (1) +9 02 (g) > 6 CO2 (g) + 8 H20 (g)
The student heats a sample of water by burning some of the CsH;OH (l) that is in an alcohol
burner, as represented below. The alcohol burner uses a wick to draw liquid up into the flame.
The mass of C3H;0H (l) combusted is determined by weighing the alcohol burner before and
after combustion.

[:I.:u:g‘ Water I“:'.:DZE =—Water

A

Wick
— £ 1Y i. C. HLOHD

e S — e S —)

Initial Final

Data from the experiment are given in the table below.

Mass of CsH;OH (I) combusted 0.55g
Mass of water heated 125.00g
Initial temperature of water 22.0°C
Final temperature of water 51.1°C
Specific heat of water 4.18 1/(g-°C)

a. Calculate the magnitude of the heat energy, in kJ, absorbed by the water. Assume that
the energy released from the combustion is completely transferred to the water.

b. Based on the experimental data, if one mole of C3H;OH (l) is combusted, how much
heat, in kJ, is released?

c. Asecond student performs the experiment using the same mass of water at the same
initial temperature. However, the student uses an alcohol burner containing CsH;OH (1)
that is contaminated with water, which is miscible with CsH;OH (l). The difference in
mass of the alcohol burner before and after the combustion in this experiment is also
0.55 g. Would the final temperature of the water in the beaker heated by the alcohol
burner in this experiment be greater than, less than, or equal to the final temperature of
the water in the beaker in the first student’s experiment? Justify your answer.
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(2017, #5) A student performs an experiment to determine the enthalpy of combustion of 2-

8.
propanol, CsH;0H (1), which combusts in oxygen according to the equation below.
2 C3H70H (1) +9 02 (g) > 6 CO2 (g) + 8 H20 (g)
The student heats a sample of water by burning some of the CsH;OH (l) that is in an alcohol
burner, as represented below. The alcohol burner uses a wick to draw liquid up into the flame.
The mass of C3H;0H (l) combusted is determined by weighing the alcohol burner before and
after combustion.
| i
EI:‘:g- Water (et
Wick
C,HOH{T) ~—C4H,OHi)
Initial Final
Data from the experiment are given in the table below.
Mass of CsH;OH (I) combusted 0.55g
Mass of water heated 125.00g
Initial temperature of water 22.0°C
Final temperature of water 51.1°C
Specific heat of water 4.18 1/(g°C)
a. Calculate the magnitude of the heat energy, in kJ, absorbed by the water. Assume that
the energy released from the combustion is completely transferred to the water.
q = mcAT

= (125.00 2)(4.18 J/(g-°C))(51.1°C - 22.0°C)

= 15,200 = 15.2kJ

I point is earned for the correct calculation.

b. Based on the experimental data, if one mole of C3H;OH (l) is combusted, how much

heat, in kJ, is released?

60.09 ¢ C;H,OH

132K _ 1661k

mol C;H,OH x

1 mol C;H,OH

*0.55 ¢ C,H,OH

=1.7x10° kJ

| point is earned for the
correct amount of heat released.

I point is earned for reporting

the answer to the appropriate

number of significant figures
based on the experimental data.
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c. Asecond student performs the experiment using the same mass of water at the same
initial temperature. However, the student uses an alcohol burner containing CsH;OH (1)
that is contaminated with water, which is miscible with CsH;OH (l). The difference in
mass of the alcohol burner before and after the combustion in this experiment is also
0.55 g. Would the final temperature of the water in the beaker heated by the alcohol
burner in this experiment be greater than, less than, or equal to the final temperature of
the water in the beaker in the first student’s experiment? Justify your answer.

The final temperature measured by the second student would be
less than that measured by the first student because:

the actual mass of C3H;OH(/) combusted will be less than I point is earned for
055g the correct choice with a
: valid explanation.
OR

combustion of the contaminated sample will also require
vaporization of the water in the sample.
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9. The student reads in a reference text that NO (g) and NO; (g) will react as represented by the
equation below. Thermodynamic data for the reaction are given in the table below the
equation.

NO (g) + NO: (g) = N20s (g)
AH®208 AS®08 AG°08
-40.4 kl/molin | -138.5J/(K:molixn) | 0.87 ki/molixn

a. The student hypothesizes that increasing the temperature will increase the amount of
N,Os (g) in the equilibrium mixture. Indicate whether you agree or disagree with the
hypothesis. Justify your answer.
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9. (2018, #2) The student reads in a reference text that NO (g) and NO; (g) will react as represented
by the equation below. Thermodynamic data for the reaction are given in the table below the
equation.

NO (g) + NO: (g) = N20s (g)
AH°598 AS®y98 AG®08
-40.4 ki/molixn | -138.5J/(K:‘molxn) | 0.87 kJ/molxn

a. The student hypothesizes that increasing the temperature will increase the amount of
N,Os (g) in the equilibrium mixture. Indicate whether you agree or disagree with the
hypothesis. Justify your answer.

Disagree.

1 point is earned for the correct choice

Because the reaction is exothermic, increasing the temperature AP
‘ ‘ Pty pere and a correct justification.

of the reaction will favor the formation of the reactants
(according to Le Chatelier’s principle).
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10. A student obtains a solution that contains an unknown concentration fo Fe?* (aq). To determine
the concentration of Fe?* (aq) in the solution, the student titrates a sample of the solution with
MnO4 (aq), which converts Fe?* (aq) to Fe** (aq), as represented by the following equation.

5 Fe?* (ag) + MnO4 (aq) + 8 H* (aq) = 5 Fe3* (aq) + Mn?* (aq) + 4 H,0 (l)

a. The student titrates a 10.0 mL sample of the Fe? (aq) solution. Calculate the value of
[Fe?] in the solution if it takes 17.48 mL of added 0.0350 M KMnO4 (aq) to reach the
equivalence point of the titration.

To deliver the 10.0 mL sample of the Fe?* (aqg) solution in part (a), the student has the choice of
using one of the pieces of glassware listed below.
25 mL buret 25 mL beaker 25 mL graduated cylinder 25 mL volumetric flask

b. Explain why the 25 mL volumetric flask would be a poor choice to use for delivering the
required volume of Fe?* (aq) solution.

In a separate experiment, the student is given a sample of powdered Fe (s) that contains an

inert impurity. The student uses a procedure to oxidize the Fe (s) in the sample to Fe;0s (s). The

student collects the following data during the experiment.

Mass of Fe (s) with inert impurity | 6.724 g
Mass of Fe;0s (s) produced 7.531¢g

c. Calculate the number of moles of Fe in the Fe,0s (s) produced.

d. Calculate the percent by mass of Fe in the original sample of powdered Fe (s) with the
inert impurity.

e. If the oxidation of the Fe (s) in the original sample was incomplete so that some of the
7.531 g of product was FeO (s) instead of Fe,0s3 (s), would the calculated mass percent
of Fe (s) in the original sample be higher, lower, or the same as the actual mass percent
of Fe (s)? Justify your answer.
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10. (2018, #3) A student obtains a solution that contains an unknown concentration fo Fe?* (aq). To
determine the concentration of Fe?* (aq) in the solution, the student titrates a sample of the
solution with MnO4 (aq), which converts Fe?* (aq) to Fe** (aq), as represented by the following

equation.
5 Fe?* (aq) + MnO4 (aq) + 8 H* (aq) = 5 Fe?* (aq) + Mn? (aq) + 4 H,0 (l)

a. The student titrates a 10.0 mL sample of the Fe?* (aq) solution. Calculate the value of
[Fe?] in the solution if it takes 17.48 mL of added 0.0350 M KMnO4 (aq) to reach the

equivalence point of the titration.

5 o X )
17.48 mL x 9.0359 mol KMnO, = 0.000612 mol KMnO, I point is earned for calculating the
1000 mL number of moles of KMnO, (may be

0.000612 mol KMnO,, x —1LFe"_ _ 6003059 mol Fe?* implicit).

1 mol KMnO,
1 point is earned for the correct

(& a2t " o
0.003059 mol Fe™” _ 306 ps 2+ concentration of Fe**(aq).

0.0100L

To deliver the 10.0 mL sample of the Fe?* (aqg) solution in part (a), the student has the choice of
using one of the pieces of glassware listed below.
25 mL buret 25 mL beaker 25 mL graduated cylinder 25 mL volumetric flask

b. Explain why the 25 mL volumetric flask would be a poor choice to use for delivering the
required volume of Fe?* (aq) solution.

| point is earned for

The volumetric flask is designed to contain only 25.00 mL precisely. : i
% a valid explanation.

In a separate experiment, the student is given a sample of powdered Fe (s) that contains an

inert impurity. The student uses a procedure to oxidize the Fe (s) in the sample to Fe;0s (s). The

student collects the following data during the experiment.

Mass of Fe (s) with inert impurity | 6.724 g
Mass of Fe,0s (s) produced 7.531¢g

c. Calculate the number of moles of Fe in the Fe;0s (s) produced.

1 mol Fe,04

7.531 g Fes03 x gyt 3

= 0.04716 mol Fe, 04
i I point is earned for correct calculation.
2 mol Fe

1 mol [.‘c:()-7k = 00943] nlol Fe

0.04716 mol Fe,0O4 x




AP Chemistry

Lab Based Free Response Questions

Name:

d. Calculate the percent by mass of Fe in the original sample of powdered Fe (s) with the
inert impurity.

5.267 gFe

6.724 g sample

-
0.09431 mol Fe x > 'lgfn ol} © _ 5267 g Fe

x 100 = 78.33%

1 point is earned for correct calculation of the
mass percent based on the answer to part (g).

e. If the oxidation of the Fe (s) in the original sample was incomplete so that some of the
7.531 g of product was FeO (s) instead of Fe,0s3 (s), would the calculated mass percent
of Fe (s) in the original sample be higher, lower, or the same as the actual mass percent

of Fe (s)? Justify your answer.

mass percent of Fe.

The calculated mass percent of Fe would be lower than the actual

A sample that contains any FeO (rather than Fe,Oy) will have a
higher actual mass percent of Fe than a completely oxidized I point is earned for the correct
sample would have. Therefore, when the moles of Fe are answer and a valid explanation.
calculated (assuming all the mass of the sample is Fe,O;3) the
calculated number of moles of Fe, and hence the calculate

mass percent of Fe, will be lower.
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Lab Based Free Response Questions

11. The ionization of HF (aq) in water is represented by the equation below. In a 0.0350 M HF (aq)
solution, the percent ionization of HF is 13.0 percent.
HF (aqg) + H,0 (I) = F (aqg) + H30" (aq)

a. Two particulate representations of the ionization of HF molecules in the 0.0350 M HF
(aq) solution are shown below in Figure 1 and Figure 2. Water molecules are not shown.
Explain why the representation of the ionization of HF molecules in water in Figure 1 is
more accurate than the representation in Figure 2. The key below identifies the particles
in the representations.

:)-_][;{}* Cp = HF @-=F

Figure | Figure 2

b. Use the percent ionization data above to calculate the value of K, for HF.

c. 1f50.0 mL of distilled water is added to 50.0 mL of 0.035 M HF (aq), will the percent
ionization of HF (aq) in the solution increase, decrease, or remain the same? Justify your
answer with an explanation or calculation.



AP Chemistry Name:

Lab Based Free Response Questions

11. (2018, #5) The ionization of HF (aq) in water is represented by the equation below. In a 0.0350
M HF (aq) solution, the percent ionization of HF is 13.0 percent.
HF (aqg) + H,0 (I) = F (aqg) + H30" (aq)

a. Two particulate representations of the ionization of HF molecules in the 0.0350 M HF
(aq) solution are shown below in Figure 1 and Figure 2. Water molecules are not shown.
Explain why the representation of the ionization of HF molecules in water in Figure 1 is
more accurate than the representation in Figure 2. The key below identifies the particles
in the representations.

Te-no0t @-HF ©-F

Figure | Figure 2

HF is a weak acid and is only partially ionized. This fact isconsistent
with Figure 1, which shows that one out of eight (~13%) HF molecules is
ionized (to form one H;O" and one F). I point is earned for
: a valid explanation.
OR

Figure 2 cannot represent HF because it represents 100% ionization of the acid.

b. Use the percent ionization data above to calculate the value of K, for HF.

Assume [H;O0'] = [F]inHF(aq).

(H,07]

0035037 = 0130 = [H;0'1=0.00455 M

1 point is earned for the
correct calculation of [H,O*].
HF(aq) + H;O()) 2 F~(ag) + H;0%(aq)

I 0.0350_ 0 ~0 I point is earned fora value of
C -0.00455 +0.00455  +0.00455 K, consistent with the calculated
E 0.0304 0.00455  0.00455

value of [H;0%].

_ [H;O")[F] _ (0.00455)°

K, [HF] (0.0304)

=681 x107*
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Lab Based Free Response Questions

c. 1f50.0 mL of distilled water is added to 50.0 mL of 0.035 M HF (aq), will the percent
ionization of HF (aq) in the solution increase, decrease, or remain the same? Justify your
answer with an explanation or calculation.

The percent ionization of HF in the solution would increase.
Doubling the volume of the solution decreases the initial concentration of
each species by one-half; therefore,
1 PN, [
0- (5[“30 })(EIF ) _

|
5[HF];

Consequently the equilibrium position will shift toward the products and
increase the percent ionization.

I point is earned for a

OR correct answer and a
New volume =twice original volume, thus new [HF],= 0'235 =0.0175M valid CIXP';":,“"O" or
2 calculation.

_[HO7][F] _ 4 (value .
K,= TR - 6.81 x 10~ (value from part (b))
Let [HO'] = [F ] =x
. (x)(x) _‘,z

e = x -~ 0.00345
Then 6.81 x 107 00175 =) = (00175 = X=000345M

5 ¥ 0.00345 M
SrCe . - = 2 .('

Percent ionization 00175 M~ 100 = 20.%

20.% > 13.0%; therefore, the percent ionization increases.
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Lab Based Free Response Questions

12. The dissolution of urea is represented by the equation below. A student determines that 5.39
grams of H,NCONH,; (molar mass 60.06 g/mol) can dissolve in water to make 5.00 mL of a

saturated solution at 20. °C.
O:m
of %o ||o-
®-
-~

H,NCONH.(5) = H,NCONH-{ag)

a. Calculate the concentration of urea, in mol/L, in the saturated solution at 20. °C.

b. The student also determines that the concentration of urea in a saturated solution at 25
°Cis 19.8 M. Based on this information, is the dissolution of urea endothermic or
exothermic? Justify your answer in terms of Le Chatelier’s principle.

m

I
[
I

T | \

Polystyrens Thermometer Stirring Bottle of Balance Distilled
{"u[l Raod LUrea Waler

c. The equipment shown above is provided so that the student can determine the value of
the molar heat of solution for urea. Knowing that the specific heat of the solution 4.18
J/(g-°C), list the specific measurements that are required to be made during the
experiment.



AP Chemistry Name:

Lab Based Free Response Questions

12. (2019, #1) The dissolution of urea is represented by the equation below. A student determines
that 5.39 grams of H,NCONH, (molar mass 60.06 g/mol) can dissolve in water to make 5.00 mL
of a saturated solution at 20. °C.

« o % |js-
Q8|

H,NCONH.(5) = H,NCONH-{ag)

a. Calculate the concentration of urea, in mol/L, in the saturated solution at 20. °C.

WS 1 1 . .
5.39 g¢ H,NCONH, x 6()mT((:g =0.0897 mol | point is earned for the correct number

of moles of urea (may be implicit).
0.0897 mol

0.00500 L 179 M I point is earned for the correct molarity.

b. The student also determines that the concentration of urea in a saturated solution at 25
°Cis 19.8 M. Based on this information, is the dissolution of urea endothermic or
exothermic? Justify your answer in terms of Le Chatelier’s principle.

The increased solubility at the higher temperature implies that the s :
dissolution of urea is endothermic. If a saturated solution of urea I point is earned for the
is heated, then the equilibrium system is stressed. The stress is correct answer with an
counteracted by the endothermic dissolution of more urea. appropriate justification.

Polystyrens Thermometer Stirring Bottle of Balance Distilled
{'u[l Raod LUrea Waler

c. The equipment shown above is provided so that the student can determine the value of
the molar heat of solution for urea. Knowing that the specific heat of the solution 4.18
J/(g-°C), list the specific measurements that are required to be made during the
experiment.

A . = . - | point is earned for the masses.
mass of urea, mass of water, initial temperature of water, final P ‘ ‘

temperature of solution 1 point is earned for the temperatures.
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Name:

Lab Based Free Response Questions

13. A student dissolved a 0.139 g sample of oxalic acid, H,C;04, in water in an Erlenmeyer flask.
Then the student titrated the H,C,04 solution in the flask with a solution of KMnQOg, which has a
dark purple color. The balanced chemical equation for the reaction that occurred during the
titration is shown below.

a.

b.

6 H* (ag) + 2 MnO4 (aq) + 5 H2C,04 (ag) = 10 CO; (g) + 8 H,0 (1) + 2 Mn?* (aq)

Identify the species that was reduced in the titration reaction. Justify your answer in
terms of oxidation numbers.

The student used a 50.0 mL buret to add the KMnO4 (aq) to the H,C,04 (aq) until a faint
lavender color was observed in the flask, an indication that the end point of the titration
had been reached. The initial and final volume readings of the solution in the buret are
shown below. Write down the initial reading and the final reading and use them to
determine the volume of KMnOQ, (aq) that was added during the titration.

Imial Fmal

MR AL A L L

Given that the concentration of KMnO, (aq) was 0.0235 M, calculate the number of
moles of MnQO, ions that completely reacted with the H,C;0..

The student proposes to perform another titration using a 0.139 g sample of H,C;04, but
this time using 0.00143 M KMnOQ4 (aq) in the buret. Would this titrant concentration be
a reasonable choice to use if the student followed the same procedure and used the
same equipment as before? Justify your response.



AP Chemistry Name:

Lab Based Free Response Questions

13. (2019, #7) A student dissolved a 0.139 g sample of oxalic acid, H,C,0,, in water in an Erlenmeyer
flask. Then the student titrated the H,C;04 solution in the flask with a solution of KMnQO,, which
has a dark purple color. The balanced chemical equation for the reaction that occurred during
the titration is shown below.

6 H* (ag) + 2 MnO4 (aq) + 5 H2C,04 (ag) = 10 CO; (g) + 8 H,0 (1) + 2 Mn?* (aq)

a. ldentify the species that was reduced in the titration reaction. Justify your answer in
terms of oxidation numbers.

MnO,"~ is reduced to Mn** as the oxidation number of Mn 1 point is earned for the correct
changes from +7 to +2, indicating a gain of 5 electrons. answer with justification.

b. The student used a 50.0 mL buret to add the KMnO, (aq) to the H,C;04 (aq) until a faint
lavender color was observed in the flask, an indication that the end point of the titration
had been reached. The initial and final volume readings of the solution in the buret are
shown below. Write down the initial reading and the final reading and use them to
determine the volume of KMnQ, (aq) that was added during the titration.

Irainal Fimal
el
!
— =
=¥ =0
—_= 3
5
a
29.55 mL - 3.35 mL = 26.20 mL I point is earned for the correct answer.

c. Given that the concentration of KMnQO4 (aq) was 0.0235 M, calculate the number of
moles of MnQO, ions that completely reacted with the H,C;0..

(0.02620 L)(0.0235 mol/L) = 0.000616 mol I point is earned for the correct answer.




AP Chemistry Name:

Lab Based Free Response Questions

d. The student proposes to perform another titration using a 0.139 g sample of H,C;0,, but
this time using 0.00143 M KMnQ, (aq) in the buret. Would this titrant concentration be
a reasonable choice to use if the student followed the same procedure and used the
same equipment as before? Justify your response.

No. The 0.00143 M titrant solution is so diluted that
the volume of titrant needed to reach the end point I point is earned for the correct

would be much greater than the SO mL capacity of answer with appropriate justification.
the buret.




,

WRITE THIS,
NOT THAT!

2022 AP Chemistry Review Mr. Nackers
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UNIT 1-7
PRACTICE
PROBLEMS

2022 AP Chemistry Review Mr. Nackers
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AP CHEMISTRY PRACTICE Unit 1

1. Astudent is given 50.0 mL of a solution of Na,COs of unknown concentration. To determine the

concentration of the solution, the student mixes the solution with excess 1.0 M Ca(NOs); (aq), causing a

precipitate to form. The balanced equation for the reaction is shown below
Na,COs(aq) + Ca(NOs)(aq) — 2 NaNOs (aq) + CaCOs(s)
The student filters and dries the precipitate of CaCOs; (molar mass 100.1 g/mol) and records the data in the table

below. Determine the number of moles of Na,COs in the original 50.0 mL of solution.

Volume of Na,COs solution 50.0 mL
Volume of 1.0 M Ca(NOs), added 100.0 mL
Mass of CaCOs precipitate collected 093¢g
2. The mass spectrum of element X is presented in the < 100
diagram below. Based on the spectrum, what is the o L
identity of element X? Explain. _E
B
<
Z
2

3. The average atomic mass of naturally occurring neon is 88 90 92 94 96 98
20.18 amu. There are two common isotopes of naturally Minss (amu)
occurring neon as indicated in the table below

Isotope Mass (amu)
Ne-20 19.99
Ne-22 21.99

Using the information above, calculate the percent abundance of each isotope.

4. A 31gsample of a compound that contains only the elements C,H and N is completely burned in O, to

produce 44.0 g of CO,, 45.0 g of H,0, and 92.0 g of NO,. Determine the empirical formula of the

compound.

5. A student investigates the reactions of nitrogen oxides. One of the reactions in the investigation

requires an equimolar mixture of NO(g) and NO,(g), which the student produces by using the reaction

represented above. The particle-level representation of the equimolar mixture of NO(g) and NO(g) in

the flask at the completion of the reaction between NO(g) and O3(g) is shown below in the box on the

right. In the box below on the left, draw the particle-level representation of the reactant mixture NO(g)



and 0(g) that would yield the product mixture shown in the box on the right. In your drawing,

represent oxygen atoms and nitrogen atoms as indicated below.
2NO(g) + Oz(g) — 2 NO2(g)

Oxygen atom = O Nitrogen atom = .

® 2o
-odog
CR

Reactant Mixture Product Mixture

6. The complete photoelectron spectrum of an element is given below. What is the electron configuration of

the element with this spectrum?

Relative Number
of Electrons

JA\ . th JF |

1,000 100 10 1 0.1
Binding Energy (MJ/mol)

7. The elements in which of the following have most nearly the same atomic radius? Explain your choice.
A. Be,B,C, N

Ne, Ar, Kr, Xe

Mg, Ca, Sr, Ba

C, P,Se, Il

Cr, Mn, Fe, Co

mo 0w

8. Using the following elements from the periodic table, select which one that best fits each statement:

A. Se
B. Br
C. Ag
D. Cs
E. Pb

a) Has the highest electronegativity
b) Has the largest atomic radius
c) Has the lowest first-ionization energy



9. Atoms of Mg combine with atoms of F to form a compound. Identify another element that you would expect
to combine with atoms of F in the same ratio? Explain.

10. The only common oxide of zinc has the formula ZnO
(a) Write the electron configuration for a Zn atom in the ground state.

(b) From which sublevel are electrons removed when a Zn atom in the ground state is oxidized?

11. Answer the following questions related to Fe and its ions, Fe?* and Fe®*.

(a) Write the ground-state electron configuration of the Fe?* ion.
lon lonic Radius (pm)
Fe?* 92
Fe3* 79

(b) The radii of the ions are given in the table above. Using the
principles of atomic structure, explain why the radius of the Fe?* ion is larger than the radius of the Fe3*
ion.

AP CHEMISTRY PRACTICE Unit 2

1. Consider the following information for the CI—Cl bond:

Bond Cl—clI Br—Br
Bond Length (pm) 200 ?
Bond Energy (kJ/mol) 243 ?

Make a prediction about the Br—Br bond, in terms of bond length and bond energy. Draw on the graph below
the Br-Br bond



Potential Energy (kJ/mol)

100 200 300
Internuclear Distance (pm)

2. Data for the lattice energy of NaF is given in the table below. Make predictions about the lattice energy of
MgO. Do you predict that the lattice energy of each compound is less than 930 kJ/mol or greater than 930 kJ/mol?
Justify your answer in terms of periodic properties and Coulomb’s law.

Reaction Lattice Energy (kJ/mol)

NaF(s) — Na*(g) + F(g) 930

MgO(s) — Mg*(g) + 0* (g)

3. Brass is an alloy that contains copper and zinc. The atomic radii of the elements are given in the table below.
Should brass be classified as an interstitial alloy or a substitutional alloy? Justify your answer.

Element Atomic radius (pm)
Cu 130
Zn 125

4. Answer the following questions about nitrogen and oxygen.
(a) Draw the Lewis structure for the diatomic molecules N, and O..

CGU]
B00Q 1 1?
=
g 600 4
3 4004
> 2004
=
i 0 Internuclear Distance
W sngd
1)
£ —400+
2
5 -6004
o
-800
1000 4

(b) The potential energy as a function of internuclear distance for the diatomic molecules N, and O; is
shown in the graph above. Based on the data in the graph and the Lewis structures that you drew in
part (a), which curve, 1 or 2, is the better representation of the N, molecule? Justify your answer.



5. Answer the following questions related to Mg and Sr.
(a) Write the complete ground state electron configuration for the ions Mg?* and Sr%*.

(b) The lattice energy of MgCl,(s) is equal to 2300 kJ/mol. Do you predict that the lattice energy of SrCl,
should be less than or greater than 2300 klJ/mol? Justify your answer in terms of Coulomb’s law.

6. Draw the following Lewis structures in the space provided.
CH,4 NH; H,0 CH,Cl,

Csz CZH4 CZHZ

7. (d) The Lewis electron-dot diagram for C,H; is shown below in the box on the left. In the box on the right,

complete the Lewis electron-dot diagram for C,HOH by drawing in all of the electron pairs
| : b |

H H
HCCOH
H H

@H="
s

2 B4
-

8.More than one equivalent Lewis structure can be drawn for the molecule Os;, Draw all the resonance
structures and estimate the bond order for the O-O bonds.




9. Determine the Formal charge on each structure and determine which is the best structure based upon formal

charge
LY
:Q: :0:
L 1] ” aw - | L X ]
:CI—C—CI: CI=C—CI:
L 1] L X L] e
10. S,Clyis a product

of a reaction.
(a) In the box below, complete the Lewis electron-dot diagram for the S;Cl, molecule by drawing in all
of the electron pairs.

Cl1 § § C(l

(b) What is the approximate value of the CI—S—S bond angle in the S;Cl, molecule that you drew in

part (a) ? (If the two CI—S—S bond angles are not equal, include both angles.)

11. The skeletal structure of the HNO, molecule is shown in the box below.

(a) Complete the Lewis electron-dot diagram of the HNO, molecule in the box below, including any
lone pairs of electrons.

H ON O

(b) Based on your completed diagram above, identify the hybridization of the nitrogen atom in the
HNO, molecule.

Unit 3 Review

1. Substances # 1 and # 2 represent two different elements located in Group 18 (noble gases). Which
substance, #1 or # 2, has stronger attractive forces between particles? How can you tell?

Substance Boiling Point (K)

#1 87

#2 165




(d) CCly(g) can also be produced by reacting CHCl5(g) with Cl,y(g) at 400°C, as represented by the equation

below.

CHCl4(g) + Cly(g) — CClyg) + HCl(g)

Al the completion of the reaction a chemist successfully separates the CCly(g) from the HCl(g) by cooling
the mixture to 70°C, at which temperature the CCly(g) condenses while the HCI(g) remains in the gaseous
state.

(i) Identify all types of intermolecular forces present in HCI(/).

(i) What can be inferred about the relative strengths of the intermolecular forces in CCly(f) and HCl(/) ?
Justify your answer in terms of the information above.

3. Using the boiling point data given below, which liquid, CsHi1, or H,0, has a higher vapor pressure at 300
K? Justify your answer.

CsH12 Boiling Point= 309K

H,0 Boiling Point = 373K
4. Answer the following questions in terms of principles of chemical bonding and intermolecular forces. In each
explanation where a comparison is to be made, a complete answer must include a discussion of both
substances. The following complete Lewis electron-dot diagrams may be useful in answering parts of this

question.

Prr T P
H—(|—(|‘—(|‘—l|‘—(|‘—H H—(|‘—(‘—(|T—H
H H H H H H H H
Pentane Propane
H
| . 10: Hoh
H—C—{— 1 | I
! H” \{}—H H” SH
Methanol Methanoic (formic) acid Methanal (formaldehyde)

(a) At 1 atm and 298 K, pentane is a liquid whereas propane is a gas. Explain.

(b) At 1 atm and 298 K, methanol is a liquid whereas propane is a gas. Explain.

(c) Indicate the hybridization of the carbon atom in methanol and Methanoic acid

5. A gas mixture at 0°C and 1.15 atm contains 0.010 mol of H,, 0.015 mol of O,, and 0.025 mol of N,. Assuming
ideal behavior, what are the partial pressures of hydrogen gas(H.), oxygen gas (Oz) and nitrogen gas (N,) in the
mixture?



6. Explain the following statements about gases. Be sure to mention specific information about both gases.
a) Ar(g) deviates more from ideal behavior at extremely high pressures than Ne(g) does.

b) The pressure of a sample of CH4 (g) (molar mass = 16 g/mol) is closer to the pressure predicted by the
ideal gas law than a sample of NH3(g) (molar mass = 17 g/mol)

H o
/N{”""H

|
C"u
“A"H H
H Y H

Mg(s) + 2 H*(ag) — Mg**(aq) + Ha(g)

7. A student performs an experiment to determine the volume of hydrogen gas produced when a given mass of
magnesium reacts with excess HCl(ag), as represented by the net ionic equation above. The student begins with
a 0.0360 g sample of pure magnesium and a solution of 2.0 M HCl(aq).

(a) Calculate the number of moles of magnesium in the 0.0360 g sample.

(b) Calculate the number of molecules of HCI(ag) needed to react completely with the sample of
magnesium.

As the magnesium reacts, the hydrogen gas produced is collected by water displacement at 23.0°C. The
pressure of the gas in the collection tube is measured to be 749 torr.
(c) Given that the equilibrium vapor pressure of water is 21 torr at 23.0°C, calculate the pressure that the
H.(g) produced in the reaction would have if it were dry.

8. What does this image indicate about the intermolecular interactions of
the substances?

Colorless

/ Solution

Purple
Solution

Io(s)

¥

\ @/
9. Which of these pairs of molecules would you expect to mix together? I(s) in H,0() lo(s) in CgH4()
Explain.



A H HHHH
H H
HeC—C—G—h O
T T RO
B. H H

C.

10. Fe®*(aq) + KSCN(s) > FeSCN?*(aq) + K*(aq) 0.50
To determine the moles of Fe*(aq) in a 100. mL sample of an +
unknown solution, excess KSCN(s) is added to convert all the Fe**(aq) E 0.40 +
into the dark red species FeSCN?*(aq), as represented by the equation 3,
above. The absorbance of FeSCN?*(ag) at different concentrations is ; 0.30
shown in the graph to the right.The absorbance of the mixture is 0.20 8 ¥
at 453 nm. S 0204

=

2 T 3
a) What is the concentration of FeSCN%*(aq)? g‘ 0.10

L )
0 : # bt
0 5x107 10x 107

b) How many moles of Fe**(aq) were present in the 125 mL sample?
Concentration of FeSCN?* (M)

11. A student uses visible spectrophotometry to determine the concentration of CoCly(ag) in a sample solution.
First the student prepares a set of CoCly(ag) solutions of known concentration. Then the student uses a
spectrophotometer to determine the absorbance of each of
the standard solutions at a wavelength of 510 nm and
constructs a standard curve. Finally, the student determines
the absorbance of the sample of unknown concentration.
The student made the standard curve. What is a possible
experimental error which could have caused the error in the
point the student plotted at 0.050MCo?*(aq) ?

Absorbance

(oF : : : : :
0 0.020 0.040 0.060 0.080 0.100
Molar Concentration of Co2*(aq)

Unit 4 Review

1. Solutions of Hg(NOs), and Nal are combined. Write the net ionic equation.



Beaker X BeakerY Beaker Z
2. After examining the particle diagram AgNO,(aq) MgCly(aq) AgCl(s) and Mg(NO,);(aq)

shown, a student made the claim that
the concentration of AgNOs(aq) is the
same as the concentration of MgCl,(ag).
Do you agree with the student’s claim?
Justify your answer based on the
information in the particle diagram.

o % Wy

20L .‘;\gt'lin
2 AgNOs(aq) + MgClx(aq) — 2 AgCl(s) +

Mg(NO:s)2(aq)

3. Astudent is given 50.0 mL of a solution of Na,COs of unknown concentration. To determine the

concentration of the solution, the student mixes the solution with excess 1.0 M Ca(NOs), (aq), causing a
precipitate to form. The balanced equation for the reaction is shown below
Na,COs(aq) + Ca(NOs).(ag) — 2 NaNOs (ag) + CaCOs(s)
(a) Write the net ionic equation for the reaction that occurs when the solutions of Na,COs and Ca(NOs); are
mixed.

(b) The diagram below is incomplete. Draw in the species needed to

accurately represent the major ionic species remaining in the

solution after the reaction has been completed.
)

\ P e J

4. A student is given the task of determining the |~ content of tablets that
contain Kl and an inert, water-soluble sugar as a filler. A tablet is dissolved
in 50.0 mL of distilled water, and an excess of 0.20 M Pb(NOs),(aq) is added to the solution. A yellow precipitate
forms, which is then filtered, washed, and dried. The data from the experiment are shown in the table below.

Solid CaCO,

Mass of Kl tablet 0425¢
Mass of thoroughly dried filter paper 1.462 g
Mass of filter paper + precipitate after first drying 1.775 ¢
Mass of filter paper + precipitate after second drying 1.699 g
b Mass of filter paper + precipitate after third drying 1.698 ¢

(a) Forthe chemical reaction that occurs when the precipitate forms, write a balanced, net-ionic equation
for the reaction.

(b) Explain the purpose of drying and weighing the filter paper with the precipitate three times.



(c) Inthe filtrate solution, is [K*] greater than, less than, or equal to [NOs]? Justify your answer.

(d) Calculate the number of moles of precipitate that is produced in the experiment.

(e) Calculate the mass percent of |~ in the tablet.

5. __Al(s) + __HCl{aq) = __AlCls(ag)+ ___Hi(g)

a)Balance the equation above.

b)Al(s) and HCl(aq) react together according to the unbalanced chemical equation shown above. If 0.36
mol of AICls is produced in this reaction, how many moles of H, are also produced?

c) Al(s) and HCl(aq) react together according to the chemical equation shown above. How many grams
of Al are required to produce 75 grams of H,? Assume that HCl is added in excess.

d) Al(s) and HCl(aq) react together according to the chemical equation shown above. How many mL of
5.0 M HCl are required to react completely with 4.25 grams of Al?

e) Note: Connection to ideal gas law (PV = nRT)
35 g Al(s) reacts with excess HCl(aq) according to the chemical equation shown above. What is the
volume (in L) of H, gas produced at a temperature of 345 K and a pressure of 1.12 atm?

f)125 g of Al(s) reacts with 2.50 L of 3.20M of HCl(aqg) according to the chemical equation shown above.
Which chemical, Al or HCl, is the limiting reactant? What is the theoretical yield of H; in units of grams?

6. A student made the claim that the reaction shown below is a redox reaction. Do you agree with the student’s
claim? Justify your answer in terms of the oxidation numbers.

FeS + HNO; — FE(NO3)2 + H,S



7. Add the electrons to the half reactions and label as oxidation or reduction
Fe’* — Fe?

Sn2+ N Sn4+

8. For the following reaction, write the oxidation and reduction half reactions.

6H*(ag) + 2 MnO4 (aq) + 5 H,C;04(ag)>10 CO,(g) + 8 H20(/)+ 2 Mn**(aq)

Unit 5 Review

1. For the following equation, the rate of disappearance of Br (ag) at a moment during the reaction is
3.5x10 “molL s 5Br (aq)+BrOs: (aq)+ 6 H*(ag) — 3 Bra(aq) + 3 H,O(/)
a. What is the rate of appearance of Bry(ag) at that moment?

b. What is the rate of disappearance of H*(ag) at that moment?

2. CaCOs(s) + 2H*(ag) — Ca*'(aq) + H20(/) + CO4(g)
Expd‘ime Initial Mass of Volume of Initial Concentration of Initial Temperature of
nt CaCO,(s) (grams) H(aq) H(aq) (M) Reactants (°C)
1 5.00 (powder) 50. mL 1.0 25.0
2 5.00 (powder) 50. mL 2.0 25.0

The initial rate of formation of CO,(g) from the chemical reaction represented by the equation above was
studied in two separate experiments. Which experiment, if any, will have the faster initial rate of formation of
CO,(g)? Justify

3. CaCOs(s) + 2H*(ag) — Ca**(aqg) + H20(/) + CO2(g)
Experime Initial Mass of Volume of Initial Concentration of Initial Temperature of
nt CaCO,(s) (grams) H'(aq) H(aq) (M) Reactants (°C)
3 5.00 (powder) 50. mL 1.0 25.0
4 5.00 (pellets) 50. mL 1.0 25.0

The initial rate of formation of CO,(g) from the chemical reaction represented by the equation above was
studied in two separate experiments. Which experiment, if any, will have the faster initial rate of formation of
CO,(g)? Justify

4, CaCOs(s) + 2H*(ag) — Ca?*(aq) + H20(/) + CO4(g)



Experime Initial Mass of Volume of Initial Concentration of Initial Temperature of
nt CaCO,(s) (grams) H'(aq) H(aq) (M) Reactants (°C)
5 5.00 (powder) 50. mL 1.0 25.0
6 5.00 (powder) 50. mL 2.0 50.0

The initial rate of formation of CO,(g) from the chemical reaction represented by the equation above was
studied in two separate experiments. Which experiment, if any, will have the faster initial rate of formation of
CO,(g)? Justify

5. Ozone in the upper atmosphere is depleted when it reacts with nitrogen oxides. The rates of the reactions of

nitrogen oxides with ozone are important factors in deciding how significant these reactions are in the formation

of the ozone hole over Antarctica. One such reaction is the combination of nitric oxide, NO, with ozone, Os:
NO(g) + Os(g) — NO(g) + O2(g)

Use the data to determine the rate law and the rate constant for the reaction at 25°C.

- [NO] (mol/L) T [0,] (et A[NO /At (mol L™'s™)
b 1.00 x 10°® 3.00 x 10°® 6.60 x 10°
2 1.00 x 10°° 6.00 x 10°° 1.32 % 10
3 1RE0HGEE 0= 9.00 x 10°° 1.98 x 10*
‘ 2.00 x 10°° 9.00 x 10°® 3.96 x 10 | |

6. Hydrogen reacts with nitrogen monoxide to form dinitrogen monoxide (laughing gas) according to the
equation: Ha(g) + 2 NO(g) — N»O(g) + H.0(g)
Determine the rate law, the rate constant, and the orders with respect to each reactant from the following data:

[NO] (mol LY [H,] (mol L) Rate (mol Ls?)
0.30 0.35 2.835 %1073
0.60 0.35 1.134 x 1072
0.60 0.70 2.268 x 1072
7. Na>Cs7H34N2S309 + OCI™ — products
blue colorless

Blue food coloring can be oxidized by household bleach (which contains OCl™) to form colorless products, as
represented by the equation above. A student used a spectrophotometer set at a wavelength of 635 nm to study
the absorbance of the food coloring over time during the bleaching process. In the study, bleach is present in large
excess so that the concentration of OCI™ is essentially constant throughout the reaction. The students use data
from the study to generate the graphs below.
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Based on the graphs above, what is the order of the reaction with respect to the blue food coloring? Explain.

8. What is the rate law for the overall reaction that is consistent with the proposed mechanism?

Step 1: HBr(g) + O:(g) — HOBr(g) (SLow)
Step 2: HOBry(g) + HBr(g) — 2 HOBr(g) (FAST)
Step 3: 2 HOBr(g) — H20(g) + Brz(g) (FAST)

2 NOy(g) + F2(g) — NO2F(g)
9. NO; and F; can react to produce NOF as represented above. A proposed mechanism for this reaction has two
elementary steps, as shown below. Write a rate law for the overall reaction that is consistent with the
proposed mechanism.
Step1: NO; + F;, — NOsF + F (slow)
Step2: NO; + F — NOsF (fast)

10. What is the expected rate law for the overall reaction shown below?
Step1: NO(g) + Bra(g) & NOBr(g) (fast)

Step 2: NOBry(g) + NO — 2 NO(g) +2Br(g) (slow)

11. Nitrogen dioxide, NO,(g), is produced as a by-product of the combustion of fossil fuels in internal
combustion engines. At elevated temperatures NO,(g) decomposes according to the equation below.

2 NO,(g) — 2 NO(g) + 02(g)
The concentration of a sample of NO,(g) is monitored as it decomposes and is recorded on the graph directly
below. The two graphs that follow it are derived from the original data.
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(b) Write the rate law for the decomposition of NO(g).

(c) Consider two possible mechanisms for the decomposition reaction.
(i) Is the rate law described by the mechanism | shown below consistent with the rate law you wrote in

part (b)? Justify your answer.

Mechanism |
Step 1: NOz(g) + NO;(g) — NO(g) + NOs(g) slow
Step 2: NOs(g) — NO(g) + O2(g) fast

(i) Is the rate law described by mechanism Il shown below consistent with the rate law you wrote in part
(b) ? Justify your answer.

Mechanism |l
Step 1: NO3(g) + NO2(g) 2 N04(g) fast equilibrium
Step 2:  N;04(g) — 2 NO(g) + O2(g) slow

12. Consider the four reaction-energy diagrams below:
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Identify the two diagrams that could represent a catalyzed and an uncatalyzed reaction pathway for the same
reaction. Indicate which of the two diagrams represents the catalyzed reaction pathway for the reaction.

13. The two reaction diagrams here represent the same reaction: one without a catalyst and one with a
catalyst. Estimate the activation energy for each process, and identify which one involves a catalyst.
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14. The formation of C;HsCl(g) is an exothermic reaction (AH° = —72.6 kJ/mol«n). The following two step
reaction mechanism is proposed:

Step 1: CzHa(g) + HCl(g) — CzHs*(g) + Cl™ (g) Slow step

Step 2: CHs*(g) + Cl™(g) — C;HsCl(g) Fast step



(a) Write the rate law for the reaction that is consistent with the reaction mechanism above.

(b) Identify an intermediate in the reaction mechanism above. Using the axes
provided, draw a curve that shows energy changes that occur during the progress
of the reaction. The curve should illustrate both proposed two-step mechanisms
and the enthalpy change of the reaction.

Unit 6 Review
1. This is the chemical equation for the process of evaporation
H20(/) — H20(g)

a) Evaporation is an (exothermic / endothermic) process.
b) Heat flows from the (surroundings to the system / system to the surrounding)

2. A student collects the data presented in the

M fC 50.00
table and claims that, since the magnitude of ashahote sl -
AT for the copper is greater than that of Initial Temperature of Copper 100.0%C
water, it means that the magnitude of heat (q) Mass of Water 400.0 °C
lost by the copper is greater than the Initial Temperature of Water] 20.0°C

magnitude of (g) gained by the water. Do you

Final T 5
agree with this claim? Explain. " zmperatr::tgrliﬁtem (Copper 236°C

3. Suppose that each of these samples absorbs 500 J of heat. Which sample, H,O or Cu, will reach a higher final

temperature? Justify your answer. l I

100.0 gH,0 100.0 g Cu
4.18 )/(g-°C) 0.39 J/(g-°C)
initial temperature of each sample = 25°C

4. The following question refers to the graph below, which shows the heating curve for methane, CHa.

v
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5. In terms of intermolecular attractive forces, explain why the value of AH,q, for H,O is much greater than the
value of AHyq, for CHa.

AHvap

Substance (ki/mol)
CH4 8.2
H,O 40.7

6.The lattice enthalpy of LiCl is positive, indicating that it takes energy to break the ions apart in LiCl. However,
the dissolution of LiCl in water is an exothermic process. ldentify all particle-particle interactions that
contribute significantly to the dissolution process being exothermic. For each interaction, include the particles
that interact and the specific type of intermolecular force between those particles.

7. The combustion of methane gas is represented by the equation shown below.
CHa(g) + 2 O2(g) — CO2(g) + 2 H,0(g) AH° = —802 kJ/molxn
When this reaction occurs, is energy absorbed or released by the system? Explain.

8. The combustion of methane gas is represented by the equation shown below.
CHa(g) + 2 O2(g) — CO