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Section 1.01
Topic 1.3 and 1.4 First Year Review

1. Give either the element name or the element symbol for the following.

a. sh ,L\,;t",w,,wvt b, c Co v bon
c. Titanium T ‘ d. Oxygen O

€. H Hﬂﬂ‘f”j n f. Zinc Zn

g. Mercury H’ﬂ h. Gold A/\,

] cr C Wvomiom j Krypton K

k. He ¢ Liow } Silver /45

m. Xenon XC n. Platinum ?-é

0. Li Lifnee p. Br B/b/vin&
g. Cobalt C 0 r. Vanadium \/

s. Y \V4have t Al Alupin
u. Argon AV V. Copper Cu

w. Arsenic As X. Calcium Ca

y. Ba :Bw'.uw z Rn quo«

aa. Sulfur S bb. Neon Ne

cc. Silicon S, dd. Fr Foroacium
ee. Nickel N, ff. U Uvonivm
qg. Rb /|ZULO] (g\wu« hh. Manganese M "

i Gallium (5 il Pu Pl v
kk. Cadmium CA I Potassium €

m e Sl v | o | Gumn
00. Molybdenum M0 pp. Bismuth B l
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qq. Lead '-PL . Sodium Na_
SS. Sn ’["m tt. Osmium 0 S
uu. P ?l'“’Sp\«NUS w. F F (yor: me
WWw. B %0 /DA XX. Radium R(L
yy. Cs CU;UW‘ zz. Cl Chilwine
aaa. Tungsten \/\/ bbb. Magnesium

\ Mﬁ .
cec. Sr Do~ ddd. Be 'BQ(‘;\[ [ ne
eee. Iron F(, fff. N N .'{"beéu
999. Scandium < hhh. I lodine

2. Determine the number of each type of atom for each formula.

a. NaCl
Ne = A=t

b. CuSOq4

C“ = \ S‘ ( a - %
C. H,CO3

NW:2 C=1 0:5
d. (NH4)3P

N 3 l‘\ (2 1): (
e. C&(NOz)z

Caz |l N=72 o=\
f. CHsCOCI

C:’L H‘3 'O_‘( =

12
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3.

Determine the molar mass, in g/mol, of the following substances.

a. Zinc, Zn

2. : b5 38 \j{wul

b. Copper(ll) chloride, CuCl,
(o2 03 SS

c. Magnesium nitrate, Mg(NOs),
: 4. 30
= 4.0l X~

a»r N =
pro 7l x b2 Tt —

Jofs. 32g]w

2%-0L

d. Diethyl ether, CH;CH,OCH:CH3
Uxe = (2.0l xi = &Eo4

(0 xH = [00& ¥10 = (0.0¥
[yo = b ¥ = %
26,12 9lw1
6. Copper sulfate pentahydrate, CuSOs5H,0
Cus b3SS
S - 3200

L'Hco - Jox4= b
oy H = 00T KO~ (0.08
= (b *¥ = &°

¢ O ~ ( )
zq"f.loqa(""

13


jdaugherty
Pencil


4. Determine if the following describes an element, a compound, both, or neither.

Description Element Compound Both Neither
a. Found on the periodic table X
b. A pure substance X
c. Can be broken down by chemical means X
d. Can be broken down by physical means X
e. Possible different ratio by mass X
f. Always has a chemical bond X
g. Only one type of atom X

w&er@»ﬁ& [ %) (ﬁour Aﬁ‘ﬁm'\'\ﬁ"" 6)“ wW\Pw—&‘ Cov(& [9( \’)/51, E(CM+

5. Answer the following questions that deal with pure substances and mixtures.
a. Does a pure substance always have the same composition? Explain your reasoning. La
MESS.

Yes. Aqu/C SJLS{”'“’ s a/waik fonl iy e same puho of eleme

b. Does a mixture always have the same composition? Explain your reasoning. ¢ e
/7
Ne A widwe Joes aol rlwans hove BL San-e o |, W"‘S&f\w"c ’ 3

("@r\‘\ﬂm Y SE S \Q%& fo" avvq S\)Ls‘l‘anqo 'h”_"[ Mp‘\(A op ’fZ\( 'V"I)c'fufl/.

c. A student combusts an unknown solid and finds it is 35% oxygen by mass. The student carries out the same
experiment but finds it is 45% oxygen by mass.
i. What data would support the solid being a pure substance?

//I’W't Is Mﬁ{a"“ ﬁ“f SVMO‘”’L"‘ s éf,}? mIOV;/( S-VLSﬁ"‘f-

ii. What data would support the solid being a mixture?

Samee fx ool oxypen by Ko dmmﬂd

‘f"/\(_ UV\‘{'(V\O‘J‘" [0\/(/ LQ a 'V‘IX‘{V/Q ﬁ M.\)('fl/fe, /9&? M-/ dwa&\g L\ave

he Same (OMPoGI.ﬁ&w (”?) o >
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6.

Determine if the following is an empirical or molecular formula by placing an “X” in the appropriate box. Then, explain

your reasoning.

Substance Empirical | Molecular | Reasoning
a. CHs X §""*ll@?+ T ot
e\t oS
b. CH, X <n-let ho o
el e nents
rof Shellest oo of
C. CsHs >< ete‘”@\k (}W \-( CH
d. CH;0CH X §Mu&‘, o
€. KMnO,4 ) S WHPS‘{' o
y\p{’ Shellest  =To
“' “ | e be Cot
g. CizH250 X SW|1&+ V"‘ho

15
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7. Convert the following substance from grams to moles.
a. 120. grams of silicon dioxide, SiO;

W\Aﬁa; 120x Si0s ™ ;2,oom(s Si02
S)i2yer @,O’IJ

éO.(ﬁ/g_
ma (

b. 1.3 x 10° grams of potassium permanganate, KMnQO4

MM
K—MWD"‘I 3 l IM\ ) g > W(_; FMAO%
2 %00 4 MO = 8-

s 29 |
K= 3710 /j/‘f—‘ |L;g_04?

W = sy
Lfyo_ﬂ,,
[s5:%q
ol

c.  4.95x 10 grams of strontium chlorate, Sr(ClOs),

V\MS,((_IOQL 495 X’O_qj %V(UO‘DL \ |M| .9y No—ém/g g‘(cl%)c

Sy -BleZ | 27,52
2xcl = 70-7
byo =T¢__
254524
mal
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Topic 1.3 and 1.4 Worksheet

8. Determine what the solid of the following substances would have at their lattice points by placing an “X” in the appropriate

box.
Substance Molecules Atoms lons
H.0 X
CeH1206 X
c X
NaCl X
Al X
AI(NO3)3 X

9. Explain how to calculate the empirical formula of a compound when given ...
a. Grams of each element in the compound.
i (et # of mles, IF"C‘J@I)’ M“H"o%

CB’W’Q"\ j/‘amg -I‘D /N((/g,‘b'[lu\ﬂ!ez ‘o.»b ’{'kx_ SW(

2\ volves to jeJ' Mlv& whole o bes.

b. Moles of each element in the compound.

Trde Lj‘ﬁc Spollest B of polea TF needed VmHl'(a(.a all volves P chon |&

hole nun LEs.

c. Percentage of each element in the compound.

A$§./.M( IOO @1( ‘Fc, COW’PDW\A. ’D(o (nge,'k ‘!0 3/0«/‘-5,

J
Fellow Fm(elu/e, ‘Ffw 1% o bove.
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10. Determine the percent composition of every element in each compound.

a. Sk
MM o
S 32.00 S dop 23222 k0
UYxF - 10 P+ 10§ -0l
— - 1]
Jot.0l = 0067 S
MM b. SFs - ;2.0(‘, X(oo
9‘;?-0(0 - {l-{(p()(/
F= Iy ‘
. WTV 21957, S
.9
VW c. CO,
¢ =(z.0f t22l oz 272910
250 - 5% t.ol
/
¢4 .o

fyote s Tor birary (oeper
b % of e 2t demet

[ «gmw\ (00 .

ex 0c) C:a72%%  OF

£LLF_X(Z) —E‘ X700
5&1 /0§ 0l
:90,23%FC
1Y xee
(.00
= 2805 7.t

32 y 0= (ATLO
Yo

s e 410 a-¢ Yo (an alse 0/67/@/%/'/-(:/

L7 éul'fvzaﬁna e ' of ele nest

(00 -27.29 > 147/ A
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11. Perform the following calculations.
a. A 66.0 gsample of a compound contains 36.0 g of C, 6.00 g of H, and 24.0 g of O. Determine the empirical
formula.

Zb C/ IW‘ - %.QON(§C/,.S/ - 2 C/
ilZ.Olj
- U4H
AL EXERL P
| I'.00%)
24.09 0 ‘ ! = | S el z)/,.‘,_ [0
. 0

(o0 = oop Pl

b. A compound contains 0.75 moles of K, 0.75 moles of Cr, and 2.6 moles of O. What is the simplest formula of the
compound?

el lae - 1 ¥ £ o Oss

X Z

k,Cr, O

¢. A compound is made of 12.67% Al, 19.73% N, and 67.60% O. Determine the empirical formula of the compound.

Y atd l(903

1267, AL Il 0dblewl A‘/,%% - Al Al N5 Og
209y
b wels N[ g9t = 3N 77

(el <
mL\m Al (NDS\5

;Lf—ZZ(m(S 0/L/b7(/ :70
0 [ e | ,
prin 0 Lo .
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12. A student is given a mixture of NaCl(s) and NaNOs(s) and is tasked with determining the percent of NaCl in the mixture.
The student dissolves 3.613 g of the mixture in 50 mL of DI water. The student then adds excess AgNQOs(aq) to precipitate
the chloride ion as AgCI(s). The student determines that 2.268 g of AgCl is formed. (Hint: There are several ways to do this

problem. In this instance we will only use percent composition by mass and NOT traditional stoichiometry with the balanced
equation.)

a. Determine the percent composition by mass of chlorine in AgCI.

<l 0 - @ 00 = 24737 C
Aj(,{ |43 %2

b. Determine the grams of chlorine in the 2.268 g of AgCl.

2208 MU x 273 /= 0560 g A

c. All of the chlorine in the AgCI came from the NaCl in the mixture. Determine the number of moles of chlorine.

LCb10g Cl [ lwel 2 0058 mls U
25 459
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d.  The mole ratio of Na to Cl is 1:1. In other words, for every one mole of Na there is one mole of Cl. Determine the

number of moles of sodium.

bosst s O = 0.0 (S5 2 i s N

e. Determine the mass of sodium. To do so, multiply the moles by the molar mass.

Doi2wols Nt | 22-713 - 0 36285 No

™

f. Determine the total mass of sodium chloride, NaCl, in the mixture.

Na = 0.2 3%y N 0.36%8
FcA F.50009
TUsrI

Cr= 05019 D.924%9 Naed

g. Determine the percent by mass of NaCl in the original mixture.

Nacd =092y Mxm—b‘ s Ne

' ve
vt = 3.61%9 vt

Lb w X190 # .60 d/o NAO,
W'; K,h,/( - N(,.(/{ J'T\Ilel?g %,(015
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13. In an experiment, a student is assigned the task of determining the number of moles of water in one mole of the hydrate
Na;SO4¢ nH20. The student collects the data shown in the following table.

Mass of empty container | 22.347 g

Initial mass of sample and container | 25.959 g

Mass of sample and container after first heating | 24.677 g

Mass of sample and container after second heating | 23.941 g

Mass of sample and container after third heating | 23.940 g

a. Explain why the sample was heated three times.

The 5“*"[316 is heted 2 Hmmes > Le‘(A.e/-lz,',, ; -]
’ﬁw I/)Uol/a’fe, g\\»\(&'t"‘t wa3s s howS [,Hfe (/ij(; a'HU hes r\9

| | e
(e c»\oe, (Q("?W\ '@'\«{' all weter 3 out opf"\c z/\jdm

it ol weter 1S oct o

b. Explain why the student can conclude that all of the water was driven off of the hydrate.

/(Le;e 'S Vlr'vd \‘ﬁ(( J/\w/vé/ in mess Ld’weem 018;1\"\8 # 2- avoo H3. g[ﬂ(&
| 1 hen ! {l otle po pore water ey v The
»Hq(, ma s Ad we )¢t Slﬁ'm ¢ Y

&wwwﬂ

c. Use the data above to ...
i. Determine the mass of the sample before heating.

2;747’22'3‘47 = aa(’(Z\j Nq-LgO(_f °h HLO

ii. Determine the mass of water in the sample.

26,959 — 22940 - Z.O("l\j H,O

f
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iii. Determine the moles of water in the sample.

2.0% .0 fun - OHZ(/N{% HbO
I8.0103

iv. Determine the mass of anhydrate in the sample.

12 - ¢ .ol < /' §7; NqZQOc.{ "\ vo. u’\p
- T e e R
T

"
wlo wel A \lﬂ"" MeAnS il

v. Determine the moles of anhydrate in the sample.

Iﬁﬁg N4;SD~1 lm‘ = 0.0 |(7,'|m(5 ]\)4.,30%
| ({2.05

vi. Determine the formula of the hydrated compound.

i 0 : (0 W(SHmO
b”ZI W(S H\O = (0 l Nﬁzg L
_

Lollzl ol NQ130V N, NV °(0 H. O
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14. In an experiment, a student is assigned the task of determining the number of moles of water in one mole of the hydrate
CuSO4°* nH,0. The student collects the data shown in the following table.

Mass of empty container | 22.347 g

Initial mass of sample and container | 25.959 g

Mass of sample and container after first heating | 25.700 g

Mass of sample and container after second heating | 25.046 g

Mass of sample and container after third heating | 25.045 g

a. Use the data above to ...
i. Determine the mass of water in the sample.

25.67479 — 250459 = @.%I%J H=0

ii. Determine the moles of water in the sample.

054 g U0 | o] 00507 pls H,0
'%.O((@

iii. Determine the formula of the hydrated compound.

255y~ 18347, 2.69% & (u3q le] = 6. prgls (SO
157,024

Z_ ol 23 l«/jdw\‘&

2,01 2¢ hlrt®
_ O."l”fg H.0
/ N
,lw+f)

paowTab tho s 2 = (480 #3H0
0.0l weli (1304

A .(o‘i%«j a/ﬂl’“f
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b. Determine if the calculated mass of the water would increase, decrease, or remain the same if ...
i. while heating the substance some solid spattered out. Explain your reasoning.

The s ot water would waese. 15 so\d sf»HweA oif Tt Bl meis
W ‘\<9 IoL \owkr ’h«* 'h"e f’xP&de ‘kwe Lﬂc Tae PSS (osf WOJ(A 1hefedse.

The pess lgst 1= The meass of weles.

ii. after heating the hydrate completely it was left out on the counter for an entire day before the final
weighing. Explain your reasoning.

ﬂc wa $S olL wm{'v u/ovu’ A)e,c,'e«sc_ A’; ‘I'l\(, San—/o[e llg {!H sut }’f
}eo w(vaw e air “‘Drfflwx fe e drivea NEGE W
P’n« ’@:w| S&wrlf¢/|?/"§ decrerses Tue
0

/ wa+<’//.

m[o%f VS We

‘lf\C/C"SI TL‘Q oSS

er ¢ \gg{' M)LI(A" /s ‘h/q_ mass 0

iii. the sample was heated too long and some of the anhydrate vaporized and left the container. Explain your
reasoning. — J
—n'c_ s S 9-( W+u (,oouw ;Ac_lc’a4¢ T,\( ‘]’LL a'/,{,‘a‘lm-t& S UGPNIZ J
| ¢ l/“ ’ﬁe 1[7‘,\«[ e S< (/(/0«/,(/ be /o,,./q/ ’ﬂ\w e,‘?oed
l)(!“w(_ 11«e (as‘i (N \3 ./‘3
TJhe eSS /0&71' s The
A ( -} wovu Mo be St e
’Ikuccv"t e pass (o3

MasS o‘l: ’]1‘4- Mﬁ‘\-w'
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15. Answer the following questions about a 1.745 g sample of CaSQO,4 ¢ 2H,0.
a.  What percent of the hydrate is water?

Xxiev? -

ag&rdzﬂza [72. (82

2 H,o . 2 xI8dE o= 20937 Ho0
49

b. How many grams of water are present in the compound?

” _ Z >
745y K 20437 = O-365 25 f0

c. The sample is placed in a crucible that weighs 22.35 g. The crucible is heated to constant mass. What would be the
mass of the crucible and anhydrate?

2255 +( [MS—.2052)223.73,

o K

2235 + (1745 x.797) = 25.73
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16. Answer the following questions about different mixtures of chloride compounds.
a. A mixture of NaCl and KCl are in a container. The percent of chloride in NaCl is 60.6%. Would the percent of
chloride in the mixture be greater than, less than, or equal to the percent of chloride in NaCl. Explain your
reasoning.

/mﬁ geenl of (_\A\N'\AC (,,)ouw loc |e<>3 tro- (90.(00(,;_er'£ PU{&»’[ of
F ‘(7—( 'OQ((&\'{ 0!' d/‘la";Jé .{/\ ?\hd.

O(’\\Onle w ECl S ((5g Than

Na = (0.0 Vel =47.6°.

' /.
T&,ekn e f((cer(' of chilrade w-ll Le  Letwte~ (0.6 ad Y70

b. A mixture of NaCl and LiCl are in a container. The percent of chloride in NaCl is 60.6%. Would the percent of
chloride in the mixture be greater than, less than, or equal to the percent of chloride in NaCl. Explain your
reasoning.

‘ﬂe 071/(@-11 of d’\lw‘\ié ool e Sfﬁ{'e/ ’H\P“ bo.0"h. The Ty{na‘f S

Ol’\\bfih A L.d s g%.(ﬁg'/,/ﬂ'*/f {7”5 Toe /"Qf(fﬁ"l«{clf\|orf/e

| o /b'l( mi )(%U"C we ll ‘DQ }De‘h‘)e@"‘ (0.0 awlg 83@3
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17. Determine if the following impurities would increase, decrease, or not change the percent of carbon in a mixture with
CeH120¢, which is about 40% carbon by mass.
a.  Water, H,O

ﬂ\{ I’V\PW:I} MVM de@/&w ‘ﬁtc }ov/uf' olz cer [ }0
“"’v(_ b J T ‘H“l pw SS Wouw MoV et Lot The mass of cayloon
w\ro./"

Woold Fepwm The Sem €

boo. W.1h m C,VLW m

b. Ribose, CsH10Os

,n'( 'r’\'\[)ur-“}a WovJ} '\of Llwmdc
V(Lose "‘5‘) 11“ Samt ff/tu'l )

'ﬁnt fe./(a-f 0/ (Z‘fLD‘ Zéausa
r (c/ LO*\, 401

c. Fructose, CsH120s (an isomer of glucose)
/{L‘< }MFJV:IYLa, wov u nof oew‘gc Tue f@(&f 07[ (4/10'-’“
levt fae Samt ‘O(rw—f of covhkon,

JoC tavst ’(l\/' velse

0"'«A (jlv‘rosc

d. Sucrose, C12H2,011

T’"C ',M(W;b\ VOU\& M(vac 11\( F{/w\‘l 0" (ovLO":
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Section 1.02
Topic 1.1 First Year Review

18. Convert the following from either grams to moles or from moles to grams.
a. How many grams are in 1.200 moles of hydrogen cyanide, HCN?

MM pp |, 200mds HEN | 27.0289 = 32.434 HCN

wo |

H; l.oo‘d
¢ <ol

N=ltal

{mo{

b. Determine the number of moles in 3.55 grams of selenium hexafluoride, SeFs.

Ms.r,

z.55« Seft | [nel 2 0.054mls SeFr
Se = 7897 9297

bxf T Ax L

Iqa-ﬁb
ol

¢.  How many grams would be in 0.75 moles of ammonium sulfate, (NH4)2SO4?

M NHY S04

ZyN';I""oD"‘L ‘vw(
g\{H = I,VO% )‘X
S < 22.0U
Lfyo 2&
(32. 4
P
pol
29
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d. Determine the number of grams in 2.04 moles of antimony pentafluoride, ShFs.

'Z.O‘(-w»(sgl.%\zwﬂ% ) LH'Z'j SLFS

GxF = XS
2”007b7
ol

MO

e.  How many moles are in 175 grams of NH4[Cr(SCN)4(NHs)2]?

MM

e

ot 1755 Nla (sw\a(/v“s\i(’LVL . 0.520 mols
Cr < 5100 236t 2

Ux) = 32.0bxt
TV (zca(x#
QXM; [Lf,()l)(q

ZYI\‘:M‘OlKL

3%.\1{7&
poal

f.  Determine the number of moles in 1.45 x 10 2 grams of potassium dichromate, K,Cr,Os.

MM

.3 -k
y) x ¢z 73Z I*l'f‘s*ﬁ['() j K1Cf207 I lww( ;LF.?S?“O V\NI KL[’LO—7
2¥C= loY l)‘M.ZJ
7x0° _LL/
1M 29
bl
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Topic 1.1 Worksheet
19. Calculate the number of atoms in 5.00 g of ...
a. Ca

) 7-5‘(3‘,-._ 2z
G.ooy Ga { 1! *Whmax,a atoms o

N

2%02

2 ~ N
' ‘NZ ) (18/vv"lsl\\z 2 Natows . 6. 25 Tma| N | o220 TL 205 Kao® wer
5 ooy No | Il 222 INo
5

Zgo:fbm\ fo

c. Ne
5 coqNe [ quw(sNz b.o LXK 2% . [L50KIO
’.w w2 " e .
’l/(’zﬁ | ae |

20. Perform the following calculations.
a.  How many grams of Cu are in 0.010 moles of CuSO,

cooml o 0s | 16 opomh Gur] 52575 - 015575
[ (n 504 |vel

b. How many moles are in 1.80 grams of C¢H120s (MM = 180 g/mol)

(.50, Co Hiz0% [w| . O.O(QW(S (‘;,,leab
/5"77 ’

¢.  What is the percent composition of Ca in CaF,?

G1.3% Co

0.08 _
,Q_ Y100 3 _Lf/ Xt0o =

Cafs [
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21. The minimum energy needed to break an oxygen-oxygen bond in ozone is 387 kJ mol 1. Determine the amount of energy

needed to break 1 oxygen-oxygen bond in ozone.

281 (] \vv"‘ -
[ovl h.022¥107 % frms

G.43 X0

-QLFL_‘Y

22. Hydrogen peroxide (H202) decomposes to water and oxygen, as shown below.

2 H,0,(aq) — 2 H0(1) + Ox(g)

A small sample of MnOQ; is placed into a beaker of H,O, while it is placed on a balance. The mass is measured over a period
of 10 seconds and the data shown below.

a. Explain why the beaker lost mass.

D2(y) 1= being

Time (sec) | Mass () Time (sec) | Mass (g)
0 134.45 6 132.95
1 134.20 7 132.70
2 133.95 8 132.45
3 133.70 9 132.20
4 133.45 10 131.95
5 133.20
ue Leakey.

fmduceoo. /{2( 02(33 )&VGS

b. Determine the moles of oxygen created in the reaction.

/3445y — (61.7§3 = Z,YJOL

| Spols O
Z.\/ﬁ 0, lm, :(7~O78/Z mwo's o
22

]
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23. Perform the following calculations.
a.  How many molecules are in 1.8 g of H,0?

22 le.l,
[.34 0 e ( 07(“0] ) bowmo peles

4.0 xio meleules HLO

b. How many molecules are in 3.8 g of CeHg?

: 22 0’6
Mﬁi{ . 0¥ 8 Tuwel (Hp | boe2 212 > loclp- 293¢0 el (LHo
| '75.'08) {Ml

c. Determine the number of oxygen atoms in 1.00 g of CaCOs

1,00, (aCOs | lwel - ,009T pls (a (05 | 3 9 . 02897704 ©
loo 01 | Ca( 02

J
za’faW‘S O

02997 hels O por2 ki aes o 1 EORW
. [ el
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24. You have a 2.00 g sample of compounds X, Y, and Z. The molar mass (in g mol %) of X is 50, Y is 35, and Z is 90. Arrange
the compounds from smallest number of moles present to largest number of moles present.

2 2 -
= /=2 L=
o T o 25

7 L x4

25. Four different metal oxides each have one oxygen. The number of metal atoms in each compound may vary.
a. Does the percent of oxygen in the compound increase, decrease, or remain the same as the molar mass of the
compound increases?

The fﬁm" oé onwu /?fﬂ’f‘Sei a3 ’h“l V"\"(o\/ MeS S o( e

C}WQOU‘“O MU@DQ >.

b. Would a compound with a high percent of oxygen produce more or less oxygen than a compound with a low percent
of oxygen?

A be‘*?o\m& U’l o~ L\lgl/l fQ/(o/-'i' |
"I'H-A A @wrouha ,o( G low v?Uron‘f 01{- oﬂjje/\ gﬁ_bd

(4 w\ ma 36 €4 oF‘ 'ﬂ‘& 9 r&/wc()%,

o{' 0&33&\ W°Vlj ﬂ’f\'x]u(c M~ £ Oﬁj«jaf-\

|( W-? OESVW'C
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Section 1.03
Topic 1.2 First Year Review

26. Complete the following table that contains information about various isotopes. Assume all isotopes are atoms and NOT ions.

Name | symbol | Number | number | #OTPO% | erecione | Neurons | Notation | otaton
I |
Boron CB g |\ g 6- 6 5 B B- “
[0
B /on B f; (O 5 5 5 5 & B-w0
84
\é%e\"“ Ky 3 B4 30 | 2, |48 | zefr | K,-sY
1LY
KYW(’*M \(V 2 b 78 36 20 L,(;_ 20 k\’ f(r ~ %
a4
T |7 | 4o | T | Uo w | syl |Tr T
| 70
S /2 O I 2 TV B (O =Y A P
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Topic 1.2 Worksheet
27. Briefly explain how a mass spectrometer works.

The Sﬂ"*f((’ 15 (onized and fmpfllee() Aoun @ Fobe The ions ave bert

, o b
L(a o Magv\fjft A hean s PAA;C\(_ w Lu(g l(§5 "7\ ljl/\v

/Fol/ '\ !-(/( L.

28. An element is composed of three stable isotopes, A1, Az, and Asz. Isotope A; is found 15% of the time, isotope A; is found
65% of the time, and isotope As is found 20% of the time. The atomic mass units of A;, A, and Az are 50.0, 52.0, and 53.0
respectively.

a. Draw a mass spectrum of the element.

SO

A

A\ NTRCRNITENRN

b. Determine the atomic mass of the element.

(575) +(52n) +(E22D . o st

(00

g |‘\O‘ A
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¢. The atomic number of fictitious A is 27.
i. How many protons does As have?

yal f‘rO{"’"s

ii. How many neutrons does Az have?
S
A; b\)w\‘l Lv"( 20 P‘m-’q,l

(”ﬂ\}s assumes The ppSs Num b/ of Tt ,sofope P de

el o e s o e )
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29. Determine the most likely element for the mass spectrums given below then give your reasoning.

Mass Spectrum Element
Bromine
Argon

Hafnium

Tungsten
Niobium

(Fron)

Plutonium

Ytterbium
Krypton

Strontium

Reasoning
Moss (s Spmewhes
L/M) 25 wﬂ 37!‘6(33Q/
+b 2, M/VI o‘( C'

is B Y

Wand T ace “"'h‘H\‘
NL bos A poss o=
_F 93 Wk voould imp'g
fut fne @4 iseepe wosd
be « b\'f)\'\w %o

The UMLU elemed wla

tle (g€ gt MmosseS-

39


jdaugherty
Pencil

jdaugherty
Pencil


40



Section 1.04
Topic 1.5 First Year Review

30. Explain why an atom is electrically neutral.
( n@uﬁa\ be tasse G o‘lb"“ hos av egeel pombes

[/ RSN e\fcj”-“\a

| " (4] ad ¢ hovt =
ot &74’ z ¢ . F+ I ¢ s veldtve ¢ ‘e e
relahue Cho vyt oF |

31. Anion is a charged particle and is not electrically neutral.
a. How does an atom obtain a positive charge to become a cation?

Tn eder o become Pog,""a\ve‘? d«ij e ghm mos! (ne ane
-~ e are move }o+ ‘h"‘ e hvs r(’wHiﬁ M a

~ Afe

lu?SHVa dn C
f\bosl.fu/b Cl’\*’ﬁb'

b. How does an atom obtain a negative charge to become an anion? ' A-P -R/

_-Ew\ vrder '\'b L?(DM( V\qu‘ﬁvda ClN‘leﬂ Tne ahm M,,yf‘ ja.‘/\ O
505'3 4n ¢~ Teoe are mwe ¢ Fhen Ff Tuos reso HMJ Mmoo~

Y\%MWQ va\jc "

32. Will the number of electrons in an atom be greater than, less than, or equal to the number of protons in the atom?
- +

ECﬁvv’ 1'0 A‘hy\«& Sv e V\&V"‘vvl ,o, e 2.@

33. Will the number of electrons in a cation be greater than, less than, or equal to the number of protons in the cation?

Les ten. A chia (s + 7 7 & pt

34. Will the number of electrons in an anion be greater than, less than, or equal to the number of protons in the anion?

6-,6.h/ 'U‘l»“— IL\v’\ gnitn |[S — :; e >P+
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35. Ozone, Oz, absorbs light with wavelengths from about 100 nm to 900 nm. One of these absorption bands is termed the
Hartley band with wavelengths between 200 and 300 nm.
a. Determine the energy of a photon of UV that has a wavelength of 250 nm.

.2y 17
N 250am F-hc E- (G.broxd )(gxuo )
n- LSS Sk A
E:-7 7 260
| -7 -9
bz b b2bX0 175 F: g0 XID J
C= 57‘10(7"“‘lg

b. Determine the frequency of the same photon of UV light.

> 2P0, 4 [oe
A o C = hu Zon;@w ¥
U-. 1 / IY,/)& :u
C;B%(OV‘}. .2 K(0
p)

c. Determine the energy for a mole of these photons.

23
E-xowo_%/ Fox0 1T | 002282 kb yep oo J
f;h»“ Lot (./\_o((

F g
Lo kT

d. The energy to break a bond in Oz is 101 kJ/mol. Do photons in the Hartley band have enough energy to break one
mole of Oz bonds?

Y&& a mall of YMAWW -
u,IV"J '< \gg; ’hwx ‘be @\@37 21 250N,

b5 pm hes Gio kT o Begye be

On c/oy/x r?«b
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36. A unit of measurement that is often used in spectral analysis is a wavenumber. A wavenumber is given the symbol ¥ and has
units of cm™. While wavenumbers are not a unit of energy they are directly proportional to the energy of a wave and
inversely proportional to wavelength. Red light, which is considered low energy visible light, has wavenumbers between
13,300 cm™ and 16,100 cm ~* while UV light, which is higher energy than red light, has wavenumbers between 25,000 cm™
and 100,000 cm™

a. Determine the frequency, in Hz, of the red light at 15,000 cm™. To do so, multiply by the speed of light in cm/s.

Iy _ V]
[ S o0 )37“0(_00“‘ . 4. $O He o .S )‘fO‘ Cj&-
‘ Co~ r |b S

b. Determine the amount of energy, in J, for the same red light.

E . E - hvy
- _ L(, R
h=b.o2oxd 7Y £ -—@,(ozw.o’ 1y Q(q,s fot )

¢ = Bni0 tefs .
F:2,6% xt0 J

c. Determine the frequency, in Hz, of UV light at 39,000 cm™.

749 900 %ﬂDNCw__ l."f‘ﬁlOH—Hz
Tﬁs/

d. Determine the amount of energy, in J, for the same UV light.

F:ho E-_@;.bz@f\(o'{q)(u?x/dr)

\'Ci
E-7275 ko I
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Topic 1.5 Worksheet
37. Determine the charge of each of the following subatomic particles.

Particle Charge

Electron Positive Neutral Q@

Nucleus @ Neutral Negative
Proton @ Neutral Negative

Neutron Positive @ Negative

38. According to Coulomb’s Law, does the force of attraction/repulsion increase, decrease, or remain the same when ...

a. the distance between the charges increases?

Ae(d@blx

b. the distance between the charges decreases?

| nolleses

c. the magnitude of the charges increases?

NI

d. the magnitude of the charges decreases?

A&\{ b Y ER
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39. According to Coulomb’s law, which has a greater effect on the force of attraction, increasing the magnitude of the charge of
oppositely charged particles or decreasing the distance between the charges? Explain your reasoning.

oqu'{w-(, Wavu) s e ajraf(/ e{—(éo‘f 6\?500\'\-\'6 h‘(’ c}mm\?es

DZM@'S"IJ h\( . /J

| { B Wa Y
aye Fw«»fhtpoL Toe o Hleo of W@V\a e 4 ¢ ls sg

“ ," “ef‘;,e«\a.:har

40. Define the following terms that pertain to electron configuration:
a. Shell (energy level)

Tre ?ﬂnc(/);' %m’rdw\ Nuwm b&7 v~ @”Q’j‘a 9F TL‘C e”

b. Subshell (sublevel)

§,0>,J.(

c. Core electrons

llmv e (v\o" \,a(&(é\

d. Valence electrons

Ou"'UVmosf S Wv& P e

e. Electron configuration

4‘40!&5 'I'LW IMQ/SVK a(/\\h f[o-(wat @F (’,_ (A AN O\h""‘

f.  Aufbau principle

J (N T‘"— {Owed cmerﬁvd <SJ Lslrell GW\\O‘[?(E

¢~ avre ‘o(o\(
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41. Give the complete electron configuration of the following atoms and ions.

a. Zn

/Sz Z;’pr %& 3{§0L’[SL%J|O

b. zZn#

|57 25" Tp 3 26" A

c. P 2 5
5% 25" %% 35 P
d. P

2 2a 2035 %

e. Mg

{52 2 ZP¢ 35"

f. Mg*
2 2
[s¥2:° 2"
g. Fe

Jo & 2% Z,o(p%sz 5{)"’ L/SZ 2/

h. Fe?

[s¥2:* 20" 35" 2" 34"

i. Fe¥

(¥ 2" 2p" 2. 3 3d°
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42. Give the orbital notation of the valence electrons for the following atoms and ions.
a. Zn

29
c. P
J [ B
=
¢
d P>
(O 7 2
—é/S- \/\f\/
¢
e. Mg
1w
35S
f. Mg?
QU A
25
i
g. Fe
\_/___’__/__/
Uy =)
h. Fe?
(U I B
-
%9
i. Fed
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43. Give the number of unpaired valence electrons in the particles from #42

Number of
Unpaired Electrons

a. D

O

3

0

0

‘ 0
il

L_f

5

44. How can you tell if an electron configuration indicates that the atom is in the excited state?

T?"L Q,\F\J\ﬂfﬁbn W;ll '\n‘[' Fpllo«u A\/’P wu Y HU"\""é r,/|e/ awdj
wll ke o gk(r el \ﬁl“wo.
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Section 1.05
Topic 1.6 First Year Review

45. What happens to the number of protons in the nucleus as you move from left to right across a period on the periodic table?

The & G’Jr nareses

46. An electron is removed from an atom. Would it take more energy, less energy, or the same amount of energy to remove an
electron ...

a. closer to the nucleus? Explain your reasoning.

Mo &\U‘)VO, i tfue e~ gek ((psr + e nud@:& e \LMr of
oﬂ’\rodﬁw Wy @rses foOAGHJr}'{((VJ OLZ(MJ'Md to [a/(ast Low.

b. further from the nucleus? Explain your reasoning.
}053 6"2’/33 A’S fne ¢~ j.@‘k FV/T‘AQ(
‘ fial| (P Coulomb's Law
aH’w(j‘\oﬂ &(0{693(4 expw\e/\ A aa_c(a/ mh b s .

from e nhevs fhe free of
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Topic 1.6 Worksheet

47. What does a photoelectron spectrum show ...
a. on the x-axis?

/ﬂ"f awwn’f of (ij?)o Tyé“““a ﬁ{ \,\.;‘)bed acj?f s > fre
}6’1“ W\J‘ ‘h\{ (MCS{' &e_/% 'S w’fl\t Viij-

b. on the y-axis?

The relotive omber o & o erqy-

48. What does the location of a peak along the x-axis indicate about the peak on a PES?

/ﬁ‘C mﬁﬂw-;lVl}e 0{ C«n(rjvd JD CIMav 'N\e c,— (n —\'Lc'l sub SL'C({.

49. What does the height of the peak indicate about the peak on a PES?

’Ufn( I\U}V\L‘(/ 0( 0~ ,n)h\"-l Su bshe (.
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Helium

R ®2 B

lectrons

27

50. Answer the following questions about the PES of hydrogen and helium, shown above.
a.  Why is helium’s peak shifted to the left of hydrogen’s peak?

Groder nwelen derge mens 3“’/‘“( foe of attuchon for Teee”

b.  Why is helium’s peak higher than hydrogen’s peak?

Mt hey 2¢7 while Fl | o™

¢.  Would you expect lithium’s first peak to be to the left or to the right of helium’s first peak? Explain your reasoning.
Ly world be Lothe |eft of Heo Lo fes mjﬁca’rer Nuc\toy clase
o He. Gvete NI J/W\j& means Sr@m rce of atf rachon

bt woul(l be b fne Ie“ of \er,'s Fe«k.
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51. Use the complete PES shown below to answer the questions that follow.

Lp

a. Give the complete electron configuration of the element.
2z 2 lTL
/s* 2s Zp
b. What is the name of the element shown?

Coy Lo

c. Label each peak with the shell and subshell designation.

52. Use the complete PES shown below to answer the questions that follow.

AP

a. Label each peak with its shell and subshell designation.
b. Circle the peak(s) of the valence electrons on the PES.

¢.  Would the next electron added (i.e. the last electron in Ne) be to the left, to the right, or on the peak at 1.68 MJ/mol?
Explain your reasoning.

On ‘k‘f\( “I)e"'k TLQ Y\(’y" ﬂl 'S 5_'.!“ (v ’h‘e ZPSV})SLC”

(/0“’ (/“h"“ P&ak Wou((’ L)( SL[HJ %'hﬁe l&“' OF ﬁe p&k oI F\ 55
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53. Give the complete electron configuration for the PES shown below.

ve Number

‘lectrons

)32 2.2 Zpb QKZ %P%

56


jdaugherty
Pencil

jdaugherty
Pencil


Section 1.06

Topic 1.7 and 1.8 First Year Review AS _
Nor (¥
e
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54. On the periodic table above:
Label Periods 1 -7 Label the Alkaline Earth Metals Label the Noble Gases
Label Groups 1 -18 Label the Halogens Label the Metalloids
Label the Alkali Metals
S\

P eyl

, e
LT
‘—;\"\pm% Y

”7/){(

55. On the periodic table above label the metals and nonmetals.
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56. Use the periodic table above to answer the questions below.

Na

Cl

Kr

Ba

Element
Symbol Period Number Group Number Group Name Metal or Nonmetal
Na 2 ] Aeh Metl Melal
o b 2 Aiatne Eaita Mebl | Mehl
° e I Horl o e N w2 b
Kr 5 (5 NoWl¢ (Gms Nor met|
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Topic 1.7 and 1.8 Worksheet

57. Using the concept of effective nuclear charge, explain why the size of the atom generally decreases when going from left to

right across the periodic table. J
M ou{ (:fom ¢ $o Y;?\/I" auwe > e Famo\ be ‘e-F(cd"'\/L et

As \{w OLGI/JC Cavseg A 3‘[61((’ 'F’f(f—

C'/\o\v}&
bE* aﬂVa(/{\Q" wh, dh fu“& the e n (/‘0%2»(

.|’\ C(( r$LS . /ﬂm \ncy é$e ‘:-’\ '\vu{f’a/

58. Using the concept of electron shells, explain why the size of the atom increases when going from top to bottom of the
periodic table.

Aé.jw Mov & {,,o,\, +’(’ b bottow, The nuabey °]l e shells incresses Whida

’f‘vk he <~ Fortvey Fromn e nudevs

59. Explain why a cation is smaller than the atom it comes from.

A ehon (¢ e resvlf of a loss of ¢~ This resulh le s

e~ e re,fv[s“’“‘ Gv\& ”‘SIMv“‘U aTom.

60. Explain why an anion is larger than the atom it comes from.

An amm s fhe res. It of & 30:? o{ e” This reoulk nmre e” €

r(’rulgov‘ m\.o 7 (M:)Q/ d\“l‘ow«.

59


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil


61. What is ionization energy?

/ﬂ'c M,kunf 04 Gnelj? re-%md) 173 /Cmoue G c’ @’D«n o~ ﬂmstaus

ahw ,.n '\"\L Sfoumﬂ 5{7'}6

62. Explain how Coulomb’s law can help explain ionization energy. ’Ié‘ 14)
¢ V(e

e sgg ikl o vomms e e vid o ovvtame b
ol oM weton between The PSH.U{ nvclear cherge al The e .

63. Consider the ionization energy to remove an electron from a neutral atom, X. Would you expect the ionization energy to
increase, decrease, or stay the same if ...
a. an electron is removed from an identical neutral atom, X? Explain your reasoning.

KCW{‘» “/L‘t Sevr~ L , ln"f f‘M.?vﬁo“ Gnefj‘a VCW,.\/\,( 7’2\4/ Sav-€
'(BV ’h‘t St g aw e Sane 47{7( of ot Yoo ave mMWIAa ot

' %’b'\" o’h’”‘ X and Then -gue €7 szf)ﬂem—d 075"“)(

b. an electron is removed from an X cation, X*? Explain your reasoning.

/IZ'C )0"\,20110’\ @A@/?\/J wou § M/ ense - A% ton w]w t d/ijC hes

ess (%ulgiy\ ’[’l»q ’(m (S gw?le(/_ A swu“eV

less ¢ e repulson, D |
o " hon  betwee. e /\UJ@A a-d e

]oow’c{c)e will hove \o)reﬂrw @l ve
('_\ C’Y@a}r&v aﬂ‘(odﬁ% Y‘C’%VMS 3f@5f€/ &Wsﬁ'

c. an electron is removed from an X anion, X~? Explain your reasoning.
. ) o _ ]
’nﬂQ I 0“\:241—101\ WOU\J Ae(,feﬁ‘ \Y A S av € /S deJ 7LLC"€ /S j @0"5/

5 strace + e nuclevs
C’ C’ (ervlg(Mo /)—L\M INCA Pases ‘F'W AIS A L@ ween "3

and e e” s \ICAW}MO e fovee of att pechom.
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d. an electron is removed from a different, larger atom? Explain your reasoning.

/ﬂ"c. I;m'. Za'fTon» {7\&")»0 0\/00“ O{C&((GSG, Aa ‘ﬂq.c afbm \j&{g L'j?a‘( e
C’ IS ’FU/IW\/ {VDM hr\(’, nudévs ‘(’L‘VS rﬁjvc"-:j ‘(7\( —'[s/(e a[ ﬂ#récﬁaﬁ

Uw e ¢ o nweleos.

e. an electron is removed from a different atom in the same period with more protons. Explain your reasoning.

ﬂ& {oA:L,-_hOh 6:/0’?7 'A/ov(j N C[W)ﬁvﬂ{'fm\c’ V\-(/O@f 0[‘dg‘ /flat/fnf{.)
7}\( ][0“(( ol&ﬁyﬂ.bﬁﬁ* L()hﬂt&ﬁ TLI" hUd(’l/} qy\l 71\( c— i./\&MM@.

TL/5 fflleV(S frov e eﬁ’\&’jy "o yemove TL\C .

f. an electron is removed from a different atom in the same group with fewer protons. Explain your reasoning.

The (on 2o P el woeld tacresse - Tn o ro«(’I“?"W“S L. 1,
(\ns have a SMM” at"‘WiZ/ rad (v> L((a»SZ 0/[ ‘I[(""’V 6"2/1?
L\l[ SV\AUHM Wﬂ'.vs M @arrs a FC-TC—( \Q//e o{ 0ﬁ/&d7&\4
Shells.

Leh""/“ ’\L'*\L r\u(/(EVS w9 ’ll"‘f ﬁ’.

fewes

64. Explain why the first ionization energy of an atom generally increases when going from left to right across the periodic table.

Acvoss ’('?»c -FQ/(MQIL ‘lZIo((’_ '\L\c V\vc(ar 0‘/%"’]'& {Incrt”)ésA ,4§ 7&\& hua(enr

fisn ingreaseS and Thece foe e
C’M’jt (v (reayes b‘@ favee of a1t voe neyéas

eneyy fo v ot the €

’/1‘0'/&365
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65. Explain why the first ionization energy of an atom decreases when going from top to bottom of the periodic table.

on Tt reu‘oo‘.'c, iaL,(e, Twe afoms (neremse 18 fue Numbeys
(s The l"\Ov’(V\5:ﬂa 9!/'03‘6 shells are A‘Fu./'h\&( dwE ffam.
\\45/&5&9 &@'{7"‘(@- mesns lcss ‘é“/‘e o

Dyon & grovy
o(’ 0/\{/‘)«} she
'fh( hvo( eAy c)wfjé. The | ]
dﬁfuf;ou Wf) ’h‘ere (-wc less eua/ja +D ye mev ¢ ‘f”»c c .

66. Explain why elements B and Al deviate from normal ionization energy trends.

,%MLDA' }\6‘“( An Ou'ff-f ﬂP‘ elect o ’h,\‘,( LMS A Sl.jt\‘(’li
’\[Yow 'H‘{ ﬂSJ_ Su

{1"94 €)‘P£5f6j

highec
' eld hed.
fj\&'j\a IZVC‘ avwo Crr@u&alf mo> ¢ QL\CIJI £

s7 - . .
This fCSm(“" "~ o (owﬁ/ [ J 041 21100 0/16/76

67. Explain why elements O and S deviate from normal ionization energy trends. J
The ool eymost &~ S an A 57 /\F¢ Cswf’yrf/‘mﬂ ¢ prir P
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68. Explain why it takes more energy to remove the second electron of an element than the first electron.

e
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69. The successive ionization energies of Al are shown below.

1%t ionization energy 2" jonization energy 3 jonization energy 4™ jonization energy
578 kJ/mol 1820 kJ/mol 2750 kJ/mol 11,600 kJ/mol

a.  Explain why the ionization energy jumps when removing the 4" electron.
The 4" 7 is on @ /gwﬁf enefg [ecel et :’5M claer
b Ane pocleor chorge of e mu??evs.ﬁe cliser foﬁ‘ﬁac :\:‘iicus
tue jwm foe force f ot rclo and wesefore The gretey
the (0, 20110 gy,

b. Explain how the ionization energies can be used to determine the number of valence electrons.

ﬂ(’ 6"6"]/5 ',/\o},ga.sgs move Jbhen ’(l\e e~ IS re mou ed lc‘rom Gon
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70. Determine which-has a greater ionization energy for removing the next electron. Then, explain your reasoning.
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71. Explain why it takes more energy to remove the second electron from Na than it does from Mg.

T)'\C ;v\," - @( Na. IS o~ & lowv 6“6’13 lcvcl which s ¢ los<,
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72. Define electron affinity. ﬁ
Tlﬂf 0«8:/?7 C [Aw\?@, rfj\/lfﬂJ ",0 a o/dj Gw ‘}LD a \7m§gol/§ @
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73. What is the relationship between atom size and electron affinity?

@(’/\le(»al h( ]“ij T)"e Aldwm ﬂﬂc (ass eKo‘}ll\e\/ mic

74. What is the relationship between eIectronegatlwty and nuclear charge/shielding electrons?

The jr“”l” ’h"Cd"n@‘% nodew charge The greter the dedrrv%jo'h"‘ 1

75. What is the most electronegative element? Lease electronegative?

/ \
F(v\or,mc CZS-‘UW
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76. Use the ionization energies given below to determine the identity of the second period element. Explain your reasoning.

The elemed 13 ﬂvon.ﬂe- Y e Vetmoue—oo
[S rﬂ'dm Gv -\Vme-f 6’/(“( aS fuiJ?mcﬂ La * Iorae_
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77. Write the equation for the ionization of the following elements.

a. Li A
Ligy = “(33 te”
o 4 _
F(g\’-> F (4> ‘e
c. A

AV(«&\ — Ar+ (3\ +&,

d. Ni

Nigy — Nt te”

78. Explain why CI~ is smaller than S2".

C]_ i’\a@ a S(o+6\/ rw(Jeov o’zcrj&_ﬂej L.fl\ boe ,ﬁ( Saune A 0'[6_
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1t electron
2 electron

31 electron

79. For the data above, which electron is the closest to the nucleus? Explain your reasoning.

Zrd @’, g\wncc )\7"1 gup@,’ ‘}akC\ Moyt CMQJj\} —(Q (e move 'i'L@. He
7)”')6— st ’_r;e, clover £ fe nodews .

80. Consider the electron configurations shown below:

Element | Electron Configuration
X 1s22s22p3
Y 1s22s22p5
z 1522522p®3s?

a.  What is the typical charge of an ion of ...
i. Element X

ii. ElementY

’ —

iii. ElementZ

| &

b.  What compound would X form if bonded with ...

i. Mg
Mys %

L2 X
| Fe

iv. Z

75X
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c. Name another element that would bond with X similar to ...
i. Mg. Explain your reasoning.

Ctb %we ﬁov@ 7Lh(f€ {O’C Sew ¢ F‘V\?FQ‘HC S
L\C Serrt{ # 0“‘ \/&)(‘/-(6 e’

<

L

81. Does reactivity increase, decrease, or remain the same as ionization energy decreases?

lzem,h'v.h% (nwtses aq L.E. decreares,

82. Shown above is the reaction mechanism of ozone, O3, converted to oxygen, O,. In the reaction mechanism the element Cl is

a catalyst. (More on both of these topics in Unit 5.) Give two other elements that could act as a catalyst in the reaction
mechanism. Explain your reasoning.

Fof B\r i ’ﬂma Gast in Dt Seme 3’”{’ WHJ 'hﬂ&/f’ IL‘”ff )’V“" g"‘"‘"Lr
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Unit 2
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Section 2.01
Topic 2.1, 2.2, and 2.3 First Year Review

83. What is the general trend for electronegativity across a period? J

E]Cc{'\'onujﬁh\"‘*"b l';/x_wases ‘(:Vow le“ ‘[’0 vfﬁm Adef 03 4 f(ﬂ

84. What is the general trend for electronegativity down a group?

Elco’fvo'\(thw{'\/a e cveases ‘6‘07“ “brﬁ’(v LOH‘UM doww @ \c)/oufb.

85. Is the difference in electronegative large, small, or nearly zero for ...
a. anonpolar covalent bond?

7 ¢y0 MV\em[v() 2 €yo

b. apolar covalent bond?

Cmal

c. anionic bond?
lawje/

86. What happens to the electronsina ...
a. covalent bond?

e— ave qL\a/(&

b. ionic bond?

. ) ) " , N ~
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Topic 2.1, 2.2, and 2.3 Worksheet

87. Define
a. Electronegativity

The aL;H‘b Jr° et one hn coVe
V"l ay\o'h«{/ MA{"W‘

etly Lode
\4»a\oﬂc9

b. Dipole
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¢. Dipole moment
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88. How can Coulomb’s law be used to predict the electronegativity of an element?

ﬂ 5%0“"4 o*J[‘oW will be maove e\gc'l(/o,\(j&h-\;e Ioe(ov&( O'(
’h\< §w\lw JI'S_}*“C& Le/’fwe&« e noc bus Mt/o the oH\"—J

atowms e’

89. How can the electron configuration of an element be used to predict the electronegativity of an element?

/ﬂl(’_ CIOY«{ +° G r\gl V\fb Co""ﬁfjur"—hgn ’H«c Mo~ @ ele(;}\’of\eﬁmﬁuf.
ﬂt (W":)?,f 'ﬂ‘f \/0\(/(' o( (l,\ll ’h’\{ )ess e]ec]tfona?aﬁue.
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90. A nonpolar covalent bond is made of elements with similar electronegativities.
a. Explain why the bond is nonpolar in this instance.

T o ot St loye @ lechonegativifics Theg ol bove

S ( Q%TGCT“’"‘ ‘FYN “‘L‘f— 61 Similav ,,r'ﬂ Yao','io-'\ (om(e(g
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b.  Which of the bonds below would be considered nonpolar and which would be polar? Explain your reasoning.
i. Br-Br

V\o«\()o(m/, gowé elecﬁ al\eﬂdﬁul%

ii. C-H

g""""\"‘f e\’/\”\‘j‘ﬂ Q[eo‘)fo«/\egq{'"v-%
'(""b(‘(()w&dﬁg-a& @ﬂce);ﬁo\s o1

V\OV]PQ(C(V

iii. 1-F

'Fo(a\r V\Q\a—h"‘la a»’jf A“g ere
(" 6\65{ Vo /\Qjahvl)"a-

91. In a polar bond, which atom is the electron more attracted to, the least electronegative atom or the more electronegative
atom? Justify your answer in terms of electronegativity.

TL( e \'§ a’HV&c'f(J ‘ID ﬂ"( mev ¢ 6\5(;!\/'0-’1‘361‘“’3 G—,'DW“-
Aﬁ(@kax &(o’h/o/\eﬁd"l‘\/" J’(ﬁ a’H"Voc‘{% foe e~ w'h‘ 3f€91’€/ 14”((,

92. Explain how you could determine which bond would be considered more polar when given two different covalent bonds.

/Me gurh’»b\r 'h\( 0‘17)«”\5 Are ’FY(M eaekh o’hwr 3%&@”3 ﬂe
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93. What types of elements generally make up a ...
a. covalent bond?

Nonmetals

b. ionic bond?

Metal + nonmetal

94. What type of bonding occurs in a polyatomic ion?

Covalent bonding

95. What two properties of a bond are illustrated in a graph of potential energy versus bond distance? How are they indicated?

1. Bond Strength
2. Bond Length

96. What does bond order indicate?

Bond strength and the number of bonds
B.O. of 1 = single bond

B.O. of 2 = double bond

B.O. of 3 = triple bond
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B.O. of 1 = single bond
B.O. of 2 = double bond
B.O. of 3 = triple bond


97. What influences bond length?

The point where repulsion and attraction are balanced.
The size of the atoms bonding.
The number of bonds, i.e. single bond, double bond, triple bond

98. Arrange these bonds from smallest to largest bond length.
a. CI-Cl, F-F, Br-Br, CI-Br

F-F<CI-CI<Cl-Br<Br-Br

b. C=C,C-C,C=C

C=C<C=C<C-C

99. For 98.a above, which bond would take the most energy to break? Explain your reasoning.

The F - F bond would take the most energy because the distance between the nuclear charge and
other atoms electrons is the shortest therefore the force of attraction is the greatest according to
Coulomb's Law.

100.For 98.b above, which bond would take the least energy to break? Explain your reasoning.

The C - C would take the least energy to break. The C - C bond is the longest bond and is
therefore the weakest and takes the least amount of energy to break. The distance between the
nuclear charge and the electrons is greater and therefore the force of attraction is the least.
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F-F < Cl - Cl < Cl - Br < Br - Br
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C = C < C = C < C - C

jdaugherty
Text Box
The F - F bond would take the most energy because the distance between the nuclear charge and other atoms electrons is the shortest therefore the force of attraction is the greatest according to Coulomb's Law.

jdaugherty
Text Box
The C - C would take the least energy to break.  The C - C bond is the longest bond and is therefore the weakest and takes the least amount of energy to break.  The distance between the nuclear charge and the electrons is greater and therefore the force of attraction is the least.


101.How can Coulomb’s law be used to explain increasing bond strength of an ionic compound in terms of ...
a. the charge of each ion?

As the charge difference increases the bond strength increases. A +1 and -1 ionic bond will be generally
weaker than a +2 and -2 ionic bond.

b. the nuclear distance between each ion?

As the nuclear distance decreases the bond strength increases.

102.Does it take more energy, less energy, or the same amount of energy to break apart two ions with ...
a. large charge difference compared to small charge difference. Explain your reasoning.

It will take more energy to break apart two ions with a large charge difference compared to a
small charge difference. According to Coulomb's Law, as the charges increase the force of
attraction increases.

b. large internuclear distance compared to small internuclear distance. Explain your reasoning.

It will take less energy to break apart two ions with a large internuclear distance. According to
Coulomb's Law, as the distance between ions increases the force of attraction decreases.
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It will take less energy to break apart two ions with a large internuclear distance.  According to Coulomb's Law, as the distance between ions increases the force of attraction decreases.


103.Determine which ionic bond would have a greater bond strength. Explain your reasoning for each set.
a. RDCI, NaCl, KCI

NaCl would have a greater bond strength because of a smaller bond distance. They are all +1 ions
bonded with a chloride ion, Cl-. Na* is the smallest ion and therefore has a greater attraction.

b. MgFs, NaF, AlF;

AlF3 will have a greater bond strength. AI®* is smaller and has a greater charge than Mg?* and Na*.
Therefore the force of attraction is greater.

c. KF, KI, KCI

KF would have a greater bond strength because of a smaller bond distance. See answer to 103a for
further explanation.
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NaCl would have a greater bond strength because of a smaller bond distance.  They are all +1 ions bonded with a chloride ion, Cl-.  Na+ is the smallest ion and therefore has a greater attraction.
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104.Shown below is a graph of potential energy (y-axis) versus internuclear distance (x-axis) for two Br atoms. On each graph, carefully sketch a curve that corresponds to
potential energy versus internuclear distance for the atom indicated.

— 1~

Two Cl atoms Two F atoms Two | atom

105.Shown below is a graph of potential energy (y-axis) versus internuclear distance (x-axis) for a C—C atoms. On each graph, carefully sketch a curve that corresponds to
potential energy versus internuclear distance for the atom indicated.

VRV

Two single bonded F atoms Two single bonded O atoms Two single bonded N atoms
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106.Shown below is a graph of potential energy (y-axis) versus internuclear distance (x-axis) for a C—C bond. On each graph, carefully sketch a curve that corresponds to
potential energy versus internuclear distance for the bond indicated.

C=C bond C=C bond 0=0 bond

107.When considering potential energy coordinate graphs as shown above, how does the following effect the potential energy minimum?
a. Bond length

As bond length increases the potential energy minimum decreases. It takes less energy to break a longer bond
than it does a shorter bond.

b. Bond strength

As bond strength increases the potential energy minimum becomes more negative. A stronger bond takes
more energy to break than a weaker bond.
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As bond length increases the potential energy minimum decreases.  It takes less energy to break a longer bond than it does a shorter bond.
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As bond strength increases the potential energy minimum becomes more negative.  A stronger bond takes more energy to break than a weaker bond.


108.Answer the questions that follow about the potential energy versus internuclear distance graph shown below.

X

a. Place an X at the internuclear distance where the bond forms of Y.

b. How much energy is released when ...
i.  one mole of X bonds to another mole of X?

About 450 kJ/mol

ii. one atom of X bonds to another atom of X?
) ) -2 k J/
15O €T |\ -7.S %Yo T=—

o boz2y 107

ator

¢.  Which particle, Xz, Y3, or Z;, would take the most energy to break the bond? Explain your reasoning.

Y, takes the most energy to break. Y, has the lowest potential energy minimum (or
most negative) and would therefore require the most energy to break.
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Y2 takes the most energy to break.  Y2 has the lowest potential energy minimum (or most negative) and would therefore require the most energy to break.


Lattice Ener Lattice Ener
Compound (ki/mol) 9y Compound (kJ/mol) 9y
LiF 1030 NaCl 788
LiCl 834 MgCl, 2326
Lil 730 AICl; 5376
Lattice Energy 1 Lattice Energy 2

109.For the lattice energies given above ...
a. in Lattice Energy 1, explain why LiF has a greater lattice energy than Lil.

Both have Li*. The F-is smaller than the I- therefore the force of attraction is greater. A greater force of
attraction takes more energy to break.

b. in Lattice Energy 2, explain why NaCl has a smaller lattice energy than AICl;

Both have CI. AIP* has a greater charge and is a smaller ion than Na*. Both of these increase the force of
attraction according to Coulomb's Law. A greater force of attraction takes more energy to break apart.
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Both have Cl-.  Al3+ has a greater charge and is a smaller ion than Na+.  Both of these increase the force of attraction according to Coulomb's Law.  A greater force of attraction takes more energy to break apart.


110.Use the potential energy graph of two atoms as they approach each other to answer the questions that follow.

a. At what internuclear distance do the atoms bond?

About 110 pm.

b. How much energy is released when one mole of the atoms bond?

About 450 kJ

¢.  How much energy is required to break the bond between one mole of these atoms?

About 450 kJ

d. At what internuclear distance are the attractive and repulsive forces between the two atoms balanced?

About 110 pm
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111.The structure above represents the ionic compound KF.
a. Fill in the circles with + and — to indicate the charge of the ions.

b. How would the structure differ if it were KCl instead of KF? Draw a particle picture to explain your answer.

The CI-ion would be bigger while the K* would be the same size.

c. Explain why solid ionic compounds are brittle by referring to the particle picture of KF.

When the ions are struck they are displaced/moved and the like charges will line up. This
causes great repulsion which allows the solid to cleave.
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When the ions are struck they are displaced/moved and the like charges will line up.  This causes great repulsion which allows the solid to cleave.


112.Using the data above and Coulomb’s Law, predict whether NaCl would have a higher or lower boiling point than NaF.
Explain your reasoning.

NaCl should have a lower boiling point. The CI- ion is larger than the F-ion which increases the distance
between charges. An increased distance between charges makes a weaker bond according to Coulomb's
Law.
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Section 2.02
Topic 2.5 First Year Review

113.How many valence electrons do the following elements have?

a.Cq_
b.Ng

b
d F
g

114.What does it mean when a covalent bond is polar in terms of ...
a. sharing electrons?

The electrons are found more often around the more electronegative atom. They share the electrons unequally.

b. difference in electronegativity?

A polar covalent bond will have a difference in electronegativity. (Often reported as a difference in
electronegativity greater than 0.4)

c. electron density?

The electron density will be greater around the more electronegative atom. The more electronegative atom
attracts the electrons more therefore the electron cloud will be distorted around that atom.
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Topic 2.5 Worksheet

115.Shown above are the Lewis structure of propane (CsHg) and methanoic acid (HCOOH). Draw the Lewis structure of

propanoic acid, HC3HsO,.

Wp 207
( | ( 0o

\—C-c—C~-o— H

) "

HhoA

116.Complete the Lewis electron dot structure for ethanol by drawing in all of the electron pairs.

117.Complete the Lewis electron dot structure for the weak base methyl amine by showing all bonding and nonbonding electrons.

H H
’ |
H-C-N-H

H

118.Draw the Lewis structure of propanone, CH;COCHs.

Aoepl P
\ It I
w—C-c-cH
| |

A ¢
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119.What is an isomer?

Same number and types of atoms but different bonding.

120.Explain why CH3COCHgs is an isomer of CH3;CH,CHO. H ¥ |'\
TR

I I

They both have the same number and —C-C- -H
types of atoms but a different arrangement \'\ C
of the atoms. [ A
A
1T
U
H H H H

121.Butane is shown above. Draw an isomer of butane.

Hooow i
( I ( )
d—C- ¢ - ¢
[ I W
Y r\'f “H
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122.Explain the following observations about the two carbon-oxygen bonds in the methanoate (formate) anion, HCO;".
a. Draw a Lewis electron-dot diagram (or diagrams) of the methanoate ion.

\-c=o | . 4 —C-o:
I 2k < > ll o0
L0 s 0%

9o

b. The two carbon-oxygen bonds in the methanoate (formate) anion, HCO; -, have the same length. Explain why.

The methanoate ion exhibits resonance and as a result the double bond on the oxygen rotates. Each
oxygen is somewhere between a double bond and a single bond, hence the same length.

¢. The length of the carbon-oxygen bonds in the methanoate (formate) anion, HCO; 7, is intermediate between the

length of the carbon-oxygen bond in methanol and the length of the carbon-oxygen bond in methanal, shown below.

Explain why.

The C-O bond in the methanoate ion is in resonance between a double bond and a single bond. The C-
O bond in methanol and methanal do not show resonance and are therefore a single bond length (for
methanol) and a double bond length (for methanal).
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123.Draw the following Lewis structures.

CO; CHq4
i
ol a9 ! R
O= (=° H ~-C - A
LY, e (
H
C0327 SiH4
L /1
2o §
| o . H
C=0 H - >
| » o \
L4 'S ”
< ¢ |\
CF, . PCl;
K F o
6 © | ) . s oo oc ,
fF'['., ccy - -t
(¥e o l
:Fe T U
S e / e .
SF4 SO3
o ) O‘: - O3 s 0f
oa ’-v. &= ‘I 0o \ Py I e o
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Section 2.03
Topic 2.7 First Year Review

124.Determine if there is a force of attraction or a force of repulsion between the particles indicated.
a. Electron and proton

Force of attraction. (Proton is positive and electron is negative.)

b. Electron and electron

Force of repulsion. (Electrons are negative.)

c. Electron and nucleus

Force of attraction. (Nucleus is positive due to the presence of protons and electron is
negative.)

125.Determine the number of bonding and nonbonding electron domains on the central atom of the following Lewis structures.

Lewis structure Number of bonding domains Number of Nonbonding domains

LA
Cle

o U O

ee | ee
Cle

t0—0=0

.o e Z \

:Elfl:
c=o0: 3 O

:Cl3
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126.1n the quantum mechanical model of the atom electrons can be found in areas known as orbitals.
a. How many s-orbital shapes exist on a single energy level? Draw all shapes.

Each energy level has a
single s-orbital.

2z

b. How many p-orbital shapes exist on a single energy level? Draw all shapes.

Each energy level has three
p-orbitals; px, py, and pz

v
P x

Z

¢.  How many d-orbital shapes exist on a single energy level? Draw all shapes.

Each energy level has five d-
orbitals; d,2dy2-y2, dyy, dyz, dy;

dr

z
¥

d)(z- 77.

Z-
>(
\r
Py
z
Y
dTZ
v
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Topic 2.7 Worksheet

127.Determine the molecular geometry and hybridization of each of the central atoms for the Lewis structures you drew in #123

above.

Particle Molecular Geometry | _Hybridization Particle Molecular Geometry | _Hybridization
co; | nar SP CH Yetvahedial sr”
COs?* ’k V‘ﬁ"“‘ f\m%v’ S P‘} SiH, Yetvo heba! w1 *
CF. Lotuledial 403 PCly N igowal mmw{cﬁ S’
SF. Spe - 50w gsﬁﬂ SO Digone] p(ma./ sp?
CoCla vsope| P\”” <p” HaS beat sp?
CaHe {'qul plamw 6?7/ HEN | ineoy SP
HF | (near Sp> OFs |4 -daped cpp*d
O Lok s5p° CaHy | neav Sf
N | igoed pyeid | Sp® %0 gl pyeed | SP7
BH N done| PLW 5 ” XeF Squee flwvw spA>

128.The bond angle of CH4, NH3, and H,O decreases. Explain why.

The lone pair electrons on the central atom repels with a greater force as the number of lone pairs increases.
CH,4 has no lone pairs, NH3 has one lone pair, and H,O has two lone pairs. As the repulsion increases the
bonded atoms get closer to each other.

129.Explain why the carbon-oxygen bond length in CO3?~ is greater than the carbon-oxygen bond length in COs.

The C-O bond length in CO, is that of a double bond length while the bond length in CO3? is between two single
and one double bond because of resonance. All three C-O bond lengths in CO3?" are the same length. The C-
O bond in COs% is longer because of this resonance.
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130.In terms of molecular geometry, account for the fact that the CF4 molecule is nonpolar, where as the SF, molecule is polar.

In CF, the dipoles cancel because of the tetrahedral shape. In SF, the dipoles do not cancel because of the
see-saw shape.

131.Shown above is the Lewis structure of ethanoic acid.
a.  What is the approximate angle of the H — O — C bond.

107°. (109.5° is also acceptable.)

b. What is the approximate angle of the O — C = O bond.

120°

¢.  What is the approximate angle of the H — C — H bond.

109.5°
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132.Complete the table below that shows the relationship between hybridization and bond angles.

Hybridization Bond Angle Possible VSEPR Molecular Geometries
180° linear (180° only)
Sp
1200 trigonal planar (120°) and bent (<120°)
sp?
109.5° tetrahedral (109.5°), trigonal planar (<109.5°), and
SpB bent (<<109.5°)

133.Determine the number of sigma and pi bonds in the following particles.

Particle # of sigma and pi bonds on the carbon indicated
1 sigma, 2 pi
H—C=C+H
H\ /H 1 sigma, 1 pi
C=C
H H
IiI (”) 1 sigma, 1 pi
H—?——C——O—H
H
H "0
I ” 1 sigma
H—C—C1—0—H
|
H

Note: The
"Bond Angle"
is assuming
no lone pairs.
The bond
angles with
lone pairs is
shown with
the geometry.
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134.Shown below are two different representations of the same molecule ethene, C,H4. Which of the two Lewis structures is a
more accurate representation of the molecular shape? Explain your reasoning.

Structure A Structure B
H
H H |
H\ 4C\

H—C=—C—H

Structure B is the more accurate representation of the molecular shape. Both structures are good Lewis
structures. However, Structure B is a better representation of the approximate angles that the shape would take,
trigonal planar around each carbon.

135.Give the reasoning for when a molecule is ...
a. polar.

Dipoles do not cancel

b. nonpolar.

Dipoles cancel
or
No polar bonds present
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136.Determine if the particle is polar or nonpolar for the Lewis structures you drew in #123.

Particle I\Tgrﬁ)ro?;r Particle I\Fl)gru?)ro?z;r
CO; VR CH, NP
CO N Q SiH, N f’
CF, N @ PCl; P
SF, (> SO3 N P
CoCla NP H,S P
CoHa N HCN P
HF F CIF;
H,O .F CoH» M ‘P
NHs P XeOs p
BH; NP XeF NP

137.BF3 is nonpolar while NF3 is polar. Explain why.

[
- —p-F.
I/ ( Qe
o0
] (]
9 [3
¢
el
go o Vc

In BF3 the dipoles cancel because it is trigonal planar. In
NF3 the dipoles do not cancel because it is trigonal
pyramid.
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138.Use the three molecules above to answer the questions that follow. In each case, refer to all three molecules when asked to
explain or justify.
a.  Which of these molecules is polar? Explain your reasoning.

They are all nonpolar because they are all made of nonpolar bonds.

b.  Which molecule has the strongest carbon — carbon bond? Justify your answer.

Molecule 3. The C-C bond is a triple bond which is the strongest C-C bond. The other molecules
have a single bond and a double bond.

c. Which molecule has C — C — H bond angle of approximately 120°? Explain your reasoning.

Molecule 2. The other molecules all have a bond angle of 109.5° because of the tetrahedral
structure. The C-C-H bond in molecule 2 is trigonal planar.

d. Determine the hybridization of the left most carbon for each molecule.

Molecule 1 = sp?®
Molecule 2 = sp?
Molecule 3 = sp

e.  Which molecule would have the highest percent of carbon by mass?

Molecule 3. There are more carbons per total molecule (3xC/C3H,4) compared to
molecule 2 (3xC/C3Hg) and molecule 3 (3xC/C3Hg).
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Section 2.04
Topic 2.6 First Year Review

139.Carbon can bond to carbon with a single, double, or triple bond.
a.  Will a C—C bond be shorter, longer, or the same length as a C=C bond?

A C - C single bond will be longer than a C=C double bond.

b. Will a C—C bond be shorter, longer, or the same length as a C=C bond?

A C-C single bond will be longer than a C=C triple bond.

¢.  Which of these three bonds, C-C, C=C, or C=C, will be the strongest?

The C=C triple bond is the strongest.

140.How many electrons are involved in a ...
a. Single bond?

2

b. Double bond?

4

c. Triple bond?

6
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Topic 2.6 Worksheet

H—C=N—O: H—C=N=0:

141.Use the Lewis structures above to answer the questions that follow.
a. Determine the formal charge of every atom in each of the Lewis structures.

H:I—[‘;(L)w):o \ Hzl_(la(—g\uo )
C—'"f’(ji(ﬁf'O):O { C_—‘_{_(JZ(WL\:—)
N-s- (4 DAL { N cG-(LEY o) 7+
0:(9—(12(1\"(93"“' 0 = b-(L(D) 0

—

b. Based on formal charge, which of the two molecules is the best representation of HCNO? Justify your answer.

The structure on the left is the best representation. The most electronegative atom (oxygen) has a
negative charge while in the structure on the right the most electronegative atom (oxygen) does not have
the most negative charge.

Also, the less electronegative carbon has a formal charge of zero in the structure on the left while the
carbon in the structure on the right has the most negative charge.

142.Explain why every bond in CO3?~ is the same length.

Resonance. The double bond rotates because the electrons are delocalized.
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143.Shown above is benzene, CsHs. Draw all resonance structures that exist.

u—(iw)

144.Determine which structure below is the best based on formal charge. /

/ l \ \ \ \ y ! \
5 (ot sl b (aed) | 5D Lo | b os(a) Ty
£l 0 ol - 5-(1b) 42

g,(%;t b\
0

The best structure is circled. It has the smallest difference in formal charge and the most electronegative atom
has the negative formal charge.
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Section 2.05
Topic 2.4 First Year Review

145.Will atoms be more similarly sized across a period or down a group? Explain your reasoning.

Atoms are more similarly sized across a period. The atoms across a period all have
the same energy level being filled. Down a group the atoms all have different
energy levels being filled. A change in energy level is a large difference in size.

146.Define the following terms:
a. Malleable

Able to be bent of pounded flat

b. Ductile

Able to be drawn into a thin wire

c. Sea of electrons

Delocalized electrons. Electrons are free to move about
the entire structure and are not constrained to a single
atom.

d. Conductor

A substance that allows electrons to flow in one or
more directions.
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Topic 2.4 Worksheet

147.What relative size of metallic atoms would make ...
a. an interstitial alloy?

A large atom and a small atom

b. asubstitutional alloy?

Relatively similar size of atoms

Figure A Figure B

148.Use the two figures above to answer the questions that follow.
a.  Would Figure A be an interstitial or substitutional alloy? Justify your reasoning.

Interstitial alloy. The smaller atoms fit into the spaces of the larger atoms.

b.  Would Figure B be an interstitial or substitutional alloy? Justify your reasoning.

Substitutional alloy. The atoms are replaced by other atoms of similar size.

¢.  Which figure would represent an alloy made of copper and zinc? Explain your reasoning.

Figure B, substitutional alloy. The atoms are close to each other on the periodic table and are
therefore close in atomic size. This makes them a substitutional alloy.
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d.  Which figure would represent an alloy made of iron and carbon? Explain your reasoning.

Figure A, interstitial alloy. The atoms are far apart from each other on the periodic table and are therefore
different in size. This makes them an interstitial alloy.

e.  Which figure would be less malleable? Explain your reasoning.

Figure A. The small atoms in between the larger atoms makes them less malleable due to the lack of
movement/rigidity.

f.  The two alloys are made of the same white element. Which figure would be more dense?

Figure A. There are more atoms in the same amount of space.
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Section 3.01
Topic 3.3 First Year Review

149.Determine if the following is a property of a solid, liquid, or gas by placing an X in the appropriate box. Some properties
may describe multiple states of matter.

Property Solid Liquid Gas
a. Compressible X
b. Definite shape )<
c. Definite volume X X
d. Fills entire container regardless of volume X
e. Greatest force of attraction between the particles X
f. Heat of fusion occurs between these two states X X
g. Heat of vaporization occurs between these two states X X
h. Made of particles X X X
i. No definite shape X X
J- No definite volume X
k. Of the three, packed the loosest X
I Of the three, packed the tightest X
m. Particles are free to move about the most X
n. State o_f_substa}nce at temperatures above the melting point but below X

the boiling point
0. State of substance at temperatures below the melting point X
p. State of subtsance at temperatures above the boiling point )(
q. Takes the shape of the container X )(
r. Weakest force of attraction between the particles )(
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Topic 3.3 Worksheet

150.Draw a particulate picture of ...

0
0
0
OC%%%%%% oﬁ&%ci@&g(\% _
oll qul as

151.CClq(l) is placed in a previously evacuated container at 30 °C, and some of the CCla(l) evaporates. In the box below, draw a
particulate diagram to show the species in the container after some of the CCl4(I) has evaporated.

%

@

®% &

e
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Section 3.02
Topic 3.2 First Year Review

152.Which is expected to have the greater dipole moment? In each case justify your answer.
a. Chbondedto N or C bonded to F

C bonded to F. C and N are closer to each other on the periodic table and therefore have more
similar electronegativity values (2.55 and 3.04 respectively) while C and F are further from each other
on the periodic table and therefore have a larger difference in electronegativity (2.55 and 3.98
respectively). The greater the difference in electronegativity the greater the dipole moment.

b. N bonded to P or N bonded to Sb

N bonded to Sh. Electronegativity decreases down the group therefore Sb has a smaller
electronegativity than P. The difference in electronegativity between N and Sb (3.04 and 2.05) is
greater than the difference in electronegativity between N and P (3.04 and 2.19).

153.According to Coulomb’s Law, does the force of attraction increase, decrease, or remain the same as the size of the charge
difference increases? (Assume the distance between the charges remains the same.) Explain your answer.

The force of attraction increases as the size of the charge difference increases. According to Coulomb's
Law the force of attraction is porportional to the product of the charges, as shown in the equation below
with g; and g,. As g; and g, get bigger the force of attraction also gets bigger if the denominator stays
the same.

117


jdaugherty
Text Box
C bonded to F.  C and N are closer to each other on the periodic table and therefore have more similar electronegativity values (2.55 and 3.04 respectively) while C and F are further from each other on the periodic table and therefore have a larger difference in electronegativity (2.55 and 3.98 respectively).  The greater the difference in electronegativity the greater the dipole moment.

jdaugherty
Text Box
N bonded to Sb.  Electronegativity decreases down the group therefore Sb has a smaller electronegativity than P.  The difference in electronegativity between N and Sb (3.04 and 2.05) is greater than the difference in electronegativity between N and P (3.04 and 2.19).

jdaugherty
Text Box
The force of attraction increases as the size of the charge difference increases.  According to Coulomb's Law the force of attraction is porportional to the product of the charges, as shown in the equation below with q1 and q2.  As q1 and q2 get bigger the force of attraction also gets bigger if the denominator stays the same.

jdaugherty
Pencil


5- Cr

154.The image above is of the electron density of HF.
a. s the molecule polar or nonpolar? Justify your answer by referring to the electron density.

The molecule is polar. The electron density is more centered around one atom than the other. Since
the electron density is not shared equally it is a polar molecule.

b. To the left and right of the molecule label one side “5 +” and the other side “6 —”. Justify your choice by referring to
the electron density of the molecule.

The greater electron density will be more negatively charged than the less electron dense area. A

greater electron density means that the electrons are found more often around that area of the
molecule.

c. How does a neutral particle like HF gain a partial positive and partial negative charge?

An unequal sharing of electrons.
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Topic 3.1 Worksheet

155.What’s the difference between a single bond (intramolecular force) and intermolecular forces?

A single bond is within a molecule while an intermolecular force is between two different molecules.

156.Explain how ...
a. London dispersion forces form. Include a picture.

Random movement of electrons causes a temporary dipole.
The adjacent molecule is induced to form a dipole because of
the temporary dipole. The temporary dipole goes away and the
induced dipole goes away as a result.

b. Dipole-dipole forces form. Include a picture. @ 7 :

A polar patrticle is attracted to another polar particle; positive g
end of a polar particle is attracted to the negative end of a 00 ° < g0
o\

different polar particle.

¢. Hydrogen bonds form. Include a picture.

A HboundtoaN, O, or F is attracted to a different particles _ \«\
N, O, or F. (Macromolecules can form H bonds within the F
same structure, e.g. proteins and DNA)

d. Dipole-induced dipole forces form. Include a picture.

Si 8 -
A polar particle induces a nonpolar particle to become polar. @ @ @.. ‘
A

e. lon-dipole forces form. Include a picture. J,

X
An ion (+ or -) is attracted to a i S, X 0@5’ b
polar particle. QD% fj
$ gr
3 )
<-
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157.Explain polarizability.

The ability of a molecule to become polar.

158.Explain how polarizability increases with an increase in the number of electrons.

As the number of electrons increases there is a greater likelihood of being temporarily polar because there is
a greater likelihood of more electrons being on one side than the other. As the chance of being polar
increases the London dispersion force also increases in strength.

159.Explain how polarizability increases with an increase in surface area of a molecule.

Larger surface area tends to have more electrons. As the number of electrons increases the chance of
being polar increases.
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H H H H

\ / \ /
/C= C\ /C= C\
H CHs H Cl
Propene Vinyl chloride (chloroethene)

160.Answer the questions that follow about propene (CH,CHCHj3) and vinyl chloride (CH,CHCI), shown above.
a. ldentify the intermolecular forces present in each molecule.

Propene has only London dispersion forces while vinyl chloride has London dispersion forces and
dipole-dipole forces.

b. The boiling point of liquid propene (226 K) is lower than the boiling point of liquid vinyl chloride (260 K). Account

for this difference in terms of the types and strengths of intermolecular forces present in each liquid.

Vinyl chloride has a larger electron cloud, is more polarizable, and has a larger dipole moment. Thus the
intermolecular forces in vinyl chloride are stronger than propene.
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161.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 complete Lewis
electron-dot diagrams shown above may be useful in answering parts of this question.
a. Atlatmand 298 K, pentane is a liquid whereas propane is a gas. Explain.

Pentane and propane are both nonpolar and therefore only have London dispersion forces between their
particles. Since pentane has more electrons than propane it is more polarizable and therefore has
stronger London dispersion forces than propane. Stronger forces of attraction means a greater boiling

point as the molecules are held together with a greater force of attraction.

b. At1atmand 298 K, methanol is a liquid where as propane is a gas. Explain.

Methanol has London dispersion forces, dipole-dipole, and hydrogen bonding while propane only has
London dispersion forces. Since methanol has stronger intermolecular forces it will be a liquid while

propane has weak intermolecular forces and is therefore a gas.
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162.Two types of intermolecular forces present in liquid H,S are London (dispersion) forces and dipole-dipole forces.
a. Compare the strength of the London (dispersion) forces in liquid H:S to the strength of the London (dispersion)
forces in liquid H2O. Explain.

H,O has weaker London dispersion forces than H,S. H,S has more electrons and is therefore more
polarizable. The more polarizable the stronger the London dispersion forces.

b. Compare the strength of the dipole-dipole forces in liquid H.S to the strength of the dipole-dipole forces in liquid
H>O. Explain.

H,O will have stronger dipole-dipole forces than H,S. O is more electronegative than S and thus H-O is a
more polar bond than H-S. A stronger dipole creates a stronger dipole-dipole force.

163.Consider Br, and Cl..

a.  What intermolecular forces do they both exhibit? Justify your answer.

London dispersion forces only. Both are nonpolar.

b.  Which has stronger intermolecular forces? Justify your answer.

Br;, has stronger IMF because it has more electrons than Cl,. More
electrons means more polarizable.

¢.  Which do you expect to be a liquid at room temperature? Explain why.

Br, would be more likely to be a liquid at room temperature because it has
stronger IMF.
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H -0

164.Consider the haloacetic acids, illustrated above with an “X” in place of the halogen.
a.  What intermolecular forces are present in all of the haloacetic acids?

London dispersion forces, dipole-dipole forces, and hydrogen bonding.

b.  Which haloacetic acid would you expect to have the highest boiling point, Cl, Br, or I?

lodine.

¢. Explain your reasoning.

The only difference for all of haloacetic acids is the halogen taking the place of "X". lodine
has the most electrons of all of the halogens listed. More electrons means more polarizable
which means stronger London dispersion forces than Cl or Br. Stronger IMF requires more
energy to boil.
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H H H H
| | |
H—?—?—O—H H—?—O—?—H
H H H H
Ethanol Dimethyl ether

165.Answer the following questions about the isomers ethanol and dimethy| ether.
a. Explain why methanol and dimethyl ether are isomers of each other.

Same number and types of atoms but a different arrangement.

b. Identify all intermolecular forces in both molecules.

Ethanol has London dispersion forces, dipole-dipole forces, and hydrogen bonding.
Dimethyl ether has London dispersion forces and dipole-dipole forces.

¢. Ethanol has a boiling point of 78 °C while dimethyl ether has a boiling point of —24 °C. ldentify the intermolecular
force that is most responsible for the difference.

The hydrogen bonding in ethanol is responsible for the difference in boiling point. Dimethyl ether does
not exhibit hydrogen bonding and therefore has weaker forces of attraction.
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166.Shown above are the Lewis structures for nonane and 2,3,4-trifluoropentane.
a. Identify the intermolecular forces present in both molecules.

Nonane has London dispersion forces.
2,3,4-trifluoropentane has London dispersion forces and dipole-dipole forces.

b. Nonane has a higher boiling point than 2,3,4-trifluoropentane even though they have nearly identical molar masses.
i.  Which intermolecular force is most responsible for this difference?

The London dispersion force is more responsible for the difference.

ii. Explain how the intermolecular force you identified in 166bi. causes the difference in boiling point.

Nonane is more polarizable because of greater surface area compared to 2,3,4-trifluoropentane. A greater
polarizability increases the strength of the London dispersion forces present.
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NS NS
H-G-6-C H-G-6-6-C

HH O-H HHH O-H

Propanoic acid Butanoic acid

167.Shown above are the Lewis structures for propanoic acid and butanoic acid. Propanoic acid has a lower boiling point than
butanoic acid.
a. ldentify all intermolecular forces present in each molecule.

Both molecules have London dispersion forces, dipole-dipole forces, and hydrogen bonding.

b.  Which intermolecular force is most responsible for the difference in boiling point?

London dispersion forces. Butanoic acid is more polarizable because it has more electrons than
propanoic acid. More polarizable means stronger London dispersion forces.

168.Br, has a higher boiling point than BrCl. Explain why in terms of the intermolecular forces present.

Br, has London dispersion forces while BrCl has London dispersion forces and dipole-dipole forces.
However, the London dispersion forces in Br, are stronger than the forces in BrCl. This is because Br; is
more polarizable than BrCl because Br, has more electrons.

NOTE: The properties of the molecules dictate the strongest force present. Since Br; only has LDF that
means the LDF of Br, HAVE TO BE STRONGER than the forces present in BrCl because of its higher
boiling point. Higher b.p. means stronger forces of attraction.

169.Energy is required to boil ethanol. Consider the statement “As ethanol boils, energy goes into breaking C — C bonds, C - H

bonds, C — O bonds, and O — H bonds.” Is the statement true or false? Justify your answer.

The statement is false. When a substance boils the intermolecular forces break and NOT the chemical
bonds.
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Flask A Flask B Flask C Flask D

170.Shown above are four identical flasks that contain four different liquids all at the same temperature. The particles above each
liquid are in the vapor phase.
a.  Which flask has the weakest forces of attraction between the particles? Explain your reasoning.

Flask B. Flask B has the most number of particles in the vapor phase. The particles have to overcome the IMF
in order to enter the vapor phase.

b.  Which flask has the strongest forces of attraction between the particles? Explain your reasoning.

Flask C. Fewest number of particles in the vapor phase. This means it has the strongest forces of attraction
and keeps the particles from entering the vapor phase.

c. Ifall of the particles were nonpolar, what could be a possible reason for the difference in the strength of the
intermolecular forces?

Either the number of electrons making it more polarizable or the greater surface area of the particle making it
more polarizable.
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d. If all of the particles were polar but did not contain hydrogen bonding, ...
i what intermolecular force of attraction would most contribute to the differences in strength?

London dispersion forces. If all particles were polar but did not have hydrogen bonding then the difference in
strength of the London dispersion forces would be the most likely contributor without more information.

NOTE: A difference in polarity can also contribute to a difference in strength. A more polar particle will have
stronger dipole-dipole forces compared to a less polar particle. However, that information is not provided.

ii. would the particle in flask A have more, fewer, or the same number of electrons as the particle in flask D?

Assuming London dispersion forces are the reason for the difference in volatility, Flask A would have more
electrons than Flask D. Fewer vapor particles in A than in D therefore A must have stronger IMF. If all other
properties are equal then the number of electrons can strengthen the London dispersion forces present.

Container A B Cc
Gas Methane Ethane Butane
Formula CH,4 CoHs CaHao
Molar mass (g/mol) 16 30. 58
Temperature (°C) 27 27 27

171.Consider the three gases above in three identical containers. As the pressure of the gases is increased they transition from the
gas phase to the liquid phase.
a. Explain, on the molecular level, why increasing the pressure of the gas would change it from gas to liquid.

As the particles are pressed closer to each other at higher pressure the strength of their IMF would increase because of
the decreased distance between particles. As the strength increases it would transition to a liquid.

b. Which gas would condense with the least amount of pressure? Explain your reasoning. You must mention all three
gases in your explanation.

Butane would condense with the least amount of pressure. Butane would have stronger LDF because of more
electrons and greater polarizability. Methane and ethane would both have weaker LDF because of fewer electrons and
less polarizability.
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172.Use the figure above to answer the questions that follow.
a.  What does arrow A indicate?

Arrow A indicates a covalent bond between H and O.

b. Arrow D indicates a hydrogen bond. Explain why D indicates a hydrogen bond while B and C do not.

A hydrogen bond is between a H attached to a N, O, or F attracted to a different particles N, O, or F. Arrow B is
between two oxygen atoms while arrow C is between two hydrogen atoms. Only arrow D is between an oxygen
and a different particles hydrogen that has a O bonded to it.

173.Use the information in the table below to answer the questions that follow about three organic compounds.

Note: Students may not know
what the heat of vaporization
is at this point in the
curriculum.

a. Explain why propane has a smaller heat of vaporization than propanone.

Propane has weaker IMF than propanone. Propane only has LDF while propanone has LDF and dipole-dipole forces.
It takes less energy to break the IMF in propane compared to propanone.

b. Explain why propanone has a smaller heat of vaporization than 1-propanol.

1-propanol has stronger IMF than propanone. 1-propanol has hydrogen bonding, dipole-dipole, and London
dispersion forces while propanone only has dipole-dipole and London dispersion forces. Weaker forces of
attractoin requires less energy to go from liquid to gas.
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174.Which of the figures below correctly shows a hydrogen bond? Explain your reasoning.
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Figure A: H not bound to N, O, or F
Figure B: H bound to N BUT not attracted to a different N, O, or F
Figure C: Hnot boundto N, O, or F

Figure D: H bound to N, O, or F and that H attracted to a different N, O, or F
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175.Shown below is a molecule of urea (H,NCONHy>) which is highly soluble in water. Draw and label the hydrogen bonds
between urea and water.
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Section 3.03
Topic 3.10 First Year Review

176.Use the graph above to answer the questions that follow.
a.  Which solid is more soluble at 45 °C?

Substance A. The solubility of A at 45°C is about 48 g/100 g H,O while the solubility of B at 45°C is about
40 g/100 g H,O

b. What mass of Substance A will dissolve in 100 g of water at 10 °C?
About 14 grams.

¢. 50 grams of Substance B is placed into 100 grams of water at 40 °C.
i. Would the solution be saturated or unsaturated?
The solution would be saturated.
Note: | don't teach supersaturated using a solubility curve. Supersaturation only occurs under special

circumstances and I've found that students think it happens in every instance above the solubility
curve.

ii. How many grams of Substance B would be dissolved?

40 grams

iii. How many grams of Substance B, if any, would be set on the bottom of the beaker?

10 grams
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Topic 3.10 Worksheet

177.Complete the table below about the general solubility of different compounds in water (H,0) and hexane (C¢H14).

Strongest Type of IMF in the Particle Soluble in Water Soluble in Hexane
(Yes or No) (Yes or No)

London dispersion forces No Yes

Dipole-dipole force Yes No

Hydrogen bonding Yes No

lonic bonding Yes No

178.Define the following terms:
a. Miscible
When a liquid is soluble in another liquid

b. Soluble
Able to dissolve

c. Solution
A homogeneous mixture of solute and solvent

179.Shown below are the structures of glucose, CsH120¢, and cyclohexane, CsHas.

Glucose Cyclohexane

a. Identify all intermolecular forces present in each compound.

Glucose has London dispersion forces, dipole-dipole forces and hydrogen bonding.
Cyclohexane has London dispersion forces only.

b. One of the molecules is soluble in water while the other is not. Which of the two would be soluble in water?
Explain your reasoning.

Glucose is soluble in water. Glucose has similar IMF to water while cyclohexane does not. Similar IMF
are soluble in each other.
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Compound A Compound B Compound C

180.Which of the compounds above is ...
a. the most soluble in water? Explain your reasoning.

Compound B. Most similar IMF to water. Compound B has more hydrogen bonding than
Compound A which makes Compound B more soluble. Compound C would be insoluble because
of dissimilar IMF.

b. the least soluble in water? Explain your reasoning.

Compound C. Compound C only has LDF which is the least similar to water.

c. the most soluble in hexane, CsHg? Explain your reasoning.

Compound C. Compound C has the most similar IMF to hexane which is also nonpolar and has
only LDF.

181.Shown above is a model that explains how oxygen is dissolved in water. Explain how water creates a temporary dipole in
oxygen in order to create a dipole-induced dipole force of attraction.

Water is always polar. This dipole forces oxygen to have a temporary dipole by moving the electrons. The
temporary dipole makes a force of attraction between water and oxygen.
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182.An unknown solid, Un(s), was placed into two separate test tubes; one containing water and one containing hexane. What do
the results indicate about the intermolecular forces in the solid?

The IMF in Un(s) are more similar to hexane than water because it dissolved in the hexane. Un(s) is more
than likely nonpolar with LDF as the only forces of attraction.
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Section 3.04
Topic 3.2 First Year Review

183.Place an “X” in the box for the force of attraction present in each solid:

Covalent Intermolecular Metallic

Solid Bonding Forces lonic Bonding Bonding

A crystal of table X
salt, NaCl

A strip of
b. magnesium ribbon, X
Mg

A lump of sucrose, X X
C12H22011

A bowl made of X
quartz, SiO;
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Topic 3.2 Worksheet

184.Give the properties of the following types of solids. Include example molecules of the solid.

a. lonic solid
Made of ions. Not malleable. Not ductile. Brittle. Solid does not conduct electricity. Solution and molten
conducts electricity. Low vapor pressure. Strong interaction of ions.

b. Covalent network solid
Elements of group 14. Made of nonmetal atoms or binary nonmetal compounds. High melting points. Rigid
and hard. Held together by strong covalent bonds.

¢.  Molecular solid
Nonmetals. Molecules at the lattice points therefore IMF hold the solid together but those IMF are weak
compared to covalent/ionic bonding. Low melting point and does not conduct electricity. Very large

molecules or polymers.

d. Metallic solid
Made of metal atoms. Conducts electricity and heat as a solid. "Sea of electrons" which means delocalized
electrons. Malleable and ductile.

185.Explain why a solid ionic compound will not conduct electricity but an aqueous solution will.

As a solid the ions are unable to move because they are held rigid due to the strong electrostatic attraction
between cations and anions. When aqueous the ions are able to move and thus conduct electricity.

186.Answer the following questions about the solids SO, and SiOs..
a. What type of solid is formed by SO,?
SO, is a molecular solid. The solid is held together by IMF.

b. What type of solid is formed by SiO,?
SiO; is a covalent network solid. The solid is held together by covalent bonds.

c. Which solid has stronger bonding?
SiO, has stronger bonding.

d.  Which solid should have a lower melting point?

SO, would have a lower melting point because of the weak IMF holding the solid together. It will take less
energy to separate the SO, molecules from each other.
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187.Consider the information in the table above.

a. ldentify the intermolecular forces present in both substances.
CH3OH has LDF, dipole-dipole, and hydrogen bonding.
C,HsOH has LDF, dipole-dipole, and hydrogen bonding.

b. Which substance would have the lower equilibrium vapor pressure?
C,Hs0OH would have a lower vapor pressure. The stronger forces of attraction means that fewer
molecules will be able to escape the surface of the liquid.

¢. Identify the intermolecular force most responsible for the lower vapor pressure.
LDF would be the IMF most responsible for the lower vapor pressure

188.The electrical conductivity of an ionic compound increases with the number of ions in the formula unit. Explain why a 1.0 M
solution of NaCl would have less electrical conductivity than a 1.0 M solution of NasPOa.

A 1.0 molar solution of NaCl would only have two moles of ions per liter of solution; 1 mole of Na* and 1 mole
of CI- per liter of solution. A 1.0 molar solution of NazPO,4 would have four moles of ions per liter of solution; 3

moles of Na* and 1 mole of PO,® per liter of solution. The more ions present in solution the greater the
electrical conductivity.

189.Consider the melting of NaCl or MgS.
a.  What types of bonds are being broken when the compounds melt? Explain your reasoning.
lonic bonds are being broken. The compounds are made of ions.

b.  Which would you expect to have a higher melting point? Use Coulomb’s Law to explain your reasoning.

MgS would have a higher melting point. Mg?* and S have higher charges than Na* and
CIl. The higher charges means a greater force of attraction. A greater force of attraction
requires more energy to break apart. The difference in size is relatively nonexistent as
Mg?* is smaller than Na* and CI- is smaller than S?.
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190.Shown below is the solid boron nitride.

O Boron atom
O Nitrogen atom

a.  What type of solid is boron nitride?
Covalent network solid

b. What evidence in the picture supports your answer?

Atoms are at the lattice point and they are covalently bonded to one
another.

¢. Boron nitride is a very hard solid. What about its structure gives it this property?
The covalent bonds make it a very strong substance.

191.Shown below are two isomers. Which would have the higher boiling point and why?

Compound 2 would have the higher boiling point. Compound 2 has stronger IMF. Compound 2
has LDF, dipole-dipole, and hydrogen bonding while Compound 1 only has LDF and dipole-
dipole forces.
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192.What is kinetic energy?

Energy in motion. In Chemistry, KE is generally tied to the motion of the
particles and is proportional to the temperature in Kelvin.

193.What is potential energy?

Stored energy. In Chemistry, PE is generally considered to be in forces of
attraction that include IMF and covalent/ionic bonding.

194.A 5.00 L container of methane gas is full. All of the methane gas is moved to a 20.00 L container.
a. Is the container 100% full or only 25% full of methane? Explain your reasoning.

The 20.00 L container is 100% full. A gas will occupy the volume of the container.

b. Did the mass of methane gas in the 20.00 L container increase, decrease, or remain the same as the mass in the 5.00
L container?

The mass remained the same. The volume does not effect the mass of the gas.
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195.What does a Maxwell-Boltzmann distribution illustrate? Draw an example of one.
A count of particles vs. a measurement of energy/velocity.

196.Does the velocity of a gas increase, decrease, or remain the same as ...
a. Temperature is increased.

As temperature increases velocity increases.

b. molar mass is increased.

As molar mass increases velocity decreases.

197.Gas A (75 °C, molar mass = 50 g/mol) and gas B (15 °C, molar mass = 25 g/mol) are placed in the same container and are
allowed to come to thermal equilibrium.

a.  What happens to the average kinetic energy of gas A as it approaches thermal equilibrium?

The average KE, decreases as the sample cools. Lower temperature = lower average KE.

b. What happens to the average kinetic energy of gas B as it approaches thermal equilibrium?
The average KEg increases as the sample heats up. Higher temperature = higher average KE

c. Compare the temperature of gas A to the temperature of gas B at thermal equilibrium. Explain your reasoning.

At thermal equilibrium the temperature of gas A equals the temperature of gas B. Thermal
equilibrium occurs when the gases are at the same temperature.

d. Compare the average kinetic energy of gas A to the average kinetic energy of gas B at thermal equilibrium. Explain

your reasoning.

The average KE, = the average KEg. If the temperature is the same the average KE is the same.
Temperature is a measure of KE.

e. Compare the average speed of gas A to the average speed of gas B at thermal equilibrium. Explain your reasoning.

Gas A has a lower speed than Gas B. They have the same average KE however KE=1/2mv?2. Although

they have the same KE their velocities (i.e. speed) would be different because their molar masses are
different. As the molar mass increases the velocity decreases.
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198.Use the Maxwell-Boltzmann distributions shown below to answer the questions that follow.

o 0(/
0 X e @2<

Shown above is the distribution for N at 25 °C. Shown above is the distribution for N, at 25 °C.
Draw and label the distribution for N at 50 °C. Draw and label the distribution for Xe at 25 °C

199.Describe the effect ...
a. of raising the temperature on the motion of gas particles. Explain your reasoning.

As temperature increases the motion of the gas particles increases. According to the KMT
temperature is proportional to the average KE.

b. on the pressure of a gas when the temperature is increased. Explain your reasoning.

As temperature increases the pressure of a gas increases. Since the motion of the
particle increases the number of collisions with the container increases. Pressure is a
measure of the number of collisions with the container.

148


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Text Box
As temperature increases the motion of the gas particles increases.  According to the KMT temperature is proportional to the average KE.

jdaugherty
Text Box
As temperature increases the pressure of a gas increases.  Since the motion of the particle increases the number of collisions with the container increases.  Pressure is a measure of the number of collisions with the container.


200.The Maxwell-Boltzmann distrubition below was created using four different gases. What specific property of the gas can
you determine from the graph alone?

If the four gases are at the same temperature then
the relative molar mass can be determined.

201.Use the five flasks above to answer the questions that follow.
a.  Which flask do the molecules have the greatest average speed of the particles? Explain your answer.

Flask B. N, has the lower molar mass. Flask B and D have the highest temperature and are therefore have the
greatest KE. N; has a lower molar mass than O, and is therefore moving faster.

b.  Which nitrogen flask has the most number of particles? Explain your reasoning.

Flask A. Flask A has a higher pressure at a lower temperature therefore it has more particles than Flask B.
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¢.  Which oxygen flask has the most number of particles? Explain your reasoning.

Flask C. Flask C has the highest pressure at the lowest temperature therefore it must have more
particles.

d. If flask C were placed into flask E, and there was no change in temperature, what would be the total pressure?
Explain your reasoning.

1.5 atm. The total pressure is the sum of the partial pressures since the flasks are all the same
size.

e.  Which flasks have the same average kinetic energy? Explain your reasoning.

Flasks B and D have the same average KE. Flask C and E have the same average KE.

Temperature is proportional to the average KE.

202.The apparatus below is a glass tube with two cotton balls stuck in the ends. One cotton ball is soaked with an aqueous
solution of HX while the other cotton ball is soaked with a volatile base. When HX and the base meet a white solid is
produced and creates a vertical ring in the tube. In the following situations, determine if the white ring will form closer to
HX, closer to the base, or near the middle. In each case, explain your reasoning.

HX B Loc_:atlo_n of Reasoning
white ring

Closer to HX CH3NH, (MM = 31 g/mol) travels faster than HCI (MM =
HCI CHsNH; 36.5 g/mol). Therefore the gases will meet closer to HCI

Closer to HX Same reasoning as above.
HBr CH3NH;

Closer to the HCI (MM = 36.5 g/mol) is much faster than the base (MM =
HCI CH3(CH2)sNH; base 115 g/mol) because HCI's mass is much less.
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203.The Maxwell-Boltzmann distributions below show two different gases at the same temperature. Compare the molar mass of
the gas depicted by the solid line (Gas X) to the molar mass of the gas depicted by the dashed line (Gas Y) by stating whether

the molar mass of the Gas Y is greater than, less than, or equal to the molar mass of Gas X.

Fraction of
Particles
-
”

T ——— o

Fraction of
Particles

Fraction of
Particles
\\
,I

-
e o

204.The particle picture on the left is a gas at a given temperature. Determine if the particle pictures are at a higher temperature

or a lower temperature. Explain your reasoning.

Original temperature

Gas Y has a greater molar mass than Gas X.

Gas Y has a molar mass equal to Gas X.

Gas Y has a molar mass lighter than Gas X.

Note: This is a weird looking Boltzman
diagram but it is being used to stress the
difference in speed and hence MM.

Reasoning

< Higher’;@r Lower Temp

Higher Temp o@

The arrows are longer which
means they are moving faster.
The "arrows" are vectors.

The arrows are smaller which
means they are moving
slower.
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205.Perform the following conversions.
a. Arigid container is 450 mL. Convert the volume to liters.

fsome| |\ = 0450 L

b. How many mL is 2.00 L?

W = 2009m -
[

c. Convert 125 mm Hg to atm.

e A
! 7UOWW"4’&

d. Determine the pressure in kPa if it is measured at 1.72 atm.

|70 at | ol 3k ¢ i

| 6 Fa-

e. A canister is measured to be at 0.892 kPa.
i. Determine the pressure in mm Hg.

0.2 kP | 200me g [
0.2 ife | Tiomern K

ii. Determine the pressure in atm.

b, G ot~ gglxio

T Mo Ag

f.  Anovenisranat 200. °C. Determine the temperature in Kelvin.
Ty - 101273 < ¢33 K

g. The flashpoint of carboard is 700. K. Determine the flashpoint in Celsius. (The flashpoint is the temperature at
which the substance will auto-ignite.)

Tk;7&4,275 Te =4aT°C
700 - TC. 4 X713
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206.Give the following equations or definitio;s/. Identify any variables in an equation.
a. ldeal gas law ¢ T
yesswe —Tl=n \ v’ €
% N / ( v*
(4t w ( ket (¢ \
ydurS peles

b. Ideal gas law (solved for molar mass)
£
R T 6\(’0‘”" >

o 2R
Y/\Owwﬁs
c. ldeal gas law solved for density
3. o, h- 2B
v TRT ©T
d. Mole fraction
— A :‘%
Wu(/*“ . /) oal
e
e. Partial pressure
\
4 ;
Yovid/l /Vf* : XA ?‘f“’"’
L
74 B
f. STP 0L s @
L opressy
S pedond Aempetve e (10
(T

g. Molar volume of a gas

@51° 234 L fuel

155


jdaugherty
Pencil

jdaugherty
Pencil


207.Determine the mass, in grams, of each gas under the conditions given.
a. 22.4L of CHu(g) at STP

{ LGl Nl Ll | 108179 - oy 2
(wele G s O JL_I"ZZ—M,(, —/_\/’./_W/l y

)b‘r\)‘-{Zj

b. 22 L of COxg)a <1 f

\ \ W S L{«(){,,O( a'vw(

(
CO, | lmal - Ol
@'ﬂ QAJL 2 — ’m{

LMB

\vxo(

c. .2LofSO,(g)atSTP

\ MM?DV - (pL{/OV

MM@
P44
oMl ’
o
d. 4L ofN.O(g)at273 Kand Latm | - L{L{.oz—j;
ol
|
T Z.%ck
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208.For the following changes to a gas, determine which will have a greater effect for the property specified without using a
calculator.

a.  Would the pressure increase, decrease, or remain the same if the Celsius temperature is doubled from 10 °C to 20 °C

while the volume the gas occupies is doubled from 2 L to 4 L? Explain your reasoning.

The pressure would decrease. The change in temperature in Kelvin is only 10 K therefore doubling of the volume
will have a greater effect on pressure.

b.  Would the volume of a gas increase, decrease, or remain the same if the Kelvin temperature were doubled while the
pressure is decreased by a factor of four? Explain your reasoning.

The volume would increase. Both changes will increase the volume.

¢.  Would the temperature of a gas have to increase, decrease, or remain the same if the volume of the container is

reduced by half while the pressure was doubled? Explain your reasoning.

The temperature would stay the same.

209.Perform the following calculations.

a. Determine the partial pressure of each gas if the canister contains 0.5 moles of O, 1.0 moles of N, and 0.5 moles of
Ar at a total pressure of 600 mm Hg.
~ - P P - X P : P«pk
YOL - "z 20,2) ’\Dn,_:xoz“h(’ ‘N; Ne Tt ?ﬁv Xﬁv

X - < 20-S B, :@{}((,oo) P, =Q§\§(b0® PAY-_QJZ\’\(WOB
" ?N._ - 300"”“‘4?) ﬁ_}/ = ICOWWH}

s .07
1

Xp ™ ?0»"’“”"””3

b. Determine the partial pressure of N, if the canister contains 0.5 moles of O, 0.5 moles of N, and 0.5 moles of Ar at

a total pressure of 900 mm Hg.

>( .I tecl 9&:5 7 423 Pﬁ'r)(ﬂ P’rof Esel ﬂws exets
(A :(}5\("[‘”3 300 In- *‘\3 of
PP:’>ODMWI+6 r‘(f SSure
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210.A student collects a gas over water using the apparatus shown below. Answer the questions that follow about the lab
experiment.

Explain why the water level on the inside of the collection tube and the outside of the collection tube needs to be at
the same level.

a.

If the water levels are the same then the pressure of the gas inside the tube is the same as the pressure of
the room. If they are at the same level we can assume that Pgas = Proom.

b. Explain why the pressure of the room is the same as the pressure of the gases (assuming a is true).

If the water levels are the same then the gas and room are pushing with the same amount of force. If the
water level is higher on the inside of the tube then the room pressure is pushing with more force than the gas
pressure. The opposite is true if the water level on the inside of the tube is lower than the water in the beaker.

¢. Explain why the pressure of the room is NOT the pressure of the collected gas.

The gas is collected over water. The water also has vapor over the surface therefore there is also water vapor
collected and causing pressure inside the tube.

d. How would you determine the mass of gas delivered?

Weigh the canister. Deliver the gas to the inside of the tube. Weight the canister again.
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e. Use the data below to determine the molar mass of the unknown gas.

Room Pressure 750 mm Hg P\J - QMEM‘_

Ph2o at 22 °C 19.8 mm Hg .

Mass of Canister Before the lab 25.100 ¢ MM ) (3??%-

Mass of Canister After the lab 24.276 g M = ( § 7’\0(00% 10(;3()75)
Temperature of Water (°C) 22.0°C '

Volume of Gas Collected (mL) 358 mL

=\ Gne ey e - &ws"ft dF('Qr|
? fjadﬁuo 4:(¢ Shes bebwe (omster e 5.0
' g 25w = 2270 .

211.A 5.00 milliliter vial contains 0.750 grams of CCl4 at 0 °C. Calculate the pressure in the vial at 25 °C.

?V:n(zr F: Zgﬂa]"'m
[)(.0053 - ;5/7;%5 [.okwbxz??{\

212.A gas has a vapor density of 7.50 g L™* at 350 K. If a container of the gas has a pressure of 2.22 atm what would be the
molar mass of the gas?

O /D\
PV:LL’ M ( 2.2L

§
M
o= Gl

(i =19 E M= 9T g L
L
pooy
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213.The pressure in a 1.00 L rigid flask at 1100 K was measured and recorded over time. Use the graph below to answer the
questions that follow.

a. Determine the moles of gas present in the flask at 5 minutes.

Py=n BT Q(ﬂ\’\({} - (Lox266) (eo)
0= 0.006T2 U

b. Determine the moles of gas present in the flask at 20 minutes.

PV=nfT me(l\ . n (rov22E3(1(0)
n- O-ouz wol 22

¢.  Which reaction below could be occurring in the flask? Explain your reasoning. In your explanation you must
discuss all three reactions.

CaCO0s(s) = CaO(s) + CO2(g) 4 Fe(s) + 3 Oz(g) — 2 Fe;04(s) CHa(g) + 2 O2(g) — CO2(g) + 2 H20(g)
Reaction A Reaction B Reaction C

Reaction A is occurring in the flask. Reaction A is creating a gas therefore the change in pressure would go from "0" to
a positive value. Reaction B would see a decrease in pressure as the gas is being converted to a solid. Reaction C
would see no change in pressure as the moles of gas are the same on both sides of the equation.
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H20,(aq) + OCI™(aq) — H20O(I) + CI"(aq) + O2(g)

214.A student investigates the reaction between H,O(aq) and NaOCl(aq), which is represented by the net-ionic equation shown
above. The student decides to produce 40.0 mL of Ox(g) at a pressure of 0.988 atm and a temperature of 298 K using the
reaction represented above. The student uses the equipment shown below. The student sets up a 250 mL Erlenmeyer flask
fitted with a one-hole stopper. The flask is connected to a 50 mL gas-collection tube that initially is completely filled with

water.

a. Calculate the volume of 0.800 M H,0,(aq) that the student should add to excess NaOCl(aq) to produce 40.0 mL of

0O2(g) at 0.988 atm and 298 K.

. v
{\Or_ rzT 007/: nHLOL
N, = (L) . Nyo
0. WB MA}@L l/_z"
(tOB \/“107’
N - 0.00lkLwslsO;
_OL— - - V:ﬂ'_ = OOOZOB(-/
.Y
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b. The student added the amount of H,O(aq) calculated in part (a) to excess NaOCl(aqg). However, instead of
producing 40.0 mL of O,(g), the volume indicated in the diagram below was produced.

i. Based on the diagram above, what volume of gas was produced?

36.4 m -

ii. Assuming that all the gas in the tube is O»(g), calculate the percent yield of Oz(g).

B fms o0 = qrof
Lo ol

iii. Is the assumption that all the gas in the tube is O2(g) correct? Explain.

No. The gas is collected over water. The water vaporizes and causes pressure in the tube as well.
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215.1n the apparatus shown below V; = V,. Answer the questions that follow about the apparatus assuming that there is no change
in temperature throughout the experiment.

a. How can you tell that in the Initial vessel there are equal number of moles in V and V>?
There are equal number of particles in each container.

b. How would the initial pressure in V1 compare to the initial pressure in V,? Explain your reasoning.

The pressures would be equal. The temperature is the same in both V; and V,. There are also equal
numbers of particles. Therefore they would experience the same pressure.

¢. How does the average KE of the particles in V1 compare to the average KE of the particles in V,?

They have the same average KE.

d. What information would you need to know in order to compare the speed of the particles?

The molar mass of the particles.

e. How does V; and V2 compare to Viotal?

Vi + Vo = Vgl

f.  What would happen to the pressure of the gas in V1 once the barrier is removed, as shown in the Final container?
Explain your reasoning.

The volume would decrease by 1/2 because the volume is doubled.
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216.Use the data below for the questions that follow. All three gases are in three identical, rigid containers.

a.  Which container has the most number of particles? Explain your reasoning.

Container B. It has the greatest pressure therefore it must have more particles colliding against the
container since they are all at the same temperature.

b.  Which container do the particles have the lowest speed? Explain your reasoning.

Container C. Since they are all at the same temperature they all have the same average KE. Therefore
the speed is inversely proportional to the molar mass. Butane has the greatest molar mass.

¢. Which container has the greatest density? Explain your reasoning.

Container B. Container B has the most number of particles and therefore the greatest mass. The volume
is the same for all containers so B has the greatest mass per container.
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217.Consider the boxes below all at the same temperature.

a. Determine the pressure in the Ne box. Explain your reasoning.

1 atm. It has half as many particles as the Ar box which has a pressure of 2 atm.

b. Determine the pressure in the He box. Explain your reasoning.

6 atm. It has 3 times the particles as Ar therefore the pressure will be 3 times the pressure of Ar.

¢.  What would be the total pressure if all three gases were placed in the same 1 L container.

9 atm. 2 atm from Ar, 1 atm from Ne, and 6 atm from He.

d.  What would be the pressure of He if all three gases were placed into a 2 L container. Explain your reasoning.

3 atm. The pressure would decrease by 1/2 because the volume went up by 2.
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218.A chemical reaction is carried out in a rigid container as illustrated above.
a. Write the balanced chemical equation.

J Ny Ozw()\ — N0, o)

b. How would the pressure of the container before the reaction compare to the pressure of the container after the
reaction? Explain your reasoning.

The pressure of the container after the reaction would decrease. There are fewer moles of gas
as products compared to the reactants. The pressure would be 2/3 of the original pressure.

219.Enough Ar(g) is pumped into a rigid container such that the pressure of Ar(g) is 0.45 atm.
a.  What would be the pressure if the number of Ar(g) particles was doubled?

0.90 atm

b. The container from (a) has additional CO2(g) pumped in so that the partial pressure of CO»(g) is 0.30 atm.
i. What is the partial pressure of Ar(g)?

0.90 atm

ii. What is the total pressure?

1.2 atm
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Section 3.07
Topic 3.6 First Year Review

220.Does the force of attraction increase, decrease, or remain the same as the dipole moment of a particle increases?

The force of attraction increases as the dipole moment of a particle
increases. The more polar the particle the stronger the force of attraction.

221.Shown below is the electrostatic potential of HF and HBr. The dipole moments are 1.972 Debyes and 1.107 Debyes,
respectively.

HF. The electrostatic potential was set to a minimum HBr. The electrostatic potential was set to a

of -0.1449 and a maximum of 0.3340 for comparison minimum of -0.1449 and a maximum of 0.3340 for

against HB.. The dipole moment is 1.9720 Debye. comparison against HF. The dipole moment is 1.107
Debye.

a.  Which is expected to have a greater dipole-dipole force of attraction? Explain your reasoning.
HF should have a greater dipole-dipole force of attraction. HF has a greater dipole moment (1.9720 Debye)
compared to HBr (1.107 Debye) which creates a larger partial charge in HF than in HBr. That larger partial charge
creates a stronger dipole-dipole force of attraction according to Coulomb's Law. The electrostatic potential also
shows that the electrons are more attracted to the F in HF than they are to Br in HBr.

b. Based solely on the dipole dipole foces, would the boiling point of HF be greater than, less than,
or equal to the boiling point of HBr? Explain your reasoning.
HF would have a boiling point that is greater than the boiling point of HBr. The dipole-dipole forces are
stronger in HF than they are in HBr. The stronger dipole-dipole forces means a greater force of attraction and
therefore more energy to separate the particles.
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222.Does the volume a particle occupies increase, decrease, or remain the same as you move down the periodic table?

The volume a particle occupies increases as you move down the periodic table. The atomic size increases
from top to bottom on the periodic table.

223.The H to H distance in CH, is 1.780 A while the Cl to Cl distance in CCl, is 2.874 A.

CHjy. Distance from H to H (highlighted) CCl,. Distance from Cl to ClI
is 1.780 A. (highlighted) is 2.874 A.

Explain why the distance from Cl to Cl is greater than the distance from H to H.

The size of the H atom is much smaller than the size of the Cl atom. Since the Cl atom increases
in size it must orient itself further from the other atoms to reduce repulsion. This results in a larger
distance between atoms.

168


jdaugherty
Text Box
The volume a particle occupies increases as you move down the periodic table.  The atomic size increases from top to bottom on the periodic table.

jdaugherty
Text Box
The size of the H atom is much smaller than the size of the Cl atom.  Since the Cl atom increases in size it must orient itself further from the other atoms to reduce repulsion.  This results in a larger distance between atoms.


Topic 3.6 Worksheet

224.Shown below is the van der Waals equation for real gases. Explain each variable that factors for deviations from the ideal

gas law.

JWE (ot e P

e @

225.Explain why a gas at low temperature deviates from the ideal gas law.

At low temperatures the IMF increase as the particles begin to slow. The strengthened IMF causes a deviation
from the ideal state.

226.Explain why a gas at high pressure deviates from the ideal gas law.

At high pressure the gas takes up less space therefore the particle size is greater compared to a larger space.
l.e. at 5 L the particle size is negligible but as that volume decreases because of greater pressure the particle
size takes up a large percentage of the total volume.

227.Which will deviate more at high pressures, a large gas particle or a small gas particle? Explain your reasoning.

A large gas particle. At high pressure the actual size of the particle causes a deviation from the ideal gas law.
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228.Which will deviate more at low temperatures, a particle with weak intermolecular forces or a particle with strong
intermolecular forces? Explain your reasoning.

A patrticle with strong IMF. As the temperature decreases the effect of the IMF increases. Stronger IMF
would cause a greater variation than particles with a weaker IMF.

229.Would you expect the predicted pressure of a sample of CHa to be closer to or further from the predicted pressure of a sample

of CCl4s? Explain your reasoning.

I would expect the pressure of CH,4 to be further from the pressure of CCls. CCly is a large particle with much
stronger IMF (London dispersion forces).
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Section 3.08
Topic 3.7 First Year Review

Use the chart below to answer the questions that follow.

230.A saturated solution of KNOjs is made in 100 g of water at 50 °C.
a. Determine the molarity of the KNOs(aq) at 50 °C. Assume the density of water is 1 g/mL.

§0y Assolvg @ sDoC KW0s [ lwel - O, TTlweds fNOs
3 [0(-(‘3
- w“(ﬁ n L ateles .M N0
~ M-

b. The KNOs solution is cooled to 25 °C. Determine the new molarity of the solution at 25 °C. Assume the density of
water is 1 g/mL.

A’m./‘ %@j d.;so\vd@/z"o(/ M - _ME - (zﬂ = B,’ﬂoM l‘*NO?,

ol L
3%314«93‘ fwl 0, 27 bwds ENO>
| ol g
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231.A saturated solution of NHs is made in 100 g of water at 20 °C.
a. Determine the molarity of NHs(aq) at 20 °C. Assume the density of water is 1 g/mL.

Kot 29 NHs dissdvas @ 2o M- - 30% .2o.5 M\ 5

Czq N3 (W’ _ 3,08 mole WH =
[7.03%

T

b. The solution made in 231.a above is heated to 90 °C. Determine the new molarity of NHs(ag). Assume the density
of water is 1 g/mL.

|OJ of Nz 5!%;4«() @ q0°c M = %
- .587 _ £x7M Nig

005 | ! 0587 mlalb R
S
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Topic 3.7 Worksheet

232.Describe the procedure a student should use to prepare 250. mL of 0.125 M CuSOu(aq) using appropriate equipment selected

from the list below. Assume that the student uses appropriate safety equipment.

e 250 mL bheaker e  Eye dropper
e 250 mL graduated cylinder e 500 mL wash bottle filled with distilled water
e 250 mL volumetric flask e 3.000 M CuSOq in a50 mL buret
i\ - M \} 1. Distribute 10.4 mL of 3.000 M CuSQO, from the buret into the 250 mL volumetric
MYy = Ve flask
( \ (Z ,.DB 2. Fill the volumetric flask to the 250 mL line using the wash bottle.
(3 V.= 2§ N 3. Use an eye dropper for the last few drops of distilled water into the flask.?

fO,q wml = \/l

233.Describe the procedure a student should use to prepare 100. mL of 0.250 M NaOH(aq) using appropriate equipment selected

from the list below. Assume that the student uses appropriate safety equipment.

e 100 mL beaker e 500 mL wash bottle filled with distilled water
e 100 mL graduated cylinder e Electronic balance
e 100 mL volumetric flask e Weigh boat
e Eye dropper e NaOH(s)
M X V=n N,‘Dq 1. Weigh out 1.00 g of NaOH(s). Do so by placing a
) weigh boat on the electronic balance, tare the mass of
-N the weigh boat, and add 1.00 g of NaOH(s).
Q_}‘;OX(.W‘A ~ NaoH 2. Fill the 100 mL volumetric flask halfway with
distilled water.
3. Add the NaOH(s) to the flask. Stir to dissolve the
. 0).‘:./,\/\-3() U&OH NaOH(s) completely.

i the eye drropper to get exactly 100 mL on the line.
_ H | uo ,_I.ooj(\\aomg)
#0205 w(b (a0 Lt {
- [wo|

4. Fill the volumetric flask to the 100 mL line, using
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234.A student used a 50.0 mL buret to add KMnOa(aq) to 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.
a. 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 KMnQOy(aq) that was added during the titration.

|IIII‘IIH||II||IIH|I|II|II||‘IIII‘IIII|IIII||[|H| ]
E W n =
o o (=] o o / o

Initial

OW@I

|III|‘II\I|IIII|IIH|€§\H|||I\‘I\II‘IH\||||||\||\| ]
o e n —

/

Final

D

29

|

30

C

\A\-Jilu\ = 235 wmL

F\\M'( > QQ,QS/WLL/

29.5%

-
e(M/”l

2 0omt d

b. Determine the moles of KMnO, delivered if the molarity of the KMnQOa(aq) is 0.320 M.

M-

v
‘\f\o\/’. N
Qvﬂo (,opb LOB S

,00%3% /M‘B =n
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235.Perform the following calculations.
a. A 100 mL sample of 0.500 M NaNOs(aq) solution is mixed with 100 mL of 0.500 M Ca(NOz3)2(aq) solution. What
is the final concentration of the NO3™ ion?

(_\ NOB— &/oﬂ N"“\)OS
(y NO¢ Hw C\(NOBBL

lOO)( ‘gM = l;)lfv\wo
(o0 X 5M X 2 = (00w~

igorenle M 2oy oy

b. How many grams of CaCOs(s) (molar mass 100. g) are needed to make 10. mL of 0.50 M solution?

(OW\L % .90 = GWM(S

000§W|5 \‘,wj - ‘6’0\3 66(03

¢. A 540 mg sample of glucose (molar mass 180 g) is dissolved in enough water to make 300. mL of solution. What
would be the molarity of glucose in 100. mL of the solution?

LHYO my e\kw,m/’ (w,.l = 2meds 0¥ .003m(> |
o |Y03 /rlle |00 me ?ZOOML

QO(VhDv\S (,\)oul{,Q [’\0./2/

0l < ol o Some Wity
-5L
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d. A student dilutes 100. mL of 2.00 M CacCl(aq) to a final volume of 400. mL with distilled water.

i. How many moles of chloride ion are in the 100. mL solution?

MeVang,

Z%vl:’W - wls AT
| ICulle

ii. How many moles of chloride ion are in the 400. mL solution?

oL{ZN(ﬁ C{ -

iii. What is the molarity of chloride ion in the 100. mL solution?

e Ao gt O

ol

iv. What is the molarity of chloride ion in the 400. mL solution?

M,'/'L/” | oot C(-

oH
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Section 3.09
Topic 3.8 First Year Review

236.How many atoms are in one particle of Ca(OH),?
/1N
[ = =

= § atoms

237.Draw a particle picture of the following. In each case, explain your particle picture.

a. Ag(s)

b. Ha(g)

C. C12H22011(S)

d. K:S(aq)
/\_/\/\/\./
o -06°
% @
e. AICls(s)

6 m0
’@)

Ag(s) is a single atom and should be arranged in a
crystalline structure.

H(g) is a diatomic gas. The particles should be all
over the container.

C12H22,014(s) should have a crystalline structure that is
held together with IMF.

For every two potassium ions you need one sulfide ion.

For every one aluminum ion you need three chloride
ions.
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238.Shown below are different particle pictures. Determine what is wrong with the particle picture and then explain how it
should be fixed to be accurate.

Description of Particle
Picture

Particle Picture

How would you fix the
picture?

A gas contained in a rigid

container. o P o.2 & The gas should be
& & “ located all throughout
e the container and not
just in the top of the
container.
Separate gases allowed to
mix. Before Mixing After Mixing The gases should be
thoroughly mixed and
@ @ @ .
@@ © .. :.. e © o .. :. diffused throughout
0] o ° @ %00 each other, not
® ® ] .. ® ee ® ® @ °0 separated still.
@9 G
@ @ fe © o|© @ o © o
A particle picture of Li>SOa,
There should be two
lithium ions, not just
. one. (The lithium ion
is brown.)
A particle picture of Iron(Il)
sulfate. There should only be
one iron ion, not two.
. . (The iron ion is brown.)
A particle picture of a — —
chemical reaction. Before Mixing After Mixing This is not a chemical
@@ © 9 ©e© Qe O PR e @ reaction. _This would
@ e ®0° o o o O¢ be a physical change.
® e @ ©%® g o To be a chemical
Q@ ® @ o0 ® ® -
® 00 oo ° o © © @ reaction a new
() @ | ¢ © .. "¢ @ o ® e e substance must be

formed.

A particle picture of a
physical change

This is a chemical
reaction. To be a
physical change you
should end with
substance C and
substance D by
themselves, not bonded
to each other.
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Topic 3.8 Worksheet

239.Use the key below to draw the solutions indicated.

0
L 0 o) o
o o 0 p O ° 0O
& O |
6 0 ")
Dilute KCl(aq) Concentrated KCl(aq) Dilute AI(NOs)s(aq) 2?(?\%’32?;2(;

Dilute NasPO4(aq)
240.A student mixes 100. mL of NaCOs(aq) with an excess amount of Ca(NOs)2(aq), as shown in the equation below.
Na,COs(aq) + Ca(NOs)2(aq) — 2 NaNOs(aq) + CaCOs(s)

The diagram below showing the beaker where the reaction takes place is incomplete. Draw in the species needed to
accurately represent the major ionic species remaining in the solution after the reaction has been completed.

[ all
No Caz* 1S ave /’.7/-\; et o1 a Tre
W \o \’ 51 X . |tvs past WMV(’ to

S WNowv v 1118 m e

ey (655, @

@
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241.Beaker X contains a solution of AgNO; while Beaker Y contains a solution of MgCl,. Answer the questions that follow
about the reaction that occurs when Beaker X and Beaker Y are poured into Beaker Z.

2 AgNOs(aq) + MgCl(agq) — \2AgCI(s) + Mg(NOs)z(aq)}

Beaker X Beaker Y Beal!er Z

a. Determine which beaker below is correct for Beaker X. Explain your reasoning. Be certain to discuss all beakers in
your explanation.

Beaker 1 Beaker 2 Beaker 3

Beaker X is beaker 2. Beaker 2 has the right ratio of + and - ions, 1:1.
Beaker 1 has a ratio of + to - of 1:2
Beaker 3 has a ratio of + to - of 2:1

b. Determine which beaker below is correct for Beaker Y. Explain your reasoning. Be certain to discuss all beakers in
your explanation.

Beaker 4 Beaker 5 Beaker 6

Beaker Y is beaker 6. Beaker 6 has a ratio of 1++ ion to 2 -, the same as MgCl,, 1 Mg?*: 2 CI-
Beaker 4 has a ratio of 1++ to 1-
Beaker 5 has a ratio of 2++ to 1-
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242.1n letters a — ¢ below amounts of a chemical reaction are given. Use the key below to draw the reactants in Beaker X,
the reactants in Beaker Y, and the products in Beaker Z. In each case, calculate the mass of AgCI(s) formed in the reaction.

@C@@ ©

0.01 mol of Ag* 0.01 mol of NO3~  0.01 mol of Mg?* 0.01 mol of CI

a. 50. mL of 1.00 M AgNOs(aq) reacts with 50. mL of 1.00 M MgCl..
W_J \_/\f\/
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@C@@ ©

0.01 mol of Ag* 0.01 mol of NO;~  0.01 mol of Mg?* 0.01 mol of CI

b. 100. mL of 1.00 M AgNOg(aq) reacts with 50. mL of 1.00 M MgCl,,
\/-’—\r\—’/
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@C@@ ©

0.01 mol of Ag* 0.01 mol of NO;~  0.01 mol of Mg?* 0.01 mol of CI

c. 150. mL of 1.00 M AgNOs(aq) reacts with 50. mL of 1.00 M MgCl..
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243.Use the beakers below to draw an accurate representation of ...

CuNO3s(aq) Cu(NOs)2(aq)

© @@ L6
FBe @,

244.1n the box below draw the most likely orientation of four HO(l) molecules around the Cu?* ion.

O
IO
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245.Shown below is a representation of water and a crystal of LiCl. Answer the questions that follow about a student making a
solution of LiCl(aq).

H,0 molecule LiCl crystal

a. Determine the identity of each particle below. Explain your reasoning.

The anion of CI- should be larger than Li* because it has additional
shells of electrons.

- k
O/t/‘

o o

b. Inthe space provided below, show the interactions of the components of LiCl(aq) by making a drawing that
represents the different particles present in the solution. Base the particles in your drawing on the particles shown in
the representation above. Include only one formula unit of LiCl and no more than ten molecules of water. Your

drawing must include the following details:

e ldentify of ions (symbol and charge)
e The arrangement and proper orientation of the particles in the solution

LiCl (aq)
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Section 3.10
Topic 3.9 First Year Review

246.Determine if the following would form a homogeneous or heterogenous mixture. To do so, consider the intermolecular
forces of the solute and solvent or the solubility of a solid. For the solubility of solids in AP Chemistry, sodium ions, nitrate
ions, ammonium ions, and potassium ions are always soluble. All other ions are considered insoluble unless explicitly stated.

In each case, explain your reasoning.
a. A solute of liquid ethanol (CH3CH,OH) and a solvent of water (H20).

Homogeneous mixture. The solute and solvent have similar IMF and are therefore miscible. Both have
London dispersion, dipole-dipole, and hydrogen bonding.

b. A solute of liquid hexane (C¢H14) and a solvent of water (H,0).

Heterogeneous mixture. The solute and solvent have different IMF and are therefore not miscible. Hexane
only has London dispersion forces while water has London dispersion, dipole-dipole, and hydrogen
bonding.

c. Asolute of liquid hexane (CéH14) and a solvent of liquid octane (CgHas).

Homogeneous mixture. Both solute and solvent have similar IMF and are therefore miscible. They both
only have London dispersion forces.

d. A solute of ammonium chloride (NH4CI) in the solvent water (H20).

Homogeneous mixture. The solute has NH,* which is always soluble in water. Therefore NH4CI will
dissolve in water.

e. A solute of copper(ll) sulfate (CuSOs,) in the solvent water (H20).

Heterogeneous mixture. The solute copper(ll) sulfate is not soluble in water as neither Cu?* nor SO,
are considered soluble.
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247.When ethanol and methyl iodide are mixed the resulting solution has a boiling point different from ethanol and methyl
iodide. However, when ethanol and water are mixed the boiling point of the resulting solution remains the same as ethanol
and water, 78 °C and 100 °C respectively.
a. Inwhich situation was a mixture created? Explain how the data supports your conclusion.

Mixing water and ethanol created a mixture. A mixture still retains the properties of the substances that
make up that mixture. Since the mixture boils at 78°C (same as ethanol) and 100°C (same as water)
there is not a change in properties. No change in properties signifies a mixture.

b. Explain why the boiling point does not change when ethanol and water are mixed.

Since ethanol and water create a mixture and not a chemical reaction there are no new substances formed.
As a result, both ethanol and water retain their properties, including their respective boiling point.
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Topic 3.9 Worksheet

248.Briefly describe each separation technique and explain when that technique should be used.

a. Filtration

The filter paper traps solid and allows the solution to flow through. Should
be used to separate a solid from a solution.

b. Paper Chromatography

A piece of chromatography paper (stationary phase) has a mixture of
liquids placed on it. A solvent (mobile phase) then travels up the paper
separating the mixture by polarity and mass. Used to separate a mixture
° of liquids.

c. Column Chromatography

Same as paper chromatography but with this method you can collect the
separated liquids. Used to separate and collect a mixture of liquids.

Distillation

A mixture is heated until one component of that
mixture is separate from the other based on a
difference in boiling point. If a mixture of liquids, the
boiling point is used. Used to separate and collect a
mixture of liquids based on boiling point.

=

49,
A mistake that I'm
not willing to go

back and change.
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250.A student performs a fractional distillation to separate a mixture of two hydrocarbons, C;H1s and CgHig. Four ranges are
shown for which the student collected the distillate, A, B, C, and D.

a.  Why is there a plateau at both B and D?

Those are the boiling points of the two liquids.

b.  Which range corresponds to C;H16? Explain your reasoning. In your explanation, you must discuss both
hydrocarbons.

Range B. C;Hi¢ has weaker IMF than CgHsg therefore C;H16 has a lower boiling point than CgHg.
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251.Consider the paper chromatography experiment shown below. A student is trying to separate a mixture of components X and
Y. The paper is slightly polar.

a.  What is the mobile phase in this experiment?

The nonpolar hexane.

b. What is the stationery phase in this experiment?

The filter/chromatography paper.

¢. s Component Y more or less polar than Component X? Explain your reasoning.

Component Y is more polar. The mobile phase is nonpolar
therefore the more nonpolar substance will move more.
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252.Use the solubility curve above to answer the question that follows. You have a mixture of saturated KNO3 and saturated
NaCl at 90 °C. Which solute will precipitate the most when the temperature is dropped to 70 °C?

The KNO3 will precipitate the most. At 90°C there is about 130 g of KNO; dissolved and about 75 g of NaCl
dissolved. At 70°C there are 80 g of KNO3 dissolved and about 70 g of NaCl dissolved. Therefore 50 g of
KNO; precipitated and 5 g of NaCl precipitated.
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Section 3.11
Topic 3.11 First Year Review

253.1n the electromagnetic spectrum, what is the relationship between wavelength and energy?

As wavelength increases energy decreases.

254.1n the electromagnetic spectrum, what is the relationship between frequency and energy?

As frequency increases energy increases.

255.Which is higher in energy, radio waves or X rays?

X-rays

256.Which is higher in energy, visible light or ultraviolet light?

Ultraviolet

257.Which is higher in energy, infrared or gamma rays?

Gamma rays
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Topic 3.11 Worksheet

258.Describe the molecular motion or electronic transition for each of the energies listed:
a. Microwave radiation

Rotates molecule

b. Infrared radiation

Vibrates molecule/bonds

c. Ultraviolet/visible radiation

Kicks off electron
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Section 3.12
Topic 3.12 and 3.13 First Year Review

259.Determine if the following solutions are dilute or concentrated when compared to a 1.00 M sample of the same solution.

a. 245 g of sucrose, C12H2,014, in 1.20 L of total solution.

vs ol L O bsls 2 The solufiom 15 dilute
—Z/S:'w'\__' ' Comecred o e 007!
5%220”9 - T %P‘
’,ZO %luho"‘
M M = 0.576M
342,276y
Tl
b. 85gof NaOH in 895 mL of total solu:i{on. M’m /'\4( ga(u‘hv I.S
%5y Nadtl [ (el - 90 5mdes T more Concent mted
71017 2 A3 fha e (00
o§S S (. fim
a1 .
39,998 M -2.37
mel

c. 120 g of Cu(NOs), in 450 mL of total solution

A [\ )
( 203 GA((\’U%,_I e | - 0,640 i M %

[ (37.5 1 . U0
U0
5D
M M =142 M
]\{').37}
el

The sdbon (s wove
Cownc &\T\"TLA T‘IUA 11‘0

l oM 60\‘/1"‘9"‘ :

197


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil


260.Determine if there are fewer or more moles of the solute specified for the solutions in 259 above.
a.  Which has a greater amount of moles of sucrose, 1.00 L of the solution made in 259.a above or 800 mL of a 1.00 M

sucrose solution? Justify your answer with a calculation.

zﬂﬁ M=V/\L 'ﬂ{ (QDM SJ (OS¢ S-o(u‘h‘y‘ L\“S
== Mol = 9 e psl 25 of So(af'ex
MxL = 1N e

b. Which has a greater amount of moles of hydroxide ion, OH", 500 mL of the solution made in 259.b or 650 mL of
1.0 M Ca(OH),? Justify your answer with a calculation.

2 e e lom Glo), has
£2— _ o -on/ [ the _
NmOH - lox /Nl (‘a( -)V\ Mev¢ vvvol(S o‘ OH
M- M=%
M*L:/\

M/\L >N
(2.27)()= s edes ()= X2
(20 wls 0H"

¢.  Which has a greater amount of moles of nitrate, NO3~, 50 mL of the solution made in 259.c or 130 mL of a 0.185 M
LiNOs solution? Justify your answer with a calculation.

CM(NO,,BZ_ = 72 N0z /w"‘

l.\NO5 = | NO.?;/MI The Sol.;hd" mad{e N
359c (Cal NoSYRD hd

M= -7 paore ol es of NOS
Vel Ml = -

() ()=" (assXiz)=n
9 s 20 X > 2,05 el NO2

142 poond 5 NO5 =
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Topic 3.12 and 3.13 Worksheet

261.1dentify all variables in the equations below and give the magnitude and units of any constants.

a. E=hv — A ( H""\
/ \A n 1C{€7./0(—b
ﬂ/\)m‘)b \;kg,\{\"d y
(%) [owomo ™)

Q’ b./c=lv /_\_A %fplé\/w(') ((’/Z\

=i o \/b wmvc\ 0\5&4«

\\’ﬁv‘k % ,.,&5{,‘4,\/»‘\9 W\\g o

’5‘{“0 @T“ y\i/‘\(S

262.Perform the following calculations.

a. Determine the amount of energy, in J, of a photon with a frequency of 4 x 10** Hz.

F=hU
e :Qo,(,,z Lx10 N\(%Xloﬂ
E : ;2,(05 X(O—ﬁ J

b. A photon has 3.3 x 10 ° J of energy.
i.  What is the frequency of light in Hz?

£=hv B
3
2300 5 (pbzex10

't
U.9% xio Hz

ii. What is the wavelength of light in nm?

¢ BV q
o ~fs = N(4394I0 te)
602 m = 7

199


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil


263.1dentify the variables in the equation below. ‘,;n\ \en9

264.Answer the following questions about creating a Beer-Lambert Law plot.
a. Whatis a cuvette?

A small container that holds the solute. The cuvette is placed into the
spectrometer/colorimeter.

b. Why do you need to create a “blank”?

To calibrate the spectrometer to the solvent. It "zeros" out the solvent
so that any absorbance from the solvent is eliminated.

¢. How do you select a wavelength to measure a colored solution?

You select a wavelength opposite of the colored solution. The
wavelength selected should give maximum absorbance.

d. How would you create a standard curve in a Beer’s Law plot?

Determine the absorbance of known molarity solutions. Use at least 5
different molarities.
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265.Diagram 1 shows the absorbance of pure acetone, a common solvent. Diagram 2 is the absorbance of a solution of a solute
dissolved in acetone.
a. Using diagram 1, explain why it’s important to make a “blank” of acetone in the experiment.

The absorbance at 280 nm would be zero if a blank was made and the spectrometer calibrated.
Without a blank the acetone would contribute to the absorbance of the solution.

b.  When the student creates Diagram 2 she finds that the absorbance at 280 nm is slightly more than it should be.
What is one mistake that could cause the wavelength being greater than it should.

Acetone wasn't used for a blank.
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266.Determine if the errors below would increase, decrease, or have no effect on the measured absorbance while creating the
standard curve of a Beer-Lambert Law plot. Explain your reasoning.
a. There is some distilled water left in the cuvette when the sample is poured into it.

The absorbance would decrease. The water would dilute the sample in the cuvette.
A more dilute solution absorbs less light.

b. The cuvette isn’t properly wiped before being placed in the spectrometer.

The absorbance would increase. The dirty cuvette would scatter the light more
causing less light to be detected by the spectrometer. Less light detected means
greater absorbance.

¢. The molarity of the solution is recorded incorrectly.

No change in absorbance. It would however change the standard curve as the
molarity would be recorded wrong for that absorbance.
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267.A student uses visible spectrophotometry to determine the concentration of CoCl,(aq) in a sample solution. First the student
prepares a set of CoCl,(aq) 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.

a. The absorbance at 0.050 M is lower than it should be.
i. Isthe solution more concentrated or less concentrated than it should be at that point?

Less concentrated.

ii. What could cause this error? Explain your reasoning.

Water left in the cuvette. The water would dilute the solution.

b. The absorbance of the unknown is found to be 0.45.
iii. What is the molarity of Co?*(aq) in the solution?

0.080 M

iv. How many moles of CoCl, are in 150. mL of the solution?
=2 ) )
’\: (¢ 0 M » ’S—U L)-

M v L0012 peals e o
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268.A 1.00 g mixture of sodium sulfate, Na,SO4, and copper(Il) sulfate, CuSO, is to be analyzed to determine the percent by
mass of Na,SO4. The 1.00 g sample is dissolved into 10.0 mL of total solution and then analyzed via spectrometry. First, the
student prepares a calibration graph by measuring the absorbances of CuSO4(aq) solutions of known concentrations. The
graph is shown below. The impure solid has an absorbance of 0.60.

a. Determine the molarity of Cu?* for the solution.
H.3%0M

b. Determine the number of moles of Cu?* in the 10.0 mL sample.
- W B )
- oly=WN, 24
M o O (Lol (

Mytza 9005r~(> - “(AZ*

c. Determine the percent composition by mass of sodium sulfate in the mixture.

605l (7= ,003mals G0 hoogudvre Sule yoa s e

TG -009

~ 0.4
rvon b UL stad —ONTY B a4, i, S0

d. If the original solid mixture was dissolved in 100. mL of total solution instead of 10. mL, would you expect the
absorbance to increase, decrease, or remain the same? Explain your reasoning.

I would expect the absorbance to decrease because the solution is more dilute. A more
dilute solution will absorb less light according to Beer's Law.

A = abc

"a" and "b" remain the same while "c" decreases.

204


jdaugherty
Pencil

jdaugherty
Text Box
I would expect the absorbance to decrease because the solution is more dilute.  A more dilute solution will absorb less light according to Beer's Law. 

A = abc

"a" and "b" remain the same while "c" decreases. 


Unit 4



206



Section 4.01

Top

ic 4.1 Worksheet

269.Determine either the phase change or the term for the phase change. Then determine if the intermolecular forces are
weakening, breaking, or forming.

Are the IMF weakening,
breaking, or forming?

@ Breaking  Forming

Phase Change Term
(A) Solid — Melting
(B) ¥ Qe ) - Boiling Weakening
© @ — Liquid Condensing Weakening
D) <So tQ — Sublimation Weakening
E) —~  Solid De pos o Weakening
(P \ |-6h\,.- — S.Q \,9 Freezing Weakening
~1_

@ Forming
Breaking @

@ Forming
Breaking
Breaking

270.Determine if energy is going into the system or if energy is being released from the system for each of the phase changes
from #269. Explain how the energy is being used in each case.

Energy absorbed | Use of energy
or released
(A)
Absorbed Energy is used to weaken IMF
(B) |
Absorbed Energy is used to break IMF
© |
Released Energy is released as IMF are formed
(D)
Absorbed Energy is used to break IMF
® is rel d fi d
Released Energy is released as IMF are forme
F)
Released Energy is released as IMF are formed

271.Go back to #269 and circle the phase that has more energy.

Note: This has been done in blue ink.
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272.Complete the following reactions. Balance each reaction.
Single Replacement Reaction

Metal + Acid
Metal Acid — lonic Compound + Gas
Magnesium + Hydrochloric acid Magnesium chloride Hydrogen
m‘l v 2 HA - MaCA s
Zinc + Hydrochloric acid Zinc chloride Hydrogen
2 n L H - 2ally ? H.
Magnesium + Sulfuric acid Magnesium sulfate Hydrogen

+

H}SO‘f - V\ljSOuf * Hl

Il

Double Replacement Reaction
Carbonate + Acid

Carbonate Acid — lonic Compound + Water Gas
Magnesium carbonate  Hydrochloric acid Magnesium chloride Water Carbon dioxide
Mﬁcog + 9 HA - Mﬁc(b +  H,0 + (o,

Zinc carbonate Hydrochloric acid Zinc chloride Water Carbon dioxide
7,05  + 1 HA - 2.0 + H.o o+ Co,
Magnesium carbonate Sulfuric acid Magnesium sulfate Water Carbon dioxide

+

Mgy = Haddy T MaSdy H20 C0.

NOTE: A carbonate will react with an acid to form carbonic acid, H,COs(aq). However, carbonic acid is only soluble when under
increased pressure of CO»(g). Without that increased pressure the carbonic acid will break down to form water and carbon dioxide
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Review Topic 1.3 and 1.4

273.Draw a picture of a monatomic
element.

0 0 ° 0

0 % 1%

274.Draw a picture of a diatomic
element.

275.Draw a picture of a compound.

&0

O Y

G

Yoo

276.Draw a picture of a mixture.

277.Consider the compound copper(ll) acetate, Cu(C2Hz02)2.

a. Determine the percent composition by mass of C.

HxC

—_—

Cu(C2H:02),

b.

.0
lerizd

Xioo = 51.63%

)(’00 - 2&14’5 %/\7 &

How many grams of carbon would be in 1.85 g of copper(ll) acetate.

| 559 ¥ 26457 - Ol g C
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278.Use the information below to determine the molecular formula of a compound.
a. Determine the empirical formula of the compound that is 62.01% carbon, 13.88% hydrogen, and 24.11% nitrogen.

by (Il Elr Cfpn = 3C

S 5q W (ool - 13 7wl H///]), - $H

%

zq,ugN' el s [ 72wl Nfe7a= N
H,m?

C3Hg N

b. Determine the molecular formula of the compound if it has a molar mass of 174.3 g mol %,

13 .3 Cy #gN
M 5. o x2
5%\ ¢ CqquNs

ad
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Section 4.02
Topic 4.2 Worksheet

279.First, balance the equation. Then, give the net-ionic equation for each reaction below. Finally, circle the driving force for

each reaction in the net-ionic equation.

a __ CO(NOs)up+_2- NaOH@y— _o2 NaNOsy+__ Co(OH)yy

(\o“(w@ 1 2 OH_(az\

b. H2S04(aq) + CaCOs(aq) — CaS04(aq) + H2O(l) + CO4(g)

2 HY ag) t [();—(a&\ —~ H0() 4

C. HCoH302¢q) + NH3(g) — NHsC2H3020q [NOTE: HCoH3O:pq) is a weak acid!]

— N}\Llfl"z\ t Czﬂﬁoz-l”i)
Mo reelué?r‘.v'.»ﬁ e ble
a&\ (2235 o vad ¥

H Cz l'! ;OL (%\ + NH5 (Q'p

280.Define the following:
a. Non electrolyte

A soluble solute that does not break into ions and does not conduct electricity.

b. Weak electrolyte

A soluble solute that does break into ions but not completely. Appears as mainly
molecules. Will conduct electricity slightly producing a dim bulb.

c. Strong Electrolyte

A soluble solute that breaks up into ions 100%. Appears only as ions. Will
conduct electricity producing a bright bulb.
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281.What types of compounds are nonelectrolytes? Weak electrolytes? Strong electrolytes?

Nonelectrolytes = polar covalent compounds
Weak electrolytes = weak acids

Strong electrolytes = ionic compounds

282.Complete the following equations for an ionic compound being placed in water.

a.  Sr(NO3)ys — g[ Zf(ﬂ’b\) 1 ‘QN%_ (d‘p
b Licly— | 1 (wpy 1 LU g

-
C. (NH4)zSO4(g)—> QNHL’{ (I\P 1 SOV 033
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Review Topic 3.1

283.Describe the formation of each of the following intermolecular forces.
a. London dispersion forces

Temporary dipoles that result from the random movement of electrons. For any particle, if more
electrons are on one side than the other then the particle becomes polar with a positive end and a

negative end. The positive end of one particle becomes attracted to the negative end of a different
particle.

b. Dipole-dipole forces

A particle with a permanent dipole is attracted to another particle with a permanent dipole.

¢. Hydrogen bonding

A HboundtoaN, O, or F is attracted to a different particle's N, O, or F. It can also form within
macromolecules.

d. Dipole-induced dipole forces

of attraction forms between the two patrticles.

A particle with a permanent dipole causes a particle to temporarily form a dipole (induced dipole). A force

e. lon-dipole forces

A force of attraction between an ion (a particle with a + or - charge) and a particle with a permanent

dipole. The + ion (cation) will be attracted to the negative portion of the dipole while the - ion (anion)
will be attracted to the positive portion of the dipole.

284.Two molecules have the same intermolecular forces present. Molecule A has a higher boiling point than Molecule B.

a.  Which molecule has stronger intermolecular forces? Justify your answer.

Molecule A. If Molecule A has a higher boiling point than Molecule B then more energy is required to

Molecule A are greater than the forces of attraction for Molecule B.

break the IMF of Molecule A than Molecule B. If more energy is required then the forces of attraction for

b.  What is one possible cause for the difference in boiling point?

With same IMF:

1. More areas with hydrogen bonding
2. Stronger dipole

3. More polarizable by either having greater surface area or having more electrons
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N

285.Use the structure of Molecule A above to answer the questions that follow.
a. A student claims that the strongest intermolecular force present is hydrogen bonding. Do you agree with the

student? Support your answer by referring to the molecule.

| disagree with the student. This molecule does not have any hydrogen bonding. In order to have hydrogen
bonding a H must be bonded to a N, O, or F. In this molecule there are no H bonded to a N, O, or F.

b. Give all intermolecular forces present in the molecule.

The molecule has London dispersion forces and dipole-dipole forces.

¢. Would you expect the boiling point of Molecule B below to be greater than, less than, or equal to the boiling point
of the molecule above? Justify your answer.

I would expect the boiling point of Molecule B to be greater than the boiling point of Molecule A above.
Both molecules are similar but Molecule B has an OH where Molecule A has just an H. (Note: The
areas in question have been highlighted yellow on this answer key.) The OH allows Molecule B to
exhibit hydrogen bonding which is a stronger IMF. The stronger IMF would lead to greater attraction

and more energy required to break the IMF apatrt.
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Section 4.03

Topic 4.3 Worksheet

286.Draw a picture of a nonelectrolyte in water (CH3OH), a weak electrolyte in water (HC,H30O2), and a strong electrolyte in
water (NaCl). In your drawing include 5 particles of CH;OH, HC,H30-, and NaCl.

q N Oz X
C\X’bo (M3 x\(\,xé‘a \/\r \/\C‘\.H3Ob N“ . c(” cA” [\W:\’
N HeoM A o & -
OQ\ P o (/A ,,0\’\ wen k\ N> C‘I/‘* 50} \’\'CI 02 CA™ " Nar d I\m— C/\/
Nonelectrolyte in water Weak electrolyte in water Strong electrolyte in water.

287.In the box below, complete a particle representation diagram that includes four water molecules with proper orientation

SIS

~
around the Ca®* ion. Represent water molecules as g -

O O
@
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288.Consider the decomposition reaction of hydrogen peroxide, H.O»(aq), breaking down to water and oxygen gas.
a. Write the balanced chemical reaction that occurs.

2 WD) —= 2 Ha00 + O cq)

b. Draw a particle diagram of H,O; breaking down to water and oxygen. The reactants are given in the box below.

289.Consider the particle diagram shown below:

a. Write the balanced chemical equation that takes place between Q and N.

L}Q} Ny — A& QN

b.  Which is the limiting reactant, Q or N? Justify your answer by referring to the particle diagram

N, is the limiting reactant. In the "After Reaction" box there is still an unreacted Q particle.
Also, there are no N, particles remaining.
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290.Consider the particle diagram shown below:

a.  Write the balanced chemical equation that takes place between Q and N.

WO+ Np = Qus

b. A student claims that the particle diagram represents a perfect stoichiometric ratio. Do you agree or disagree with
the student. Support your answer by referring to the particle diagram.

This does represent a perfect stoichiometric ratio of reactants. There are no unreacted particles
remaining in the "After Reaction" container.

291. Shown below are the reactants for the unbalanced chemical reaction Q + N, — NQ. Draw the particles in the “After Reaction”
box.

Before Reaction After Reaction

VL o

‘Sb

= i’.‘-‘l

®-
®

@ 0 ©® |
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Review Topic 2.5 & 2.7

Bonding Domains | Nonbonding Total # of Electron | Electron Domain Molecular Example of a Example of a Hybridization
around central Domains around Domains around Geometry Geometry Molecule Polyatomic lon around central
atom central atom central atom atom
5 0 2 Linear l-l/\(’m’ CO L NOL+ SP
i | SO 04 z
3 0 3 Trigonal planar e | p Iy 2 N 3 Sp
2 1 3 Trigonal planar ‘o&/\ t S0, KOs~ Sp z
4 0 4 Tetrahedral J e ’(mkeJ/A l C Fy SOL./ B < FB
\ onol O - 3
3 1 4 Tetrahedral t V)m(w“ ) 'P fs CAOz Sp
2 2 4 Tetrahedral L U‘T S F 5 ClO ,\"' = r 3
Trigonal | + 2
5 0 5 bipyramidal ’\—\.") %(,Vl\(%”‘s PF5 %F<5 6/9 04
Trigonal - - - 3
4 ! 5 bipyramidal gée “So v ' ’th SP J
3 ) 5 Trigonal } MQ ¢ N/A 2 &Q
bipyramidal “glap Clt3 Sr
Trigonal ’ - - 2
2 3 ° bipyramidal \ intev Xef 2 SF Y/
- 5 PN
6 0 6 Octahedral e A %F@ P F{’ Sp 00
s A% A 3 >
5 1 6 Octahedral cbﬁ\ o CI|F 5 N/A 319 (A
Squert - - - 3
4 2 6 Octahedral
leeoy Xety Ct Fy 56"9
I
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In the “Molecular Geometry” column, write one of the following molecular shapes in the appropriate spot in the table. Note that
some terms may be used more than once.

bent seesaw T-shaped trigonal bipyramidal
linear square planar tetrahedral trigonal pyramidal
octahedral square pyramidal trigonal planar

In the “Example of a Molecule” column, write one of the following chemical formulas in the appropriate spot in the table.

CO. ClF3 PFs SF> SO, XeF2
CF4 ClFs PFs Sk, SO3 XeF,
SFs

In the “Example of a Polyatomic lon” column, write one of the following chemical formulas in the appropriate spot in the table.

- - + - 2—
Brs ClO2 NO2 PF4 SOy
ClOs NO:2 PFs SFs
ClF4 NOs

In the “Hybridization around central atom” column, write one of the following in the appropriate spot in the table. Note that some terms may be
used more than once.

sp sp? sp? spid sp3d?

(Not tested on exam) (Not tested on exam)
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Complete the following table.

Molecular Geometry

# of Bonding Domains
around central atom

# of Nonbonding Domains
around central atom

Name of Molecular Shape

All Bond Angles

Hybridization around
central atom

Py

I
.

ot

L (0157

=0 2. O [ e | 50° Sp

Oj\@ 2, o J‘Y"j’{”\ (20° sp°
PaM\Y

ﬁo + | bert £ 120 Sp”

Og;o H O fetehdal | g oo sp>

E

| 20°

90°
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L 200
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%E'@ b Gee - 5o 20° Sp’
- 2 Tokeed | | 5p
% 2 linens | §2° 5p 4L
% b oc tahedee! 70° <p°d?”
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Section 4.04
Topic 4.4 Worksheet

292.Discuss the changes in forces of attraction that occur during a physical change.

The IMF are either weakened (solid to liquid), broken (liquid to gas), or formed (gas to liquid or
liquid to solid).

293.Discuss the changes in forces of attraction that occur during a chemical change.

The bonds, either covalent or ionic, are broken or formed.
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Review Topic 2.4

294.What are the relative sizes of atoms in an interstitial alloy?

Large atoms and smalls atoms in between.

295.What are the relative sizes of atoms in a substitutional alloy?

About the same size.

296.1n the pictures below, circle the interstitial alloy and the substitutional alloy.

Interstitial Alloy Interstitial Alloy

Substitutional Allo Substitutional Alloy

297.Would you expect the density of an interstitial alloy to be greater than, less than, or equal to the density of the original metal?

Explain your reasoning.

The density should be greater. There are more particles in the same amount of space since there are
particles between the original metals particles.

298.Which type of alloy is more malleable and why?

Substitutional alloy is more malleable than the interstitial. The particles between the original metal in the
interstitial makes it more resistant to being bent.
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Section 4.05
Topic 4.5 Worksheet

299.According to the balanced equation below, how many moles of HI would be necessary to produce 2.5 mol of I,, starting with
4.0 mol of KMnO4 and 3.0 mol of H,SO4?

10 HI + 2 KMnOg4 + 3 H2SO4 — 5 12 + 2 MnSO4 + K2SO,4 + 8 H20

lO\'\I _ g-wo\ HI‘

51~

2.5ml ITo

300.According to the reaction represented below, how many grams of aluminum (atomic mass 27 g) are necessary to produce
0.50 mol of hydrogen gas at 25 °C and 1.00 atm?

2 A|(s) +6 HCI(aq) — 2 AICI3(aq) +3 Hz(g)

el | 20 - 233wl A
| 2 W,

301.Acgording,to the balanced equation below, how many moles of CIO; () are needed to react completely with 20. mL of 0.20
KMnO, polution?

YI\ 0(/\’ 2 HO(l) + 4 MnO4 ~(aq) + 3 C|Oz_(aq) — 4 MnOy) + 3 ClO4 “@g) t 4 OH @)
w

_n
M’L

Myt/ N

Q Zo\( ,02\ )

oot wdes Ml | 3C10" - 003mds ClO27
\ L"MI\O(.{_
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A
2 KC|03(5) M_>0 2 KC|(5) +3 Oz(g)

nu,

302.According to the equation above, how many moles of potassium chlorate, KCIO3z, must be decomposed to generate 1.0 L of
0 gas at standard temperature and pressure? (This multiple choice gives you an idea of the types of answers that show up

from time to time on the AP exam.)

XD
@

[S]
m
)
.J;
~—
3
=3

303.Acetic acid and sodium bicarbonate are reacted and the gas collected. [(
¢ adV’ ¥
' HCzHgOz(aq) + NaH003(s) — NaC2H302(aq) + H20(|) + COz(g) ’gd(w{/

l/ ¢
& a. Determine the volume of CO; produced when 2.50 g of NaHCO3 reacts with 55.0 of 0.875 M acetic acid at

7,50 Nnfcs |1l = 91951533&Lh&ﬂg§47ﬁf§i@ .@j?zﬂf%ﬁh;foz) )
» Oz‘?lelsCO'— 22 dC
(|

| 840089

L-=n - M( (’()
M$ OL{X'?MA HC’LHao'L lcob - 90487 ° z Oo Qé? L

ng()(,OS? e [HC2d 502

b.  What mass of sodium bicarbonate is required to produce 19.0 L of carbon dioxide gas at 20 °C and 1.2 atm of

pressure?

O‘L(—Xno(> N“HCO5

kT
(lpl)( (7.0) oz, MY (s (0~ INeH (05 - -
Y | CO2

oS 7 7. NaHC0s

g s Nall0Os [ 5o T =70y
e
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304.A 5.000 g sample of an organic hydrocarbon is combusted and the products measured. In the reaction, 15.37 g of carbon
dioxide and 7.186 g of water are produced. Assuming the oxygen used for the combustion was in excess, determine the
empirical formula of the hydrocarbon.

( >§37— 41950

\718”(0 = 798/3 H

4., [ | ool ;oaﬁﬁmic//w?; | C
225 H

;ﬁﬁégﬂ,ylzzﬂ. 77$%JH/=¢+ﬂ
9 00y

CYa.zs
4
L

227


jdaugherty
Pencil

jdaugherty
Pencil


305.An organic compound, containing only C, H, and O, is analyzed via combustion analysis. A 1.875 g sample of the
compound is combusted and 3.834 g of CO»(g) and 1.177 g of H,O(l) is collected. Determine the empirical formula of the
compou

e S\
:_‘ Cx‘-}lf.oz L0, — Co, *1.0

'&_,_/—//j i H,O

. 0 R 2,000
/987)j é%q CO X _‘Bl = logjo ' l¢l77‘7 HZD X‘I—STOT(;” .,36H
_ o5y O 539N ol !
—ois2g P
m(ﬁq 39 O

Losy o Il oy - 2
/Z,OIS

[wol = oA prol AAO%}’; = 3"1 Cg"léo

131y B LT
(L00%9

2 0U33a O/pqaa =[O

| 1%
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306.A hydrocarbon undergoes combustion analysis to determine the empirical formula of the compound. After complete
combustion it is determined that there are 66 g of CO; and 36 g of H,O. Determine the empirical formula of the

hydrocarbon. (
Exan
el b
(‘MCO/\/ _/‘J/W’EO,”% Homl e Cos H \/évné yv\o(es
o /)g_ l\§+‘€o
el =2l H30 2 el Cs Hs %y by 1
3y H0 L2 [ Hs0 > by
5
ok
0.l ¢
ST \wl - 1,50 ne
bby CO= Lw. ,Uﬂ/lm Cis by
P2

2ol = gz U | el HoomlH T
3%“1() r (%-010 _%/}100/8“1 CB Hg
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307.A 3.00 g sample of MgSO,* xH,0 hydrate is thoroughly heated. The data below is collected.

Mass of test tube 24.310g
Mass of test tube + hydrate 27.330
Mass of test tube + hydrate after 1% heating 26.320
Mass of test tube + hydrate after 2" heating | 25.852
Mass of test tube + hydrate after 3™ heating | 25.850

a. Explain why the test tube was heated three times.

To make sure all of teh water is driven off. Once the mass of the substance no longer changes, or
changes by a negligible amount, all water has been driven off.

b. Determine the mass of water in the hydrate.

27.330

|.1g9g 120

c. Determine the ratio of moles of water to moles of anhydrate.

WL : 0,082 h—-‘) i“ao
1g-0l5 P TR Mg S L4 H20

20l 28

15 .§50
- 4.5

e IR
1. 5%

230


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Text Box
To make sure all of teh water is driven off.  Once the mass of the substance no longer changes, or changes by a negligible amount, all water has been driven off.


d. Determine the formula of the hydrate.

‘V\%SO(T » b4 120

e. The hydrate is MgSO47H;0. OF wetds “
° 1y raDeet:es;mige the percent yield of water driven off. V‘\Z‘ > w‘\,u ’3. e rf I-
-9 o
—M/ Xto0 = ELIb {0 Hzo —’,0,48’0)('00:615"70] /D \/,Zléé
M350°1°7H 20 1S4

) "l' awonrT ‘A wlfw
A€ ot gho ”q
beon 40N 7

ii. Determine the percent error of the molar mass of the hydrate.

Q/\‘JSOLT . b4 10\ —( M:)SOL, ' 7(‘{10.) ‘i oo

Mgoq,ﬂ(z(?

[0 .,807% (100 = U, 28l
(08070
24b. 472
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Review Topic 3.1

308.Predict whether the following molecules are polar or nonpolar. Justify your answer using VSEPR models.

Oxygen difluoride, OF;

”

‘Po(a\/

6 ¢ o’ l’ , . i
1P 0 F diges
&0/\ { (""\/‘(5|
Methane, CH,4
i pr““
ol (e
g ) I4
p-c v §((o .
X P
\
Carbon disulfide, CS;
V\/ov‘(m[m/
é - c =S &l()b\‘s
-t ‘ Ce../\(f/l

Fluoromethane, CH3F

%
(
-C”
\'A /

P

n

F
,

J

rl

pek

d)‘(’,ol(gdu

net Gancel

Hydrogen peroxide, H,O,

g o7

a-0-0""

Pokv
J\‘Pﬁ(ﬂ 040

N)‘f (a’l(&(

Ammonia, NH3

o N
z

rbl(«lf

(9(/30(05 do

= V\»%CM (E/

309.Place an “X” in the box for the kinds of attractive forces that are expected in the molecules

Molecule LDF | DD HB
Oxygen difluoride ><
Methane

Carbon disulfide

Fluoromethane

Hydrogen peroxide

Ammonia

KX | X[ XK X | X<
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310.What is required for a molecule to be polar?

Unequal distribution of electrons as a result of dipoles not cancelling.

311.When will hydrogen bonding occur? Draw a picture of two different hydrogen bonds between water and CH;OH.

HboundtoaN, O, or F

y o

k\ k\ qu r t/“
aQ' Q—-/ !

' ¢

312.The boiling point of neopentane is much lower than the boiling point of pentane. Explain why

{
I—0O—I

I—0O—I

I O T

Pentane

I—O—=I

j
H—-C—H

H
H-C—H
H

Neopentane

Both molecules are nonpolar and only have London dispersion forces present.
Pentane has a greater surface area and as a result is more polarizable. A more
polarizable molecule will have greater London dispersion forces present.
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313.What is polarizability?

Likelihood of being polar. Ability to be made polar.

314.Which types of compounds exhibit higher polarizability?

Molecules with more electrons.

315.What does the graph above tell you about the general trend for polarizability and boiling point?

As polarizability increases boiling point increases.

316.Give two reasons why the highest boiling point of about 375 K has among the lowest polarizability of about 18 x 10 2% cm? .

1. Very polar
2. Hydrogen bonding
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Review Topic 1.6

Relative Number
of Electrons
W,

| T |

1,000 100 10 N\_1_/ o
Binding Energy (MJ/mol)

The photoelectron spectrum of an unknown element is shown above.

317.Based on the photoelectron spectrum, identify the unknown element and write its electron configuration.

The unknown element is Phosphorus.

1522522p%3s23p8

318.Label each peak with its shell and subshell designation.

319.Circle the valence electrons on the PES graph.

320.Consider the element on the periodic table that is directly to the right of the element identified in #1. Would the 1s peak of
this element appear to the left of, the right of, or in the same position as the 1s peak of the element in part 1? Explain your

reasoning.

To the left. There is greater attraction for the 1s electrons because the element to the right has more
protons and a greater nuclear charge.
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Section 4.06
Topic 4.6 Worksheet

321.What is a titration?

An experimental method of analysis that utilizes concentrations of solutions.

322.What is a titrant?

The solution with the known concentration.

323.What is an analyte?

The solution with an unknown concentration that is being analyzed.

324.What is the equivalence point?

When all of the titrant has reacted with all of the analyte.

325.What is the end point?

The point where the indicator changes color.
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326.A 0.350 M solution of sodium hydroxide is reacted with 25.00 mL of an unknown molarity of sulfuric acid. It takes 17.3 mL
of sodium hydroxide to react completely with the sulfuric acid. Determine the molarity of the sulfuric acid.

7 NaOHuq + H2SO04(ac) — Na:SOueq + 2 H:Og
,350M 2ot
(7 o\ N

M2
Myl 7

’ )
1, - b OSS/VW’"’(5 Nao({ Ha5% = 2,027(”“"‘) > "W
Aox (1270 2 N0 25wt

Moz 12 M

327.Determine the molarity of an unknown HCI solution if it takes 20. mL of 0.75 M sodium hydroxide to react completely with
10. mL of the HCI solution.

—HC|(aq) + _NaOH(aq) — _NaCI(aq) + _HzO(aq)
10 L 20.»1 -
7 A 75N
0
T n M L
Myt | } Ho [S mols Hel (
= (€ e |5 NaOT ) | = = IS pils
(2o, 75)=/Sm ot o

A= 1.5
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328.A colorless solution of hydrogen peroxide, HO5, is titrated with an acidified, dark purple solution of potassium
permanganate, KMnOa, as shown by the net-ionic reaction below. The student places 5.00 mL of hydrogen peroxide in a

125-mL Erlenmeyer flask and properly fills a buret with the potassium permanganate. Note: At the end point of the titration
the solution appears pale pink in color.

5 H20z(aq) + 2 MNO4 “(ag) + 6 H'ag) — 2 MN*'aq) + 8 H20() + 5 Os(q)

a. Describe the appearance of the solution as potassium permanganate is added. Explain your reasoning.

The solution turns purple as MnOy is added but then clear as H,O, reacts with it. Once all of the
H,O; is reacted the solution turns pale pink as Mn?* remains.

b.  What in the net-ionic reaction causes the pale pink color at the end point?

Mn2+

c. A particle view of a sample of Hy02g) is shown above. The H,Ox is titrated with KMnOa(aq), as represented in

the equation above. Which of the following particle views best represents the mixture when the titration is halfway
to the equivalence point? (H2O molecules and H* ions are not shown.)

A B Cc D

Answer C. Halfway to equivalence 1/2 of the H,O, should be removed from the solution. Aswers A and B do
not have 1/2 of the H,O, removed. Halfway to equivalenec the MnO,4 would be the limiting reactant and would

not show up in the solution as the excess H,O, completely reacts with it. Therefore D can not be the correct
answer as well.
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d. Determine the molarity of the hydrogen peroxide if a 5.00 mL sample requires 7.98 mL of 0.15 M KMnQ, to reach

equivalence.
o - ls 4,0
) A0 HaDo = .002TIps!S 1202
Nyl sn ,00 1§ 7mls Mall |l’7' ~
LMD
GIG}( 00T 6’) cv
00 197 b > M= 2 so2tml> . 571
o s = ‘//_
L LU© gL
\'vao\ \AJ“(\O"‘
¢os €. Determine the percentage by volume of hydrogen peroxide in the aqueous solution. The density of hydrogen
v peroxide is 1.02 g/mL. Assume the solution of hydrogen peroxide is made up of just water (d = 1.00 g/mL) and

SJ
as hydrogen peroxide and that the volumes are additive.

\/0( /’1207—

Yolby :20.3%9 1.0, O Fecs xigo = '
5Mpols Hy 0z |2 olbs -20.3%9 RPN
‘ | {

ﬁiﬁ_’w/‘/_ X < Y

(000~

Z .09 A H;O-L L‘J V,;(.;,v-e/

R 2 Hz 0,

20 38 Hi0r | =
|,07—j
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Review Topic 1.5

329.Which has more energy, red light or blue light?

Blue

330.Give the electron configuration of the following elements:

a. Mg 1522522p63s?
b. O 1s22s22p*

|1322322p63323p64323d104p5 |

d. Ni |13225?-2p63523p64323d8 |

e. Zr |1322522p63523p64sz3d1°4p65524d2|

331.Give the orbital notation of each of the elements from #2. You can use the abbreviated electron configuration.

MGy
2s

© [ve A jv/lj

L v L
3 "/f
“p v A v 13
Nos L
Ys 37

Zr
[k{] f-};i/'f g’_iv\/

332.Give the electron configuration of the most common ion for the following elements:

a. Ca? [P"} %31, %rco
b. Fe? [A"’l %JL

Fe3+[PW ~S 2))‘5

2- 24 0
d O [l”[-&Qx )F
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Section 4.07

Topic 4.7, 4.8, & 4.9 Worksheet

Acid and Base Reactions.
333.Define an acid.

Donates an H*

334.Define a base.

Accepts and H*

335.Define amphoteric.

Can both accept and donate an H*

336.What is an acid-base conjugate pair? How do you identify an acid-base conjugate pair?

An acid and the base that it becomes. Acid has an H* and base is missing the H*

337.1dentify the acid, base, conjugate acid, and conjugate base in the following reactions:

HCI (aq) + H20(1) — HsO*(aq) + Cl~(aq)

Acid D Acid E Acid E Acid
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CHsNH™ (aq) + HCI(I) - CHsNH2(aq) + Cl(aq)
[ ] Acid Acid [ ] Acid [ ] Acid
Base I:l Base |:| Base |:| Base
|:| Conjugate Acid I:l Conjugate Acid Conjugate Acid |:| Conjugate Acid
|:| Conjugate Base |:| Conjugate Base |:| Conjugate Base Conjugate Base

338.What is a sign that the acid/base is stronger than the conjugate acid/conjugate base in a chemical reaction?

A one-way yield symbol showing that only products are
formed. —

339.1f the acid/base is stronger than the conjugate acid/conjugate base, to which direction does the reaction mostly proceed?

To the right.

340.What is a sign that the acid/base is weaker than the conjugate acid/conjugate base in a chemical reaction?

A two-way yield symbol (equilibrium) showing that both h)
products and reactants are formed. <

341.1f the conjugate acid/conjugate base is stronger than the acid/base, to which direction does the reaction mostly proceed?

To the left.

342.What is a neutralization reaction? What are the products of a neutralization reaction?

Acid reacting with a base. Salt and water

343.What is the net-ionic reaction for any strong acid/strong base reaction?

' ol — #ho W
A, A .

=X oy A} stery b
344.What are the signs that a chemical reaction is an acid-base reaction?

One species donates an H* and the other species accepts an H*.
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345.Write neutralization reactions for the following reactions. Then give the net-ionic equation. Finally, identify the acid, base,
salt, and water. Note: NHj3 is a weak base and HC,H30- is a weak acid. Since they are weak they do not break up completely

and some molecules are left in solution.

a HCl+NaoH— Nacl + H.0
gad bt s weter

Ht ol — M, 0 (@)

b, HzSO4 +)NaOH — Na 2504 tAH20
dad st s It weter
He ™ — H 00

¢. NHs+Hcl— Ny C =)
\gh L AA ‘b 5~ It

+
NUs g yt— N g

d. HCH:0; + NaOH — r\\aCLH;OL* Hz()(‘?)
avd be s AL weter

[ Cal50s gy *+ Ol

— (Ho0a gy H,0 (&)
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Reduction and Oxidation (Redox) Reactions.

346.Define oxidation.

Loss of electrons

347.Define reduction.
Gain of electrons

348.Define oxidizing agent. What types of elements tend to be good oxidizing agents?

Causes oxidation. The species being reduced. Nonmetals.

Note: This term is no longer on the exam but it can still be helpful when discussing what is being oxidized
and what is being reduced.

349.Define reducing agent. What types of elements tend to be good reducing agents?
Causes reduction. The species being oxidized. Metals.

Note: This term is no longer on the exam but it can still be helpful when discussing what is being oxidized
and what is being reduced.

350.How can you identify that a substance has been oxidized?

The oxidation number becomes more positive.

351.How can you identify that a substance has been reduced?

The oxidation number becomes more negative.

352.How can you identify a reduction-oxidation reaction?

Change in oxidation number. If an element becomes bonded in a compound.

353.Where are the electrons located in a balanced oxidation half-reaction? A reduction half-reaction?

Oxidation = products
Reduction = reactants
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354.What are the rules for applying oxidation numbers?

1. Elements have an oxidation number of zero.

2. The sum of the oxidation numbers in a neutral substance is zero.

3. The sum of the oxidation numbers in an ion is equal to the ion charge.

4. Common oxidation numbers: Group 1 = +1, Group 2 = +2, oxygen sometimes is
-2, hydrogen is almost always +1 except when bonded to metals.

5. In binary compounds Group 17 = -1, Group 16 = -2, Group 15=-3

355.Determine the oxidation number of the atom listed below.

a. CinCO; (\0
2
\
g -2
b. SinS* 62,
\
v
C SinS(s)
d. SinSOs% L
‘ S0y
/ \
+b -7
e. SinS0Os;% z”
0z
I
f. Mnin MnO4 O—
MaVy
¢\
-1
41
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356.For the following reactions,
1. Balance the equation.
2. Write a net-ionic equation.
3. Determine the oxidation states of all species in the net-ionic equation.
4. Determine if the reaction is a redox reaction.
(A) If the reaction is not a redox reaction then write NONE.
(B) If the reaction is a redox reaction determine what is being oxidized and what is being reduced

a. Zn(s) + 9‘ HC|(aq) — _ZnC|2(aq) + _Hz(g) 2
2t oK I XN
% H b2
Z n |6 0¥ IA 12 ‘A

HY (s red ch!)

b. CO(NO3)2(aq) + NazHPO4(aq)—> COHPO4(5) + 7\ NaN03(aq)
-2
21 — CoHPOL\ls)
(o @) * /H IPD“‘\("P TN None
-
/ I A
Ty
¢ ___ CHig+_ 7~ Oug—_0~ HOp+ COx)

CHL{U&\*‘ 20),’3\ — 2)”»0(‘?3 t C;?Z—ZJ\ P-@Aoy
\
- L‘/ +\\ ‘O 1 Y J'-f .U

C () 0)'4(!-”J /CH”\
O; ulﬂ TW‘JCJ

d. H2SO4aq) + Ca(OH)2¢aq — CaSOy) + ;l H20q) D? I ( )
- 2 - Oy (> 4 dH0W
20wy + 50‘12(”1)\ t Ca Z»«b\ 1 2/‘”_\' (agy /C“,S\L( [\

tl Ho, \zx t1 -2 41\ f2tb - % 41

Noe

-2
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Note: These answers will vary from student to student.

357.Write spontaneous redox reactions and determine the overall voltage for the following reactions. DO NOT REPEAT PAIRS
OF REACTIONS.

11234567 ]8]9[10]11]12[13[14]|15|16|17(18]19]20|21]22|23|24|25|26

A|/B|C|ID|JE]JF|IG|IH]JIT]|J|K]J]LIMI[N]J]O|JP|Q|IR|S|TJU]JV|IW | X|Y]|Z

a. For reaction 1 use the number that corresponds to your first rajr-ne initial and for reaction 2 use the number that
corresponds to your last name initial. If the second reaction is the same letter as your first reaction then add one to

the number. D
A

nY otz — M Fhaoy

. b
s AT R ~ | 4oV
34
wt 4 35047 # akn — Bk +bH:0 ey

. +0.2V
30602 ti2

b. For reaction 1 use the second letter of your first name and for reaction 2 use the second letter of your last name. If
the second reaction is the same letter as your first reaction then add one to the number.

FlLp
ot +L'.)Am + 1.9V

g 2.§7V

— }AM”4 e~ — T

e
£ sV

2 * CL)M;& ’

F-‘_“—Q'C’/ Q(:
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c. For reaction 1 use the first letter of your friends first name and for reaction 2 use the second letter of your friends
first name. If the second reaction is the same letter as your first reaction then add one to the number.

b e = f tozov LA
C‘Q"” te -/><_\¢3+ 1.6V

A%)’) A?)T e "O’W\/

p— e
(oYt 4 Aﬁ—)A"f f Cet roslV

d. For reaction 1 use the fifth letter (or the last letter if there are not five) of your favorite food and for reaction 2 usse
the third letter of your middle name. If you don’t have a middle name then use the third letter of your favorite tv
show. If the second reaction is the same letter as your first reaction then add one to the number.

Pt tem — P 6Ty f/qb

) 4= SV
S0y t2e = 25047+ A0
— b1V

0. 3¢V

).—
D b S0 — 2A 1Y SUs
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Potential

287V

207V

205V

+1.68V

+1.68V

+1.67 V

+1.63V

<161V

#1651V

140V

+1.36V

=133V

+1.23 V¥

<121V

Standard Potentials at 25°C

Half Reaction

Potential

+1.20V

<1.08v

<092V

0.8V

+0.80V

<0.7av

077V

<0.60V

+0.54V

=AW

<034V

<027V

+0.22V

0.1V
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Precipitation Reactions

358.For the reactions below:
(A) Complete the reaction.
(B) Determine if a precipitate or gas forms. Include phase symbols.
(C) If a precipitate or gas forms write a net-ionic reaction.

a. NaClag + NHisNO3(q) — M¢ }\30": (“463 T Nl- L‘(/{ U\é\

o d.’,l. v g

J—
b.") NasPOuea (NS — (0 NaNoswb\ e Pus @0‘1\1, ()

A F0‘13_ T 56»2'——) R, ( POo\\l (Y

€. KiS@g + (NH4)2COs0q) — lé > ((93 ¢ 47)\ + Q\IH‘BL S (nb)

et

d.  HClg) + NaHCO3pg) — Nm&((n;‘\ + H;O({\ t wv, L])

PR Neos — Hv()m t (o9

252


jdaugherty
Pencil


Back titration. ( https://cnx.org/contents/rlhm-4a2@3/Back-titration )

A back titration is sometimes used to determine the amount of a substance if the reactant is volatile, if the reactant is contaminated, if
the reactant is an insoluble salt, the reaction is too slow, or the reaction involves weak acids and bases. In a back titration, reactant A
of unknown concentration is reacted with excess reactant B of known concentration. Then, a normal titration is performed to
determine the amount of reactant B in excess. Once you know the excess amount of reactant B you can determine the amount of
reactant B used and thus the amount of reactant A.

359.A student was asked to determine the mass, in grams, of calcium carbonate present in a 0.125 g sample of chalk. The student
placed the chalk sample in a 250 mL Erlenmeyer flask and added 50.00 mL of 0.200 mol L ~* HCI using a pipette. The
excess HCI was then titrated with 0.250 mol L ™' NaOH. The average amount of NaOH required to reach equivalence was
32.12 mL. Calculate the mass of calcium carbonate, in grams, present in the chalk sample.

7\,,_& ( pn w/e,ycu—» HA |91 Bxn m €xreSs oo
1+ +,0 >
H_o( 4 M(/'OH_> {\Ja(/{"l’Iz,O ;HC{ + 6[05/)&0{2’ L
6.)<M ' go,odwb
3zdLwl ) M
MV : mols ‘ ’\{)X\/-m

(@233 12) il « L)) = 7 )
400%03“(3 Nho ({ ( (réh \ I O(,H)[s HeN 11 &FCE

[, fomcrn*
s03pmls H# /\_"\—‘E _00%03 -~ |
’ Q J’J QW ll “/7w(s HA sed kwl

. \ ’U
1\P\i\ &*J@ Mk/ | gofa s Het | (o095 - 7.85%10 by (203
: ' 2 o

@ ,

| 7W=@07%j Geos
| A~

o o G (@3 1n chulk Ths uese b osked
A A's e 70"0

09500 gy - BT Cr [k o o s

2115y
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Gravimetric analysis.

360.A bottle of magnesium chloride, MgCl., has been contaminated with an unknown amount of sodium nitrate, NaNOs. In order
to determine the percent by mass of magnesium chloride in the mixture a student conducts a gravimetric filtration. The
student takes a known mass of the mixture and dissolves it in 50.0 mL of distilled water to make an aqueous solution. That
solution is then reacted with an excess of silver nitrate, AGQNOs, to precipitate the chloride as silver chloride, AgCl). The
precipitate is filtered, dried and weighed. The data from the experiment is shown below.

M_ass of MgCl; & NaNQO;3 0.7209 g
mixture

Mass of filter paper 44509
Mass of filter paper +

precipitate after drying 54829

a. Determine the mass of precipitate formed in the reaction.

SPUARAS

— Y.y
o
/W32 5 (P

b. Determine the mass of magnesium chloride in the original sample assuming the silver nitrate was in excess and the
reaction below went to completion.

_ MgClygeq) + LAgNog(aq) —_ 2 _AgCly+____ Mg(NOs)aq)
I'd

w 001wl Ayt igcl- . 003597 ad Mict,
’ [ 3.3 | 2t
S 0-3%2 /”ﬁ oA,
,00 3597 puls Mgt 77.2:3 ; 9
el

c. Determine the percent by mass of magnesium chloride in the original sample.

7 g P s 2425 7 MyCl
» 12 jmmf""
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Review Topic 1.2

361.What is the relative atomic mass of this monatomic element?

(20 G\ + (120 + (190
7oAy +(Tenly 2L RO

| b

’]( G MU
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Section 5.01
Topic 5.5 Worksheet

362.What are the conditions for the collision theory?

1. Particles must collide.
2. Particles must have correct orientation when they collide.
3. Particles must have enough energy to overcome activation energy when they collide.

363.Define activation energy.
The minimum amount of energy required to start a reaction.

364.Explain the various ways a reaction could be unsuccessful according to the collision model

1. Particles do not collide.
2. Specific atoms do not collide.

3. Not enough energy.

365.Explain how increasing temperature can increase the rate of a reaction in terms of...

a. the collisions.
A higher temperature means more energy for the particles. The particles move around

faster which means more possible collisions.

b. the activation energy.

A higher temperature means more energy for the particles. Therefore more particles will
have higher energy which means that more particles will have an amount of energy

greater than the activation energy.

366.Explain why a termolecular elementary step is rare in terms of the collision model.

Three molecules colliding in the correct orientation is rare.
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367.Explain why an increase in concentration of a reactant may lead to an increase in reaction rate according to the collision
model.

As concentration increases more molecules are available for collisions. More collisions means a greater
chance of a reaction which leads to a higher reaction rate.

368.Explain why, at constant temperature, an increase in pressure of a gas causes an increase in the reaction rate in terms of the
collision model.

An increase in pressure at constant temperature means more gas particles present which would cause
an increase in the number of collisions. (Assumes an increase in the moles of gas which causes an
increase in pressure.)

OR

An increase in pressure means the particles are closer to each other than at low pressures. Particles
closer to each other will lead to more collisions and more collisions leads to an increase in reaction rate.
(Assumes a decrease in container volume which causes an increase in pressure.)

369.Use the figure below to answer the questions that follow.

a.  Which is at a higher temperature, T1 or T,? Justify your answer by referring to the figure.

T, is at a higher temperature. More particles have higher energy because the curve is shifted to the
right.

b.  Which would have a greater rate of disappearance of reactants, T1 or T,. Explain your answer by referring to the
collision model.

T, would have a greater rate of disappearance of reactants. A higher temperature means greater
energy which means more collisions. Also, at a higher energy more particles have enough energy to
overcome the activation energy required for the reaction.
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370.The two elementary steps below are carried out at the same temperature. Reaction 1 takes longer than reaction 2. Assuming
no difference in correctly oriented collision, explain why reaction 1 would take longer than reaction 2.

Reaction1  H(g) + ICI(g) — HI(g) + HCI(g) Slow

Reaction2  HI(g) + ICI(g) — HCI(g) + 12(g) Fast

Reaction 1 must have a larger activation energy. A larger activation energy will be a slower
reaction since fewer particles have enough energy to overcome the activation energy.

371.Refer to the data table above. The half-life of a reaction was measured under various conditions. The half-life of the reaction
in trial 4 is less than the half-life in trial 1. Explain why in terms of activation energy.

Trial 4 is at a higher temperature. A higher temperature means more particles have the required energy to
overcome the activation energy.
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Topic 5.4 Worksheet

372.Determine the molecularity of the reaction.

Elementary Step Molecularity
(A) A+B—-o>X+Y Unimolecular Termolecular
(B) 2A+B — AB Unimolecular Bimolecular @
(C) | NO+0;—NO,+0; Unimolecular @ Termolecular
(D) Cl + CH4s — HCI + CHj5 Unimolecular @ Termolecular
(E) Ar+03; — Ar+ 03" Unimolecular @) Termolecular
(3] A+A—-B+C Unimolecular @ Termolecular
() 0;—>0,+0 @ Bimolecular Termolecular
(H) O+02+N;—>03+Ng Unimolecular Bimolecular @
)] A—-B+C+D @ Bimolecular Termolecular

373.Describe the specific collision that must occur for the elementary steps from 372.

a. Reaction C

The O from NO must collide with an O from Oas.

b. Reaction D

The H from CH, must collide with the CI from HCI.
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Topic 5.6 Worksheet

374.Consider a series of reactions having these reaction coordinate energy profiles

a. Rank the reactions from slowest to fastest. Explain your reasoning.

2 <3< 1 (from slowest to fastest). These are ranked from highest activation energy to smallest
activation energy. A higher activation energy will take longer because fewer particles will have enough
energy to overcome the activation energy.

b. Rank the reactions from slowest to fastest in the reverse direction. Explain your reasoning.

2 <1 < 3 (from slowest to fastest). Same reasoning as #374a.

¢. Give the activation energy of each reaction in the forward direction.

Rxn 1: 15 kJ/mol

Rxn 2: 25 kJ/mol

Rxn 3: 20 kJ/mol

d. Give the activation energy of each reaction in the reverse direction.

Rxn 1: 25 kJ/mol

Rxn 2: 40 kJ/mol

Rxn 3: 15 kJ/mol
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e. Isreaction 1 endothermic or exothermic? Justify your answer. What about the reverse direction?

Exothermic. The products end with less energy than the reactants therefore energy must be released.
The reverse reaction is endothermic.

f. Isreaction 3 endothermic or exothermic? Justify your answer. What about the reverse direction?

Endothermic. The products end with more energy than the reactants therefore energy must be
absorbed. The reverse reaction is exothermic.

g. Give the overall energy change for each reaction in the forward direction.

Rxn 1: -10 kJ/mol

Rxn 2: -15 kJ/mol

Rxn 3: +5 kJ/mol

h.  Give the overall energy change for each reaction in the reverse direction.

Rxn 1: +10 kJ/mol

Rxn 2: +15 kJ/mol

Rxn 3: -5 kJ/mol

i. Place an “x” on each diagram where the transition state occurs.
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Topic 5.10 Worksheet

375.Use the reaction coordinate energy profile given below to answer the questions that follow.

a. How many elementary steps are involved in the reaction? Explain your reasoning.

There are 2 elementary steps. Since there are 2 energy "hills" (activation
energy) there are 2 elementary steps.

b.  Which step would be faster? Explain your reasoning.

Step 2. Step 2 has a lower activation energy than step 1. A lower activation
energy means that more particles would have the required energy to overcome

the activation energy.
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376.The following sequence of elementary steps is a proposed mechanism for a given reaction.

Step1:  NO+ NO = N:202 Fast
Step2:  N;O; + H; = H20 + N20 Slow
Step3:  N2O+H;= N2+ H:0 Fast

a.  On the incomplete reaction energy diagram below, draw a curve that shows the following two details:
i. The relative activation energies of the three elementary steps
ii. The enthalpy change of the overall reaction if the reaction is endothermic
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Review Topic 3.13

377.Explain the process of creating a blank and calibrating a spectrophotometer with acetone as the solvent in the experiment.

Fill the cuvette with acetone. Wipe cuvette with kimwipe. Place cuvette in spectrophotometer and zero out the
spectrophotometer.

378.Explain why a blank is needed to calibrate the spectrophotometer.

It "zeros out" the absorbance of the solvent.

379.Explain the effect of a fingerprint on the cuvette for the recorded absorbance.

Absorbance would be greater as light is scattered because of the fingerprint. If light is scattered then it is
not absorbed by the sensor.

380.Explain why the concentration of a colorless solution of sodium chloride can not be measured via Beer’s Law.

A colorless solution will not absorb light at any molarity. Beer's Law assumes light is being absorbed by a
colored solution. The more concentrated the colored solution the darker the color. The darker the color the
more light will be absorbed.
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381.Use the graph below to answer the questions that follow.

a. Determine the molarity of a solution that has an absorbance of 0.45.

About 0.085 M

b. What error could have possibly caused the point the student plotted at 0.050 M Co?*(aq)?

Wrong molarity recorded.
Water left in the cuvette.

¢. How many moles of Co?*(aq) would be present in 100. mL of a solution with an absorbance of 0.15 ?

- N -
M: 'OL? V\/]’—C 20LE <ol =0

Myl = ”OOWMM -

382.A student conducts an experiment to determine the absorbance of red food coloring at various concentrations. The student
wants to do the same experiment with blue food coloring. How would the student need to modify the original experimental
procedure to determine the absorbance of blue food coloring at various concentrations? Why is the modification required?

The wavelength of the spectrophotometer would need changed. Different colors of solutions absorb different
wavelengths of light. The spectrophotometer's wavelength should be set at a color opposite the color of the
solution.

270


jdaugherty
Pencil

jdaugherty
Text Box
About 0.085 M

jdaugherty
Text Box
Wrong molarity recorded.
Water left in the cuvette.

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Text Box
The wavelength of the spectrophotometer would need changed.  Different colors of solutions absorb different wavelengths of light.  The spectrophotometer's wavelength should be set at a color opposite the color of the solution.


383.A student prepares a calibration curve for [Cu?*] by making a serial dilution and recording the absorbance for each
concentration as shown in the data table below. Use the data table below to answer the questions that follow.

Trial [Cu”! | Absorbance
1 0.025 0.124
2 0.050 0.268
3 0.100 0.520
4 0.150 0.680

a.  Which trial has discrepant data compared to the others? Justify your answer by referring to the data.

Trial 4. The absorbance does not increase enough.

b. Would the actual concentration of the trial identified in #383a be greater than, less than, or equal to the
concentration expected in the trial?

Less than. The absorbance isn't high enough for the molarity that is recorded. For the
absorbance the molarity should be lower than recorded.
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Section 5.02
Topic 5.1 Worksheet

384.Consider the combustion of ethylene, CoHa(g) + 3 O2(g) — 2 CO2(g) + 2 H,0(g) . If the concentration of C;H4 is decreasing
at the rate of 0.036 M/s, what are the rates of change in the concentrations of CO, and H,O?

, A | 4
’,l- Z“{CC Wy = _% Z“{.CCOZ T IZJ*&C;I—L{ C oz bete H.0
L
| (oze) = 5 R [(036) = 3 Reteyo
pO 12 M(s& ?Zja(o 012 My = Pte o
L

385.The rate of decrease in N2H. partial pressure in a closed reaction vessel from the reaction NoHa(g) + Ha2(g) — 2 NH3(g) is 74
torr per hour. What are the rates of change of NH3 partial pressure and total pressure in the vessel?

ey 3 ey, Theee (s po chernge in FH precsorr
)Def(,wb( A V‘Wl‘(3 O( cS f&o‘hﬂ“k

{ ( o
Gve Canv%*%d o 2 wol€S 0 9 s
'Hx W/hr:?&e }”4_), F‘odvc&_

5 H0(aq) + 2 MnO4~(aq) + 6 H*(ag) — 2 Mn?*(aqg) + 8 H.O(l) + 5 O2(q)

386.At a certain time during the titration, the rate of appearance of Ox(g) was 2.5 x 10 3 mol/(Les).
a. What was the rate of disappearance of MnO, ™ at the same time?

- Rt 1 4 5 (5o )~ L Rremp,
— ate - ¢
5 01— 2 V\A

OL( ¢ OOIO M = Pore‘ Mna‘r_
3
b. What was the rate of appearance of Mn?* at the same time?
- oM
J_ 1A } L, 00 —
£ PchL - ZT&I,,N” Retey e S

c. Astime progresses, would you expect the rate of disappearance of MnO, ™ to increase, decrease, or remain the same?
Explain your answer.

| would expect the rate of disappearance of MnO, to decrease. As more MnQOy is used there are fewer
MnOQOy to react, causing the rate to decrease.
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387.A kinetics experiment is set up to collect the gas that is generated when a sample of solid CaCOs is added to a solution of
ethanoic acid, CH3COOH. The rate of reaction between CaCO3; and CH3;COOH is determined by measuring the volume of
gas generated at 25 °C and 1 atm as a function of time. Describe how each of the following would effect the rate of the
reaction. Explain your answer in terms of the collision theory.

a. Decreasing the volume of ethanoic acid used in the experiment.

Reaction rate would decrease. Fewer collisions.

b. Decreasing the molarity of the ethanoic acid used in the experiment.

Reaction rate would decrease. Fewer collisions.

c. Increasing the temperature at which the experiment is performed.

Reaction rate would increase. More collisions and more particles have
the required energy to overcome the activation energy.

d. Decreasing the temperature at which the experiment is performed.

Reaction rate would decrease. Fewer collisions and fewer particles
have the required energy to overcome the activation energy.

e. Decreasing the particle size of the CaCOs by grinding it into a fine powder.

Reaction rate would increase. More surface area means more
opportunities for collisions.
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388.Explain how catalysts ...
a. lower the required activation energy.

Catalysts provide an alternative reaction pathway/mechanism for the reaction to happen. This
different reaction mechanism has a lower activation energy than the mechanism without the catalyst.

b. correct for orientation.

Catalysts can hold the reactant in an optimal position for collisions, i.e. adsorption.

389.1n the box below on the left is a picture of a solid sample of Mg and the strong acid HCI(aq) reacting. In the box below on
the right draw a picture of Mg(s) with a smaller particle size reacting with HCI(ag). Use your picture to explain why the Mg

with smaller particle size reacts at a faster rate.

o 2,0
o :O
e
oY 0
[
» O ’

(Vlo"e avéa %Y

P—%O‘f ‘\'D (et

0O © 0o
o

0 <9
B

G+ %,
1 N

0
0
(~4
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390.1n a lab to determine the percent of copper in brass, long ribbons of brass were reacted with nitric acid. The teacher explains
that you could have also used small shavings instead of the long ribbons. However, the shavings don’t work as well because

the nitric acid “bubbles” over. Explain why using the small shavings bubbles over.

The small shavings have a greater surface area which means a greater reaction rate. That increased
reaction rate makes it "bubble" over.

Reactant | Initial Concentration
2 NO(g) + 02(g) — 2 NO2(9) NO 0.0028 M
0, 0.0014 M

391.The oxidation of NO(g) producing NOx(g) is represented by the chemical equation shown above. The initial concentration of

NO and O are given in the table above. The changes in concentration of NO(g) as a function of time are shown in the
following graph.

On the graph below, draw the curve for the rate of disappearance of O,.
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392.0n the reaction energy diagram below, draw and label the reaction pathway in the presence of a catalyst.

Transition
State )‘

Energy

Reactants

Products

Reaction Progress

393.0n the Boltzmann diagram below draw and label the location of the activation energy in the presence of a catalyst.

v,hJV \ s‘
A 0\()(\;/\%0)\,}’\ (”‘\V\/X

activation
energy

number of molecules

394.How does the rate of disappearance of a reactant change with increasing strength of covalent bonds?

As a covalent bond strengthens the rate decreases. A stronger bond requires more energy for the
reaction to occur.
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Review Topic 1.5

395.Complete the following table by giving the element name, element symbol, the complete electron configuration, or Noble gas
configuration of the following atoms:

Element Name | Element Complete Electron Configuration Noble Gas Electron Configuration
Symbol
. Z - T
Fluorine F IS L Zps (Me) 23>3’og
25 72 2 2 | >
Calesum Ca | ¢ 25 7/% 33,04 [Av')Lis

Cobalh

Co

2 572,35 " 3 Usm 34

[Ar] 4s% 3d”

P\“SM‘O

138

1s? 282 2p° 3s? 3p® 452 3d° 4p®

(A \Ys 7347

sulfor S (6% 25" 25" 37 3 LNy 2" Sf’q
Bowwi | BE | 157252673 3020y (A \Us™ 3040 S
lron Fo | [s" 2" 2% 3" 3o 4 3" AU 34

396.Complete the following table by giving the ion name, ion symbol, the complete electron configuration, or Noble gas
configuration of the following ions:

e | | oot s Gt Nobie G Efecion Confighraion
- F - P 2sF 20" [He}ZS} 20"
(o | Ca | 157257 26" 357 3" e ) 35" 3"

T (@) | Fe2 | 572720 373" (A 24"

prosice | P77 | (5725726735 3" [N 357 2"

Zine 2.0 | 1t 255 20 3t 502" (A1

somide |27 | [ 25720 B F U3 (A Y™ 39"
Ton@) | R | (2257269373 247 A 2°
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397.Complete the orbital notation for each of the elements listed in #395 above.

]t ] D000 Ooodd HEUE

1s 2s 2p 3s 3p 3d 4s 4p
Nmml  EREL mEeE 8OO0

1s 2s 2p 3s 3p 3d 4s 4p
Ly (13 | I
1s 2s 2p 3s 3p 3d 4s 4p

(0 9 R AP O fs
1s 2s 2p 3s 3p 3d 4s 4p
02 o I U e

1s 2s 2p 3s 3p 3d 4s 4p
Wmm Wm 3
1s 2s 2p 3s 3p 3d 4s 4p
M Nopph]  OOOE Fe
1s 2s 2p 3s 3p 3d 4s 4p
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Section 5.03
Topic 5.2 Worksheet

Rate = k[HzAsO4]? [I - ] [H30*]°

398.Use the rate law given above to answer the questions that follow.
a.  What is the order with respect to HzAsO4 ?

2nd

b. What happens to the rate of the reaction if the concentration of H3AsQ, is doubled while the others remain the
same?

The rate increases by a factor of 4.

c.  What is the order with respectto |~ ?

1St

d.  What happens to the rate of the reaction if the concentration of |~ is doubled while the others remain the same?

The rate increases by a factor of 2.

e. What is the order with respect to H;O* ?
Oth

f.  What happens to the rate of the reaction if the concentration of H3O* is doubled while the others remain the same?

Nothing

g. What is the overall order of the reaction?

3rd

h.  What would be the units of k, the rate constant, for this reaction?

M-2s1
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399.Complete the table below about the units for the rate constant, k.

Overall Units of
Order Rate Constant
1 st
2 M-1s1
3 M-2s-1

400.Use the data to answer the questions that follow.

\_/

X [Ux 0
RN, ( o
> >
a. Determine the rate law. )>

Pae-k (ALY (/\ ';;jf:‘; (

o
\

b. Determine the overall order of the reaction.

A nB.

c. Determine the value of k, along with units. ( ? ‘ ol &V‘A QPP e,(} m‘|'>

Rete- KCAT
b0 = k(a”«y
k= o4t s
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d. Determine the rate of the reaction when [A] is 0.0500 M and the [B] is 0.0750 M.

Rete=kCAT™
Rule _(,w‘ﬂ( ,OSBL

Dote = 110> Ms

\

e.  When does the value of k change?

Wil & chompe 1 Forp orure

401.Use the data to answer the questions that follow.

{1 ](

No
a. Determine the rate law. :’lﬁx ) ﬂoﬁ_x
Reke = k RO T LHR) C\ [ 23
2* =%

)(-:J—

b. Determine the overall order of the reaction.

3(&

Gk
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c. Determine the value of k, along with units.

Pez k(a0 V' 0H Y
|.22¢10 i L(O(Y (,,()

= 1,23 M

d. Determine the rate of the reaction when [NO] is 0.100 M and the [H] is 0.150 M.

Mt e e Cno)” CH:)
Pote = fnl%(okonﬁ(,lw\
Rate = 000135 M/S

e.  When does the value of k change?

ot o chemye Jowpeetee

402.Use the data to answer the questions that follow.

N

a. Determine the ratle law. 5 ol 7
Rle- KAV (AT CY Q
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b. Determine the overall order of the reaction.

gfha

c. Determine the value of k, along with units.

kcpl[g} v 2)2(3. 75 r07 )"
l/(s7: |<_(| 75?‘(0—25‘(3027~|o ) C 7S )

_lz |
) -2.35 xt0” M s

'ﬂne vet<

403.Use the data to answer the questions that follow. Q;)
Q lovSe 0

[H20] [1] [H] Rate (M/s) AND [H*
[ 0.100 — 5.00x 10 1.00 x 102 0137 S, |57 53\,4
/0268 ] et Hhd-

= 0547 3 \—3/,084

v 0.400 1.00x 1078 —k 2.00 x 1072 1.084 i‘x\_/
a. Determine the rate law. H Oc ;
G4qL s 28 oY B
[2A¢ Kf"{zoi} (1 3 Cut 1 C/\ 7(9K> C \ << Qz\ sS4z

7% . 2 97 =2 2% =\
x = | x =\ v = 0O

(‘ 1.00x 103 J (‘ 1.00x 102

[ o)

00
11 L 0.200 ] L 1.00x 103 1 L 1.00x 102

Note: For the order of H* you have to use Exp. Ill and IV. But H,O, also changes during exp. Ill and IV. But we
already know how a change in [H,O,] changes the reaction - it's 1st order. So doubling the [H,O;] in Exp. Il and
IV also doubles the rate. So the rate should change from 0.542 to 1.084 because of the [H,O,]. Any further
change in the rate will be because of the change in [H*]. Problem #404 is a better example of this type of work.

b. Determine the overall order of the reaction.

Il
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c. Determine the value of k, along with units.

J( = 27740 M- 5—|

404.Use the data to answer the questions that follow.

[A] [B] [C] Rate (M/s)
[ o1 [ 005 (— 0.02 02
I L0.2—\ L 0.05 4 L 002 C 08 Blc GLCAI e
I [ 02 J (015 ) —002 ) — 2.4\_1/) ot choold be
v L 04 L 015 C 004 L 102 9.
a. Determine the rate law. A _B_

c
Rute<t CAVCAY(CY C/zf__tg\ C%Y_%S (%Bxcﬁlﬁ
2’”:‘/{ 5)( =5 2* 2 2
2

>"—‘| )o-:'_[

Note on #404a: You have to use Exp Ill and IV to determine the
order of C. B remains constant so we don't have to worry about

b. Determine the overall order of the reaction. B. But both [A] and [C] changes. We already know that A is 2nd
order so when the [A] doubles from 0.2 to 0.4 the rate should
Ll,p\ quadruple. So because of A the rate should go from 2.4 to 9.6.
Any change beyond 9.6 is as a result of the change in [C]. Since

the final rate is 19.2 we can determine that the rate changed from
9.6 to 19.2 because of the change in [C].

c. Determine the value of k, along with units.

}(: 70 000 f"_gs_
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Topic 5.7, 5.8, 5.9 Worksheet

405.Write the rate law for each of the elementary steps.

Elementary Siep Rate Law
& |ArBxey Ric- k (AVIA)

® |28+B-A8 Rde- RCAVLA]

© | NO+0;-NO+0; Rate: £ECN0VL0]

© |crrcnoraror | Rebe= KCO) T cHy]

® | Ar+0s—Ar+0r Rie- k CA1C0T

® |A+a-BrC Rele~l (AV

© |0s—0.40 Rde =k (057

() |0+0rNm0ieN,  [RoYe = kK LOTNLO, VTN
() |A-B+CHD Rete= kLAY

406.When given the rate law of the elementary step, determine the molecularity and give the reactant side of the elementary step.

Rate Law Molecularity Elementary Step (Reactants only)
(A) Rate = K[A] Bimolecular | Termolecular A _
(B) Rate = k [NOJ? [O] Unimolecular | Bimolecular Q NO + Ol _
(C) | Rate =k [COJ? Unimolecular @ Termolecular gi e S
(D) Rate = k [A] [B] Unimolecular @ Termolecular A 4 }/_)7 —

287


jdaugherty
Pencil


407.A possible reaction mechanism for the conversion of ozone to O; is shown below:

Step 1 03(g) — 02(9) +2(0)

Step2  Ox(g) + Ofa) = 20:(0)
2036)— 202 (4)

a.  What is the molecularity of each step?

Sep | = ot molea ley
Skep 2= bumsleator

b. What is the overall equation?

2 O;wa\ — 302%

c.  What is the intermediate in the reaction? Explain your answer.

OL‘@ E""Hfg as O ?’Ya&.,c.’( Wv(& l&u?)
ar a (Gtert

408.Nitrous oxide, N2O, is believed to decompose by a two-step reaction mechanism:
Step1 N20(g) — N2(9) + O(9) (slow)
Step 2 N20(g) + O(g) — N2(9) + O2(9) (fast)

a.  Write the equation for the overall reaction.

AN,0 By — 2 Notq\ + 0. )

b.  Write the rate law for the overall reaction.

120( ¢: kEN‘LDz

c.  Which step has the highest activation energy?

%\Le{; ‘
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409.Consider the reaction mechanism shown belowi//h ?c‘\'(’ E = Rde 3 Hc &6\;( l.b‘iuwi
2 -1

ks k[m) -# CN=027)

Step 1 NO(g) + NO(g) : N202(g) (fast, equilibrium)

1 { T[NO {Mza';]

\ L -
Step2  N,0(g) + Bra(g) =3 2 NOBr(g) (slow)

N n Rle= kP O 1[@\(1—3
k\< \D‘-’O_S [Bm—}

Determine the rate law for the reaction using the steady-state approximation. ]261‘} 4 {

Lade= k (oY 8T

410.Another mechanism for the conversion of ozone to O shows the possible destruction in the upper atmosphere by NO(g), as
shown below.

Stepl  Os(g) + NO(g) — NO(g) + 0x(0) (slow)
Step 2 N&(g) + O(g) — NOT(g) + O2(9) (fast)

a.  What is the overall equation?

Oz t Olfa\ — 2029

b. What is the intermediate in the equation?
sz L‘a\

c.  What is the role of nitrogen monoxide, NO, in the equation? Explain your reasoning.

th\"hs't- Edes as O\era'd-o.';\ cwg \&«eS Ag a‘bnxiuci"

d.  What is the molecularity of each step in the mechanism?

Sizfil b mwl eenler
shep2: L/rvw)lew(ur

e. What is the rate law?

fede - |z {O;’B 289
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411.Experiments were conducted to study the rate of the reaction represented by the equation below. Initial concentrations and
rates of reaction are given in the table.

2 NO(g) + 2 Ha(g) — N2(g) + 2 H20(9)

Experiment [NO] [H] Rate
1 0.0060 | 0.0010 | 1.80x 10~
2 0.0060 | 0.0020 | 3.60x10°*
3 0.0010 | 0.0060 | 0.30x10*
4 0.0020 | 0.0060 | 1.20x 10

a. Determine the order for each of the reactants, NO and H,, from the data given and show your reasoning.

_ gk sl N He
ND RT ,oal\*zc'% &%K:@
N, 2 1% avides ool 2> -l )X
27‘:” 27 = 2
X =2 x = |

b.  Write the overall rate law of the reaction.

R b EMOT LD

c. Calculate the value of the rate constant, k, for the reaction. Include units.

k—_ 5000 Mo
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d. The following sequence of elementary steps is a proposed mechanism for the reaction:
Stepl  NO +NO — N.&5

Step 2 N2©7 + Hz — H,0 + NO
Step 3 N0 + H, — Nz + H;0

i. Based on the data presented, which of the above steps is the rate-determining step? Explain your
reasoning.

@({’P 2 s 'hr\( rd.s, ﬂe V‘O‘S rVWS‘{ (A.j(fe- 1-’] ﬂ‘\ﬁ QPPQ(IM'{"\(
ro\'€ \w«). S+e'o P nf)fcezg w( 17& {z‘t'e (a.,\).

ii. Show that the mechanism is consistent with the observed rate law and the overall stoichiometry of the
reaction. ‘
L> “104(5""5.’&'

ey
N0 + 2= No ¥ THhO

e ryn Mec(/\@niswx u)l&% vp +\> tlhe
by e\l }%lw\(ub é/(sve-‘hr\ (\,)\\ICAA‘
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412.For a hypothetical chemical reaction that has the stoichiometry 2X + Y — Z, the following initial rate data were obtained.

All the measurements were made at the same temperature.

Rate (M/min) | [X] (M) [ [Y](M)
7.0x10 * 0.2 0.2
14x10° 0.4 0.2
2.8x10°3 0.4 0.4
42x10° 0.6 0.6

a. Give the rate law for this reaction from the data above.

rote f—LC\FT AN

b. Calculate the specific rate constant for this reaction and specify its units.

K ~ ,,O]I{W/ M'IS_’

c. The reaction is carried out with [X] = 0.80 molar and [Y] = 0.60 molar.

i. Determine the rate of the reaction.

Rlo- kKLXACYD
Toie -,QEH\’B( ,,%’\)C-Q

Rade= L0084 Mmin

ii. A student claims that you can determine the [Z] after 20 minutes by using the reaction rate determined in
412ci. Explain why the student is wrong.

the rate changes from that calculated in 412ci.

The rate determined in 412ci is the instantaneous rate. As the reaction proceeds the rate decreases as
reactants are converted to products. As the [reactants] decreases there are fewer collisions and as a result
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d. Select from the mechanisms below the one most consistent with the observed data. Explain your reasoning for each

mechanism.
React ion Mechanism 1 Reaction Mechanism 2 Reaction Mechanism 3
X+Y—->M Slow X+X=2M Fast Y >M Slow
X+M->7Z Fast Y+M—>Z Slow M+X—>N Fast

Two things must be true:
1. Does the slow step
agree with the
experimental rate law?
2. Does it add up to the
balanced equation?

Meoh | N+X—2Z Fast

- x VLY 039 ﬂfd"/z- ;Mé
(G‘;W :Cjzs ?o b mte- kDX VLN Y bod @t =1 L9 b
2r + J

OaxY—2 ged @2r¥=e gl

S o < ‘.V’"‘\ (C— II GsleeS ( ihe \[a'('C
/{/z"( Les‘f W-e,o‘/\’/ v S MW }0 j( v

v .
\0‘/\) OMQ 47r€€ 5\1\)\ |L? {)(/W“ lp&’la’bcd % C’j,D'

e. ldentify any intermediates and catalysts in the reaction mechanisms in 412.d above.

Mek |

e

[\/\ - MJ(C\/W&&-?JFC r’[_- M&Qmej\a&g

Peek 3
MML M - *IA*Q/'/\Q&&‘{'C

N = etermeiote
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Review Topic 4.6
Perform the following calculations that involve titration to determine an unknown.

413.Hydrochloric acid and calcium hydroxide react as shown below.

. HCl(ag)+____ Ca(OH)(aq) —____ CaCly(ag) + & H.0
a. Balance the chemical reaction.
b. Determine the molarity of the hydrochloric acid if 25.2 mL is in equivalence with 13.9 mL of 0.23 M calcium
hydroxide.
g Z‘—
M () o s M C
. ¢ = (. 94 mwl s
CzwﬂU3ﬁuﬁ'm”J o ? 5
b 394 mmsly Hef 23. 2w

, "]']mm() C}(O['DP 7 HA
3—'/((7(0*‘% M =025 M

414. A titration is carried out in an acidic solution between potassium permanganate and sodium chloride. The balanced reaction
is shown below:
11 H* (ag) + 2 MnO4™ (aq) + 5 CI™ (aq) — 2 Mn?* (aq) + 5 HCIO (aq) + 3 H0 (I)

Determine the molarity of the sodium chloride, NaCl(aq), if 22.0 mL reacts completely with 13.1 mL of 0.35 M

. potassium permanganate.
: | - .0
M= 2  gys oMb [50a7 . 11l meals M=
- 2Mad M= 1Y
Pt =0 22

é%)(,m 2

Lf,gﬁgl“mo‘) :Mﬂn0~|_

b. Determine the mass of NaCl in the solution from 414a.

I enh | Ll - 0.0 Kt e

| loa)wwls

0 |[HUmli N {w ug = 0.bT04 Nacl
[nol
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Section 5.04
Topic 5.3 Worksheet

415.Complete the table below.

straight line?

Order? | =T 0”* z,\,st
Move of o L
o o e (orve
| G o) )
e
plotted on th y |
axistogivea /5 iA} { A \ Z;l]

416.What is the order of the reaction with respect to NO; if the data from the lab is plotted as shown in the graphs below. Explain

your reasoning.

2nd order. A plot of 1/[NO;] vs. time gives a straight line
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417.What is the order of the reaction with respect to N.Os if the data from the lab is plotted as shown in the graphs below.

Explain your reasoning.

1st order. A plot of In[N,Os] v. time gives a straight line.

418.Data from the lab is plotted below. Determine the order of the reaction with respect to A. Explain your reasoning.

2nd order. A plot of 1/[A] vs. time gives a straight line.

419.Complete the table using the AP Chemistry Equations and Constants Sheet

Order of Reaction 0 1

2

[A]; - [Alo = - kt In[A]; - In[A]o = -kt
Integrated Rate Law

(LAl - (UA]o) = kt

t1/2:0.693/k
Equation for Half-life
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420.Determine the rate constant or the half-life for the following first order reactions.
a. Half-life of 36 s.

~\

{‘I _0.613% 20~ ,069% k= ,01925 s
A 4 h

b. Rate constant of 2.00 x 10 2s™

t\(L E 0’/(”7_% {‘(\ : p(ﬂ} t\/ . 3U. LS S

t 2r10° ¢
c. k=255t A
b k92 £, = L1 025 57 T
W~ — h 27

421.Use your answers to 420.b and 420.c to discuss the relationship between half-life and the rate constant. As the rate constant
increases in magnitude, does the half-life increase, decrease, or remain the same?

As the rate constant increases the half-life decreases.

422.A certain reaction i@etermine the amount of time required for the reactant to go from 0.500 M to 0.250 M if the
rate constant is 1200. s
ty =0 b73
z

UL AT, L LAY, = - Kt Gw K

O (159) pa(i5R) et i, = G TSI

te gl/)XXlo_lf S
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423.Determine the order for each reaction given the data below. Explain your answer.

) Reaction 1 Reaction 2 Reaction 3.

Time (A1 [ nial | 1A B | m®l | /8] € | e | vic
0 150 5 0.0067 285.7 | 5.65 | 0.00350 0 0 0
15 75 4.3 0.013 200.0 | 5.30 | 0.00500 12.25 | 2.51 | 0.0816
30 38 3.6 0.027 153.8 | 5.04 | 0.00650 245 | 3.20 | 0.0408
45 19 2.9 0.053 125.0 | 4.83 | 0.00800 36.75 | 3.60 | 0.0272

1st order. In[A] changes
by the same amount over
time which would give a
straight line when you plot
In[A] vs. time.

2nd order. 1/[B] changes
by the same amount over
time which would give a
straight line when you plot
1/[B] vs. time.

Oth order. [C] changes by
the same amount over
time which would give a
straight line when you plot
[C] vs. time

424.Complete the table below for half-life if the reaction is first order. Assume the half-life is 15 seconds.

Perceptage of pqrent Percentage decayed Number of half-lives Elapsed time (s)
nuclide remaining
50% 50% 1 15
25% 5% 2 30
12.5% 87.5% 3 45
6.25% 93.75% 4 60

425.A certain reactant is second order. Determine the final concentration if the initial concentration is 0.450 M and 15 seconds
have passed. The rate constant, k, is 1.24 x 1072 M s 1,

R 2 1
(ay, (AN X
.\ L :CLZ\H(O’IX’\'B
¥oMs?

L)‘ — 2.22: 0150
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426.Determine the beginning concentration of a zeroth order reaction if the concentration after 25 seconds is 0.500 M and the rate
constant is 1 x 103,

[A_]e _CAlo: -kt
(,ﬁbU\‘ X = -((HO—?})(QY)

—x = — ,02% - ,500

x = ,525M:=CAY),
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Review Topic 3.4

427.A rigid 2.0 L container at 1.5 atm contains CO,, Oy, and N,. The partial pressure of CO; is 0.35 atm.

a. Determine the mole fraction of CO,.

?\(u.. - Xaob Pé»t 0.25% = X,

Q%S\ = Yoy (155)
’%S-//.{ - 7((0\,

b. The mole fraction of O, is 0.467. Determine the partial pressure of O..
FOL = 7(07_ I?(?b
Cor = q(;zXISB

FOL - ,70| fh"\

c. Determine the mole fraction of N, ...
i. By using the mole fraction of O, and CO;,

XM: | =7y, = %co=
7(/\)1 - I_,’LHI/]' — 07, 21
YN; 0.5

ii. By using the total pressure of the container and the partial pressure of Na.

P = ot Pot Pou R, * e Peot

5= Pt ol1,35 D4 = Y, (-5

"FN\— = ,{’fl’('ol q‘h« 0- %OZ) 7 7(9‘]7’
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428.Determine the moles of each gas if the container from #427 above is at 30 °C.

a. Moles of CO,

PV=nRT
<551@£70d3lﬂhﬂvw5(“3@)
9 @

0‘0 ?"67, W[S C,@I/

b. Moles of O,

-F\] ﬂﬂ\zT—
(a0t et 2.0L) -
0.0 Sl pls =

N (.Og/w&,\)( 2032>

c. Moles of N,
PN=n¥T
Qqu%“\“m: !

.osb\wJS‘”

(.0?10(")( 305[63
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Section 6.01
Topic 6.3 Worksheet

429.Place an X in the box of the substance that will have the greater average kinetic energy. If the average KE will be the same
then place an X in the box for “Same average KE”.

D 1 L of water at 25 °C [X 1 L of water at 35 °C |:| Same average KE
1 L of water at 25 °C D 5L of C¢Hg at 25 °C Same average KE
& 25 g of gold at 55 °C D 25 g of lead at 35 °C |:| Same average KE

| J1omknosatsoec ([ ] 20MNaOHat80°0)  [X] same average KE

D 1.00 mole of Al at 30 °C m 5.00 mole of Cu at 80 °C |:| Same average KE

430.For the answers in 429 above that have the same average KE@ the substance with the greater velocity.

431.Answer the questions that follow about particle pictures of a gas and kinetic energy.
a.  What do the arrows indicate? Why are they at different lengths?

The arrows indicate velocity. They are different lengths because they have
different velocities.

b. What is wrong with the arrows in the picture below?

They are all the same length. The particles would not have all the same
velocities.

c. Draw arrows for the two gases below that are at the same temperature.

{7

\

Note: The large atoms should have arrows shorter than the small atoms.
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432.A 50 g sample of a metal is heated to 75.0 °C and placed into 50 g of water at 25.0 °C. The temperature of the water rose to
reach a final temperature of 26.4 °C.

a.  What is the final temperature of the metal? Justify your reasoning.

26.4°C. They are in contact with each other therefore they will reach thermal equilibrium

b.  Which substance had the larger change in temperature, the metal or the water?

The metal.

¢.  Which substance had the largest change in average energy, the metal or the water? Justify your answer.

The metal. The larger change in temperature means a larger change in average energy.
Temperature is the measure of the average KE.

d. Explain on the particulate level how the temperature of the water increases after addition of the metal. Your answer
should explain the role of kinetic energy.

The metal is at a higher temperature therefore the KE of the metal atoms is greater than the KE of
the water molecules. As the slower moving water comes into contact with the high KE metal
atoms, energy is transferred from the metal atoms to the water molecules. As a result, the water
molecules begin speeding up which translates into higher KE and higher temperature.
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e. The student claims that thermal equilibrium is reached at time t.
i. What is thermal equilibrium?

The point where the average KE for both substances is equal.

ii. Isthe student correct about time t? Justify your answer by referring to the graph.

Yes. Attime "t" the temperature stops changing and has reached a
maximum.

iii. What can be said about the average kinetic energy of the metal and the water at time t?

They are the same.
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433.A sample of iron at 25 °C is placed into a sample of water at 75 °C.
a. Before the iron is placed into the water, how does the average kinetic energy of the iron compare to the average
kinetic energy of the water?

The average KE of the iron is less than the average KE of the water.

b. What happens to the temperature of the iron once it is placed into the water?

The temperature increases.

c. Explain on the particulate level how this system will reach thermal equilibrium.

The water particles will collide with the slower iron particles and transfer energy. This will
continue to happen until the average KE of both are the same.

d. After the system has reached thermal equilibrium, how does the average kinetic energy of the iron compare to the
average kinetic energy of the water?

They are the same.
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434.The graphs above show Maxwell-Boltzmann distributions for one-mole samples of Ar(g).
a.  Which graph is at a higher temperature? Explain how you know this.

Graph 2. There are more particles at a higher energy. The graph is shifted to the right.

b. The two samples are mixed. What would happen to the average kinetic energy of ...
i. Graphl

Increase.

ii. Graph?2

Decrease.
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Review Topic 1.3 and 1.4, 4.5

435.Determine the molar mass of the following compounds:
a. C2H4

28.05 27/'”(

b. Ca(CzHz02).

4
(5% 10 3/
o |
c. GCsHp
AU b
R Z
pwl

436.Determine the number of moles for 5.00 grams of each of the following compounds:
a. C2H4

5 004 C2‘4“Z (o -0 poly Catly
28051

b. Ca(C2H302)2

Goom G(CatdNe | el 0031k pls C(c2 202
[S8.16¥ 4

c. GCsHi

g 0 C(HIL |ﬂ~( - AO.0613 M() (\g Hl7,
-/f,\/‘*mj/
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437.Determine the percent composition by mass of carbon in the following compounds:

a. CpHqg

0
2r& ¥ o0 - w x(00 = B5.6 /, C/
Catu 23052

b. Ca(CzH302).

__ﬁ— X{oo ~ M\/{oo‘:’?yo-%o/oc

(;((zmoz\x 5816
c. GCsHp
%Y(oo— 6003 )‘(00’2220/.,(/
CsHin 7214k

438.How many grams of carbon would be in 12.8 grams of Ca(C,H302),?

(2% 49 X ,30¢ > 3.3"1j C
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439.A 12.0 g sample of the hydrocarbon C7H;¢ is combusted and the products analyzed. The products of the combustion are water
and carbon dioxide, CO,. Using the percent composition of C in C;Hss, determine the mass of CO, formed in the reaction.

C
Ixe 8401 . 0¥21 C o ¢ - 1=
= ﬁg jCOz
Cthe [0
20l 10079
| 2.0g ¥0H3 = 0.074¢ .01 xqCO>

O.273 = [o0.07
X

440.A 0.3920 g sample of an organic compound consisting of only C, H, and O is analyzed via combustion analysis. The
combustion reaction yields 0.7182 g of CO; and 0.1960 g of H,O. Determine the empirical formula of the organic

compound.
CxHyO; + O2 — CO2 + H20
02)0(7’03 C7H7-01 .718’1> COL ¥ LI_}%Z{\( ‘O-ﬁGj C
o lc{(pj C/ 2 VOllP H
' 2.0k -0.0219
_ .ozl H 217004 H.0 x — 5
0~l7‘4(ﬂ O
19 C lnol = 00103'\J>O/‘0[o‘7 = |.5C C//'T [—’7_0
/‘L-dlj X
- LH /ooy =2 H _
90‘117"")”/, ch Cg }—‘L‘I O}

| [.09% g

74140 | Ll -,OIO“IW“O/O"’T; 0
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Section 6.02
Topic 6.4 Worksheet -
-t e

2
441.Describe each variable in the equation below, including units. /D C\'” :7 ( o,
A/\ g=mcAT
her! 4/ &A Lo het
(’S\ Vw,_s7 Sfeo. (2

442.What is the first law of thermodynamics?

Energy is conserved in chemical and physical processes.

443.A reaction is carried out in a Styrofoam calorimeter. The reaction is known to release 15.2 kJ of energy. However, when the
reaction is carefully measured and all calculations performed the reaction only gave off 15 kJ of energy.
a. Explain why it is not possible to lose 0.2 kJ of energy.

The 1st Law of Thermodynamics states that energy is conserved.

b. If not to the surroundings, where could that energy have gone?

Into the calorimeter.
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444.Two different metals of equal mass at the same initial temperature are given the same amount of energy.
a. Explain why the two metals would not have the same temperature.

The two metals most likely have two different specific heat capacities. The different
specific heat capacities means the metals will gain energy at different rates.

b.  Would the metal with the higher specific heat capacity have a higher temperature, lower temperature, or the same
temperature as the metal with the lower specific heat capacity? Justify your answer with a calculation for both

metals. |/\.51WV seeche het [pwte ‘Jf&”l’l:'c phet
- ment cat
The metal with the higher 'z = m

specific heat capacity would l _ (0( |§ Af | _—((3('g> M

have a lower temperature.

| ot 2% = Rt

445, A closed system of a piece of ice and metal is created. The 5.00 g piece of ice at —5.0 °C melts to liquid water at 10. °C
when placed on the metal. The metal has an initial temperature of 75 °C.
a.  Why did the ice melt?

Energy was transferred from the metal to the ice.

b. Is the energy of the entire system after the ice melts less than, greater than, or equal to the energy of the system
before the ice melts? Explain your reasoning.

The energy is equal. Itis a closed system. Energy lost by the metal is
gained by the ice/water.

¢.  Which has more energy, the ice or the liquid water?

The liquid water has more energy.
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d.  What happened to the overall energy of the metal?

It decreased.

e. What happened to the overall energy of the H,O?

It increased.

f.  Explain your answers to d and e in terms of the first law of thermodynamics.

Energy is conserved therefore the energy lost by the
metal will be gained by the water.

446.Convert the following to either specific heat capacity (J/g °C) or molar heat capacity (J/mol °C) .
a. Convert to molar heat capacity: H2O(l) = 4.184 J/g °C

U gUT | (8oly = 7547/
/_4/‘ M-ol 5

g o lvwz\
b. Convert to specific heat capacity: Al(s) = 24.3 J/mol °C

( —
2433 [ [wel = ap ) T/
LTl o9 /j ¢
c. Convert to molar heat capacity: Au(s) =0.129 J/g °C

allol:r 11 & - 25 d j/ml %,

9 ‘¢ l"""
d. Convert to specific heat capacity: Ethylene glycol = 78 J/mol °C (molar mass = 62.07 g/mol)
[wr
7 g3 - /‘ 20 j/ oC
W( o, (pZ L 1j j
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447.A 200g metallic cube is placed into a coffee cup calorimeter with 100 g of water at 20 °C. If the metal releases 7.2 kJ of
energy to the water, what is the final temperature of the water? (The specific heat capacity of water is 4.2 J/g °C)

q- medt Nt = g Eimdel
72003 :(100)3(%150t (7.1 = {F - 20
Q200 - At ,
m 37.0 =tf
,7’0(/166

448. A neutralization reaction between NaOH and HCI is carried out in a coffee cup calorimeter. A 10.0 mL sample ofa1.0 M
NaOH solution is titrated against a 10.0 mL sample of a 1.0 M HCI solution, as shown in the equation below.

HCI(aqg) + NaOH(aq) — NaCl(aq) + H20(l)

If both solutions started at a temperature of 20 °C and ended at 26.0 °C, what is the AHx, in kd/molx, ? (Assume the specific
heat capacity of the total solution is the same as water, 4.18 J/g °C, and the density is 1.0 g/mL )
roley of Hel (MX ¢

cézmust gow"/‘bw{b

(70)(44. (8\(20' 20) \ 50! x [A/LD(C\V\

& e

7 el Hch (DOO:Y (M\r,,\ W(\m

In & FU(UV"‘(/ N | m ,
o /'ZM Het et 3 e o om0 T%: 4 :w;‘
R A \
L kmow l'l')exo'h\ﬁfﬂﬂc < ) ! (f:s {b

'\""‘V{/./n’" %P ’M&dd >
be epofhemiC
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449. A student conducts a reaction between hydrochloric acid and calcium hydroxide, as shown in the reaction below:

2 HCl(aq) + Ca(OH)2(aqg) — CaCly(s) + H,0(l)

In the reaction, the student mixes 10.0 mL of 1.00 M HCI and 10.0 mL of 0.500 M Ca(OH).. It is determined that 0.870 kJ

of energy is absorbed in the reaction.

a. Isthe reaction endothermic or exothermic? Should the temperature of the reaction increase or decrease?

fnd’o%&w.—c. “The "/f“’f °)( //ke f&c‘/?& we i decr&se,,

b. Determine the AHxn , in kd/moli,, by using the moles of HCI.

oY wﬁ,’lﬂ - |4 h‘T/WuI
——— " el HU [ el [y

Lolol ¥ IM fre

c. Determine the AHx, ,in kd/molix, , by using the moles of Ca(OH),.

f ¥A
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450.Determine the amount of heat needed to melt 125 g of Au originally at 298 K.

| 3 Tt X b Nead
Aumelting | 0, W —Sﬂ_z/
point (°C) =m At -n D H
Cau 0.128 b S\ /5«
S{-? ?) :QZ\’\ (‘IL%)({() 39#\ - Q—) (2,55
Qoo | 1255 1 S g (A7

(g;/&z bakt 6c'7,7(p/<T

_ I(O_&quj + 7.9 kT
(ZL\"&

c{% = 24 17

451.What is the temperature change for the reaction shown below?

Initial

452. A student conducts an experiment by mixing 10.0 mL of 1.0 M HCl and 10.0 mL of 1.0 M NaOH. The energy of the

reaction is determined. She then mixes 20.0 mL of 1.0 M HCl and 10.0 mL of 1.0 M NaOH. The results of the experiment
are shown below.

Experiment HCI NaOH Energy
#1 10.0mL of .0 M HCI | 10.0 mL of 1.0 M NaOH | X kJ
#2 20.0mL of 1.0 MHCI | 10.0 mL of 1.0 M NaOH | ???kJ

Would the energy of experiment #2 be greater than, less than, or equal to the energy for experiment #1?
H [
The &\er\m wold e ézuo/ o expd- 1. The Na0 /
[5 'h‘x lm."|‘ma recfent m f)&/-} 4 2.
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453.The hydrocarbon pentane, CsHi, (molar mass 72.15g) is combusted to produce carbon dioxide and water, as shown in the
unbalanced reaction below.

_ CHul)+_ % 0xg)—_L nom+ 5 coxg)

a. The complete combustion of 5.00 g of pentane releases 243 kJ of heat. On the basis of this information, calculate
the value of AH for the complete combustion of one mole of pentane.

24 3HT 1Ly 550007

5P 3C§H|V e

b. Determine the AHyn, in kJ/molxn.

\!

- 2510 KT | [wol 5 - 3<1J kT/ml

[ (el

Vxn

WICA; an

[xn
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Review Topic 2.5, 2.7, 2.6

454.Give the Lewis electron dot diagram for the following elements.
a. Carbon
o ¢. Nitrogen

e
6 C e °
: "N
b. Magnesium

"?90 eQ:

455.Draw the Lewis diagram for the following compounds. For each compound, X has 5 valence electrons, Y has 4 valence

electrons
Compound Lewis Structure Molecular Geometry Polar or Nonpolar Z':Zr?trriglizaigfnr;
o c P ,b\()o/\a\ 3
XCls | gy - X-Cle : lev =
[\ : 2 nCJ| I 96 ¢ h(g yw& P‘D f
5 2 9015
(X4 e . j
Yolz o= \/:o \.A&‘f [ov Pa(o./ Sp
/ . X
b o |
¢f “ ‘{"fl O/‘“\ Nev ( 2
XO0s D= X~-0: Y polov
A I e 5P
5 gk 00
vx- | x =Yoo ‘ ntev o(a{
(Ol \ a>§7 \{ nv I F S}D
b v Sx

456.Determine the formal charge on each atom for the Lewis structures you drew in 455 above.

X Clg | \(Oa ‘
SR CIO R R U CO ORI
Cr- 1= (hre)zo o 0=b (B4 d)=0

KOz

X = S—(‘z(&\{—o):ﬂ
| 0847 b= (4()49)=0
Os o+ b (L0
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Section 6.03
Topic 6.5 Worksheet

Use the heating curve of pure ethanol, CH3CH2OH , given below to answer questions 457 to 461 below.

457.What is the melting point of ethanol? What is the boiling point of ethanol?
[50 k 350k

458.Explain why line Q is shorter than line S by referring to the specific intermolecular forces of ethanol.

Line Q is the weakening of the IMF, including hydrogen bonds, dipole-dipole forces, and London
dispersion forces. Line S is breaking all IMF which requires more energy than just weakening the forces.

459.Which line segment represents ...
a. the enthalpy of fusion?

Q

b. the enthalpy of vaporization?
S

460.Explain what is happening on the molecular level at points P, R, and T.

The particles are speeding up.

327


jdaugherty
Pencil

jdaugherty
Text Box
Line Q is the weakening of the IMF, including hydrogen bonds, dipole-dipole forces, and London dispersion forces.  Line S is breaking all IMF which requires more energy than just weakening the forces.

jdaugherty
Typewritten Text
Q

jdaugherty
Typewritten Text
S

jdaugherty
Text Box
The particles are speeding up.


461.1s the specific heat capacity of gaseous ethanol greater than, less than, or equal to the specific heat capacity of liquid ethanol?

Justify your answer by referring to the slope of line segment R and line segment T.

The specific heat capacity of gaseous ethanol is less than the specific heat capacity of liquid ethanol.
You can tell by the slope of the line. Since T is more steep it heats up faster over the same period of
time which means it has a lower specific heat capacity.

462.Three moles of a gas undergoes a phase transition, as shown below. How much energy is absorbed or released if the enthalpy

of vaporization is +25 kJ/mol?

)

Energy is released because forces of attraction are being made.

! I5hT . 75k T
SRt =
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Use the heating curve of methane, CH4, shown below to answer questions 463 to 468 below.
150

140
130 V/
120 S /
110 e > ;
MR AH, =82 Ki/mol —————————

90
80 _74P AHfus =0.94 kJ/mol

70
60
50
40
30
20
10

0 >
Heat Added

463.How much energy does it take to melt 1 mole of methane? Is this process exothermic or endothermic?

Ay edefhamic

464.How much energy does it take to vaporize 1 mole of methane? Is this process exothermic or endothermic?

S

‘lemperature (K)

g.2 kT endofhemc

465.How much energy does it take to freeze 1 mole of methane? Is this process exothermic or endothermic?

LT exdumi

466.How much energy does it take to condense 1 mole of methane? Is this process exothermic or endothermic?

CLLET oyxofuwmil

467.How much energy does it take to freeze 9.0 g of methane?

Fog CHH [l = 2STlimel Al ﬁ%‘kf_- — . 52747
. |(a.0l{?,j [

468.How much energy is released when 45 g of methane condenses?

sy ol WJ a3k

w «m5
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Review Topic 3.1

469.Complete the chart below about intermolecular forces.

Compound

All intermolecular
and interparticle forces present

Strongest IMF present

Nonpolar substance

L g~dar A S pROSIo

Lseddom J?fspvs'.y\

Polar substance, no H present

Ledo~ & SPVSTON

,cho'le—dmo(e

IQI{SQIQ -A).po(e,

Polar substance, H bonded to N, O, or F

Lo-dom digprsion
A[ﬂow —d;(m(e
H-bo-d. g

W ’bwﬂ;\\ﬁ

lonic substance in water

joa - pole

[on —d I. Pole/

Nonpolar compound next to polar
compound

dipdt="induced djpole
[ondan gspwsfw fones

/Q/f:)(e - ;/\d vC 6:0 aorpo(e/
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470.Consider the two compounds shown below.

H H H H
H—(L—l—o—H H—(|:—0—C|—H
H H H H

Ethanol Dimethyl Ether
Boiling point = 78.4 °C Boiling point = —24.0 °C

a.  Which substance has the stronger intermolecular forces? Use data to support your answer.

Ethanol has the stronger IMF. Ethanol has a higher boiling point (78.4°C) compared
to dimethyl ether (-24.0°C). A higher boiling point means more energy is required to
break the IMF. More energy means stronger IMF.

b. What intermolecular forces does ethanol have?

London dispersion, dipole-dipole, hydrogen bonding

¢.  What intermolecular forces does dimethyl ether have?

London dispersion, dipole-dipole

d.  What intermolecular force is responsible for the difference in boiling point? Explain your reasoning.

Hydrogen bonding. The molecules are isomers of each
other. As aresult, the only difference is the hydrogen
bonding that is present in ethanol. Hydrogen bonding is
the strongest IMF and is the reason for the difference.
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Section 6.04
Topic 6.7 Worksheet

471.Explain why a carbon-carbon triple bond requires more energy to break than a carbon-carbon single bond.

A carbon-carbon triple bond is stronger than a carbon-carbon single bond and therefore
requires more energy to break. A carbon-carbon triple bond is a shorter bond which causes
an increase in the Coulombic forces of attraction.

472.1s a carbon-carbon single bond longer than, shorter than, or equal in length to a carbon-carbon double bond?

A carbon-carbon single bond is longer than a carbon-carbon double bond.

473.Define bond dissociation energy, also known as bond enthalpy.

The energy required to break a bond.

474.Why are bond dissociation energies positive?

Bond breaking is endothermic. Energy must be absorbed to
break a bond.

475.A certain bond has a bond enthalpy of 125 kJ/mol.
a.  How much energy is required to break the bond?

125 kJ

b. Is bond breaking endothermic or exothermic?

Endothermic
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476.A reaction is exothermic. What can be said about the sum of the bond enthalpies of the reactants compared to the sum of the
bond enthalpies of the products?

If the reaction is exothermic then the change in enthalpy (dH) is negative. That means the bond
enthalpy of the products (making bonds) is greater than the bond enthalpy of the reactants
(breaking bonds).

477.In the chemical reaction below, it is known that A—B has a bond enthalpy of 85 kJ/mol. Determine the bond enthalpy of A..

A2 + B — ABA Aern =— 150 k\]/molrxn

ronchnt s \ predets

{
P\'z_ y /—\’f) )‘7/:85—)(7’ '/W\,( 10.9\,5 @(H/\c.(()\.b 1) AL
£rumt - gyl = M s 20 6T [y
X = 72 = —I5°
X< 20 kT
ol

478.Predict the sign of AH for the following processes:
a. 2H(g) — Ha(g)
CIE

—_

b. Na(@) —>Na'(@+e” Ay = 4+

c. HBr(g) — H(g) + Br(g) ll{'l - 4
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AH AH AH
kJ/mol kJ/mol kJ/mol

C-H 413 N-H 391 O—H 463 F-F 155
c-C 348 N-N 163 0-0 146

c=C 614 N-O 201 0=0 495 CI-F 253

C—-N 293 N-F 272 O-F 190 CI-CI 242
c-0 358 N—CI 200 0O—Cl 203

C=0 799 N-Br 243 Ol 234 Br-F 237

C-F 485 Br—Cl 218

C—ClI 328 H-H 436 Br—Br 193

C—Br 276 H-F 567

C-I 240 H-CI 431 I—ClI 208

H-Br 366 1-Br 175

H-1 299 -1 151

479.Explain why the bond enthalpy of C—C is less than the bond enthalpy of C=C.

D C-C isweker e a (= Awaksr bod fkes <o
eww)vzj o Lrele

480.Explain why the bond enthalpy of H-Cl is greater than the bond enthalpy of H-Br using principles of atomic structure.

TL( Cl s §M((e‘/ T}\‘”‘ ’h‘{ %ﬁ’, Sin (e u'l‘s SN:”Q/ ’{’\Ae(e,
% Sf&'}ﬂr 'ere 04 qﬁ‘mf\\*" )oe‘[‘klee» H-ch o fuee s
between H By

481.Determine AH, for the reactions given below.

a. H—H (g9) + Br—Br(g9) — 2 H—Br(g)
N
L-d o= #3b Hoprx2 = 36
%( . 6{ - F’??
_ s = (0> bT
b2 722 Z""‘M’\
b. H—CHj; (g) + C1—Cl(g) — C1—CH; (g) + H—Cl (g)
et ) et

CH-C:= 43 C-Cil= 328
-l =2 I H-C1 = 3
qd-c

@6 g - 75ﬁ - - (OL( ‘Q'/V\«([)(m
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482.Use the bond enthalpy values to estimate AHx, for the reactions given below:

(X% fr'go B
b x Lot Movbl #rezo= A 95 R
5 #( -0 =X gy 0-H = 1638 Wl yn
7$O-H1U(ﬂgxz
3yp0=0 = 4K*>
spoS  — b9 = (225
b.
rpl' \ 'Tvc/j SH’ )
L w( -5 =227 x3 3%«(6(-—170%3 / -
c-H = 43 (-cn= 328
a-u=21* y-ct= 43l
P
14y -r'/§5r7 = — (04 }Zr/m/mﬂ

483.Determine the bond enthalpy of the O=0 for the reaction below if AHx, =—2800 kJ/molq.

pet o
[2y(-# =HBHZ

2 x(-C =3fsxe

7){ 0:0 = 7)<

§ %C=0 7 179 x¥

2y 0-d = Y3 ¥

565t Tx

X = 471 “/Ml

— Yy = - 2¥O
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484.Two nitrogen atoms combine to form a nitrogen molecule, as represented by the following equation.

2 N(g) — N2(9)

Using the table of average bond energies below, determine the enthalpy change, AH, for the reaction.

‘ Bond ‘ Average Bon(iIEnergy ‘
(kJ mol™)
N— N 160
N= 420
N= 950

AH = =950 K3/ )

%
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Review Topic 3.12

485.A photon has a wavelength of 317 nm.
a. Determine the frequency of the photon.

C =l
290 1 s = 3 Tyam U
9.4k 10" Hz = U

b. Determine the energy of the photon.

N A
277

)
E- (.27 %0

¢. How much energy would 1 mole of photons have?

WW: 27% ‘“’/,
Tl/\o"{‘"‘ lM(@

486.To break a mole of C—C single bonds 348 kJ of energy must be absorbed

be used to break a single C—C bond.

s Il - Grsne" @

V""‘ b.Dl?)‘l()}s

-

.U 0
b.GLLY'O

_7q ,
C: he - (@.(ol(o‘ﬁl'&) 3( 3)«07)
x

_ﬁ v
(;,78\‘10 -\ = ?9727((0 He

. Determine the lowest frequency of light that can
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Section 6.05
Topic 6.6 Worksheet

487.Use the equation below to answer the questions that follow.

2H,S(g) +30,(g) = 2H,0() +2505(9)  AH =—1120kJ/mol

a. Determine the amount of energy released when 4.5 moles of Ox(g) is used in the reaction.

b.5 W]$OL\ e ey 1Sl —([20kT -~ kT
"m‘rm

| 20

b. Determine the amount of energy released when 18 g of H,O(l) are formed. (MMu20 = 18 g/mol)

’8 N H?O ,vw] = lwl HLO I""" [ ¥ - wf; _ S/LOL(T
15122 et PR T =

c. Determine the amount of energy released when 1.45 grams of SO(g) are formed.

ol P 2n = Ieds | _y2007 T 12 TET
__O‘OZ'l(pyv-‘( So?’ ’ OOH fm' ll2() =
454 SO || s

e |
ma|
_ b“”j \

[

d. Determine the mass of H,S(g) used when 120 kJ of energy are released.

- ok | Il Il et F%_XZD W@v 750 4 HeS
—1120 KT (%{ oo

(Y
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W& For the reaction in c., the energy released is used to heat 250 g of water (C = 4.2 J/g °C). If the water is initially
o a\&" at a temperature of 25 °C, determine the final temperature of the water. Assume no energy is lost.
xel * \
W‘;,,\o %:M(/At At =t €
\ /2 700 =<7>"’\W' vah /2.1 =T =27
lZ:{o(/: h\y §7/00: TL‘
f.  Determine the mass of H,S(g) required to react in order to bring 100. mL of water to a boil. The initial
temperature of the water (d = 1.00 g/mL) is 20.0 °C and the specific heat capacity of the water is 4.18 J/g °C.
_ mc Ot - 23947 [Inelom - 2.0%5 I3
-{zohs \WJ / e /
(oY H-18) 00 2) ¥
% 2234007

g. Determine the moles of SO,(g) formed from the reaction above if the energy from the reaction is used to melt
120. g of ice initially at 0 °C. The heat of fusion of ice is 334 J/g.

p= mAH ~ Yo o8k mhbkﬁo/b . o wels SOu
:(20\( 53\{’-)—[']) ~—((LO(‘T l""°\

(™

%:Hoo%";r
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488.Use the equation below to answer the questions that follow.
HCl(aq) + NaOH(aq) — NaCl(aq) + HgO(l) AH = —57.1 kJ/mol .
a. Determine the amount of energy released when 20.0 mL of 0.75 M HCI is used.

nz,02L % ,75M 015 wols HA l{”(”‘t\m"kf = T X971 kT

N = ,,O{S/W-IS fcf

b. When 100. mL of 1.0 M HCl and 100. mL of 1.0 M NaOH are reacted, 5.71 kJ of energy is released. When 100.
mL of 2.0 M HCl is reacted with 100. mL of 1.0 M NaOH the energy released is still 5.71 kJ. Explain why.

The NaOH is the limiting reactant. Once the NaOH runs out no more energy is given off.

¢.  When 25.0 mL of an unknown molarity of HCI is reacted with excess NaOH, 2.55 kJ of energy is released.
Determine the molarity of the HCI solution.

i = M(Hd
Coss kT Il 1Hu L0147
2o |l e

| -5 7.kT (v
t/\; ﬂ _ L%(j7/_§2 IQWM
L LO1S
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Review Topic 1.7

489.Explain why Argon has a smaller radius than Phosphorus.

Argon has a greater nuclear charge (18 protons) than Phosphorus (15 protons) that attracts
the electrons with a greater force. Both have the same energy shells and shielding electrons.

490.Explain why Xenon has a larger radius than Argon.

shells.

Xenon is further down the periodic table than Argon and therefore has more energy shells
with electrons further from the nucleus. Argon has 3 energy shells while Xenon has 5 energy

491.Explain why it takes more energy to remove the second electron from aluminum than it does to remove the first electron from

aluminum.

Once the first electron from aluminum is removed there is less electron-electron repulsion
which makes the Al* ion smaller than the Al atom. Since the Al* ion is smaller it takes more
energy to remove the next electron because of Coulomb's Law.

492.The table above shows the first ionization energy and atomic radius of four elements in the same period. Explain why

Element

First lonization

Atomic Radius

Energy (kJ/mol) (pm)
C 1086 77
N 1400 75
0 1314 73
F 1680 72

oxygen deviates in the trend for first ionization energy.

Oxygen has a p* with a set of electrons pairing up. Those paired electrons create more electron-
electron repulsion and forces the electrons further away from the nucleus than expected. When
the electron is further from than nucleus than expected the energy to remove that electron is less

than expected.
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493.The fluoride ion, F, is smaller than the oxide ion, O? even though they are isoelectronic. Explain why.

Both F- and O% have the same number of electrons. However, F- has a greater nuclear
charge because of more protons (9 versus 8). The greater nuclear charge attracts the
electrons with more force making the ion smaller.

IULE. | 29IE. | 3YLE. 4" |E. 5t 1LE.

737.7 | 1,450.7 | 7,732.7 | 10,542.5 | 13,630

494.The table above shows the successive ionization energies of a third period element.
a. Explain why the 5" ionization is greater than the 4™ ionization energy.

With each electron removed the ion gets smaller. The 5th I.E. is removing an
electron from a smaller particle than the 4th I.E.

b. Explain why the 3" ionization energy is significantly greater than the 2" ionization energy.

The 3rd I.E. is an electron being removed from an inner shell of electrons
significantly closer to the nucleus than the 1st and 2nd electrons.

c.  What is the name of the element? Justify your answer by referring to the given ionization energies.

The element is magnesium. The third electron is removed from an inner shell of
electrons. That means that the 1st and 2nd electron are the valence electrons.
We know that it is a 3rd period element and the 3rd period element with two
valence electrons is magnesium.
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Section 6.06

Topic 6.1 Worksheet

495.Determine if the following observations would be from an endothermic or exothermic reaction. Then determine if energy is

flowing into the reaction out of the reaction.

a. A student conducts a chemical reaction in a test tube and feels that the test tube is hot.

X

Endothermic

Exothermic

X

Energy flows into the system

Energy flows out of the system

b. A student mixes two chemicals in a beaker. Frost appears on the outside of the beaker.

X

Endothermic

Exothermic

X

Energy flows into the system

Energy flows out of the system

c. The temperature on a thermometer drops when placed into a test tube that contains a reaction.

X

Endothermic

Exothermic

X

Energy flows into the system

Energy flows out of the system

496.Mike Eilerman is a peach farmer. If peaches freeze they are ruined. When temperatures drop below freezing peach farmers

will often spray their crop with water that will then freeze.

a. s water freezing endothermic or exothermic? Explain why by referring to intermolecular forces.

exothermic.

Water freezing is exothermic. Freezing involves making IMF. Creating bonds/forces of attraction is

b. Explain how spraying water on peaches keeps the peaches from freezing.

When the water freezes it gives off energy. That energy is absorbed by the peach keeping the
temperature of the peack above freezing.
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497.Shown below are the steps for an ionic solute dissolving into a polar solvent. In Step 1, the ions in the solute separate from
each other, in Step 2 the polar solvent is expanded to make space for the solute, and then in Step 3 (unlabeled) the solute

combines with the solvent. Determine if each step is exothermic or endothermic.

endothermic

endothermic

exothermic

498.If the formation of a solution is endothermic ...
Which would require more energy, separating the ions in the crystal lattice or forming the solution?

a.

Separating the ions

b.

Explain why your answer to 4a would lead to an endothermic solution.

step 1 would be larger than for step 2.

If it takes more energy to separate the ions than to form the solution then the value of dH for

499.Determine if the following processes are endothermic or exothermic by placing a + or — in the box.

Process +or —
K(s) — K(g) +
K(9) — K*(g) +e~ +
+

Cly(g) — 2 Cl(g)

Cl(g) +e~— Cl~«(g)

K*(g) + Cl~(g) — KCI(s)
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Topic 6.2 Worksheet
500.Shown below is a potential energy diagram for an uncatalyzed reaction.

a. According to the diagram, is the reaction exothermic or endothermic? Justify your answer.

The reaction is exothermic. The products (C) are lower in energy than the reactants (A).
Therefore energy must be released.

b. Asolid, insoluble catalyst is added to the reaction mixture.
i. Which part or parts of the potential energy diagram will change, A, B, or C?

Only B.

ii. Describe how the part of the potential energy diagram will change, i.e. will the part be higher, lower, to the
left, etc.?

Part B will have a lower peak.

iii. How will the catalyst change the quantity of product formed?

A catalyst does not change the amount of product formed only how fast it is formed.

349


jdaugherty
Text Box
The reaction is exothermic.  The products (C) are lower in energy than the reactants (A).  Therefore energy must be released.

jdaugherty
Text Box
Only B.

jdaugherty
Text Box
Part B will have a lower peak.

jdaugherty
Text Box
A catalyst does not change the amount of product formed only how fast it is formed.


501.In 500.a above you determined whether the reaction was endothermic or exothermic. On the incomplete potential energy
diagram below, draw the opposite type of reaction.
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Review Topic 1.1

502.Determine the number of nitrogen atoms in 250. mL of a 0.95 M solution of Ca(NO3),. Assume no other source of nitrogen
in the solution.

ML =w

Q’%\L?ﬂ”\ .
15wl G o3, | 2M 0475 el | bozrroete . 25610 ches N
113 wels m
AhY (]

503.Perform the following calculations. (Hint: You can use fractions to estimate your answer first.)
a.  The number of atoms in 0.4 moles of Ca.

OL}WIB& b-o22 €t > o= ey }“(7230‘_‘7’9WS G
||

b. The number of moles in 18.5 grams of Ca(OH), (molar mass = 74 g/mol).

3y GO el oawedo £
’Nj

c. Determine the molarity of a solution made by dissolving 62.5 grams of a compound (molar mass = 125 g/mol) into
250 mL total solution.

‘0554’\& ~ 0.5 s M=
(LS‘S 5

—_—

23

- 700 M
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Molar Mass
Compound
(grams)
NaCl 58.4
LiCl 424
CuCl 98.9
CsClI 168

504.According to the information provided in the table above, a 1.00 g sample of which compound would contain the greatest
mass of chlorine? Justify your answer with calculations. Then, make a general statement about the percent of chloride and

molar mass.
Nacf L. G.d CsCi
s 3545 0.3 35MS .05 3SHS .2

AN ALY
Sy 44

LiCl would contain the most chloride because it has the greater % of chloride by mass. Since all of these substances
contain one Cl, the percent of Cl decreases as the molar mass increases.

fz4 737 1%

505. A student adds an excess of HCI(aq) to 150.0 mL of a solution containing Ag* and precipitates the Ag* as silver(l) chloride,
AgCI. The student collects the precipitate in a pre-weighed piece of filter paper. The precipitate and filter paper are rinsed
with distilled water, dried, and weighed. The data from the experiment are given in the table below.

Initial mass of filter paper 0.851¢g
Mass of filter paper + AgCI(s) ppt. after drying | 2.311 g

a. Determine the moles of AgCl that precipitated.

2345 Py & | bl . 0.0101 el PgCA
— ¥l 13- 3%

- = >

L%j AU

b. Calculate the original molarity of Ag* in the original solution. Assume that all Ag* ions precipitated.

OO(OF'V""(') A\C/I l(%+ -_40|OMM(.\. %1’
— [ M

..|-
. LoloPds . 0.0677M

n
— 2150 L

M=
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Section 6.07
Topic 6.8 Worksheet

506.What is the definition of the standard enthalpy of formation?

The energy require to form 1 mole of a substance from its elements.

507.Write reactions for the standard enthalpy of formation of the following compounds from their constituent elements in their
standard states.

a. MgCOs(s)
1 SN CO_‘«; B))
m(j (v + Ctg/&(ln'«{@} + 12 OLU()\ "\/3
b. C5H1205(S)

— 7,0 )
éC(jrcdei“\ x bty ¥ 302 C(, Hi=Up ¢

c. COz(g)
C cﬁﬂe“\e} + bz ‘65 _ CO?, (-fg)

d. NH3(g)
1 — Wz @
"I{NL“@ +|z"4ua\ NHs (Q

353


jdaugherty
Text Box
The energy require to form 1 mole of a substance from its elements.

jdaugherty
Pencil


Standard Enthalpy Standard Enthalpy = Compound  Standard Enthalpy

of Formation of Formation of Formation
Compound (kJ mol™) Compound (kJ mol™) (kJ mol™)
CoHa(g) 52.30 - HO() —285.83 ~ NOy(g) 33.84
CHs(9) —84.68 H20(g) ~136.10 NO(g) 90.37
COx(g) -393.5 .~ HNOs(g) -134.3  NO4(g) 9.66

508.Use the standard enthalpies of formation above to calculate the AHx, for each reaction given below.

a.  CaHa(g) + Ha(g) — C2He()

M(M -2 bewa - éQHg (ct A{"I - 136.9% kT/,wlrM
N - C‘z N, — (C‘L"l% 1 H;)
- gt — (52,20 +O>

b. 3 NOx(g) + H0(l) — 2 HNO3(g) + NO(g)

Ay, éAHtM«éML vCF N2 LoE M//H
DA =(7('4N0s\+N03 - (3(#002_\1 ”z()> [ Yn

- (213us) 90 37) — (3(33.54)” 255.5%

C. N204(9) + 4 Hz(g) — N2(9) + 4 H20(g)

A”rm 2 AHL(-‘J— é M ret AH - 5‘5L_l kf/.m,,\
n = (P20 M)~ CERLED)

: L}(—/%.lo\ 1‘0\ N (7' blo + O\

Fyn

509.Determine the standard enthalpy of formation of nitromethane, CHsNO; , using the equation below and the standard
enthalpies of formation from the table above.

2 CHaNO(l) + 3/, 0(g) — 2 COx(g) + 3H0(1) + No(g)  AHOnn = 1418 kI/MOlyey
/BH = § Illk F.J' %6% et
Al = (2((0»\ + E(rIzO\) t Nz\ "(? (cHzND2) + 3/L(o7_))
V- (2x + 2( )

i = (2(-393 5)+3(-285%3) +0

Sy = - (e T e
y—_~{{3kT/M( = AH_éC”Ijh)DZ_
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510.1n an experiment, liquid heptane, C7H16(l), is completely combusted to produce CO»(g) and H,O(l), as represented by the
following equation.

C7H15(|) +11 Oz(g) —7 COz(g) +8 H20(|)

The heat of combustion, AH%qmb , for one mole of C7His(l) is —4.85 x 10% kJ. Determine the enthalpy of formation, AH% , for
C7H1e(1)

M = (2 co0) #8110 = (ot + 1(0))
- L},Wx.o;:(’;(—?:qz,sﬁ +3(- )zr.?}w - X

X = - ICM;,IL{ /‘; - A(—\;(\”H((ﬂ
ol

355


jdaugherty
Pencil

jdaugherty
Pencil


356



Review Topic 1.2

511.Use the completely fictitious mass spectrum of an element below to answer the questions that follow.

Mass Spectrum of Fictitious Element
100

90
80
70

60

Abundance

50

a. How many isotopes does the fictitious element have?

H

b. What is the percent abundance of the most abundant isotope?

o

c.  What is the atomic mass of the element?

wgvn’ w2 + (5 ’q +(W?"7) = Gur
(co

| 2.9 ama
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512.A different fictitious element is made of the four isotopes shown below.

Mass of Isotope Percent
(amu) Abundance
80 10
82 32
84 35
7 7

a.  What is the percent abundance of the missing isotope?

27 ( (00 — (O -3Z2— §>_>

b.  What is the mass of the missing isotope if the atomic mass of the element is 83.88 amu?

(Kv*fv\nt(%?—%%) Fsx3s) k(¢ *23)

(oD

% 3.5% =

C3%8 = $oo + 2024 + 2940 + 23¥

'ZOL({ = Zgyc
B arn < % = PSS O'IM 'V‘l-SS;/“O (so‘,?pb

c.  Onthe graph below, sketch in the missing isotope.

Mass Spectrum of Fictitious Element
100

90
80
70

60

Abundance

50

2>
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Section 6.08
Topic 6.9 Worksheet

513.A certain reaction has a AH of —25 kJ/mol.x,. What would be the AH for the opposite reaction?

+ 25 kJ/mol

514.1s energy transferred to the system or the surroundings ...
a. inan endothermic reaction?

To the system

b. in an exothermic reaction?

To the surroundings

515.The reaction below is the sublimation of iodine.

I2(s) — 12(0)

a.  Would you expect the sublimation of iodine to be endothermic or exothermic? Justify your answer by referring to
the bonds/forces of attraction.

Endothermic. The London dispersion forces are being broken. Bond/Force breaking
requires energy to be put into the system.

b. The energy required to sublime 1 mole of iodine is the same amount of energy that is required to turn 1 mole of solid
iodine to liquid iodine and then liquid iodine to gaseous iodine. Explain why by referring to what is occurring with
the intermolecular forces.

In both cases the same amount of IMF are being broken.

c. Use the reactions given below to determine the AHx, in KJ/molixn.

s Ha(g) + ¥ o(s) — HI(g) AH = 26 kJ/Molg sk el £l
s Ha(g) + % 12(g) — HI(g) AH = 5.0 kl/molr, Cogche by &
%\ . lzj:u» _ H)'/ctp AH= 26 kﬁ"‘l =\ 24 i LO L |
A 3T 2 T2 2x
P — “i%m + 3 Tag BH- 5 0 kTl (g Bl= 30 k2

:tz(gj Aj:m‘ \ ",/v
3 oty — : Ty BH = g'kT}‘”l(w %H"(”Zﬁ%w
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516.Calculate the standard enthalpy change, AH®, for the formation of 1 mol of strontium carbonate (the material that gives the
red color in fireworks) from its elements.

Sr (s) + C (graphite) + 3/2 O, (g) > SrCOs ()

The information available is

Sr (s) + % O (g) > SrO (s) AH® = —592 kJ
SrO (s) + CO; (g) > SrCO; (s) AH© = —234 kJ
C (graphite) + O, (g) > CO, (g) AH° = -394 kJ

Scon + L0y — 0T N = - GF2 T

- — /Y KT
(\(OI?L"‘“) + Ol(o()\ — %‘a\ AH %ng\{ CT
ey + (KD S (D30 AT
Srey + 2 04 (ay 4 C ((\’)/Lfl”'M

S~ $,COze> AH:=- I222 k)

517.In designing a chemical plant for manufacturing the plastic polyethylene, you need to know the enthalpy change for the
removal of H, from CyHs (ethane) to give CoH. (ethylene), a key step in the process.

CoHs (g) > CoH4 (g) + H», (g) AH° =2

From experiments you know the following thermochemical equations:

2 C2He (9) + 7 02 (g) > 4 COz (g) + 6 H20 (1) AH° = -3119.4 kJ
CoHa (g) +3 02 (g) > 2 CO, (g) + 2 Ha0 (1) AH° =-1410.9 kJ
2Ha(9) +02(9) > 2H0 () AH° = -571.66 kJ
Use this information to find the value of AH® for the formation of ethylene from ethane. ° >

./,r} g Cz\lb (,%3 +‘/7Z}g(3\ — %(a\ +‘(_?2,/0 (Q) AH: _ BUOHL'N(T P
K +
| Yo kT
200508 + 2900 — Catyl F 300 4y DH= (410.9 k

e
A‘H :'IL 57/,(9(0 {'(T

2 —_—
- 24 ) 2l'|;,(\ + | Jo )
9-/6 ES 9

AH = |]37.03 kf/l

[Bad

C 2 Hyug) — Hag) T Cofly 19
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518.The combustion of carbon monoxide is represented by the equation below.
CO(g) + %2 0z(g) — CO(9)

Determine the value of the standard enthalpy change, AH s , for the combustion of CO(g) at 298 K using the following

information.
C(s) + %Oz(g) — CO(g) AH3y = —110.5 kJ mol™
C(s) + 04(g) — CO,(g) AHSys = —393.5 kJ mol™!
_ LT
CO@ — (A + ;';_/O/l @) Ad =t jio. S a /J
5 AH =
- -393.5
%) t Oz‘g\ — (22 & 3
NH=-2%3kT
COg + £ 0.6) — ) on
519.Consider the two processes represented below.
Process 1: H,O(l) — H,0(g) AH® = +44.0kJ mol™

Process 2: H,O(l) — H,(g) + % 0,(g) AH® = +286 k] mol™!

a. For each of the two processes, identify the type(s) of intermolecular or intramolecular attractive forces that must be
overcome for the process to occur.

Process 1: Hydrogen bonds are being broken

Process 2: Covalent bonds are being broken

b. Explain why Process 2 requires much more energy than Process 1.

Covalent bonds are much stronger than hydrogen bonds. A stronger bond requires
more energy.
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Review Topic 3.3

Lewis structure of naphthalene Skeletral structure of naphthalene

520.The compound above is naphthalene and is commonly used as moth balls. Naphthalene has a melting point of 80.3 °C and a
boiling point of 218 °C at 1 atm.
a.  What state of matter, solid, liquid, or gas, is naphthalene at 60.0 °C and 1 atm?

Naphthalene is a solid at 60.0°C.

b.  What intermolecular forces are present for naphthalene?

Naphthalene has London dispersion forces present.

¢. Inwhich state of matter are the intermolecular forces the greatest, solid, liquid, or gas? The weakest?

The IMF are the greatest in a solid and the weakest in a gas.
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Skeletal structure of phenanthrene

d. The skeletal structure above is phenanthrene.
i.  Would you expect phenanthrene at 60.0 °C to have stronger, weaker, or the same strength of
intermolecular forces as naphthalene at 60.0 °C? Justify your answer.

I would expect phenanthrene to have stronger IMF than naphthalene. Phenanthrene has
more electrons that naphthalene which makes it more polarizable with stronger London
dispersion forces.

ii. Which compound would you expect to have a higher melting point, phenanthrene or naphthalene? Explain
your answer.

Phenanthrene would have a higher melting point. Since phenanthrene has stronger IMF
than naphthalene it takes more energy to separate the particles from each other. More
energy means a higher melting point.

iii. Which intermolecular force, if any, is responsible for your answer to 520.d.ii?

London dispersion forces.
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Section 7.01
Topic 7.1 Worksheet

521.A reaction begins with only reactants. As the reaction proceeds toward equilibrium ...
_

) increases ) o
a. the rate of the forward reaction until equilibrium is reached.

decreases

ua

b. the rate of the reverse reaction until equilibrium is reached.

decreases

increase
c. the concentration of the reactants will until equilibrium is reached.

aecrease

increase

b8

d. the concentration of the products will until equilibrium is reached.

decrease
522. At equilibrium ...

greater than
a. the rate of the forward reaction is @ the rate of the reverse reaction.
less than

greater than

b. the rate of the reverse reaction is .\e@ the rate of the forward reaction.

less than

is increasing.

c. the concentration/pressure of the reactants (:\em—ams thesame. )

is decreasing.

is increasing.
d. the concentration/pressure of the products e same-

is decreasing.
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523.The reaction shown below is conducted and data collected.

C.

How does the rate of the forward reaction compare to the rate of the reverse reaction from 0 to 5 minutes? Explain

your reasoning?

The rate of the forward reaction is very fast compared to the rate of the reverse reaction.
The forward reaction causes a drop in concentration of X by 9 x 10-3. The reverse reaction
sees no change in concentration from 0 to 5 minutes as the [XY] changes from 0 to 9 x 10-3.
The reverse reaction isn't measurably occurring.

At what point does the system reach equilibrium? Justify your answer by referring to the data.

155 s. At that time the concentrations stop changing.

At equilibrium, what visible changes can be observed?

None. At equilibrium it appears as though the system has stopped but in reality both the
forward and reverse reactions are proceeding.
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524.The reaction N2O4 (g) = 2 NO; (g) occurs in an evacuated container at 373 K. The concentration of each species is measured
over time and the data are used to make the graph shown above.

a.  When does the system reach equilibrium? Justify your answer.

60 s. The concentration stops changing at 60 s.

b. At60s, is the rate of the forward reaction greater than, less than, or equal to the rate of the reverse reaction?
Explain your reasoning.

The rate of the forward reaction is equal to the rate of the reverse reaction. At equilibrium the rates are
equal.

c. Explain why the slope of the [NO;] is greater than the slope of the [N2Oa].

You form more moles of NO, than you lose moles of N,O4 because of the stoichiometry of the
reaction.
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525.Two different containers at the same temperature have the same volume of a volatile organic compound. The liquid organic
compound is in equilibrium with the vapor phase. Explain why, regardless of size or surface area, the equilibrium vapor
pressure of both containers is the same.

The liquid will always achieve the same equilibrium vapor pressure at that temperature regardless of amount of
liquid present (assuming enough liquid is present to reach equilibrium). The actual number of particles as a
vapor may change but not the concentration/pressure.

526.Use the graph below to answer the questions that follow about the reaction 3 H, (g) + N2 (9) = 2 NH3(Q)

.
| i
N, : !
g | !
s I i
-1 i i
= H, : :
o i i
i I

= [ -
= [ i
U NH, ; l
l
I 1
I 1
I |
I 1

1 1 -
0 Time I iy

a.  What is significant about t;?

Equilibrium

b. Why does the [H:] decrease faster than the [N2]?

For every 1 mole of N, consumed there are 3 moles of H, consumed.

c.  What is the rate of disappearance of H, compared to the rate of disappearance of N?

t - 4
g]zmm v Retey,
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d. How does the rate of disappearance of H, compare to the rate of appearance of NH3?

‘ 7 o

R

e. At what point does the rate of the forward reaction equal the rate of the reverse reaction?

At point t, equilibrium.
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Topic 7.2 Worksheet

527.Use the figures below to answer the questions that follow.

a.

eO 0|00 || e© 0| 9,0 o O
© *oll90 ol o]0 o
. 00 o< b olle 09 0%
«O O * 0 ollo ® b O eH O
t=0s t=100s t=200s t=300s t=400s
e=X O=Y £O=XY
X(g) + Y(g) = XY(g)
At what time is equilibrium established? Justify your answer.
200 s. The number of X, Y, and XY stops changing.
b.  Would the value of K be greater than, less than, or equal to 1? Justify your answer.
K would be less than 1. - CK\(’L - _é— z _3_
R=for) "=y 8

What does the value of K indicate about the amounts of reactants and products?

If K> 1 then more products are present.
If K < 1 then more reactants are present.

In this case K < 1 so more reactants are present than products.

528.Use the figures below to answer the questions that follow.

a.

G
©® ® 4 . . O
v . O &
’8) 0 . Q
Time 1 Time 2
o=X HP=Y, @I=xv

Has the system reached equilibrium? Justify your answer.

2X(g) + Yz(g) = 2XY (g)

No. The system is still changing; not enough data to determine.

b.

What can be inferred about the relative rates of the forward and reverse reactions between time 1 and time 2?

The rate of the forward reaction is less than the rate of the reverse reaction.
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529. A student makes the claim shown in the box. Do you agree or disagree with the statement? Explain your reasoning.

At equilibrium, the forward and reverse reaction stop occurring because
the concentrations of reactants and products no longer changes.

| disagree. At equilibrium the reactants are still changing into products and vice versa. But the rate of the
forward reaction is equal to the rate of the reverse reaction.

- 217 W‘,\;W”

time time
Graph A Graph B

530.0f the two graphs above ...

a. which shows how the concentration of a reaction changes over time to reach equilibrium? Justify your answer.

Graph B. The concentrations stop changing but they do NOT have to be equal.

Note: Graph A could be the concentration but graph B is more likely. Graph A would give a K of 1 at
equilibrium.

b. which shows how the rates of a reaction changes over time to reach equilibrium? Justify your answer.

Graph A. The rates will become equal as they reach equilibrium.

¢.  On both graphs, draw a vertical line to show where equilibrium is established.
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Review Topic 3.10

5

31.What is the relationship between bond polarity and miscibility of a liquid in water?

As bond polarity increases the miscibility of a liquid in water increases.

5

Glucose Cyclohexane

32.Determine all intermolecular forces present in glucose.

Glucose has London dispersion, dipole-dipole, and hydrogen bonding IMF.

5

5

535.Shown below is toluene. Which substance, glucose or cyclohexane, would be more soluble in toluene? Explain your

CHy

33.Determine all intermolecular forces present in cyclohexane.

Cyclohexane has London dispersion forces only.

34.Which substance, glucose or cyclohexane, would be more soluble in water? Explain your reasoning.

Glucose would be more soluble. Glucose has IMF more similar to water than cyclohexane.

reasoning.

Cyclohexane would be more soluble in toluene. Cyclohexane and toluene have similar
IMF - both have just London dispersion forces.
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Section 7.02
Topic 7.4, 7.5, 7.7 Worksheet

536.Answer the following questions based on the value of K given.

Value Forward or Reverse Proceeds to Completion or More Reactants
of K reaction favored Barely proceeds at all_ or More Products

_ Proceeds to arely ore More
3
1x10 Forward Completion @ @ Products
Proceeds to Barely More Mere
10 @ Reverse Completion Reactants
15 rocéeds to Barely More
1x10 @ Reverse @ Proceeds Reactants Products

Proceeds to

1 Forward Reverse @ More ' More
N Completion Proceeds Reac'[ants',l/C [woducts
_ Proceeds to arely ore More
16
1x10 Forward @ Completion G@ @;an;) Products

537.Use the reaction given below to answer the questions that follow.

2X@+Y(@Q)=3Z()
a.  Write the expression f0£the equilibrium constant, Kc , for the reaction.
23
0 2
k c ™ Cr ) [Y]

b. Determine the value of K if the molar concentrations at equilibrium are [X] =2.0 M, [Y] =0.5 M, [Z] =4.0 M.

(Y L,
KQ;(Z\I(J%\ - >

c. Determine the partial pressure of each gas if the total pressure is 17 atm and the gases are in a 5.0 L container.

x;r/\yl/;m;.gn()l_x ?"1'//0#\0(5 B';)L)‘ P‘{b‘_ Fyzxy ch* \;Z:XZ Pﬂf
cn-6olx.6N=2 Tmels - (1”%)')’3(’75 <227{’Y'73 :<§((‘73

P G234 r\/: [ 3l oP~ [P (0. baM

Note? Scue of aales o jas
on ech s de mess kc = #f

i - e

/ = MxL - 1 5C.0L>‘L/M; Z()nu(s

d. Determine the value of Kp.

@M, =32

)<F: (ms)’U?D
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C(s)+CO2(g) =2CO(g)

538.Solid carbon and carbon dioxide were placed in a rigid 2.00 L container and the reaction represented above occurred. As the
reaction proceeded the total pressure in the container was monitored. When equilibrium was reached there was still some

C(s) remaining in the mixture. Results are recorded in the table below.

a. Write the expression for the equilibrium constant, K, , for the reaction.

(?Co?/

Ky 5

Co-

b. Calculate the number of moles of CO, (g) initially placed in the container. (Assume that the volume of the solid
carbon is negligible.) T
Pyznk

.1M? 0
M{[?%Z\:) . CG)( AR (O'OS’ZOUX 1)
|5 o -

Nn-= 0’\O‘g/k~°(63

c. At what time does the system reach equilibrium? Justify your answer.

¢\+ .OL\ /S
XO ou’S P/‘c Ssu’/ e $+DP§ (,‘/\W\ﬁM} ? oU
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d. For the reaction mixture at equilibrium at 1,160 K, the partial pressure of the CO; is 1.63 atm. Calculate ...
i. the partial pressure of CO (g) and

P""’I‘ - FC@L_JL (PCO D
$.37= lb3 1 Pca
Pco = bﬂ‘ﬂﬁ“‘

ii. the value of the equilibrium constant, K, x =%.37

PP; (ﬁﬂ - 27,9

L&

e. According to the K value you calculated in d is the forward reaction or reverse reaction favored?

Torwand Raot. > [ pens more eroduct

539.The same number of moles of HCI and O; are used in the reaction below. Answer the questions that following about the
reaction after it has reached equilibrium.

4 HCI (g) + O2(g) = 2 Cl,(g) + 2 H.0 (g)

a. How would the molarity of H,O compare to the molarity of Cl,? Explain why by referring to the reaction
stoichiometry.

The molarities would be the same because they have the same coefficient.

b. How would the molarity of HCI compare to the molarity of O,? Explain why by referring to the reaction
stoichiometry.

The molarity of HCI would be less than the molarity of O,. For every 1 mole of O, used there are 4
moles of HCI used.
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540.The reaction below occurs when two aqueous solutions are mixed, forming an aqueous complex ion.
A% (aq) + B* (ag) = AB2- (ag) K=7.7x10’

a. The value of K is very large. Explain why this reaction can be considered to go to completion even though it is
actually in equilibrium.

Since K is so large we have almost entirely products and very few reactants. So much so that the
reaction proceeds almost to completion and can be treated as a typical stoichiometry problem.

b. Determine the concentration of AB?" in the equilibrium mixture if 50.0 mL of 0.35 M B* is mixed with 50.0 mL of
0.30 M A?* to produce 100.0 mL of total solution. I c C

2~ l -

kc=/—‘[—A6 J -‘7'7)“07 ’B“l' ,7{ — X 0’73”7(

(™ Y B*) N B LA —

e e 35N 05) g - Myu= (.20 X0 pr [0S [ -x |50
Npst- =PV e [ A '—@o/x’»-/) l /—AT X

= 40075=5 i L I AR A D
e U e (qeet!
= ,75M - ’VIS [ (0(\/,7,)(,/7\’5‘ .

Ungj Shd) ppet =g ge- = OISl =50 IR w2 qaq AT

R
CO () + H20 (g) = CO2 (9) + H2(9) Ke=15x10°

541.An equal number of moles of CO and H,O are placed into a rigid reaction vessel and allowed to reach equilibrium. Answer

the following questions about the concentration of each species at equilibrium.
a.  Would the equilibrium concentration of CO be greater than, less than, or equal to the equilibrium concentration of

H,O? Explain your reasoning.

It would be equal. The reaction starts with equal moles of CO and H,O. For every 1 mole of CO used
there is 1 mole of H,O used.

b.  Would the equilibrium concentration of CO, be greater than, less than, or equal to the equilibrium concentration of
H,? Explain your reasoning.

The concentration would be equal. For every 1 mole of CO, formed 1 mole of H, is formed.

¢. Would the equilibrium concentration of CO, be greater than, less than, or equal to the equilibrium concentration of
H»,O? Explain your reasoning.
The concentration would be greater in CO,. Since the reaction favors the products more CO, will
form compared to H,0.
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Review Topic 2.4

542.Use the figure above to help describe the following:
a. Sea of electrons

The electrons are free to move about the entire structure and are not bound to a single atom.

b. Nondirectional bonds
The electrons are shared between all of the atoms. As a result the metallic bonds are
nondirectional.

543.What are the relative sizes of metallic atoms used to create an interstitial alloy?

A large atom and a small atom.

544, What are the relative sizes of metallic atoms used to create a substitutional alloy?

They are relatively the same size.

545.A metal is used to make two different alloys, an interstitial alloy with copper and a substitutional alloy with silver. It is
determined that the interstitial alloy is harder than the substitutional alloy. Use the structural compositions of the two types
of alloys to explain why the interstitial alloy is harder than the substitutional alloy.

The interstitial alloy has copper atoms between all of the other atoms of the metal. These copper atoms
in between the other atoms makes the alloy less malleable as the copper atoms block the movement.

In the substitutional alloy there are no atoms between the silver and other metal. This allows the atoms
to move more and makes it more malleable.
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546.Steel is an alloy made of iron, Fe, and carbon, C. Chromium, Cr, is often used to make steel less likely to rust. Fe and
Cr have similar atomic radii while Fe and C have different atomic radii.
a.  What type of alloy would Fe and Cr form?

Fe and Cr would make a substitutional alloy.

b. What type of alloy would Fe and C form?

Fe and C would form an interstitial alloy.
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Section 7.03
Topic 7.8 Worksheet

547.The reaction shown below is carried out at various temperatures and the value of K¢ determined. Draw particulate
representations that show the relative amounts of each reactant and product that would roughly correspond to the value of K.

Legend

C% PCl,

oo =Cl,
PCls

PCls(g) + Cl2(g) = PCls (g)

Magnitude of K

Particulate

diagram of

equilibrium
mixture

1x10°2

1x10°
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Review Topic 3.7

548.Determine the molarity of all of the ions for each of the solutions given below. Assume solutions are made of strong
electrolytes.

a. 14.9 grams of KCI (molar mass = 74.5 g/mol) in 133.3 mL of total solution
4O Led [lnel O.Zaeblcc] M -2 2 2ales  [LsMEU
: - 3L
‘_j/_{ﬁ el3 Lsm kt
Lsm &~
b. 63.75 grams of Ba(C;H30,), (molar mass = 255 g/mol) in 0.1667 L of total solution
é3.7>/g &\(Cv_\'leoa)b \ \'\’/I -~ O. Z’;NQ ),§M ﬁé‘-z* )
\ 23(3 M__ w 3,0M CLHSOL
[
S&' - }"S_M 614(62"‘502_\;
ol 0G7

c. 33.3 grams of NasP (molar mass = 100 g/mol) in 222 mL of total solution

33 3o Nas? | 1wl = 253l Nt - 45
.(00:) M;-(f- “Pg”—/,S/M

L

22523 sism
222

549.1f 25 mL of each solution in #548 were compared, NasP would have the greatest conductivity. Why?

G’r&{Q* & h* |.0V‘S P/(s(»‘l o goluﬁw\

550.How many grams of Ba(C,Hs0,) are required to make 25 mL of a 1.5 M solution?

n= M=t .02 75wly a((zv\;oh\L | 25594 - 7- bj B“(C”{”OLBZ
._(/5)( 023) — Vet

- 40575/1/\»(5 &(&z(’[a()b 2

551.How would you prepare 10. mL of 0.70 M Ba(C;H30). using the solution made in #5507

V\' \)I: M1v1 —Lwov\& FU+ (/\-,,b'7 ml DF ’ﬂ{ \.<M @DRVT‘IN
Q,;\\/l:C’IOX 0) wa $550 AP a lowl volum etvic F{a L.

- £WOv\(9 {1"0\ O‘QA D—\';/‘L(/ dr) “'b "h"( ’Oyv\[,
(I A% ~ o -t—w F(,.sl‘awj MK ’I’(Aa/%()l»(,pa,.

|, ~e
J Lo 0‘(50
Nt ¢ A Vo wL advedd o] indey
be VSJ.ﬁ L -
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552.A reaction is carried out between 20. mL of 0.25 M Na,COs(aq) and 20. mL of 0.25 M CaCl(aq) as shown below.
Na,COs(aqg) + CaClz(agq) — CaCOgs(s) + 2 NaCl(aq)

a. Determine the mass of CaCOs created.

i T =
Ny o7 Mre :G'zw’) (.02/3 = g Smls Na2 (03 ‘ 16003 . -00S (s o ((I)O‘;’ ° 5’0\7
(¢
Nz (05 \[NaatlOs " G(o3
Note % (,au\co \havs also wed (¢ 8 a’”"o
. (5 z ~°.
30;(‘ the Gt avswe . Fﬁ/‘c“l Storet V- A
b. Determine the final molarity of NaCl(aq).
o)
\Nedd  M<2 s 20
A) ,
oOUnglS MLC@3 ZN"M = ‘D/ON' ~ 0 L-
l '\)”7,(‘)3
M 042 S M
553.Which of these is the best piece of glassware for preparing a 1.00 L aqueous solution?
@ 1000 mL Volumetric flask
b. 1000 mL Erlenmeyer flask
c. 1000 mL Graduated beaker
d. 1000 mL Graduated cylinder
554.A 50. mL sample of 0.20 M CaCl; is mixed with a 25 mL sample of 0.30 M LiCl. No reaction occurs.
a.  What is the [Ca?*] in the final solution? M M 7
U= MLV
(\_—}"’])&1/‘—6203&05) (Vi LV
Cﬂ« 2t O i G?)(L)/OS - M1—<7{>
. Lolmls g
Lt . ‘ z
M- ﬁ;ﬂ_—,O,l32MCa M, > 0-133" [Co
Lo 079

b. What is the [Li*] in the final solution?

n= mxk M= 1
:QZ‘J\QaOL%-) =‘/()O7_§
| ,07%
- TS vy
- .00 _ Q\M
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¢.  What is the [CI7] in the final solution?

ol wads (o | 2a” . _)o?,yw(sc(”

[ 1eol I
,007@»(«7 L] Ja” . Lo sGT
lILI'M
L 0.37M ¢~
- M( - n ZQOJ7YV‘~\)_> _U.
Ny =.0275 14 - ,;m__

d. How many grams of AgNOs (s) would need to be added to the final solution to precipitate all of the CI~ assuming
the reaction goes to completion?

Ag” (aq) + CI” (aq) — AgCI(s)

017§ mb G [L - 21T T I I
(A~
027 | 43339 -3 o
o
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Section 7.04
Topic 7.3, 7.10 Worksheet

2H,S(g) +CHs(g) = CS2(9) +4Ha(g) Kc=34x10"*

Use the reaction above to answer the questions that follow about Q, K¢, and the direction of the reaction.

555.A 0.10 mol sample of each of the four species in the reaction represented above is injected into a rigid 1.0 L container.

a.  What is the value of Q?

Y (BL(
- Tesathy LD
FisbicH) G

b. Inwhich direction will the reaction proceed to reach equilibrium? Justify your answer by comparing K to Q.

IZ‘ Q The reaction will proceed to the left. Q is greater than K so reactants will
form to bring Q in line with K to reestablish equilibrium.

2.y 1L 2O

¢.  Which species will have the highest concentration at equilibrium? Justify your answer.

The H,S will have the highest concentration. The reaction shifts toward reactants.
More H,S will form because of the coefficient.
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2 XY (g9) = X2(9) + Y2(9)

K, = 230

556.Determine the direction the reaction will proceed to establish equilibrium given the initial conditions of each experiment.

" Direction reaction
Initial

Will more reactants or products

The rate of the forward reaction

Salars (i Value of Q will proceed to form in order to is 9fetigiaéhrﬁ;%elressesr?aif;ioor:?equm
establish equilibrium reach equilibrium?
XY = 2.0 (oreater thap
X,=0.0 0 '@\0‘ h ?/quck less than
Y2.=0.0 equal to
XY =0.010 greater than
X;=0.20 Lfooo LerJ' \(&0*3“”)(3
Y,=20 equal to
XY =0.0 greater than
X, =5.0 v L | b ¥ ez AaaTs
Y,=5.0 \" ) equal to
XY =120 e (reater tha)
X2 =0.05 4/](/( (0 K‘e\/"\' ?{wduch less than
Y2=0.05 equal to
XY =10 (greater thaw
X2=10 l £ |'r7l/‘" ?r\ootvc/'h less than
Y,=1.0 equal to
XY =0.064 ' greater than
X2 =0.97 2 30 N4, "b" &y n U)I\/\%/ less than
Y.=0.97

tal fo

557.For any situation in 556 ...

a.  where K> Q, explain your reasoning for the direction the reaction will proceed.

8

The reaction will shift right and proceed to make products until Q = K in order to establish equilibrium.

b. where K <Q, explain your reasoning for the direction the reaction will proceed.

The reaction will shift left and proceed to make reactants until Q = K in order to establish equilibrium.

c. where K =Q, explain your reasoning for the direction the reaction will proceed.

The system is in equilibrium.
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Review Topic 1.6

Photo Electron Spectra

A
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m |
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Ia |II I
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Energy

558.Shown above are the complete PES of two different elements. All of the peaks labeled A belong to the same element and all
of the peaks labeled X belong to the other element.
a.  What is the electron configuration of Element A? What is the name of the element?

1s22s22pé. The element is neon.

b.  What is the electron configuration of Element X? What is the name of the element?
1s22s22p*. The element is oxygen.

c. Explain why the last peak for A is further to the left than the last peak for X in terms of Coulombic attraction.

The last peak for A is further to the left because of greater Coulombic attraction
compared to X. It takes more energy to remove the 2p electrons in A than it does in
X. A has a greater nuclear charge than X because of more protons. This is the cause
of the greater Coulombic attraction.
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pN%

\& A5

HS

559.Use the complete PES above to answer the questions that follow.
a. How many total electrons does this atom have?

11

b.  What is the symbol of the element?
Na

c. Label each peak with the sublevel represented.

d.  Would you expect the first peak of the previous element to be to the left, to the right, or in the same spot as the first
peak of this element? Justify your answer by discussing the nuclear charge of each element.

| would expect the first peak (the 1s peak) of the previous element to be to the right of the first
peak of this element. The previous element has a smaller nuclear charge (fewer protons) and
therefore has a smaller force of attraction for the first peak electrons. This element has a greater
nuclear charge which causes a greater force of attraction for the first peak electrons. A greater

force of attraction requires more energy to remove.

560.1n a reaction, N reacts with a pure metal X to form the compound XsN. Which of the following complete photoelectron
spectra could be that of metal X? Justify your choice.

. Spectrum #1 - t #

5. 6 pec 3 6 Spectrum #2

Ec 5 E {':" 5

1<)

354 384

@ 8 3 @ 8 3

) s o |

0 = =1 S

E ° ol { :E: ° :] } - 1 - 1.1 |
1000 100 10 1 0.1 1000 100 10 1 0.1

Binding Energy (MJ/mol) Binding Energy (MJ/mol)

Spectrum #3. The X forms a +1
cation (X*) which means that it has Spectrum #3
1 valence electron. Spectrum #3
has one valence electron
(1s22s22p®3s?).

1 S O —
00 100 10 1 0.1

Binding Energy (MJ/mol)

Relative Number
of Electrons
Se=2NweOO
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Section 7.05
Topic 7.6 Worksheet

561.A series of chemical reactions in equilibrium are used to determine the equilibrium constant of a third reaction, as shown
below.

2 A(aq) + B (aq) = A2B (ag) K;=25.0
CB (aq) + Y (aq) = CY (aq) + B (aq) K,=1.0x1073
2A (ag) + CB (aq) + Y (aq) = A2B (aqg) + CY (aq) Ks=?7?

Determine the value of K

LB - kl XK?_ = 0%

562.Complete the table below

Reaction . PCls (g) = PCls (g) + Cl2(g)

K : §

H : i) :
expression ( ks :
K value i
(in terms of Koriginal :
Koriginat) :

Reaction

K expression :

K value
(in terms of
Koriginal)

393


jdaugherty
Pencil

jdaugherty
Pencil


394



Review Topic 3.8

563.1n the beakers below draw particulate representations of solutions. Use the symbols below for each solution:

a. Five particles of (NH.).S (s) are placed in the solution. Draw in the species needed to represent the major ionic

species in the solution.

—

O O

cation anion

b. Five particles of NaC,H30- (s) are placed in the water. Draw in the species needed to represent the major ionic

species in the solution.

—

OO@O O@
0 ¢ 08O

o
o %0

O @& O @
@O@O
O @
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c. Five particles of Pb(NOs), (aq) react with eight particles of Kl (aqg). In the beaker below draw the resulting solution
after the reaction has gone to completion. Draw in the species needed to represent all ionic species and any
precipitate. Label all species.

(/n F’

Pb(NO3), (aq) + 2 KI (aq) — 2 KNO; (aq) + Pbl; (s)

5 8 g 4
Fiel sdoe

| P ]
L N‘i; o 0O @ 5 Y & - NOs
g K 9
Y Phl Y & @
0

O O T ()
@ @@@O@/ P

d. A particulate drawing of a single CI~ ion and K* ion are shown in the boxes below. Draw two H,O molecules in
each box to show the most likely orientation of H,O (I) molecules around the CI~ ion.

Cg % Water Molecule Water Molecule
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Section 7.06

Topic 7.9 Worksheet

564.For the following situations, determine the direction the reaction will shift to reestablish equilibrium, explain the shift in
terms of Q and K, and determine whether the reactants or the products will increase in concentration/pressure.

System Stress

2 BaOz(s) = 2 BaO(s) + 02(g)

Direction
reaction shifts

AH =162 kJ/molmxn

Increased concentration/pressure

Explanation based on Q and K

of reactants or products

Decrease pressure

Forwar

i

K> Q. Reaction will shift right to form more products to
bring Q in line with K to establish equilibrium.

Products increa

Reverse Reactants increase
of 02
None No increase
Forward  [330,(s) does not appear in the equilibrium expression Products increase
Increase mass of G .
BaO Reverse so the mass of BaO, does not effect equilibrium. Reactants increase
2
one 0 increase
Forward |A decrease in temperature favors the exothermic reaction Products increase

Decrease
temperature

J

None

because the particles have less energy. Less energy
favors the exothermic reaction because of a smaller Exfor
the exothermic reaction. K gets smaller as well.

Reattants increas

No increase

Increase size of

Forward

{

K> Q. Increased size of container lowers the pressure
and the Q as a result. Reaction will shift right to increase

CProducts increase

- Reverse _ e ' Reactants increase
container pressure and bring Q in line with K. )
None No increase
2NO (g9) + 02 (g) = 2 NO2(9) AH <0
System Stress Direction Increased concentration/pressure

reaction shifts

Explanation based on Q and K

of reactants or products

Decrease the size
of the container

Forwa

Reverse
None

K > Q. The pressure of the reactants increases faster
than the products. Reaction will shift right to increase
pressure of products and bring Q back in line with K.

roducts increase
Reactants increase

No increase

Increase
concentration of
(o))

Forwar

)

Reverse
None

K> Q. The increased pressure of O, drops Q. The
reaction will shift right to increase the pressure of
products and bring Q back in line with K.

roducts increas

Reactants increase
No increase

Forwar

,

K would get bigger. An increase in temperature increases

roducts increa:

Decrease R the rate of the endothermic reaction more than the Reactants i
temperature EVEISE  lexothermic reaction. More particles have the required eactants increase
None energy to get over the larger endo Ep. No increase
Forward [A catalyst has no effect on the equilibrium condition. Products increase
Use a catalyst Reverse |Equilibrium will be established faster. Reactants increase

i

No

(_No increase

565.Explain why an increase in temperature always favors the endothermic reaction.

The increase in temperature increases the rate of both the forward and reverse reaction. However, the
increased energy will produce more particles that have enough energy to overcome the larger E, of the
endothermic reaction while having a smaller effect on the smaller E, of the exothermic reaction. This results in
a greater change in the endothermic direction.
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566.What effect does an increase in temperature have on the size of K for ...
a. an endothermic reaction?

Larger K. More products are formed as the

forward reaction is favored.

b. an exothermic reaction?

Smaller K. More reactants are formed as the
reverse reaction is favored.

567.Use the redox reaction below to answer the questions that follow.
Cu(s) + 2 Ag* (aq) — Cu®* (aq) + 2 Ag(s) E°=0.460 V

a.  Would an increase in concentration of Ag* increase, decrease, or have no effect on the voltage of the cell? Justify
your answer in terms of Q and K.

Increase the voltage. As [Ag*] increases Q decreases and the voltage gets further away from 0.00 and further
from equilibrium. According to the Nernst equation, as Q gets smaller the voltage gets bigger.

b.  Would a decrease in concentration of Ag* increase, decrease, or have no effect on the voltage of the cell? Justify
your answer in terms of Q and K.

Decrease teh voltage. As [Ag*] decreases Q increases and the voltage gets closer to 0.00 V and closer to
equilibrium. According to the Nernst equation, as Q gets bigger the voltage gets smaller.

c.  Would an increase in concentration of Cu?* increase, decrease, or have no effect on the voltage of the cell? Justify
your answer in terms of Q and K.

Decrease the voltage. Same explanation as b.

d. Would a decrease in concentration of Cu?* increase, decrease, or have no effect on the voltage of the cell. Justify
your answer in terms of Q and K.

Increase the voltage. Same explanation as a.
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Review Topic 4.4
568.When methanol, CHzOH (l), evaporates ...
a. Describe what happens to the covalent bond between the oxygen and the hydrogen.

Nothing happens to the covalent bond between the oxygen and hydrogen.
Evaporation changes IMF and not covalent bonds.

b. Describe what happens to the force of attraction between two different methanol particles.

The force of attraction is broken between two different methanol particles.

569.A 20.00 gram sample of glycerol, CsHsOs (I) evaporates completely and becomes gaseous CsHgOs (g). Would the mass of
C3HsOs(g) be greater than, less than, or equal to 20.00 grams? Justify your answer.

The mass would remain the same and be equal to 20.00 grams. The Law of
Conservation of Mass states that mass should not be lost or gained in a physical or
chemical change.

570.Do you agree or disagree with the statement in the box below? Explain your reasoning.

A student makes the claim that when liquid propanol becomes gaseous
propanol the chemical bonds between the propanol molecules are broken.

| disagree. Chemical bonds do not hold the propanol molecules together, IMF hold them together.

399


jdaugherty
Text Box
Nothing happens to the covalent bond between the oxygen and hydrogen.  Evaporation changes IMF and not covalent bonds.

jdaugherty
Text Box
The force of attraction is broken between two different methanol particles.

jdaugherty
Text Box
The mass would remain the same and be equal to 20.00 grams.  The Law of Conservation of Mass states that mass should not be lost or gained in a physical or chemical change.

jdaugherty
Text Box
I disagree.  Chemical bonds do not hold the propanol molecules together, IMF hold them together.


400



Section 7.07
Topic 7.11 Worksheet

571.Define the following terms:
a.  Solubility product

Ksp- The equilibrium constant of a slightly soluble or "insoluble” solid.

b. Solubility

The amount of solid, in either moles/L or grams/L, that dissolves in water.

572.Give the dissociation reaction, then determine the solubility, in mols L2, of each of the following solids given their Ks,

a. AgCl (Kp=18x101) Kep* (x\(x\ = Ly w0’
e
s = A1 G T
X X

b o 3x0 M = sdbildy £ M
Ko LA ALY

(>

b. AgBr (Ks =5.0 x 10 13) 5 5 ox(0
N e Kap # ()0 2

-1
X:. 7,I)<(O )/]

g+ [P 18]

c. Ag:CrO; (Ke = 1.1x 1012) ) .2
.- . (22y ()7 L1xiD
Py GOy = 2Ag’ o O ¥sp B

; . x Ly = LIxtd”

esp - CATY LET) { Aot

w0 =f.5 1o M
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d. PbCrOs (Ks = 2.8 x 10 %) iy
- 2. %%
PLG Oy o = P+ OO Fop* (V\(P‘X\{//"_s
y >o 0 e s =0
_7M
: 2- X < g&;‘(a
KSp - Z'DL]”}[C\IOC{ ]
e. Cr(OH)s Ky =1.6x107%) KSP - (73(37)3; | b >
C((O"‘\s © = c‘%{ « 30 20

2’77“‘( - /‘(l X (0

; .3 u .30
Csp= LG hsoh”) uﬁ :\ST'E

A7

X = /”é)(/D—st

573.For each of the solids from 572 above, give the solubility of the anion.

a. AgCl (Ksp=1.8x1019)

T \= 1.3¢x0 A

b. AgBr(Ksg=5.0x1071)

(6 1= 20000 T

. AgCro; (Kep=1.1x10 1)

{0 Y= bsro ™M

d. PbCI’O4 (Ksp = 28 X 10 _13)

(C.O1: & 220 M

e. Cr(OH)s (Ksp = 1.6 X 10 %)

(oH 3= * oo
PR TN
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574.How would the solubility of #573c change if it were in 50.0 mL of total solution? 00 l / +
o no

The sdv L}H‘h wooldl usf chawe . Tt Guoownd dissoloed wool
’PP\“C So‘ug\\.\)‘& e e ’I\\e_ vatho @" V‘\D(é +\> L réwnams ’h\Q SG v~ €.

575.What condition must be true to be able to directly compare K, values to determine relative solubility?

Samd 4—0\( 1 OnS «@, J,.;h gfe_gcg L,e,,\a (O.MPWJ

576.For the salts given below, circle the more soluble salt based solely on K.

a. (AQCI (Ksp=1.8 x 10719 or Agl (Ks, =8.3x 10717

b. /Ag:CrOy)(Ksp = 1.1 x 10-12) or Co(OH); (Kep = 1.3 x 10°15)
-
c. sp = 3.9 x 101) or AgsS (Ksp = 6.0 x 105

577.A 1.00 L saturated solution of calcium oxalate (CaC,04) at 25 °C contains 0.0061 g of CaC,0a.
a.  Write the dissociation reaction of CaC,0s, including phase symbols.

(aC 0w = G o G0

b. Calculate the solubility product constant, Ksp, for this salt at 25 °C.

(\O(C‘LO"[ ) ?C&w * CLO'{LF

ool q G204 1ol _ U, k0" M § . j
[1¥-0l) ” ST A

[~ , 5 RN
Yoo 47

[ - (™) [C:047)

= (4.7 wo'S) (“'7(““0—\3

-9
= 7.% %10
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578.The solubility of fluoride in a saturated solution of SrF; is 1.76 x 10 M.
a.  Write the dissociation reaction of SrF», including phase symbols.

Sr r;(%\ - 8{2'- + 2F7

b. Determine the solubility of SrF.. | 7 B S/‘/\ _ [F . S
21 - - - | KlO -
S, Fo (s = S + 2F 2y

x 2x x 28370 M = TS F)

¥
[,’Iu)‘lo'2

-4
L. 5x 8210

c. Determine the Ky, of SrF..

Ksp=Ls " JUF Y= (3 sx5 (LRI 28

-1

579.1f 0.0490 g of AglOs dissolves per liter of solution, calculate the solubility product constant, Ks; .

ASIOZ(’\ :ﬁ p:)+ 4 IOL_ k3p =CA3+ —S {103- ]
F i " Y =<{.7§$/D’%‘-757'0—q)
00y ] b7300 M7

0 8
it LIS S s Kop:2 o KiO

580.Determine if a precipitate will form for the following solutions. In each case, justify your answer based on Q.
a. A 500 mL solution of 0.0250 M Pb(NOs3), mixed with a 255 mL solution of 0.0045 M solution of Na,CrOs. The Ks,

of PbCFO;iS 2.8 x 107, k}r’ . [_—[)L’Lr ltcvfo‘—r-} - @ ‘K Q )

. : Ou™” <
Prlae = T ' C; q Qo(b@(,oo/n) cQ zEwne® [2.580
S el 2572 Qg s be
,5 ) .ot
(L5 LM =008 . porsem PLQ"TL{ PaCs O
%T: 20lb a5 will Hupwf sad) =G
o D

b. A 255 mL solution of 0.0150 M Co(NOs3), mixed with a 150 mL solution of 0.0122 M solution of NaOH. The Kg,
of Co(OH); is 1.3 x 107%5, Ak
Fop SCCIELREC = s & 7
S 2t (— . :
— (o~ t 1V R 1.5¢0 < 1.93k10
(s (Du)z (= ¢ BL :Q,o")‘*f('b(ﬂo% 2)

Lyems bl
A/ G/ga)(ao{z‘L) }ﬂgﬂo_-;:Q a f)o( FO S

& Sﬂ(.dlﬂ oolg > o k< Q The Oo("“??
= puySZ ‘ o
00282 . 50%4¢m oS Uil ”,%.o b
oL(OS- (( _ Q
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581.1n each of the following situations, determine the concentration, in mols/L, of the anion needed to precipitate out the solid.
a.  What molarity of Cl~is needed to precipitate out AgCl (Ksp = 1.8 x 1071%) in a solution that is 0.05 M Ag*?

A)M/s\ ? Pg{- 1 u~ /,XX(O-W :(.0{3(7‘\ l L

X o5M x v - 2Lx0 2L Y pedded b rihc/vesz pive.

P gmoo | (jra’w fron B6X0 M ol Gese
el

: £ _} .
fesp §A Tl b/éaffl"{hw bease (D wll be 7 K

b. How many moles of Nal are needed to form a Agl (Ksp = 8.3 x 10 "17) precipitate in 50.0 mL of total solution if the
[Ag*]is 1.5 x 1074 M? (Assume the Nal does not change the volume of the solution.)

ATw< by 1° g 310" = (15 w0 )(x)
X LSx1o X X = 553}“0"%:[1’]

bep: LA TN o oa

MYL z=n
-1
C‘S.‘SZNO_'%(,OS—»-'V\: 2.1 xt0 M.(; ‘\50'7_/
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Review Topic 3.9

582.A student performs a distillation procedure on a mixture composed of the two miscible liquids hexane (CsH14) and decane
(C1oH22).
a. Explain why distillation would be used and not filtration.

The two liquids are miscible/dissolved into each other. Filtration is used when a solid is in an
aqueous mixture. There is no solid in this mixture.

b.  Which liquid would be initially present in higher concentration in the distillate? Justify your answer by referring to
the relative strengths of the intermolecular forces present in each molecule.

Hexane would be present in higher concentration in the distillate. The IMF of hexane are weaker than
the IMF of decane. As a result hexane will boil/evaporate away first because it takes less energy to
reach the boiling point of hexane compared to decane.
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- Filter Paper >
O+ Component X
O+—+ Component Y
Pigment +—-e
Sample <—+— Hexane —»
r=0 CeHid) 4~ 30 min

583.A student performs a paper chromatography experiment to separate two components of a pigment. The stationary phase is
moderately polar and hexane is used for the mobile phase.

a. Explain why the student can conclude that component Y is more polar than X.

Component Y is not as attracted to the mobile phase, hexane. Hexane is nonpolar. Since component Y did not
travel as far it has IMF less similar than component X.

b. Explain why the student can conclude that component X is more nonpolar than Y.

Component X is more attracted to the mobile phase, hexane. Hexane is nonpolar. Since component X
traveled further than Y we can assume that X has IMF more similar to hexane.

¢.  How would the results after 30 minutes change if a 50% ethyl acetate solution (dipole moment of 1.88 D) had been
used instead of hexane (dipole moment of 0.09 D)?

Component Y would travel further than Component X since Component Y is more polar than Component
X.
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Section 7.08
Topic 7.14 Worksheet

e e B
Ho H H. H / Hey/ H—o O
0 ¢} ] 0 \
WooOH H “H H
o @
/ O—H | —= / H—Q |—= |y H H\ [ J
H—0 / H—O \ H —H
H 0
09 o-n o |, o—H % O
HE L O H £ P
H H
H H H H H
~ N ~_ v -

O=NHs @=Nog P\ H=Ho0

584.Explain how the image above illustrates an increase in entropy.

In the final beaker there are more particles. Since there are more particles there are more possible
microstates. A greater number of microstates means greater entropy.

585.The Erlenmeyer flask above is allowed to sit out on a lab bench such that all of the water evaporates.
a.  What would happen to the aqueous ions in solution?

The aqueous ions would precipitate out and form a crystal of FeCOa.

b. Explain why this process would result in a decrease in entropy.

Once the water has evaporated there are fewer particles and fewer microstates. Also, the more
mobile aqueous ions become a solid that has a more restrictive movement. Both decrease the
amount of entropy present.
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Review Topic 2.1, 2.2, 2.3

Element | Electronegativity
H 2.1
C 2.5
S 25
F 4.0
Cl 3.0
Si 1.8

586.According to the table above ...
a.  Which two different elements would create the most polar bond? Justify your answer by referring to the
electronegativities in the table above.
Siand F would create the most polar bond. Si and F would have the greatest difference in
electronegativity.

b.  Which two different elements would create the most nonpolar bond? Justify your answer by referring to the
electronegativities in the table above.
Si and H would create the most nonpolar bond. Si and H would have the smallest difference in
electronegativity.

587.The figure above represents KF.
a. How would the figure change if it were KClI instead? Explain the reason for the difference using principles of
atomic structure.

The only difference would be that the CI- ions would be larger than the F-ions. CI- has an additional energy shell
compared to F. The additional energy shell would make the ion larger as the electrons are located further from
the nucleus.

b. How would the figure change if it were NaF instead? Explain the reason for the difference using principles of
atomic structure.

The only difference would be that the Na* ions would be smaller than the K* ions. Na* has one fewer energy
shell compared to K*. The fewer number of energy shells would make the ion smaller as the electrons are
located closer to the nucleus.
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588.The potential energy of a system of two third period, single bonded atoms as a function of their internuclear distance is
shown in the diagram above.
a. Consider two second period atoms bonding instead.
i. What would happen to the placement of x on the x-axis? Explain the reason for the difference using
principles of atomic structure.

The "x" would be further to the left. The second period atoms are smaller than the 3rd period atoms.
Since they are smaller the distance between the nuclei would be smaller as well.

ii. What would happen to the placement of y on the y-axis? Explain the reason for the difference using
principles of atomic structure.

The "y" would be lower (further from 0). The second period elements are closer to each other
because of their smaller size compared to the third period elements. The smaller bond makes a
stronger bond. The stronger bond would require more energy to break apart or would give off more
energy when it forms. As a result "y" would be lower.

b. Consider two of the same third period atoms that now create a double bond.
i.  What would happen to the placement of x on the x-axis? Explain the reason for the difference by
discussing the forces of attraction that occur in the double bond.

The "x" of the double bond would be to the left. A double bond is stronger than a single bond and as
a result makes a smaller bond. A smaller distance between the atoms would make "x" appear to the
left.

ii. What would happen to the placement of y on the y-axis? Explain the reason for the difference by
discussing the forces of attraction that occur in the double bond.

The "y" would be lower. A double bond is stronger since the atoms are closer to each other. A
stronger bond takes more energy to break or more energy is released when it is formed. As a

result "y" would be lower.
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Section 7.09
Topic 7.12 Worksheet
CdF, (s) = Cd** (aq) + 2 F~ (aq)

589.A saturated solution of CdF; is prepared. The equilibrium in the solution is represented above. In the solution [Cd?*]eq =
0.0585 M and [F Jeq = 0.117 M.
a. Determine the solubility of CdF..

Qfho= Ca" + 2f° [CAF2 )= ogss ™
X 2 X
aogggw\ ,OGX‘SM

b. Some 0.90 M NaF is added to the saturated solution. Does the solubility of CdF; increase, decrease, or remain the
same? Justify your answer based on Q.

The solubility of CdF, decreases. As Fis added Q increases. The reaction will shift left to the reactants,
precipitating out CdF; to bring Q down and back in line with K.

590.1s the solubility of AgCI(s) greater in distilled water or in tap water where the [CI"] = 0.010 M? Justify your answer based on
Q. The Ks of AgCl =1.8x10 %,

The solubility of AgCl is greater in distilled water. The extra ClI- in tap water will increase Q. AgCl will have to
precipitate out as the reaction shifts left to the reactants to decrease Q until it equals K.
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591.The solubility of CuBr(s) is to be measured in four different solutions: distilled water, an NaBr(aq) solution, an NaNOs(aq)
solution, and a CuNOgs(aq) solution. Determine if the solubility of CuBr will be greater, less, or the same as in distilled water.
Justify your answer based on Q or Le Chatelier’s Principle.
a. NaBr(aq) solution

Less soluble. Increased [Br] will increase Q. CuBr will have to ppt. out to reestablish equilibrium.

b. NaNOs(aq) solution

The solubility will be the same. NaNO; has no effect on the equilibrium position.

¢. CuNOgs(aq) solution

Less soluble. The increased [Cu*] will increase Q. See answer to a. above.
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Review Topic 4.2, 4.3
592.A solution of AgNOs(aq) reacts with a lump of Zn (s) as shown in the reaction below.

2AgNOs(aq) + Zn(s) — Zn(NOs)2(aq) + 2Ag(s)

a. Give the net-ionic equation for the reaction.

J p,; { Znen = 20 €M

b. What are the spectator ions?

NO 5™

¢. Does the mass of Zn(s) increase, decrease, or remain the same as the reaction proceeds? Explain your reasoning.

The mass of Zn(s) will decrease as the reaction proceeds. Zn(s) is converted to Zn?* and becomes
aqueous. As aresult less Zn(s) will remain at the end of the reaction.

Note: The total mass of Zn atoms remains the same.
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The mass of Zn(s) will decrease as the reaction proceeds.  Zn(s) is converted to Zn2+ and becomes aqueous.  As a result less Zn(s) will remain at the end of the reaction.

Note: The total mass of Zn atoms remains the same.


593.A 20. mL sample of acetic acid, HC,H30, (K, = 1.8 x 10 79), is titrated with NaOH(aq) and the reaction below proceeds.
HC,H30,(aq) + NaOH(agq) — NaC;H3s0,(aq) + H2O(l)
a. Acetic acid dissociates in water as shown below,
HC,H30,(aq) + H.O(l) = Hs0*(aq) + C,H30, (aq) Ka=18x10°

According to the K, would there be more HC,H30- or C;H30, ™ in a solution of acetic acid?

According to the K, there would be more HC,H30, in the solution. A small K, means more reactants.

b. Inthe net-ionic equation the reactant acetic acid appears as a molecule and not as an ion. Explain why by referring
to the equilibrium constant, K.

Since the K, is small we have mainly reactants. This means that HC,H;0O, is present more than the ion. As
a result HC,H30, appears as a molecule since very little of it breaks apart.

c. Give the net-ionic equation for the reaction between HC;H30, and NaOH.

“Ca\—lr,();mb) 4 OH_(A()\ — H‘ZOU) t C- HéOzﬂ(adb)
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594.The reaction between aqueous barium chloride (BaCl;) and aqueous sodium sulfate (Na,SO.) forms a precipitate of barium
sulfate (BaSQ.). Give the net-ionic equation for the reaction.

az-(- ; %0‘17' - 6_30{4 €))

Use the figure above to answer the questions that follow.

595.Give the balanced equation for the reaction.

;)(9,\, N. — ®2ML

596.Determine the limiting reactant. Justify your answer by referring to the particles.

The limiting reactant is N,. The "After Reaction" box still has unreacted Q particles.

597.Assuming that all reactants and products are gases, would you expect the pressure of the container to increase, decrease, or
remain the same? Explain your reasoning.

| would expect the pressure of the container to decrease. 3 moles of gas (2Q and 1 N,) are being
converted to 1 mole of gas (Q2N,). Fewer particles means less pressure.

OR 14 particles of gas becomes 6 particles of gas. Fewer particles means less pressure.

598.Would you expect Q to be a metal or nonmetal? Explain your reasoning.

| would expect Q to be a nonmetal. The product is a covalently bonded particle. If it were ionic the
particles would need to be arranged so that the positive ions would be near the negative ions. The
particle has two N atoms next to each other which would not occur in an ionic bond.
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The limiting reactant is N2.  The "After Reaction" box still has unreacted Q particles.
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I would expect the pressure of the container to decrease.  3 moles of gas (2Q and 1 N2) are being converted to 1 mole of gas (Q2N2).  Fewer particles means less pressure.

OR 14 particles of gas becomes 6 particles of gas.  Fewer particles means less pressure.
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I would expect Q to be a nonmetal.  The product is a covalently bonded particle.  If it were ionic the particles would need to be arranged so that the positive ions would be near the negative ions.  The particle has two N atoms next to each other which would not occur in an ionic bond.
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Section 7.10
Topic 7.13 Worksheet

599.For the solutions below at 25°C, circle whether they have a high concentration of H* or a high concentration of OH™.

High Concentration of ...

a. A solution with a low pH. @ OH"~ Neither
b. A solution with a high pH. H* @ Neither
¢. Asolution with a pH of 10.2 H* OH; Neither
d. A solution with a pH of 1.3 @ OH~ Neither

e. A solution with a pH of 7.00 H* OH-

600.Determine if the solubility would increase, decrease, or remain the same for the following solids placed into the solution

indicated.

a.  Would the solubility of Cu(OH) (s) increase, decrease, or remain the same in the solutions given below. In each

case, explain your reasoning. (Relevant equations are given below.)

Relevant Equations:  Cu(OH)z(s) = Cu?*(aq) + 2 OH~(aq) Ksp=1.6x1071°
H*(aq) + OH~(aq) — H20(1)

+ -
i. LOWpH 1/\(/{&5(/ A‘*‘ 7 lowr)l'l 174.{/? avi }\ lang

’h“‘\' Wov\(o v@uc’{' w' e QH' | OAS )u/@wxov'ﬂ\o
)(w OH ™ (s {:(om Splp-ﬁ&" > %B“‘ W,0 .

b OH™ 15 veword rwve CWA(o*I.\L will
A,ssaluc Yo ‘/eedo‘(o\«"ﬂ» 8<6u«l(lwwn-.

b DC/@(U\Q/. A L\,)b rH l«f-% QX(ess o] '\Dﬂg.
/D"c (S OH’ (S wouu S < ’('lx-e, \[eoc,‘m?" {'b
6\’“ ¥+ +u '\'\“b Ye”)fﬂ‘%k ‘fb (em'o\'Jb ‘\1‘4 € x( e
OH_W\«Q e cg‘hLLISL Qabul](LV\U'M-
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b.  Would the solubility of FeCOs (s) increase, decrease, or remain the same in the solutions given below? In each case,
explain your reasoning. (Relevant equations are given below.)

Relevant Equations: FeCOs(s) = Fe?*(aq) + COs% (aq) Kep=35x101
2 H*(ag) + COs%"(ag) — H20(l) + COx(q)
Fe(OH)z(s) = Fe?*(aq) + OH(aq) Ksp = 4.87 x 107Y

| ? o
i. Low pH ]y\w(ﬁ){,, A (ovv rl] 1/@'5 }—i: 711,\_{— w [;ccrsgés)
2o ‘ on,

Wlf'h’\ CO} b 150 OU'{' 0{' So(v VV]D/‘Q

w.f\\ d(é&olvc ¥ Credt meve CC);_ -l—o V‘(({L’L\.S\"
@(‘éuﬁ.\\\ori.uwx :
T cep ke oul
ii. HighpH 1‘4%6’3@' A\- L\.S\I\ rH Tne Fcz wl f\/ f%z r o

. -l . i )
i F "nx (237({0 M313 l(f)
as FC(O*‘\L Since ‘h«( $°(J‘oll|\') o+ 1’((0

\/’NM\ F{C@; (_97)((0—('"‘\, Agﬂie’“—) Acu(as?y M= £ I"?C()}
d\($30|u65 + V(€5ﬁ]o\;5\« cz;f)v.mpy’,um

¢.  Would the solubility of CaF- (s) increase, decrease, or remain the same in the solutions given below? In each case,
explain your reasoning. (Relevant equations are given below.)

Relevant Equations:  CaF(s) = Ca?*(aq) + 2 F (aq) Ksp=39x101
HF(aq) = H*(aq) + F~(aq) Ka=6.6x 107
Ca(OH)(s) = Ca?*(aqg) + 2 OH (aq) Ky =6.5x10"°

i. Low pH lnverse . The Foowal ‘(wu_ HE  The Gfa
.|V\CI('BQ E\::S ‘\"* re«d““wb«

wi () allﬂsoluc v L “\,

06?1 [V

Ca Ul FF/ ov" ns O(Or,)z
J

ii. High pH |vw/mc The

Mot GiF, will disslwe b qeestbhish c%u‘.\,\mw.“,

Vaytooy LCaT
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Review Topic 5.2,5.7,5.8,5.9
3Sg+80H —8S;3 +4HOOH

601.In an experiment, a student studies the kinetics of the reaction represented above and obtains the data shown in the following

table.
Experiment | Initial [Se] Initial [OH] Initial Reaction
(M) (M) Rate (M/s)
1 ¢ 0.0500 ¢ 0.0500 [ 0334
2 L 0150 | \ 0.0500 A - 1024
3 0.150 J 0.00 -~ 2.06 >
a. Determine the rate law for the reaction. Sg

Ve oY = \X .02
e e=k(S5y o) () - 55

b. Determine the value of k, along with the units.

R = k S Lot ]
3o Mls= K (Lo5)(.05)

|Lzdw0 M sk

c. The student performs experiment 3 again with the same concentrations but at a lower temperature. The student
notices that the rate is less than 2.06 M/s. Give two reasons why the rate is lower by referring to the collision

theory.

oH-

()
C@\’ .o

2% 2

X

-
-

(

energy to overcome the activation energy, Ea.

At a lower temperature the particles have less energy. With less energy the particles are traveling
slower and have fewer collisions. At lower energy there are also fewer particles with enough
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At a lower temperature the particles have less energy.  With less energy the particles are traveling slower and have fewer collisions.  At lower energy there are also fewer particles with enough energy to overcome the activation energy, EA.


d. Inadifferent trial, the initial rate of disappearance of Sg is determined to be 1.35 x 10 2 M/s.
i. What would be the rate of disappearance of OH~ over the same time period?

'lSKﬁle;} - g%lg‘”l'on' X = B.VO*lO_z"/‘/s - leeDH'

_L

<

L (asxv ™)
}(

g
LS w0 >= g

ii. The appearance of S;~ is determined to be the same as the disappearance of OH~. Do you agree or
disagree with the results? Justify your answer by referring to the balanced equation.

| agree with the results. The coefficient of both S;- and OH-is 8. For every 1 mole of OH- used 1 mole
of Sz~ will be formed. Therefore the rates should be equal but opposite in sign.

602.A reaction mechanism has three elementary steps. The first and third step are fast relative to the second step, which is

considered slow. All three steps occur at the same temperature. Give two different reasons the second step could be slow.

The second step could have a large activation energy.

The second step could be termolecular (have 3 molecules colliding).
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I agree with the results.  The coefficient of both S3- and OH- is 8.  For every 1 mole of OH- used 1 mole of S3- will be formed.  Therefore the rates should be equal but opposite in sign. 
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The second step could have a large activation energy.

The second step could be termolecular (have 3 molecules colliding).


603.Consider the reaction mechanism below:
Step 1: SOz + V05— SO5 + \Vo)

Step 2: V@ + % O, — V05

a. Give the overall balanced equation.

S0, + L0, S0

b. Does the concentration of V,Os increase, decrease, or remain the same as the reaction proceeds? Justify your
answer by referring to the reaction mechanism.

Ty WO vemens Me Somt A4S ‘h'\e ¥ }D"‘Ioe/s.\/xos’ 'S
‘QO/N\(b V-" 34(”9 l d,vg &(Sar/)&-./s ‘\/\ S"(I) PO

c. IsV20s a catalyst or an intermediate? Explain your reasoning.

ses asa preduct
Cd\-o\l»agf. Tt appeees @5 & ( 0c A wd aves asa pr

604.The photodissociation of formaldehyde occurs in the upper troposphere. A proposed reaction mechanism is shown below.

Fast H,CO — H+ HE0

Slow HeO + 0, — cO + HO,

Fast CO+OH—CO,+H
LOrOH—CO ¥R

a. Give the overall balanced equation.

HoC0 40, + O — (0 + O, +ar

b. Determine the rate law expression.

Rete = £ LH.030-3(37)
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Section 8.01
Topic 8.1, 8.2 Worksheet

605.Write one equation that can be used to calculate ...
a. the pH of a solution if [H30*] is known. e. the pH of a solution if pOH is known.

PH:—‘%[“SOT} ‘p{—\:(q*POH

b. the pOH of a solution if [OHT] is known. f.  the [H30*] if pH is known.
- 1 -7
POH‘- '((y){-QH ] L“ao \- o)
c. the pH of a solution if [OH] is known. g. the [OHT] if pOH is known.
_roH
?H-_Muoc}foﬂl (oM )= Jo
d. the pOH of a solution if [H30*] is known. h. the [H30*] if [OH] is known.

N
) X107

FOH-, (4 (—\o‘jgi’la{y] (ot )= _zo/HS

5 H,0z(aq) + 2 MnO4~(aq) + 6 H*(ag) — 2 Mn?*(aq) + 8 H,O(l) + 5 O2(q)

606.Does the pH of the solution in the reaction above increase, decrease, or remain the same as the reaction proceeds? Justify
your answer.

The pH increases because as the reaction proceeds H* is being used. A decrease in [H*] will increase pH.

607.A neutral solution of water, with pH = 7.00, is heated to 50 °C and the pH drops to 6.63.
a. Did the ionization of water increase or decrease with an increase in temperature? Justify your answer.

The ionization increased. Since the pH dropped more H* ions were released into
solution.

b. What is the [H30*]?
- 6063

tl -
rugo‘\:lo"" 210 = J.B‘Hlo7M

¢c. Whatisthe [OHT]?

’ - -1
Wt 1§ 0‘\‘”255 neuf\'*l 2 {H50+3=§DH 1 5.3f%x0 M
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d. Calculate the value of Ky, at 50 °C.

-7\ * -
Vo : CH30f JEOH ] = (2,94 10 7> > £.5D XID
e. Isthe solution still neutral? Justify your answer. _ ,Hl + }
- I 12
Yes, Tor CH501] = [o) Aueeebae 115 shllne

f.  Does the value of K, increase or decrease with an increase in temperature?

/D‘{ vo\w o) Kw Vnueeses .,-\ ay ey lelt ,@. +wa’€/=7“//@/

g. Does the value of pKy, increase or decrease with an increase in temperature?

@ 15°C pltu=1u Th"" decy eeses w/ Go nyeage - +€”P
P53 plw1320
608.By what factor must a solution of a strong acid be diluted to increase the pH by 1? Give an example to justify your answer.
B7 d QJW of 10
fl«ﬁ]: Lol M °l VH' 2
[I~|"3: ool M pH =3

609.What are the formulas and names of the six strong acids?

HU’ \/17dm d/\\ov;(, 4{”4 HT L‘jo\moJ{oamO 0
Py "WM brous ¢ weed  HE(O4 F&/dn\w.‘oaui HNO Ty e

F,504 Se [foic a |

610.What physical property of an acid makes it a strong acid?

Tt Ol‘s.goa.\o\lfff Cbm_rle'felz/
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611.What is the general formula of a strong base?

el hogoond e § Mo

612.What physical property of a base makes it a strong base?

1 d‘sjau()ffs cowPleJre (?(

613.Give the reaction of HCl(aq) dissolved in water.

Hlwp « 0O Hs0%p + C7eeg)

614.Calculate the pH of the strong acids and bases given below: Haot +cl
a.  A0.002 M solution of HCI U + HO— M3
Mo M ‘OO 2 M

e Iy H:0")
. (,)(‘002) = 9,7
b. A3.45x10* M solution of HNO;
PH - —lﬁY(J;O‘L]
pH = ~log (a.uwo"*) T 2.U4br

c. A solution made by dissolving 3.2 g of KOH into 450 mL of total solution.

5 2, oW | Il . 0570mb ot = O soff = =l LOH7Y FHﬂPOH: 4
g‘ﬂ«l()%j . —( ({ _7) )
W _ 0570 POk = ~loyLol2 p 213,10
M2 = D20 = jiaqm ol

oHS L ()D(‘l :f?‘?fo

d. 100 mL of a1 x 104 M HBr solution.
FH: 'lon) YH;W
- ’(o‘] (l 7‘(0_‘()

- q’o
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e. The solution from 614.d that is diluted to a total volume of 1000 mL.

AVIRL UGS ph = -y (lxlo'&_B
CRORECY ph= 5.0
M, =] x(0" M
f. 100 mL of a 0.10 M HNO solution added to 100 mL of 0.25 M HCI and diluted to a final volume of 1200 mL.
_HNOs M—_w Niokol “Maeq M0, M "f‘f—/ 'I’H P ‘(ojfflzoj
e N\:‘L— B Nt = ,0tS F,0l M =035 _ (2,%7«0‘2)
(o X (25)- D= o log

t 25 =ayt - 93 mals HY -
polmls U0 o Moot = 003> ~=5 M:282x10 (:,Ll b5

g. A solution of Ca(OH), made by dissolving 120. g in 3500 mL of total solution.

0 3.24
209 (o (0H) L;Woi/[oj . Jozmls (4 loH) ?OH:’(oj (?r_>

&DH : 0331

Gl = 67" + 20 ot = 13900
LGz wls B'ZQW(S

615.Complete the following table.

[H*] or [OH] pH_ between ...
@ 2103

[H]=125x102M 3to4 4to5

5t06 6to7

l1to2 2to3

[H*]=456x10*M 4105

S5to6 6t07

l1to2 2to3

[OH]=7.88x 101 4105

5t06 6to7
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616.Identify the acid, base, conjugate acid, and conjugate base in the following reactions.

Acid

NaNH: (aq)

E Acid

— NHs"(aq) +

E Acid

— H30"(aq) +

- HNH2(aq) +

617.For the acid, give the conjugate base. For the base, give the conjugate acid.

Acid

Conjugate Base

Base Conjugate Acid

CH3CH2COO0 ~(aq)

E Acid

HC,H30;

C2Ms02"

CHiNH,  (C H N5

HF

F_.

CsHsN Cq H(N H ¥

CsHsCOOH  (* He (00~

H.0 PN 0+
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Review Topic 3.5

618.Equimolar samples of He(g), Ar(g), and Ne(g) are placed into a rigid, 2 L container.
a.  Would the initial partial pressure of He(g) be greater than, less than, or equal to the partial pressure of Ar(g)?

The initial pressure would be the same. If an equal number of particles are in the same container they
will exert the same pressure because P = nRT/V and n, R, T, and V are all the same.

b.  What would occur to the total pressure of the gases in the container if the temperature of the container is decreased?

If the temperature is decreased the total pressure would also decrease.

Boiling Point
Gas (°C)
He —269
Ar —186
Ne —246

c.  The container is cooled to —190 °C and the total pressure is 3.4 atm.

i. The partial pressure of Ar is nearly 0 atm. Explain why.

Ar becomes a liquid at temperatures below -186 °C. As a liquid Ar does not
exert as great a pressure as it does as a gas.

ii. Determine the partial pressure of He.

The partial pressure of helium would be 1.7 atm. There are only two gases
left in the container therefore Pioa = Pre + Pre

iii. Is the average kinetic energy of Ar(l) greater than, less than or equal to the average kinetic energy of
Ne(g)?

The average KE is the same since they are at the same temperature.

iv. How does the average speed of Ne(g) compare to the average speed of He(g)? Explain your reasoning.

The average speed of Ne(g) would be less than He(g). Their KE are the same.
KE= 1/2mv2. Ne has a greater mass therefore the velocity must be smaller than
He.
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v. The graph below shows the Maxwell-Boltzman distribution of Ne(g). On the same graph, draw the
distribution curve for He(g) at the same temperature.

Fraction of
Molecules

\%<Q/

Speed

vi. Do you agree or disagree with the student statement below? Explain your reasoning.

A student makes the claim that the mass of He(g) in the
container is the same as the mass of Ne(g) in the container.

| disagree with the statement. There are the same number of particles in the container which means the
same number of moles. However, 1 mole of He does not weigh the same as 1 mole of Ne therefore they will
not have the same mass in the container.

vii. A small hole is on the top of the container allowing gases to effuse out. Rank the gases from slowest to
effuse out of the container to fastest to effuse out of the container.

He will effuse out faster than Ne. If Ar becomes a gas it will effuse out the slowest.
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Section 8.02
Topic 8.3 Worksheet

619.In terms of ionization, what is the difference between a strong acid and a weak acid? Use particle pictures in your

explanation.
— _ _ wes
A strong acid dissociates completely while a weak acid
does not dissociate completely. o O
o oo | H A
o e

620.Write the reaction for the following weak acids reacting with water. Then give the K, expression.
a. CHsCH,COOH(aq)

C“:)Cl"z(ooklwp + 00 = Hﬂ'(&b\ 1 CH5CH?_COO'(ap

Cuo Y ¢cH CHy o0 )
LA LAY
(CH5CH: CooH )

Ke

b HF(aq)
HF/a%) FoHL00 = Uy0tep + F ap
R
y, - (A0 JEE
THF Y
¢ HSOs (a0) -
HO< (p) + 10 = Hgoﬂ‘mZ\ + S0, 9)
Y”%DJ{ WASER

o @ —
{ Hs0; 3
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621.Different weak acids have different K, values.
a. Does the percent ionization of a weak acid increase, decrease, or remain the same as K, increases? Justify your

answer.

The percent ionization increases as K, increases. As K, increases, the [H;O*] increases. The more
H3;O* produced the greater the % ionization.

CAo'3
O -1 > = e
/O " (A0 ‘

b. If the solutions are equimolar, does the pH of a weak acid increase, decrease, or remain the same as K, increases?
Justify your answer.

The pH would decrease. As K, increases the amount of H;O* increases. As H3;O" increases, pH
decreases.

622.Give the pK, or pKy. Then rank them based on pH assuming they are all 0.100 M and the molecule gives or accepts one
proton. A high pH should be ranked 5 and a low pH should be ranked 1.

Relative Relative
Ka pKa value oH Rank Kb pKjy value oH Rank
12x107 3,92 2 3.8x1077 b. Y20 2
422x10°2 |.%1¢ ! 22x10° | U (6% 3
5.00 x 10 5. 20) v 7.9x10°® .oz (
6.22x10 7 b.200b g 411x1073 2,350 S
7.8x10° 5.10Y 3 6.7x10 2,174 9
623.Determine either the K, or the pK, for the following acids.
Acid Ka pKa
A 3.2x10* '3 LH
B | ey ! 3.80
C 50x10°° Y. 30
D b.2 ¥10-" 5.21
E 9.8x10°7 b.o(
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624.1f each of the acids in 623 above were monoprotic and 0.1 M, which would have the lowest pH? Explain your reasoning.

Bk A, Pod A pes e \avjegr e vnlue , The lorgar e
k‘t e 3“1*%0\/ the JISSWIWHWH The \‘Sf ’O'I'Q/’bu A‘.Ysoo}o\ﬂw

l’l/uz_ \owqﬁ/ Jn’? fH

625.Determine the K, for the following weak monoprotic acids.
a. A 0.10 M solution that has a pH of 4.0.

Cowdziet e (0700
Y
['A,},’(O'q ,l"lo
k« = |00 xio

b. A 0.0010 M solution that has a pH of 6.0.

Ve = (IO'L>(|O'.¢3

—_—
_ o
061 =10

¢. A0.050 M solution that has a pH of 5.0.

] (10'\')((0'5\
OS50~ l()_5

= 2,dDY(0—

-9
-~ |.oo XIO

b gy 4 HaOU) = H30 Lo eAp
¢
k, - Cio'JCATD
T #A2
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HCN(aq) + H2O(l) = H30*(aq) + CN~(aq)

626.HCN partially ionizes as shown above. For each of the situations, determine if the pH would increase, decrease, or remain
the same. In each case, justify your answer by referring to K and Q. (Assume no change in volume.)
a. After the equilibrium has been established, a sample of solid NaCN is added to the solution.

The pH would increase. With the addition of NaCn the Q>K meaning the reaction will shift left to form
more reactants to reestablish equilibrium. Forming more reactants consumes HzO* which would result
in a higher pH value.

b. After the system has reached equilibrium, a sample containing Pb?* is added to the solution forming Pb(CN)a(s).

The pH would decrease. As Pb(CN), is formed Q<K meaning the reaction would shift right forming more
products to reestablish equilibrium. H3O* would increase in concentration which would make the pH
drop.

627.Determine the Ky, for the following weak bases. €> -[rl 1O (4 — H’B+ + ot~
a. A0.10 M solution that has a pH of 11.000
3 .2 (( _ (e Xlot 3
- I —
/
port = % JA-107°
- .3 . g

b. A 0.0010 M solution that has a pH of 10.00

¥ -‘*X -
- 0 -
Cy > ((,—»O qu = w0
,ao"(o—
¢. A 0.050 M solution that has a pH of 8.00
k- M T
b L

.05 -0
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628.When will the pH of a strong acid be equal to the pH of a weak acid?

(;o\’\!m ’bu 5'&(%} ﬂcru,! 15 A-lv‘(f JV\A 17”( wak ﬂéj/>(o¢\c6mf%‘réd

629.Determine the K, of a 0.15 M weak, monoprotic acid that has a pH of 2.20 .

“ i 2.2 ( D_;.z) TH:LZD L,
; (%%“: C%o{/ [0 =(A7)
| o

Y
ko= ac17xi0

630.The pH of a 1.15 M weak base is 12.65. Determine the K;, value. —I3Y> (— 0-1, ;s>
{6}

_ (
S—OH'AEHBU \’H 2.0 rla— MRS
PR ) R
b (6 pott = 1. 5
-.3% -2
[o4°)= (0 b, = Lglx/0
<135
CHpt J=10

631.The ionization constant (K,) of acid A is 1.8 x 10 and acid B is 4.5 x 10~°.
a.  Which is a stronger acid?

Ped A, Loma Fow meens ﬂf@%u i ssanalon

b.  Which has a stronger conjugate base?

A?AJ >, ’n"( y\)@aka( "1\( 4;,,{’ Tlua S",-VU/JQ/ T)‘€ Con\}ujc'le lpase .
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632.The acids shown in the particle diagrams below all have the same molarity. Arrange the acids from weakest to strongest.

Justify your answer.

Ak 2 A -~ O 0 0w®o

2 £\ L3
4 beoades tre lest
Thr mose  higsocaton e SJ'ij(r fue e

ohile #3 dissscadl s fre most.

J
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Review Topic 3.11

Use the Phet,"Molecules and Light".

633.Select "Microwave". How does microwave radiation effect a nonpolar molecule like N,? How does microwave radiation effect a
polar molecule like NO,?

ﬂOt/CX&C‘\' DiIn NL-
Mak¢s NO. §p?n

634.Select "Infrared". How does infrared radiation effect a molecule like carbon dioxide?

Vv\a hes Lo’))& \;;L’G{ ¢

635.Select "Ultraviolet". How does ultraviolet radiation effect a molecule like ozone or NO,? Notice the action of the specific bonds.
. . X
O'Lo./\( ]0(6:‘13 C\+ aPc.yi #T T s""](( lo'o-\ﬂ .PVOJu\/\j O 70-,’

T dees The see JP"?AD b NO. FraJuc]Aj D ¢ N=D
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Section 8.03
Topic 8.6 Worksheet

636.Consider HOI and HOCI. Which is a weaker acid? Justify your answer in terms of the electronegativity of the halogen.

HOI is the weaker acid. Cl is more electronegative than the I. The more electronegative Cl makes OCI-
more stable and less reactive.

637.Consider the four acids shown below. Explain why acidity increases as the number of oxygens added to the halogen
increases in terms of electronegativity.

The O is very electronegative. As a result, the anion becomes more stable with increasing number of O
atoms.

638.Consider the two carboxylic acids shown below. The K, of formic acid is 1.8 x 107 and the K, of benzoic acid is 6.3 x 105,

a.  Which carboxylic acid is a stronger acid? Explain why in terms of molecular structure.

Formic acid is stronger. The benzoic acid pumps electrons into the COOH making it less stable
and thus more reactive. (Inductive effect)
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b.  Which conjugate base is more stable? Justify your answer by referring to the Kp.

Kpformic = 5.56 x 1011
Kypbenzoic = 1.59 x 1010

The conjugate base of benzoic acid is more stable. The K, of formic acid is smaller meaning
more reactant which means the conjugate base is less stable/more reactive.

¢.  Write the equation for the reaction that occurs between benzoic acid and water.

/N Coo H 100 = W30 + Cyc00”

d. Write the equation for the reaction that occurs between formic acid and water.

Heootep + H00) = Hao"‘wﬁ) + HCOO™ (o)

639. Explaln why CH3COOH is an acid while CH3zOH is not.

The oddifion] O 1 CHzCOOM [ bl zes Tee CHsc007

L(( o( ds flec/J{v’O/\é)a‘h\h*‘)

ch - C--f?.' H

“3C‘§'H

640.Explain why CH3COOH is a stronger acid than CH;CH,COOQOH. /
& p[MJ LQ 0”5000 /$ psv € S—}QL f ﬁ&'w

dy(ooH s 6 ste
C i ':) {—((;'f /ﬂ? P):IV’ a'lg 3f0uf

L/c L'fu (mlvc“\/ﬁ e

CU.CH, CO0 ™
b wh (oo chv\b 4 less stble

Cis CHLCooll qumps €
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The conjugate base of benzoic acid is more stable.  The Kb of formic acid is smaller meaning more reactant which means the conjugate base is less stable/more reactive.
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Review Topic 7.4, 7.5, 7.7
CO(g) + H20(g) = CO2(g) + Hz(9) Kc=15x10°
641.A 3.0 mol sample of CO(g) and a 3.0 mol sample of H,O(g) are introduced into an evacuated 100. L rigid container where

the temperature is held constant as the reaction proceeds.
a. Give the equilibrium expression.

/ fCo—_Sf“zo’S

b. Assume the mixture is allowed to reach equilibrium. How does the [CO2] compare to the [CO]? Justify your

\\r R Q‘l’ Kc M?C/\S

answer by referring to the equilibrium constant.

The [0 il be gred« Denn tre [Coy, The ve

, A .
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c. Determine the equilibrium concentration of Hx(g).

. wl . (5;«03"
Tco1LH©0)

Xz ollb = 3% 73x

' 3973k = Sl

L 3
\S_’ ‘__/);———7, .:m?‘(() . X< ,OOZQZM
(,oo;— x)

[, y=.0027L M

.y:”]
= s

d. The K¢ and K, for this reaction are the same. Explain why.

The change in the number of moles of gas is zero.

e. After reaching equilibrium CO5(g) is added to the reaction mixture. In which direction must the reaction shift in
order to reestablish equilibrium?

The reaction will shift toward the reactants in order to reestablish equilibrium. The excess CO,
must be consumed as Q>K.
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2NO2(g) = N204(9)
dark brown colorless

642.The reaction shown above occurs in an enclosed clear glass ampule. The K. for the reaction at 35 °C is 12.5.
a.  What color is the ampule at equilibrium? Explain your reasoning.

The ampule should be clear. A K. of 12.5 at 35°C means the products are favored.
The products are colorless.

b. The temperature is increased and the ampule turns dark brown.
i. Isthe reaction exothermic or endothermic? Justify your answer

The reaction is exothermic. An increase in temperature favors the endothermic
reaction. Since the ampule became dark brown the reactants were favored which

means that the reverse reaction is endothermic. Therefore the forward reaction is
exothermic.

ii. Does the value of K increase, decrease, or remain the same?

The value of K decreases as more reactants are formed to reach equilibrium.

1T 3~
Ha(g) + 12(9) = 2 HI(g) K c* %ﬁﬂ

643.At 450 °C the value of K¢ is 50. Determine if the concentration of Ha(g) will increase, decrease, or remain the same under the

following conditions as the system progresses toward equilibrium. Explain your reasoning by discussing the relationship
between Q and K.

a [H]=10M,[l2]=10M,[HI]=1.0M J 43 S b
[4 Q The CH2Y will decfese ES QS oyt prodve Nnee

Eo > | -@Vv\- Yo estblish e u't/:LhU‘”‘*

b. [Hz] =0.005 M, [I] = 0.005 M, [HI] = 4.0 M

k Q TThe C('l)_ﬁw‘\\ ncidnse K<Q So wsK (&c‘(ﬂtm':h need f
L-)O ( (ﬂL[(DO ,(g\/w. 4‘} 6;—{3L|,3&\ Q@V{MOJ’WM-

c. [Hs]=0.05M,[l;]=1.6M, [HI]=2.0M

EQ e CHY il vowe Ta s Qs fhe sysfen
99 - P \"”’3 \(@aobéj eaw\:bﬂw"-

446


jdaugherty
Text Box
The ampule should be clear.  A Kc of 12.5 at 35oC means the products are favored.  The products are colorless.

jdaugherty
Text Box
The reaction is exothermic.  An increase in temperature favors the endothermic reaction.  Since the ampule became dark brown the reactants were favored which means that the reverse reaction is endothermic.  Therefore the forward reaction is exothermic.

jdaugherty
Text Box
The value of K decreases as more reactants are formed to reach equilibrium.

jdaugherty
Pencil

jdaugherty
Pencil


Section 8.04
Topic 8.5 Worksheet

644.Explain the process of the titration of an acid with a base.

A titration is used to determine the molarity of a solution with a known chemical reaction. Typically, base is added

to the buret and the unknown molarity acid is titrated until a visible change in color occurs due to an acid-base
indicator added to the acid.

[ e
| A
! %d‘\'#
A
\Qv’"v@w‘/ - \/
ot
&

Titration Curve A Titration Curve B

645.Consider the two titration curves given above.
a.  Which titration curve above is of a strong acid/strong base titration? Explain how you know.
Curve A. The pH at equivalence is 7.

b. Explain why the other titration curve is of a weak acid/strong base titration.

pH at equivalence is greater than 7.

¢.  What is the pK; and K, of the weak acid?
Halfway to equivalence the pH = pKa.

/FH = pe FKA RS
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| 646.For the following titrations, determine the molarity of the monoprotic acid.

J w\ L L4 DV‘(
O \'\ Ina tltratlpn +15 .0 mL of acid rgaches equivalence with 23.8 mL of 0.100 M base. (/\-ssu \Nb )
' - soH _
O NA\J'A #4"= Ml oaap% [ W)
(MABQ({S( 13 = (2 %x)(ol >( 1)
M3 4 mL of 0. 125/\!/\\/I b{:l/se reacr;_les equivalence with 25.0 mL of a weak acid.
#H* 40
m\/ﬂ »YR ,/\A =007 f/l

M) )00

647.Determine the pK, and K, of the following acids based on the titration curve.

3

I
0 50 100
Volume 0. 1000 M KOH Added (mL)

'[)Kc-'\-: 5.6 P Ka? e )
) - 3.5 —
Kﬂz (Og(o,jfl)(lo é_ﬁ‘-—IO = g.I(pX/O
14.0
12.0
10.0
8.0
)
= 6.0 __,,/
40—
2.0
0.0
0.0 10.0 20.0 30.0
Base Added (ml.)
-~ 3)
fk& =5 -s
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648.For a weak acid/strong base titration, explain why the pH = pK, at half-way to the equivalence point.

At halfway to equivalence, the molarity of the acid is equal to the molarity of the salt (conjugate base).
Thus in the Henderson-Hasselbalch equation pH = pKa + log(1) and the log(1) = 0.

649.Draw a general titration curve for ...
a. H3PO4

b. H:SO,

»H

650.Explain the method to ...
a. determine equivalence via titration and acid/base indicator..

At equivalence, the indicator will change color.

b. determine equivalence via pH electrodes.

At equivalence the pH of a strong acid/strong base is 7.00.
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651.Define:
a. Titrant

The solution in the buret.

b. Analyte

What's being analyzed, in the flask.

c. Equivalence

All of the acid reacts with all of the base.

d. Equivalence point

The pH when all of the acid reacts with all of the base.

e. End point

The pH when the indicator changes color.

652. At which point in a titration are the concentrations of the weak acid and its conjugate base approximately equal?

Halfway to equivalence.

653.A titration is carried out to determine the molarity of an unknown acid. Determine if the following would increase, decrease,
or have no effect on the calculated molarity. Explain your reasoning for each.
a.  You use an indicator with an endpoint slightly past the equivalence point.

If you go past the equivalence point you will use too much base. That will increase the moles of
acid which would increase the molarity of the acid.

b. You use an indicator with an endpoint slightly before the equivalence point.

The molarity of the acid would decrease. If the indicator changes color before equivalence you
will use fewer moles of base. Fewer moles of base means fewer moles of acid. Fewer moles of
acid divided by the same volume of acid means a lower molarity.

¢. You choose the wrong indicator. The indicator you chose should be used for a strong acid/strong base titration but
you are carrying out a weak acid/strong base titration.

Same situation as b. because the pH at equivalence for strong acid/base is less than the pH at
equivalence for a weak acid/strong base titration.

d. You choose the wrong indicator. The indicator you chose should be used for a weak acid/strong base titration but
you are carrying out a strong acid/strong base titration.

Same situation as a. The indicator will change AFTER the equivalence point has been reached.
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654.For the titration curve given below, first determine which species are present by placing an “X” in the box then determine
which species has the highest concentration by also placing an “O” in the box.

Point HA A H;O* OH
Q | X0 x X
R [Y.0 X X
S NN X0 X
T X X0 X

U X X, D

HCOOH(aq) = HCOO (aq) + H*(aq) Ka=18x10"*

655.Formic acid, HCOOH, dissociates in water as shown in the equation above. A 25.0 mL sample of an aqueous solution of
pure formic acid is titrated using standardized 0.150 M NaOH.
a. After addition of 15.0 mL of the 0.150 M NaOH, the pH of the resulting solution is 4.37. Calculate each of the

following.
i. [H*]in the solution 39 5 )
Cul=10® CHY=10" taaxio” M= H]

ii. [OHT] inthesolution_‘ e )
[oH 1=k . 1X0 = 2.3¢4%10 M= (oH™]

[iy y2ad

iii. The number of moles of NaOH added
] -3
MV = mnls 2.25 %10 “und s Na 0H

(50) (ol ) = mols

iv. The number of moles of HCOO™ (aq) in the solution.

Y/t b (  ay- = N _
’%;N‘,\v Mots gH 2.Z§Xl0"3ml$‘Hcm
0
v. The number of moles of HCOOH in the solution. A (_,7(,)
‘c.H.) - i ( - ~
pitzpha ¢ oy (55) 570 27 elgl) 1Ty s e
| _ x:lf.22 = Gl __~
l(I%/) - v\ob (‘"YXlo"'f\S e IDj ()‘\ o(D‘LY (Ocj(y) {M >

b. Atequivalence, will the pH be greater than 7, less than 7, or equal to 7. Explain your reasoning. X = .03 g(\/)

Greater than 7. A weak acid/strong base titration will have an equivalence point above n- v

7. The conjugate base of the weak acid affects the pH at equivalence. L
2
-

00237 04 451
-y
N=5. 3340 palts
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656.Determine the volume of each solution needed to reach equivalence.
a.  What volume of 0.15 M HCI is needed to reach equivalence with 23.0 mL of 0.15 M NaOH?

Z 5.0 ml~

b. What volume of 0.23 M Benzoic acid (K, = 6.3 x 10 ") is needed to reach equivalence with 32.92 mL of 0.23 M
NaOH?

2247 mL

¢.  What volume of 0.10 M HCI is needed to reach equivalence with 20 mL of 0.20 M NaOH?

(«{O m

657.What is the pH at equivalence of a ...
a. strong acid/strong base titration. Explain why.

Y onty weler ad avedel sl yemin o I

b. weak acid/strong base titration. Explain why.

{\\oovc?, A‘f’ €c6u'u/¢l(/\ce, )‘7‘? a,.,\')ufh L)a;e, 6

. .
The a»)u%& ese orates s pasic Solsh-
c. weak base/strong acid titration. Explain why. au&o 1[ +he b;e;\k }m;ﬂ
o

Below 1. A + 866\/(\/5‘\61\(4— ue Com‘)djo.'tz. | (hom
The Cowlyja‘fe- (cd cy&f&g Gn acdic Sola

l_ 'h'f_ Wﬁk &c‘\ﬂ lf("""o“’s

(e ma RS,
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Review Topic 3.2

658.What are the properties of an ionic bond?

lonic compounds are held together with strong interactions between ions. They have low vapor

pressures, high melting points and high boiling points. lonic compounds are brittle and can conduct
electricity when aqueous or molten.

659.What types of atoms makeup covalent network solids?
Only nonmetal.

660.Give the name of four covalent network solids given in the CED.

diamond, graphite, silicon dioxide, and silicon carbide

661.What are the properties of covalent network solids?

Covalent network solids are held together with covalent bonds. Covalent solids have high melting
points, are rigid, and hard.

662.What are the properties of molecular solids?

They are attracted to each other through IMF. They generally have a low melting point, do not
conduct electricity, and can be composed of very large molecules.

663.What are the properties of metallic solids?

Metallic solids are held together with metallic bonds. They are good conductors of electricity and
heat, are malleable, and ductile.

664.What is the relationship between conductivity and number of ions in solution?

As the number of ions in solution increases the conductivity increases.
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665.What is the relationship between strength of intermolecular force and ...
a. Boiling point?
As strength of IMF increases the boiling point increases.

b. Vapor pressure?

As strength of IMF increases the vapor pressure decreases.

666.Answer the following questions about methanol and ethanol shown above.
a.  Would you expect the boiling point of C;HsOH to be greater than, less than, or equal to the boiling point of CH;0H?

Explain your reasoning.

| would expect the boiling point of C,HsOH to be greater than the boiling point of CH;OH. They both
have the same IMF present but C,HsOH would have stronger London dispersion forces due to a
greater number of total electrons. C,HsOH is more polarizable as a result.

b. At 25 °C the vapor pressure of C;HsOH is less than the vapor pressure of CH3OH. What intermolecular force is
most responsible for this difference? Justify your answer by referring to each molecule.

London dispersion forces are responsible for the difference. They both have the same types of IMF
present - London dispersion, dipole-dipole, and hydrogen bonding. Since C,HsOH has more
electrons it is more polarizable and has stronger London dispersion forces as a result.
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Section 8.05

Topic 8.8, 8.10 Worksheet

667.What types of substances make up a buffer?

Weak acid and salt (conjugate base of a weak acid) make up an acidic buffer and weak base and salt
(conjugate acid of the weak base) make up a basic buffer.

668.What does the conjugate acid react with in a buffer?

An added base.

669.What does the conjugate base react with in a buffer?

An added acid.

670.How is a buffer able to resist a change in pH?

For an acidic buffer, any acid added will react with the conjugate base and any base added will react with
the weak acid.

For a basic buffer, any acid added will react with the weak base and any base added will react with the
conjugate acid.

671.When is a buffer formed in a titration?

As soon as base/acid has been added to the weak acid/base, up to equivalence.

672.Consider a buffer made from acetic acid and sodium acetate.

a.

Explain how to make a buffer using acetic acid, HC;H3O,, and sodium acetate, NaC,H30, .

A solution made of equal molarities of each. Add NaC,H30, to HC,H30,.

Buse

Ped

Does the acetic acid react with an acid or a base? Give the reaction of acetic acid reacting with the acid/base. In the
case of an acid use HCI and in the case of a base use NaOH.

]—\C-z, "I;OL(”‘@ + otl (af) — Cz(—lgo;(oz\ + f'zo@)

Does the sodium acetate react with an acid or a base? Give the reaction of acetic acid reacting with the acid/base.
In the case of an acid use HCI and in the case of a base use NaOH.

C~ 1302 @q +HE — e (’laou“’p

455


jdaugherty
Text Box
Weak acid and salt (conjugate base of a weak acid) make up an acidic buffer and weak base and salt (conjugate acid of the weak base) make up a basic buffer.

jdaugherty
Text Box
An added base.

jdaugherty
Text Box
An added acid.

jdaugherty
Text Box
For an acidic buffer, any acid added will react with the conjugate base and any base added will react with the weak acid.
For a basic buffer, any acid added will react with the weak base and any base added will react with the conjugate acid.

jdaugherty
Text Box
As soon as base/acid has been added to the weak acid/base, up to equivalence.

jdaugherty
Text Box
A solution made of equal molarities of each.  Add NaC2H3O2 to HC2H3O2.

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil


673.Which of the following solutions would be considered a buffer?

Substances Buffer (Yes or No)
0.10 M HCI + 0.10 M NaCl N 0
0.10 M HF + 0.10 M NaF \fg S
0.10 M HBr + 0.10 M NaBr N o
0.10 M CgHsCOOH + 0.10 M KCgHsCOO Y@S

674.For the buffers in 673 above, is the pH greater than, less than, or equal to the pKa? Explain your reasoning by referring to the

Henderson-Hasselbach equation. ' i <. |f ]
pA=ple blc sone moloaky pH=pke + (09 ’fﬁ?>
" PH :{)k&- t ]0-‘) ((3

675.Assume 1.00 L of each of the solutions below. Of the buffers created below, place an “X” in the box that has the greatest
buffering capacity.

0.1 M NaH,PO4 + 0.1 M NayHPO4

0.01 M NaH,PO,4 + 0.01 M Na,HPO,4

1.0 M NaH;PO4 + 1.0 M NapHPO4 X

676.For the buffers created in 675 above, how does the pH change with the change in molarity?

T4 dorsd. They ovr Al The Sone i L, ol ol aeid

propks f s (%§>

(&)(():o So \OH -’f’b\
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Review Topic 7.11

677.The solids listed below are placed in water. Give the dissociation reaction for the solids and then the Kg, expression.
a. Adgl(s)

/Aﬁlm’? As ey 1T ) Kse > E'%r}{ )

b. CaFa(s) 5 »
COIFz(\\ _—V'& Q ltmeb) + QF 205\ KSP = ZC; ] ZF l

c. CuBr(s)

CBo= C««;b{’ 56;013 KSP'— ZC«*] [&‘3

d.  Mg(OH)2(s)

_ - 2&-1 COH—]Q
Mﬂ(o*\\ﬂ\)’é My e 2t iep [<sp= L1

@D

. CdCOs(s)

(4(0gey = C)%‘}\ t COgZ_(ogx sp= [C4™)1CO5 )

678.The solid AI(OH)s has a Ks, 0f 1.8 x 10, 3 33 ) -2
a. Determine the [OH] in a saturated solution. \43(:- C:Al r‘—s fOH 1 X = 3.8(’}((9 H

Allod); oy = Al lag) + 20 7o)

_ 3
¥ \ 2, l3ro” = (><>( 3”‘3 (o )= 3«

P 4 _
(3X(0> 7 277% foH")=8.S7xl0 M

b. Determine the pH of the saturated solution. b. b1 X 0’7 - ><°I
potl = - (o L0H)
polt = 1.07 pH= 1293

c. Determine the mass of Al3* dissolved in 50 mL of solution.

LAY 2300077 Qeuxar®Y Los) = vy s
3+
M¥C = ’0 D\qsw'sm%lbw’qw - 003505 Al

|l

d. Determine the solubility, in mols L%, of Al(OH)s.
CAlfon)s1- z-woxio™ M
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679.Lead(Il) arsenate, Phs(AsO,): is a slightly soluble solid. A saturated solution has [Pb?*] = 3.3 x 108 M.

a. Determine the Ks, of lead(l1) arsenate. . 2 )‘L
ﬂﬂ;(ASo‘{)z (%) “é%ﬂ}‘z“@ + 2 AsOy (f) F5P = (Z% (2,.
3 3)>
X x x Y- a.ex.o‘&) (2.2xim
3 210 M X ( .
3»:337‘40'8"\ ‘45P:|")L|~ X0
x - ,0l %/O_

b. Determine the solubility of lead(ll) arsenate.

[ Pby(A00) = L xo®r\

c. Determine the number of moles of arsenate dissolved in 150. mL of a saturated solution.
; -2 M 9
CASO"{S"Z'ZWO n= 2 3XID mol o
m )D L =N

(2.2 xto"-’}( JS) =N

680.Determine the [Pb?*], in mols L%, if 0.150 M NaF is added to a saturated solution of lead(l1) fluoride, PbF, (Ks, of PbF, = 2.7

x107%). 7 B
Py = PbTF2F7 ks, =CPILF7)
X x =

0! SO 2,700% = % (,159)

x: (3rlo M =LA
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Section 8.06
Topic 8.4 Worksheet

681.Give the net-ionic reaction of HCI(aq) reacting with NaOH(aq).

682.Give the net-ionic reaction of HC;H302(aq) reacting with NaOH(aq).

H (- RBOUM(,\ +orl™— CoH 0z (e T H,0)

683.Give the net-ionic reaction of NHs(aq) reacting with HCI(aq).

Nz ¢ My Mgy + CL e

684.For a strong acid/strong base titration, explain how to calculate the pH when ...
a. No base has been added. /ﬂ.e VM(M: o(’ 'h\( Mab (s
i| nt
- -l CH50™T ;
?H ﬂ K 'f*\e lec&l‘(‘h, o{— H%O

b. Some base has been added but not enough to reach equivalence.

'/\ao}@ /'Akm&; Nacd bt ovss
[ < A aMJ [ebf ouer >
o Gad TeTT o0
Pl = T ot Yolyme

¢. Enough base has been added to reach equivalence.
d. Enough base has been added to go beyond equivalence.
_ =N
mlo“se ’ﬂaacﬂ bose [eft ov™

N
Sy ( brsc et o0t
ph= U9 (ol
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685.For a weak acid/strong base titration, explain how to calculate the pH when ...
a.  No base has been added.

kq z /Y—Z *\{ %LQXEHA] = X ’FH = -loD(XB

CHﬂl X :CH;O+1

b. Some base has been added but not enough to reach equivalence.

[scH4)
eh=pbe t by (Fpcd

¢. Enough base has been added so that it is halfway to equivalence.
PH - P kﬁ

d. Enough base has been added to reach equivalence.

L Nt o ph =)

/s kb 'f
. fett) ‘- Tt

e. Enough base has been added to go beyond equivalence.

( bese Paed B

686.For a strong acid/weak base titration, explain how to calculate the pH when ...
a. No acid has been added.

2 kamey-a PO ()
b Cﬁ] X;CCH__J

b. Some acid has been added but not enough to reach equivalence.

Lgs [t o -
PO\’(‘—?K\,-\’ (63(2:}(—%5 PHQH Q)OH

o 5¢

¢. Enough acid has been added so that it is halfway to equivalence.
,Fo(—l:?\{b PH:HfPO\'\

d. Enough acid has been added to reach equivalence.

2 -
\é/w'\dc\:f_ﬁ] Wﬂ = x PH:—((JJ(%>
Ep x = CH0")

e. Enough acid has been added to go beyond equivalence.

(d\amd - m\o&.\c
PH 07 ++) volumt
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Review Topic 3.6

687.Explain why the following particles deviate from ideal gas behavior.
a. Polar gas particles

S*/w)%/ g“"’“& o'( m_l—ho-c_ha"‘ ﬁ'\«cw\ @pfeﬂ‘cé?

b. Large radius gas particles

Toke up n grat v Tron exgectd

c. Gas particles at low temperature

Sfquf —Lﬁ(eg OS( a’H\PC'{W"‘ f\»w efeec—fc/

d. Gas particles at high pressure

A+ L\-’)l« grosse re P‘"";(mcw close o eack Jie and
\/\‘VC_ ‘/\.c]l/\'\/ -(N(ég og— a’l’hocj\d» /\-\/O\M ey’fecj%e

688.Decide which container would deviate the most from ideal gas behavior. Explain your reasoning.

Sample 1 or

sample 2 Reasoning

Samples

a. Q«w‘,\e 2 "\"71\\/ FVVQSU/&

® ® ® o )
b. ° * o ® C,nwp]z l l/e“'/jp\/ ﬂ”“"h‘jﬂg
Sample 1 Sample 2

%w‘)le z (oww %QWQDQ/)‘ Ve
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Section 8.07
Topic 8.9, 8.7 Worksheet

689.Determine the pH of the buffers given below assuming equimolar concentrations acid/base and salt:

Buffer | K, of acid or K, of base pH

r‘y\’( -P\@\’H\ﬁ(‘B A Ka=13x10"* 2 s
|‘\;P B Ka=5.3x1078 2.2
¢ C  |Ke=7x10°7 \.5S

690.A buffer is created by mixing equal volumes of equimolar weak acid and a salt containing the conjugate base of the weak

acid. A little acid or base has been added to change the concentrations of the salt or acid. Does the pH of the buffer increase,

decrease, or remain the same when ...

a. the concentration of the salt is greater than the concentration of the acid. Explain your reasoning in terms of the

ndersoanasseraIch equation.

'PH pl<ﬂ + sz J') 3 pH of the buffer increases. The ratio ([salt]/[acid]) is greater than 1. The log of a
cm

number greater than 1 is a positive number. In the HH equation you would add to

(f‘) H- \> | the pKa value to determine the pH.

Yé“dl

the concentration of the acid is greater than the concentration of the salt. Explain your reasoning in terms of the

Henderson-Hasselbalch equation.

The pH of the buffer decreases. The ratio ([salt]/[acid]) is less than 1. The log of a number
(Sc \t < l less than 1 is a negative number. In the HH equation you would subtract from the pKa
lo\"‘»fj value to determine the pH.

c. the concentration of the acid and salt remain in the same ratio. Explain your reasoning in terms of the Henderson-

Hasselbalch equation.

The pH remains the same.
the same because in the HH equation you would take the log of the same value.

If the ratio ([salt]/[acid]) remains the same then the pH remains

691.Determine the pH of a buffer in the following situations. The pKa of the buffer is 3.08.
a. 20 mL of 0.1 M weak acid is mixed with 20 mL of 0.1 M salt.

FH': 6>\C¢\ -(*loj(lB * F\—}:‘%,o‘g

b. 20 mL of 0.1 M weak acid is mixed with 20 mL of 1.0 M salt.

?szko\—\' |oj(lt)x 'FH':‘/I—,O%

c. 20 mL of 0.1 M weak acid is mixed with 200 mL of 1.0 M salt.

olb = phat log(ee)  ph=g08

d. 200 mL of 0.1 M weak acid is mixed with 20 mL of 0.1 M salt.

TH—: P&a 1—103 (wg - PH = 7.08
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692.Determine the molarity of the salt created and the resulting pH for the following situations. In each case, the acid being used
is 20 mL of 0.10 M HC3Hs03 with a K, of 8.3 x 10 ™.

Pud
PV
20 ».l

2 s (s

13
(Y
20 7.\
erN(S

a. The acid is mixed with 10 mL of 0.10 M NaOH.

Td‘f\f« Iolc, L\a”waa% E'Bu.\\f‘le/\fe,

TH >~ (93(8'. 3%{0"6 = 3 0%l

b. The acid is mixed with 5 mL of 0.10 M NaOH.

st W S It

M\‘V 2 - sb 7{’4”/5
G x| (.S < panmls
,‘;mu«Ots

c. The acid is mixed with 15 mL of 0.10 M NaOH. i

Pest ferd leb ovny == (
M xV R [, Smae'S
{S’ )"I Dg"v\..w-o{S

S el s

[s 3
FH' obk“ 'HJ ia(/\’d-l
/Y)

z—lﬁ)(g 3410 ‘4> —f'(”

FH: Z,(po"f

rq I-’-]
PH"PK“ 7L(‘§<{4¢4J3
FH 73.5;3

693.Which species is dominant in a buffer, the acid or the conjugate base of the acid, if ...

a. the pH < pKa.
A &
b. the pH > pKa.
Con 3\,?&11 e base
c. the pH = pKa.

n(-‘ l(LN §re¢'/les
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Review Topic 4.1

694.What are the signs that a chemical reaction has occurred?

Gives off heat or light.

A precipitate is formed.

A gas is formed.

A permanent change in color.

695.What is the difference between a chemical change and physical change?

A physical change is a change in state, i.e. solid to liquid. No new substances are formed.
Only IMF are broken/created.
A chemical change creates new substances. Chemical bonds are broken and/or created.

696.A student uses chromatography to separate a mixture of liquids. Would this be considered a chemical or a physical change?
Explain your reasoning.

This would be a physical change. No new substance is formed when they are separated.

697.A student uses distillation to separate a mixture of liquids. Would this be considered a chemical or a physical change?

This would be a physical change. No new substances are formed.

698.A student selects two aqueous solutions that will form a precipitate. Would this be considered a chemical or a physical
change?

A chemical change. A new substance, the precipitate, is formed.

699.1s a change in intermolecular forces a physical change or a chemical change? Explain your reasoning.

Physical change. The substances remain the same.

700.1s a change in covalent bonds a physical change or a chemical change? Explain your reasoning.

A chemical change. When covalent bonds are changed new substances are formed.
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Section 9.01
Topic 9.1, 9.2 Worksheet

701.Place an “X” in the box for the system with higher entropy.

[ ] nacie) | JHom .HzO(I) at 50 °C

Or Or
NaCl(aq) H.0(g) |:|H20(I) at 25 °C
D CO4(s) |:| 1 mol of gas in a 1.0 L container D 1. 0 L of CHa(g)
Or Or

CO2(q) . 1 mol of gas in a 5.0 L container . 5. 0 L of CHa(g)

10.0 M C12H2:011

702.Determine if AS would be positive, negative, or near zero for the following reactions. Place an “X” in the appropriate box.

AS

Reaction T

0

2 H,5(g) + S0O2(g) = 3 S(s) + H0(9)

3 Ag(s) + 4 HNOs(aq) — 3 AgNOs(aq) + NO(g) + 2 H20(1) X

H>0(I) — H20(s)

Io(s) + % Cly(g) = ICI(g) X

CO2(g) + 2 NH5(g) — CO(NH,)2(s) + H0(1)

Cly(g) — Cl(I)

Mg?*(aqg) + 2 OH~(aq) — Mg(OH)2(s)

CsHs(g) + 5 O2(g) — 3 CO2(g) + 4 H20(g) X

PH(NO3)a(s) + 2 KI(s) — Pbly(s) + 2 KNOs(s)
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703.Draw particle diagrams for the following situations.

Draw a situation where AS is +.

Before

Draw a situation where AS is —

Before

6 0
s V \
O )
After
After

Draw a chemical reaction where AS is +

Before

After

Draw a chemical reaction where AS is —

Before

o IR
@ @

After

Arswes ey V1Y
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704.What equation is used to calculate AS°? What are the units for AS®?

ISR /35;,_,) = S NS et

bg = 3_/-""(',

)

705.Use the entropy values given to calculate AS® values for the following reactions.

C2Ha(g) + Ha(g) — C2He(9)

ASOL (C-z“lx\ _ CCIH‘f + Hu)

‘27‘3’5— (2ﬂ.q + {;O'g‘&)

Be(OH),(s) — BeO(s) + H20(g)

a.
Compound | S°(J/mol<K)
CzoHa(9) 219.4
H.(9) 130.58
CaHs(9) 229.5

b.
Compound | S°(J/mol<K)
Be(OH).(s) | 50.21
BeO(s) 13.77
H20(g) 188.83

c. 2 CHsOH(g)
Compound | S°(J/mol<K)
CH3OH(g) | 237.6
02(9) 205
CO(9) 213.6
H20(g) 188.83

NS® = - (20.,4¥ T/wl((w\

AS™= (13.17+ /£583) (50 21)
NS =15 2.3 T/M(/

+3 02(g) — 2 COx(g) +4 H0(9)

ASJ: ( 2 (2(3. e\—l "((/X/‘o”.% 2)> —(2 (2 ?7.6)+ 3( 10\’)3

AST 72.32 )//"‘”)I)m

706.Would you expect the entropy of CHzOH(l) to be greater than, less than, or equal to the entropy of CHsOH(g)? Explain your
reasoning.

The entropy of CH3OH(l) is less than the entropy of CHsOH(g). A liquid will take fewer microstates than a gas.
The fewer microstates the less entropy.
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Review Topic 6.4

707.An unknown substance is determined to have a specific heat capacity of 1.22 J/g°C.
a. Determine the amount of heat energy required to raise 1200 g of the substance by 130 °C.

CB’/ mocpt
1._Qz 00\(\ .2 ’L)(I 20)
7 =130320 0

b. The substance is placed in direct contact with 3.035 L of water (density = 1.00 g/mL) at 25 °C. Determine the
temperature of the water after all of the energy has transferred from the substance to the water and both substances
have reached thermal equilibrium. Assume the specific heat capacity of water to be 4.18 J/g °C.

V'/\w‘-{-q_/ - 303§'ML¥(.OO(=)(-L %;VV\ C/St /36; ‘6@‘{;!'
- 30339 (o 320 5:@;f>(u,ns3ﬁt IS =t - 45
[S.00 ‘C < Ot Locc = te

c. Determine the molar heat capacity if the molar mass of the substance is 135 g/mol.

Je2 TL1F82 o (47T f
gec | Il ”

708. Glycerol, CsHgOs, has an enthalpy of combustion, AH coms, 0f —1650 kJ/mol.
a. Determine the amount of energy released when 15.0 grams of glycerol is combusted.

15,9 Coteds [l :(MJ(:&:’SL‘T T T
7204 e

b. All of the energy released from the combustion of 15.0 grams of glycerol is used to heat 2,500 mL of water.

Determine the change in temperature of the water. (Assume the density of water to be 1.00 g/mL and the specific
heat capacity of water to be 4.18 J/g °C.)

%:W\C Nt

2 (4000 -—@5’00\)(4,(?) At

725.7°% = Nt
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709.A student is attempting to melt a 2000 g block of ice such that the initial and final temperature of the block of ice is 0 °C.
a. Determine the amount of energy needed to melt the block of ice if the enthalpy of fusion is 330 J/g.

%—_mleo

oY 20)

VA: Géo o0 J

b. The student first uses a 5000 g block of iron (specific heat capacity = 0.451 J/g °C) to melt the ice. To what
temperature must the iron block, initially at 25 °C, be raised in order to melt the block of ice?

%'«Mc&e o
WOWO”@’%XHY'BAC 293 =t~ 25 ¢
N-29%°C 2% °C = 1

Specific Heat
Metal Capacity
(J/g°C)
Copper 0.385
Iron 0.450

c. The specific heat capacities of copper and iron are given above. If copper is raised to the same temperature as the

iron block will the mass of copper needed to melt the same block of ice be greater than, less than, or equal to the
mass of iron used?

I re = Den Ty oy of (w0 would bove o be jfﬂﬁv-gifce
Fe (n (a o5 o lows 5\,,@(/;{:@ he-t &paom% A ke
v ¢ N = mest b e +a«p 0L5(X’°(/.

/4_§s &V\Qg‘a, 4» yz;SC Cu\- +
As o yesul The mess would hevt o Le\jfao_ ]

b heve The Gme eedyy as e Fe black.
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Section 9.02
Topic 9.3, 9.4 Worksheet

710.What are the conditions for standard state?
’o(h'v\ | ‘M( 25. o(/

711.What is the sign for AG® when ...
a. the reaction is thermodynamically favorable?

b. the reaction is not thermodynamically favorable?

+

712.What does it mean when a reaction is not thermodynamically favorable? Explain your answer in terms of the reaction
progress. A veee hon «(']Al' ¢ et Thlumodgrnow e Ha, \Q\,omUe, will net lg/ou(/

n The (’wwwy ditecfon. Tt wiy ‘){s(ﬂe& 1o fhe veurse direction

713.A reaction has a negative AG but does not proceed at an appreciable rate. What could keep the reaction from proceeding
even though it is thermodynamically favorable? (Hint: think collision theory)

f\ lowfyq aoﬁ\/f‘h“"" ‘ef\@‘j"&

714.What is the formula to calculate AG°reaction When given the AG® of the reactants and products?

0 <)
AGO = éA(V P/UOQ - AG‘{c‘f
715.What is the formula to calculate AG® when AH® and AS° are known?
AGO: /SH\)“’ 7—’330

716.Complete the table below by indicating the relative temperature for which the reaction would be considered
thermodynamically favorable.

AH® | AS® | Symbols | AG° < 0 at which
temperature?

<0 | >0 <> atl T
>0 | <0 >< o T
>0 | >0 >> l’nj‘nT
<0 | <0 << {ow T
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717.What is the sign of AH ...
a.  when bonds are broken?

Fooedofiami

b. when bonds are formed?

e)éo ‘l/l‘Q/W\'(/

—

718.Calculate AG® for the following reactions given the G° of the reactants and products.

a. 2 Ag(s) + Clx(g) — 2 AgCI(s) AGO‘— Z(Aﬁd> - (2,47 *f'C(z)

Compound | AG# (kJ/mol)
AgCI(s) —-109.70 A(yo - 2 (P 7} ,

AG°: -219 .4 {Cr/w(

e

b. P.Ou(s) + 16 Ha(g) — 4 PHs(g) + 10 H,0(g)

rong Ty A= (4 (P 4 10(H0)) - O+ 16CH:))
ﬂzlg((%)) ST AG"_,( U(zqd+ w0228 .15733 — (- 26752 * ©)

NG°= Uyz,| kT,
(1

719.Calculate AH®, AS®°, and AG® for the reactions given below. Then state if they are thermodynamically favorable. Assume
AH¢® and AS° do not change with a change in temperature.

a. NOz(g) + N2O(g) — 3 NO(g) (carried out at a temperature of 800 K)

Compound | AH¢ (kJ/mol) | AS® (J/mol<K) °
NO(g) 33.84 240.45 AG® = N°- TAS®
N.O(g) 81.6 220.0
NO(g) 90.37 210.62

: - (ng,(,,ﬂ —((z2°)(a 1741 ))
A = 2(0) - (R0 + N20) ;)

° z [g.54L A
- 2(90.37) ~ (3334 t€lb) 6" - 85 wlo

0 - (s5.67 WL\ o o
u\ [65.b -]7 r_ /ﬂ\t v&o’ﬁ"“ s ﬂ’_{- ﬁ\e/moo{am:mu /2

AS® = 20 MO) - ( 0y +N20) Lorlde ble DG is +.

2 2(2:0.62) -(2404s +229)

[\_‘SQ (7.4 ‘TWJ
V¥
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b. 2 KCIOs(s) — 2 KCI(s) + 3 Ox(g) (carried out at a temperature of 25 °C)

Compound | AH (ki/mol) [ AS° (J/mol=K) O <oy — (m3)( dqGY
KCIOs | 3912 1430 A5%= 1Y - (299) Cau)
KCI —435.9 82.7 o
O, 0 205 N6 = — 227 k;r/mlv

xAn

NH 2(~uzsa) b)) - (2(- 5112))

A= - %M N//"’“rm The rectins 1S ﬁermozla'/\aWi“‘\[a

- = - N - vao\olo beose NG s — -
/Sgo :G (%2,7\) 4 %(wg\))f (L(\‘( 5}3

A= 4itY T,

[ o1

720.Explain why a reaction may be thermodynamically favorable but not proceed at a measurable rate.

The reaction has a high activation energy. It would be considered under kinetic control.

721.What is the relationship between the magnitude of activation energy and the degree to which a thermodynamically favorable
reaction proceeds?

The higher the activation energy the less the reaction will proceed.
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CaS0; * 2 Hy0O(s) = CaS04(s) + 2 H,0(q)

722.The hydrate CaSO, * 2 H,0O(s) can be heated to form the anhydrous salt, CaSOa4(s), as shown by the reaction represented
above.
a. Using the data in the table below, calculate the value of AG®, in kJ/mol., , for the reaction at 298 K.

Substance AG at 298 K (kJ/mol)
CaSQO4 « 2 H,0(5) -1795.70
CaS04(s) —1320.30
H.O(g) —228.59

Ne®=fx.22k

A€-°= Agiof/oci’ AG(-O‘fcf

NG~ (132030 + 2(-228.1)) - (-(195:72)

ol

xon

b. Given that the value of AH° for the reaction at 298 K is +105 kJ/mol., , calculate the value of AS® for the reaction at
298 K. Include units with your answer.

NGz OH=TAS®
|%.22 = Qo S\>~Q7K>(AS°>

A<P = - 0.2l kﬁm,,lfﬁ or ~ 29I 37,%(“M

723.When is thermodynamic favorability determined by ...

a. Enthalpy

When dH is negative.

b. Entropy

When dH is positive and dS is negative.
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724.For a particular reaction, AH = —32 kJ and AS = —98 J/K. Assume that AH and AS do not vary with temperature.
a. Atwhat temperature will the reaction have AG = 0?

A(}df Y ERIY 326k =T
0 = - EL - TC'AOO'?\

b. If the temperature is increased will the reaction be thermodynamically favored? Explain your reasoning.

If the temperature is increased the reaction will NOT be thermodynamically favored. As T increases the

value -T(-S) becomes more and more positive. You are adding an increasingly positive value and causing
dG to become more and more positive.

725.Calculate AG® for the reaction given below and the indicated temperature.

2 PbS(s) + 3 0x(g) — 2 PHO(s) + 2 SO(g) AH® = —844 Km0l AS° =165 J/K

a. atatemperature of 0 °C

OG- AR -TRS NG = - g44 (2 13(-e5))
Ne= -7 ffﬂ//th

b. atatemperature of 250 °C AG‘ - _%qq_(gz—;(-_ll,f\)

A\

NG= =758 kT[] -

_gudl - (773(=-105))

\!

c. atatemperature of 500 °C A(s

DG= = kT

d. Does the thermodynamic favorability increase, decrease, or remain the same with an increase in temperature?
Justify your answer.

The thermodynamic favorability decreases with an increase in temperature. As the temperature
increased from a - ¢ the dG became more positive.
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726.Determine at which temperature the reaction is thermodynamically favorable.

Reaction

A sample of an ionic compound dissolves endothermically into a beaker of water.

2 Ha(g) + O2(g) — 2 H20(9)

The exothermic reaction of 4 Fe(s) + 3 O2(g) = 2 Fe;03(s)

A(9) + B(g9) — AB(g)

2 A(9) = Ax(9)

AH<0,AS<0

AH>0,AS<0

Sign of Sign of Temp
AH AS
None igh
! -{’ Low All
None High
- Low> Al
None High
Low All
None High
— All
None High
Al
None High
.
—/ Low All
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Review Topic 6.7

727.What is bond enthalpy and why is it always a positive value?

Bond enthalpy is the amount of energy required to break a bond. Bond enthalpy is
always positive because energy must be absorbed to break a bond. Bond breaking is
endothermic.

728.Which is expected to have a greater bond enthalpy, a C—C or a C=C?

C=C would have a greater bond enthalpy because it's a stronger bond than C-C.

729.A chemical reaction is exothermic, AH = —. What does this say about the bond enthalpies of the reactants compared to the
bond enthalpies of the products?

The bond enthalpies of the reactants is less than the bond enthalpies of the products.

730.A chemical reaction is endothermic, AH = +. What does this say about the bond enthalpies of the reactants compared to the
bond enthalpies of the products?

The bond enthalpies of the reactants is greater than the bond enthalpies of the products.

Bond Type Average Bond
Enthalpy (kJ/mol)
C-C 360

C=0 799
C=0 1072
0-0 142
0=0 498 0 =zO p=C* o

731.Determine the enthalpy of the reactian, AHxn, in kJ/molixn, gi e bond en tesabove and the chemical reaction below.

ced | prod 2.CO(g) + 0x(g) — 2 COx(g)

) ci0 2% 072 | H* C=0 Y¥T19
0:o Hax

ze42 — BEe =N ‘“‘SW"T/AW
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732.The reaction to convert isocyanic acid to fulminic acid is shown below:
— AH =58.80 kcal/mol

a. Isthe bond enthalpy of the reactants greater than, less than, or equal to the bond enthalpy of the products?

The bond enthalpy of the reactants is less than the bond enthalpy of the products.

b. How does the strength of the bonds of the reactants compare to the strength of the bonds of the products?

The reactant bonds are weaker than the product bonds. Since the bond enthalpy of the
products is greater than the bond enthalpy of the reactants it takes more energy to break apart
the product than the reactant.

Enthal Enthal
Bond (kcal/mF:))I/) Bond (kcal/ch)))I/)
N-O 48.04 c=0 178.1
C=N 147.0 C=N ”
H-C 98.71 H-N 93.45

c. The table above lists the average bond enthalpies for the constituent bonds of isocyanic and fulminic acid.

Determine the value of the C=N bond enthalpy.

Pt \ ?Jo&
N = 4595 | {-C
N=C = Y]] =V = 7
=0 = (T8 -0 = Yg.04
L“%_gg — 6%b¢1f+ XB = 63-¥°
- (4Las - X = 7 359.75
- Xz —2(3

X 203 kca(/m,{!
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Section 9.03
Topic 9.6 Worksheet

733.Explain how a reaction that is thermodynamically unfavorable can still occur as a coupled reaction.

A couple reaction can use the overall dG of both reactions to create a thermodynamically set
of reactions. So long as the thermodynamically favorable reaction is negative enough to
overcome the positive dG of the other reaction the coupled reactions can occur.

734.Calcium carbonate decomposes as shown below:
CaCOs(s) = CaO(s) + CO2(g) AG®° =130.40 kJ/mol

a. Isthe decomposition of calcium carbonate endergonic or exergonic?
Endergonic.

b. Is the decomposition of calcium carbonate thermodynamically favorable? Justify your answer.

It is not thermodynamically favorable. The dG is positive.

¢. The reaction given above can be coupled with the combustion of carbon, shown below:
C(s) + Oz(g) = CO2(g)  AG® =-394.36 kJ/mol
Determine the Gibbs free energy for the overall coupled reaction:

CaCOs(s) + C(s) + Oz(g) = CaO(s) + 2 COz(g) AG° =7?7?
MG = (2040 — 374.36
DNee=-726396 kT

d. Isthe coupled reaction thermodynamically favorable? Justify your answer.

The coupled reaction is thermodynamically favorable. The dG of the coupled reaction is
negative.
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Review Topic 6.6
N2(9) + 3 Fa(g) — 2 NFs3(g) AHC5 = =264 kJ mol™

735.Use the equation above to answer the questions that follow.
a. Determine the amount of energy released, in kJ, when 2.80 grams of N, reacts with 11.0 grams of F..

w 0.0 wlsNe|-264 kT~ 23R
28°2%9 | N2

logFy |l 0. 2¥ 70T _MH-
IS T

25.9 k')" ad £ re(eagaﬁ

b. The energy from 735.a above is used to heat 200 g of water originally at 13 °C.
i. Will the temperature of the water increase, decrease, or remain the same? Justify your answer.

The +6upa=’fwe of tme wetey Wil (neree. The veschon 13 exolhairic

(L absev b
@,\y TWS ogf e/\lfj"}fx A{ e V€Sv H’ -)’L-{ of‘fw w|“ LS

J—Le )r(;w‘;m‘f'wc_ I\MLI/‘D e -I—@WF | Creee.

ii. Determine the final temperature of the water assuming the specific heat capacity of water is 4.2 J/g °C and
there is no loss of energy.

g = mCAC s te oL
20.4 = - |

> < 5o :y:.@oo\(h{,z\b‘t o= th-I3

Z0.4°C = Dt Usee: €
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N2(g) + 3 F2(9) — 2 NF3(9) AHC93 = —264 kJ mol™

¢.  Which has a greater average bond enthalpy, the reactants or the products? Justify your answer.

l/fme f/koof{, The NH (s —  which means e f/DJVdS hove

«® jre«/JW IOD"‘J @‘T"“'l["’a'

d. Use the information below to determine the bond enthalpy of N..

Bond Enthalpy
Bond Value
(kJ/mol)
N-F 272
F-F 155

e. The bond enthalpy of N=N is 418 kJ/mol. Is the N, bond a single bond or a triple bond? Justify your answer.

The N, bond is a triple bond. The bond enthalpy of 903 is greater than the bond enthalpy of N=N
(418). Since the bond enthalpy is greater it must be a stronger bond. N = N is stronger than N=N.

486


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Text Box
The N2 bond is a triple bond.  The bond enthalpy of 903 is greater than the bond enthalpy of N=N (418).  Since the bond enthalpy is greater it must be a stronger bond.  N = N is stronger than N=N.


Section 9.04
Topic 9.5 Worksheet

736.1s the value of K greater than 1, less than 1, orequal to 1 ...
a. for a thermodynamically favored reaction at equilibrium?

Greater than 1

b. for a thermodynamically unfavorable reaction at equilibrium?

Less than 1

737.As the sign of AG becomes more and more negative, does the equilibrium constant become larger, smaller, or remain the
same?

The equilibrium constant becomes larger.

738.What happens to the size of AG as Keg ...
a. gets smaller and smaller?

dG becomes more and more positive as K
gets smaller.

b. gets bigger and bigger?

dG becomes more and more negative as
K gets bigger.

Note: Don't forget that K only changes
with a change in temperature.
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Review Topic 6.9

739.The reaction for the enthalpy of formation of FeCls(s) is shown below:
3
Fe(s) + 3 Cl,(g) —» FeCl5(s)

a. Determine the value for the enthalpy of formation, AH in kcal/mol, of FeCls from the enthalpy changes of the two
reactions shown below:

Fe(s) + Cl,(g) — FeCl,(s) AH° = —81.7 kcal/mol,

1
FeCl;(s) — FeCl,(s) + EClz(g) AH° = 13.8 kcal/mol .,

Fe @) JrC(L(;)\ *“%9 AH= -¥LT "“l/wlm

Feetlisy + 4 Cluigy— FeClacsy DH =-(2.8 kelf,|

/Yo

Fecs + 21, ) — FeClziy AH=-95.5 kel /“”{r
Yin

b. The energy of the reactants is shown on the energy diagram below.
i. Complete the energy diagram by showing the placement of the product.
ii. Label the activation energy, E,, and the AH of the reaction.
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740.The reaction shown below is known to occur at temperatures above 1200 °C.
CO(g) + 2 HaS(g) = CSa(g) + H20(g) + Ho(g)  AH = 2?2, Keg = 777

The reactions given below can be used to calculate AH and K¢ for the desired reaction above.

CO(g) + 3H(g) = CHi(g) + Hz0(q) AH =-205.9 klimolyy ~ Ki=9.17 x 102
CHI(g) + 2 HsS(g) = CSo(0) + AHa(g)  AH=2327kJimolyy Kz =3.3x10°

a. Calculate AH.

- 20G.9
222 .1

2 6. k‘f/m{rm

b. Calculate Keg.

{é% - (4( I kb
-@.11 x(o‘ﬂ(&ﬁwé*\

ktpb: %OZ@
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Section 9.05
Topic 9.7 Worksheet

741.Describe the role of each part of a Galvanic cell:
a. Anode (electrode)

Loses electrons to the cathode and loses mass (if it participates in the reaction).
Allows electrons to flow to cathode

b. Cathode (electrode)

Gains electrons from the anode and gains mass (if it participates in the reaction).
Gains electrons from anode.

c. Anode solution

Site of oxidation

d. Cathode solution

Site of reduction

e. Salt bridge

Balances charge by allowing anions to flow to the anode and cations to flow to the
cathode.

742.For an anode with an electrode that participates in the reaction ...
a. does oxidation or reduction occur?

oxidation

b. does the electrode gain or lose mass?

lose mass

¢. does the salt bridge contribute cations or anions?

anions

d. do the electrons flow to or away from the electrode?

away
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743.For a cathode with an electrode that participates in the reaction ...
a. does oxidation or reduction occur?

reduction

b. does the electrode gain or lose mass?

gain mass

c. does the salt bridge contribute cations or anions?

cations

d. do the electrons flow to or away from the electrode?

flow to

744.A galvanic cell uses platinum as an inert electrode for the anode. Does the mass of the electrode increase, decrease, or remain the
sames the reaction proceeds?

It remains the same. The Pt electrode will not participate in the
reaction.
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745.The voltaic cell shown below is thermodynamically favorable.

Voltmeter

Salt Bridge

NOS

I+ -
|""I| ?_n.r.'r
NO, NOy NO),
1.0 M AI(NO,), 1.0 M ZniNO,),

Reduction Reaction | Voltage
APR*(ag) +3e~ — Al(s) | —1.66 V
Zn** +2e — Zn(s) | —0.763

a. Determine the voltage of the voltaic cell.

:F\l? ’h/\.c NM ryn 4 L6V

b - 763V
0,$97V:-E°

-

b.  Determine the net-ionic reaction. > Ales) — /H 3t , 3e

q)‘/ ZV\Z* iZC’ > 2 ts)

AALS +32a — 2A1% ¥ 32,9

o

How many moles of electrons are transferred during the chemical reaction?
(ﬁv‘wk es o'@ e

d.  Which metal, Al(s) or Zn(s), is used in the anode?

Alcs

e. Isthe value for the standard free energy change, AG®, positive, negative, or zero. Justify your answer.

dG would be negative. A + voltage is thermodynamically favorable. A - dG is
thermodynamically favorable.
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f.  If the concentration of Zn?* was changed from 1.0 M to 0.01 M, would the cell voltage increase, decrease, or remain
the same? Explain your answer.

The cell voltage would decrease as Q becomes larger than K.

g. What would happen to the voltage if the salt bridge was removed? Explain why.

The voltage would drop to zero. There are no cations/anions to balance out the buildup of
charge due to the flow of electrons.

746.The galvanic cell shown below is constructed and analyzed. The standard free-energy change of the cell is negative. Answer
the questions that follow.

Voltmeter

Au(s)

1.00 M Au(NOy)5(aq)  1.00 M CuNOs(aq) and
1.00 M Cu(NO;),(ag)

The standard reduction potentials associated with the cell are given in the following table.

a. Determine the value of the standard cell potential, E°.
24

flothe (K ra <OV

OV
+ _lsoyv .
L3¢V =E
b. Give the net-ionic reaction for the cell. %y CM+ S CM'u *6/

/'\vy L3 — Aucsy

3e e AT — 30 Aneo
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Label which half-cell is the cathode and which is the anode.

How many moles of electrons are transferred as the reaction proceeds?

4] M-o\?% J\ 6/

Does the mass of the Pt(s) electrode increase, decrease, or remain the same as the cell operates? Justify your
answer.

LTIV Tue Sowne . Te Pt electade Aoesm‘{'
»\%(J(\(,\Y)o-'l’e (A T]/\C f&a’hm

Would the voltage of the cell increase, decrease, or remain the same if the mass of the Au(s) electrode was

increased?
1‘\L would Ve pmen ‘h/uz Mme,ﬂ\e Ws&/élze 0# ’ﬁ,e,
de@*vde J°€S /\p‘l‘ O(onjﬁ tae oute | UoH"JQ o‘ fue
(el

Calculate AG®, in kd/molx,, for the cell. 7
Ve 2
A1 9%

NGe - -pF L ° /
- ,@}(%c{gﬂugww

(] - - JC
NG - - 237570 37”(@. 353 T/w»lm
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747.1n an electrolytic cell ...

a. will the more positive or more negative reduction reaction occur at the cathode?

The pwre pog( 1ive

b. will the more positive or more negative oxidation reaction occur at the anode?

/(?,( (more (mﬂn\/o

748.1n each electrolyte cell below, determine which reaction will occur at the anode and which reaction will occur at the cathode

by placing an “X” in the appropriate box.
a. Electrolysis of NaCl(aq)

Reaction

Na*(aqg) + e — Na(l)

2H,0(l) + 2 e~ — Hy(g) + 2 OH(aq)

Cl(aq) —» % Clx(g) + &~

H2O(l) — %2 04(g) + 2 H*(ag) + 2 e~

b. Electrolysis of LiCl(aq)

Reaction

Li*(ag) + e~ — Li(s)

2H,0(l) + 2 e” — Hy(g) + 2 OH(aq)

Cl(aq) — % Cly(g) + &~

H20(I) — %2 02(g) + 2 H"(aq) + 2 &~

c. Electrolysis of CuBr»(aq)

Reaction

Cu?*(aq) + 2 — Cu(s)

2H.0(l) + 2 e — Ha(g) + 2 OH (aq)

2Br(ag) — Bra(g) +2e-

H20(I) — %2 02(g) + 2 H"(aq) + 2 &~

Voltage
E° =—-2.71 volts
E° =—0.83 volts

E° =-1.359 volts

E° =—1.23 volts
Voltage

E° = —3.05 volts

E° =—0.83 volts

E° =—1.359 volts

E°=-1.23 volts
Voltage

E° = 0.34 volts

E° =—0.83 volts

E°=-1.07 volts

E°=-1.23 volts

Occurs at
the cathode

Occurs at
the anode

X

<

Occurs at
the cathode

Occurs at
the anode

X

Occurs at
the cathode

Occurs at
the anode

X
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749.Will a higher molarity voltaic cell operate for a longer time, a shorter time, or the same amount of time as a lower molarity
voltaic cell? Explain your reasoning. / . ',_
oF '{lme,A L‘IJL\C/ meolori 2 m ens

T1 wel| o\ae/de fov o (0'3% PQ('OCO

+® UV\JQJ 0o L redox (¢ chon @L-,CL\ pm ban S

Anwt ot pove  parheles
. 39 ef hoe.

Ao cell we ll O(J@‘("fﬁ a(oanJ Tino

750.Give the line notation of ...
a. #745

/D\](S\ {AI %{éap ]\ Zmz(;p 2n<S)

b. #746

PLesy Cmf)cuif“ Auy \AU(_S)
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Review Topic 6.8

751.Propane and butane are two different organic compounds that can be used for heating. The combustion of each is shown
below.

Combustion of

Propane CsHs(g) + 5 O2(g) — 3 COx(g) + 4 H20(g)

Combustion of

Butane 2 C4H10(g) + 13 Oz(g) — 8 CO2(g) + 10 H20(g)

a. Determine the enthalpy of reaction, AHn, in kJ/molx,, for the combustion of propane using the heats of formation

given below.
Substance CsHs(9) CO2(g) H.0(g)
Standard Enthalpy of _ B _
Formation (kJ/mol) 103.85 393.5 241.82

AP”@C(OZ\J'LK“(’O%’(CCEH?B +9 (O),\X
- (%(-%935} +q(')w.%?~33 ~ (~103.8¥)

- —2IH T +(03.%S

AH= - 204y k7],

(P

b. Determine the enthalpy of reaction, AHn, in kd/molix,, for the combustion of butane using the heats of formation

given below.
Substance CsH10(9) CO2(g) H20(g)
Standard Enthalpy of B _ _
Formation (kJ/mol) 124.73 393.5 241.82

B(Jc'f@( (0) + /u(#lzv\\ - (2 (Cq Ho) * /3(0Q)

:@(‘ 393.5) + (- Uﬂ”—“‘?’)\ -CoGat 1) 13(9)

= Cshb2 24940

T -683(7 kﬁ""lym\

499


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil


c. Determine which gas, propane or butane, delivers more energy per gram. Justify your answer with a calculation.

T/DQ?&’\C ?fof)én( d@lc\/% rvert ‘f/\Q[y'b,

,\,_\”‘( “._H— L . -Yo4hT,
- 2044 KT / po - ) . ) o
[l [ Cy b LH.OWT) Z[] P gra. Propa ¢ quves (

oY kT WL,\{ Jou)VM j,\,u’
g olF

_.g%I’I N (M?frv\ ‘.m_| ;_L{'S.7Jt—)7j
(| ren 2 Cyho 5%.124

Hs. TkT

d. If not enough oxygen is present propane will undergo incomplete combustion, forming CO(g) in addition to CO(g)

and H»0(g), as shown below. The standard enthalpy of formation of CO(g) is -99.0 kJ/mol.
2 C3Hg(g) + 9 O2(g) — 4 CO2(g) + 8 H20(g) + 2 CO(9)

Determine the AHx, for the incomplete combustion of propane, in kJ/molip,

b= [d(con) 1R (1)1 2Cea)) = (2(csHe) T (0D)
:(q(— 393.5) + ¢ (-2408%) +2(-99)) - (2 (w3.39) 49 (o))
: —2370b.56 t 20771

ISH= - 3479 hﬂ’/wl

")W\

e. Determine the amount of energy per gram of propane for the incomplete combustion.

st [ Jelo [ el 3tk

—

[2c b L4 0My

e | g
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Section 9.06
Topic 9.8 Worksheet

752.What must be true for a thermodynamically favorable electrochemical cell ...
a. Interms of voltage?

\)o\Jv‘j{ most  be F

b. Interms of Gibbs Free Energy?

NG pwst  be

753.What must be done to run an electrochemical cell that is thermodynamically unfavorable?

Emefh it be f’“+ nto fhe cell

754.Consider the reduction potentials given below.

Standard Reduction Half-Reaction Standard Reduction
Potential, E° (volts)
APF* +3e — Al(s) -1.68
Zn0y(s) +4H "+ 4 e~ — Zn(s) + 2 H0(I) -1.47
VZ*+2e — V() -1.13
PtCl,> +2e~ — Pt(s) + 4 Cl~ 0.73

Determine the balanced chemical reaction and the value of E° for a thermodynamically favorable standard galvanic cell made
with ...

a.  Al/APRF* and V/VZ half cells.
o Aless — AL+ %7 LGV

-

2 \]z++ze_/> \J 15) - 13V
v e 2
0.55V

2 Alesy * 3\/2;2M3++ 2Ves)

b. PUPtCl2 and ZnO2/Zn half cells. )
Tty + 2 1,00 =Zn0, fUH a4, 4+ LYV

ZF pjUY T+ 2em — Py U F0.73V
AN ———
2.20V

| ] e
Zolsy £ 2H000) 42 B CUE—>2nalzove HT F2PH0 + ¥ C
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755.For the cell in 754.a above, does the mass of Al(s) increase, decrease, or remain the same. Justify your answer by referring to
the chemical reaction.

The mass of  Alcs) weuld dectease. I fre veactiv F/ocew/s
Al(ﬂ ;S (o"‘\/(’feel {"AI?F ‘{'L\Qfe@af(_ MCSS Mecss 1S /(,5".

756.For the cell in 754.b above, does the mass of Pt(s) increase, decrease, or remain the same. Justify your answer by referring to

the chemical reaction. ‘ J J
The poss of PFSY 1acrénses. /s the recetio- [rocesds o dnel move

Ptea s -ﬁs/wud’ ohich ncvenses To ¢ mags o Pfesy
s l

757.Determine Gibbs Free Energy, AG®, for the cell made in

a. 754.a
INGEETN
- (L) abuss) (Lsy)
NG — s "(Ooj—/"‘”l(rx» v Bmkf/’“{mﬂ
g. 754b

AGO: AN F E ¢
- (@)Y 2.20)

Aco_— — 4706k j/ﬂ'rn/‘ 6 sHT I‘J//mo(”“

758.Which cell would have a greater value of K at 25°C , the cell made in 754.a or the cell made in 754.b? Support your answer
with a calculation.

IsHe TIs4e
The cellin 754 b. oo -RTLE NG -p1 8K

3= {324 (27%)21\(-

%3 1060
231 = - (229 (265) Gk
(i) 3t -2 el
— - - k_
“318=a.un)6. v 2. T =¥
-2.Y¥ - 248 en
/1 QA _ ‘1{3’
) k= 6‘-%20055’ K=b3eYio 202


jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil

jdaugherty
Pencil


759.As Gibbs Free Energy, AG, decreases (becomes more negative), does the value of K increase, decrease, or remain the same?

< j/\W-CQMS

760.Explain the relationship between thermodynamic favorability and the size of K.

P K tnwreses Ths f"\cfwxol-z(wmf(, favorn (:-",}‘) ey tases

503


jdaugherty
Pencil

jdaugherty
Pencil


504



Review Topic 5.1
CaCOs(s) + 2 H*(ag) — Ca®*(aq) + H.O(l) + CO2(g)

761.Refer to the equation above. A student uses several small pieces of CaCOs(s) with a total mass of 5.00 g and excess 1.0 M
HCI(aq) and measures the mass loss over time.

a. Refer to the chemical reaction and explain why the beaker loses mass over time?

Ci)z(ca\ is ceested in 'h«e reac-hv.gime fre (,(f)a,c%\ Ssp'f (c/,f.,fey
MasS XS lo%'\"

b.  Would the following conditions increase, decrease, or have no effect on the initial rate of production of CO2(g)? In
each case explain your reasoning.
i. Using a large, single 5.00 g chunk of CaCOs(s) instead of several lumps.

Dec\/ed).( -\’],‘( V—"“-e‘ A lc‘/f)e- C’/\U‘/'h Q}\)U\LQ ‘/\AU( (.e <s $u/‘pé‘(€
Gvta then ‘52vbo| IU”“FS- Less Surbece area means FP”V

collisions.

ii. Using 5.00 g of CaCO3 powder instead of several lumps.

\"‘WM\{ ‘h\( rte. P‘e‘&)m*"o 1< br()os}‘fe 07’ Lf.

iii. Using excess 0.50 M HCI(aq) instead of 1.0 M HCl(aq). \
; : ll gv ¢

(

Deccrose te =te. A lowy Wwio-nf«]_ w

wh b MGnS 1C€w</ ()”16‘\""‘5'

!@we/ 44 chan's

iv. Increasing the temperature of the 1.0 M HCl(aq).

ino/fasz ’fl\z rete. AZ. +€m0742r¢+“"<’
of P’ heles 0\3) e ve@vwed &era

ncreses The nunba

-lm S'I?/‘)- ‘I’L,e
Vea(_"}';ts\ﬂ iAC'/pﬂseS'

v. Carrying out the reaction in an ice-water bath.

’Dec(“’ﬂ)c 'h»e v=te. 290'50-’\.-/1) Is br?og,‘f« aﬁ b <{U-
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¢. Ineach case from 761.b above, the mass loss remains the same. Explain why the mass loss remained the same.

The rate of the reaction (how fast or slow) has no effect on how much product is formed.

d. A student makes the claim that a catalyst would increase the mass loss in the experiment. Do you agree or disagree
with the student? Explain your reasoning.

A catalyst only speeds up the rate of a reaction. A catalyst has no effect on how much product is
formed.

762.Use the equation below to answer the questions that follow:
5 H,02(aq) + 2 MnO4~(aq) + 6 H*(aq) — 2 Mn?*(aq) + 8 H.O(l) + 5 O2(g)

a. Istheinitial rate of disappearance of MnO4~(aq) greater than, less than, or equal to the rate of the disappearance of
H20z(aq)? Justify your answer by referring to the balanced chemical equation.

The rate of disappearance of MnOy, is less than the rate of disappearance of H,O,. For every 2 moles of
MnQO, that disappears 5 moles of H,O, disappear.

b. The initial rate of appearance of Mn?* is 3.00 x 10~ M/s.
i. Determine the initial rate of appearance of O(g) over the same time period.

Ludepar = 5 ®ho, Tedeqy = To5 K007 M|,

- |
lZ ( FARN V) L‘) = ’S’ TdeOL
ii. Determine the initial rate of disappearance of H*(aq) over the same time period.
1r. = L . _ “u
Q_EHMA_” 0 Reteys Kateyt = Ir0™" MY

‘l; ( 200%¢0™" ) : i(}T"o’re’w

iii. Would the initial rate of disappearance of H,O,(aq) be greater than, less than, or equal to the rate of
appearance of O2(g)?

/nu W*CS u:ovu L)c 'h\-t SGm &
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: 5 ) -
Section 9.07 £ - ch” s o @
Topic 9.9 Worksheet nF

763.For the following questions compare the standard voltage of the cell to the new voltage under the conditions specified.

a. Does the voltage of a cell increase, decrease, or remain the same when the concentration of a reactant is increased?
Justify your answer in terms of Q.

’ i a”&( _h\L
» T edd by smallep, As Q gqek sw
E kb cet T %4&'@ @

&\ {,(( o V\}e_‘
-Z\AQ 3(.‘,'5 SI‘!\D“W Olnvo €v IV z, L‘(()'V‘<5 ’\67“”

() 0.(2) = 13V /ka\\/e;vu fhe \A:H'!f'yc, (NCyeases .
E-2-0e()=1

b. Does the voltage of a cell increase, decrease, or remain the same when the concentration of a product is increased?
Justify your answer in terms of Q. -
@ wouold be lov(’)U*' A( Q j&h L'jja{ Te
@h@ ﬁah Io\j")ﬂvo A( a ves. e

\fb“%jz, Aecyerses.

c. Does the voltage of a cell increase, decrease, or remain the same when the volume of a solid electrode is increased?
Justify your answer in terms of Q.

The \/w['bj{ would vepaia Tht Som <. go\(dr Ao "”°7L GFPW i
O wd Aol dond et fevlbye

d. Does the voltage of a cell increase, decrease, or remain the same when the molarity of reactants and products is
increased to 2.0 M from 1.0 M? Justify your answer in terms of Q.

Rowme rs fue Some o The wvolot of Q rewsins e Seme.
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. RT
Ecen = Ecen — <_) nQ
AT 32, £
764.Use the Nernst equation, given above, to calculate the new voltage at 298 K of the cell made in 745.a when ..
a. the [AI**] =0.500 M and the [Zn?*] = 1.00 M.

_ (&3 9% ) oS _ e ectnsed
Ec el as—ﬁ/, (mzl%&'%_g)fz"( ] ) Q o JvoH"‘\)“— el
Eeers 07~ (- 2.9700%) = 0,90V

b. the [AI®] = 1.00 M and the [Zn?*] = 0.500 M.

Ecell= .§17— CS“B(?—“ > (S) QO - 2] uo\he, Aecreosed

(b)(%%ﬂ
Eced = ¥47—72.981072= 0.4V teh® =262 A E%= L3¢V

765.Use the Nernst equation, given above, to calculate the new voltage at 298 K of the cell made in 746.a when ...
a. the [Au®*]=2.00 M, [Cu*]=1.00 M, and the [Cu?*] =2.00 M

-G [@0) .,

cell - (LU~ O - (.3HV

b. the [Au®*]=2.00 M, [Cu*] = 1.00 M, and the [Cu?*] = 0.500 M

34 - W’B ( \3(7,)\) Q 23S voH'o':)C, \f\C"c’Se”Q

5D C A I
Eceq=13y- (- 0.0H‘?) S LY

766.Does the voltage of a cell increase, decrease, or remain the same as the size of Q increases? Support your answer by referring
to the answers from 764 and 765.

"

ECcll
£

[_:c-LH

|

The voltage of a cell decreases as the size of Q increases. In 764 Q went from 0.5 to 2 and the voltage
dropped from 0.90 V to 0.894 V. The same can be said for 765.

767.Does the voltage of the cell constructed in #764a increase, decrease, or remain the same as temperature is increased? Support your
answer by referring to the Nernst equation.

The voltage of the cell will increase. As T increases the value of (RT/nF) also increases which increases
the value we are adding to the original cell voltage.
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Review Topic 5.3
768.A certain gaseous reactant forms a single solid product, as shown below:

As(g) — 2A(S)

a.  What is the order of the reaction with respect to A,? Justify your answer by referring to one of the three graphs.

The reaction is first order. The graph of In[A,] vs. time gives a straight line.

b. Use a different graph than the one you identified in 768.a to determine the order of the reactant. Justify your answer
by referring to the graph.

The graph of [A;] vs. time gives a consistent half-life. Half-life is a first order reaction. Also, the graph
is a smooth curve which is also a sign of a first order reaction.
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c.  What is the half-life of Ax(g)? Explain your reasoning.

The half-life of A, is 35s. Every 35 s the concentration drops by 50%.

d. Determine the value of k.

613 o
-0, 93 = 22 =0.00%%
b T
k: ﬁ
‘tllz

e.  What percentage of A is remaining after 105 seconds?

O — 35 —— 19 — (0¥

\S,Df \C{ / k(z.\’/

— /@AE,%:(-L‘OAL = - [t

27 M y(w"a/o
)&(SA _g,\(D - — Qu(ﬁ?)('oy) M
- - - , 79
{Al«\(x\ 0 a"l 6 (0.5 % remnins
Xz=,125: CA'L]
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Section 9.08
Topic 9.10 Worksheet

769.A student is attempting to plate out Ni(s) from a Ni(NOs)2(aq) solution. The reaction is shown below.

Ni2* + 222 e~ — Ni(s)

a. How many moles of electrons are used in the balanced equation?
A pwles
b. How many grams of Ni(s) will be plated out if the student uses a 10A circuit for 5 minutes?
oA~ (0

c 2005 | (vC W = 0.02((wles &7
> | ( (s TLUYS C
L’)_Mi-’\: 2005 - |
w 0.0IsgmlsW1) 58679 0.9(25 Ni
P m’se'

(ol

c. Determine the mass of Ni(s) that will be plated out if 0.4 faraday of electrical charge is used.

O o"‘ «(\wﬂa}s :()J—[ Wvohx e~

(Nied 0. 2wds NI ) [s%-L91  ° )|,,’lj N
Awols ¢~ | (|
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770.Molten AICI; can be decomposed into its elements if a voltage is applied using inert electrodes. A representation of the cell
is shown below.

-

Half-reaction E° (V)
AR +3e — Al(s) —1.66
—Ch+2e—26F——+136—

Jelm —Cly +2e7 - 1306

a. Draw an arrow between X and Y indicating the flow of electrons.

b. What is the minimum voltage required for this reaction to occur? Justify your answer with a calculation.

%IOLV (‘5 'ﬁﬂ( Min( ivun uvH")e réobw'./c.ih “'I,(IGV
+- (.36V

—

-3,02V

c. Determine the minimum current required to produce 3.00 g Al(l) at the cathode if the cell is run for 3000 s.

2,009 Al | o _ 0.l A | 3e” 20,333l e” [ quugsc =32 sk C

2 L3F 1A | ol e
A - C_328C _ |0.73A
. & o326
20005

d. A student claims that the same process occurs when producing Al(l) from AICls(ag). Do you agree or disagree with
the student? Explain your reasoning.

| disagree with the student. When the same process is carried out with AICl3(aq) there is a
possibility of H,O being oxidized or reduced instead of the reactions given here.
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Review Topic 5.5, 5.4, 5.6, 5.10

771.Magnesium bromide, MgBr, is used as a reagent with oxadiazinones, as shown below. The shape of the oxadiazinones
changes depending on how the MgBr; attaches. And how the MgBr; attaches is determined by the size of the side chain,
shown in the circle below. On the left, the side chain coming off the N is a smaller methyl group, CHs, while on the right it is
a larger isopropyl group, CH(CHs).. Notice the location of the MgBr- as a result of the different side chain. The next
reaction occurs at the double bond labeled “Re-face attack”. The oxadiazinone on the left is favored for the re-face attack
while the oxadiazinone on the right is not favored. Use the collision model to explain why the oxadiazinone on the right is
not favored.

The MgBr, doesn't allow a collision to occur at the Re-face attack in the Disfavored
molecule because the MgBr, is blocking the path.

NO(g) + NOs(g) — 2 NO(g)

772.The reaction between NO(g) and NO3(g) is shown above. For the molecular orientations shown below, determine if a
reaction will occur. If not, explain why not.

Will a reaction

Molecular Orientation If no, why?
occur?
For a reaction to occur the O in NO must collide with
Yes an O from NOas.
D —- or

©)

—_— - or

No
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773.An elementary step is expected to be fast. However, during experimentation the step hardly proceeds at all and is very slow.
Using particle-level reasoning, explain how each of the possible reasons below could make the elementary step slower than
expected.

a. Molecular orientation | A |
1f e O/-l&ﬂ-}-“hdv\ lsm‘( COW"J d'vJ (s X,.ma,/f {7, jc-f the

(o <ot o ety n Ale \/‘@aa{*im\ will be s
Wi\ bl «CCNSI &)Vrcyf w/’laguho-A&

b. Activation energy

A hah a chedion LaR)
dowv A r?4Vf;"7"\ ""l {(’w&\/ FGThJ{S ""‘ ewole,. &«ij-&‘]z'

En.

774.Reaction energy profiles, the figure on the left, are constructed from potential energy surfaces, the figure on the right.

(e be carse fLue

C,{f(k’llfg G %Qﬁj? )OGYWI'@V ‘(’Lo?’ S/ooo_}

OV <o~ €

bifurcation peintin the region of
the valley ridge inflection (VRI)

energy

reaction coordinate

a. Isthis forward reaction endothermic or exothermic? What about the reverse reaction?

E)(o'h'&/ il - Endo '{”AWMIY/

b. How many elementary steps are in the reaction mechanism according to the reaction energy profile?

Z

c. Use “TS1” and label the transition state 1 and “TS2” to label the transition state 2 on the reaction energy profile.

d. Label the intermediate on the reaction energy profile.

e. Label the activation energy, E,, for step 1.
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