AP CHEMISTRY PRACTICE Unit 1
1. A student is given 50.0 mL of a solution of Na,CO, of mxknm concentration. To determine the
" concentration of the solution, the student mixes the solution with excess 1.0 M Ca(NO;), (ag), causing s .
precipitate to form. The balanced equation for the reaction is shown below
Na,COy(ag) + Ca(NOy),(ag) ~ 2 NaNO, (ag) + CaCO,(;)

The student filters and drics the precipitate of CaCO, (molar mass 100.1 g/mol) and records the dats in the table
below. , ’
| Volume of Na,CO, solution 50.0mL
Volume of 1.0 M Ca(NOy), added 100.0 mL
Mass of CaCO, precipitate collected - 093g
Determine the number of moles of Na,CO, in the original 50.0 mL of solution. [0
#3 : A ; .
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2. The mass spectrum of element X is presented in the diagram below. Based on the spectrum, what is the
identity of element X?

8
i ‘
¥ '

(1) ¢ 10(91) + 1H(92) +. 1(94) +.@8) =712

Relative Abundunce (%)
2z

88 90 92 94 9% 98
Mass (amu)

1.2 Mass Spectroscopy of Elements FRQ

3. The average atomic mass of naturally occurring neon is 20.18 amu. There are two common isotopes of
naturally occurring neon as indicated in the table below
Ne-20 19.99 90,5 %
Ne-22 2199 q 5‘?0 |
&
(1) Using the information above, calculate the percent s of each

2019 = (1999 + |-X(2119)
20, 1§ = 19.99¢ + a?ltij'glﬁfzk’
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pstances FRQ ) ,
13 Elemenial Com’;oﬁ?: Ldm:.fu’:dsga: contains only the elements CH and N is v:o_n}plmly bu[r.nf; :;lc 0, to
4 A3dls 5:'4“{‘;;3 £CO.. 45.0 g of H,0, and 92.0 g of NO, Detormine the empirical formu compound.
produce 44, » P
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1.4 Composition of Mixtures 18518 -m Z Te IV

2 NO(g) + Oy(g) — 2 NO(g) | WD

5. A student investigates the reactions of nitrogen oxides. One of the reactions in the inve?tigation requires an
. equimolar mixture of NO(g) and NO,(g), which the student produces by using the reaction represented above.

(a) The particle-level representation of the equimolar mixture of NO(g) and NO.I(g) in the flask at the wm:ctll:;
of the reaction between NO(g) and O,(g) is shown below in the box on the right. In the bmi below on the left,
draw the particle-level representation of the reactant mixture NO(g) and O,(g) that wmfld yield the product
mixture shown in the box on the right. In your drawing, represent oxygen atoms and nitrogen au:ins ’E

N O

indicated below. Law Censev vah m QL Mmalf Mieans
Oxygenatom = () Nitrogen atom = @ l? ¢ f
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Reactant Mixture

Product Mixture

1.6 Photoelectron Spectroscopy

6. The complete photoelectron spectrum of an element is given above. What is the electron configuration of the
element with this spectrum?

3 2,k
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Relative Number
of Electrons




. ie Trends mic radius?
'l! ?I‘:::::nents in which of the following have most nearly the same atomi
@ Be,B.C.N
B. Ne, Ar, Kr, Xe X
C. MS, Ca! Srf Ba x
D. C.PSe, I X

E. Cr, Mn, Fe, Co -
8. Using the following elements from the periodic table, select which one that best fits each statement:
‘ A, Se
B Br
(&, Ag
D. Cs
E Pb

1. Has the highest electronegativity B
2. Has the largest atomic radius
3. Has the lowes! first-ionization energy z )

1.8 Valence Electrons and lonic Compounds
9. Atoms of Mg combine with atoms of F to form a compound. Identify another element that you would expect to

combine with atoms of F in the same ratio?
B ,Ca,SrBa or Ka

10. The only common oxide of zinc has the formula ZnO
(i) Write the electron configuration for a Zn atom in the ground state, l 53 Z 32 2 FG 5 52 5 FQ 71 Z 5 d &
(if) From which sublevel are electrons removed when a Zn atom in the ground state is oxidized? l_/
I1. Answer the following questions related to Fe and its ions, Fe** and Fe*',
(a) Write the ground-state electron configuration of the Fe?* jon.

Ion Tonic Radius (pm) I 3 27 s 2 Zf {, 3‘5 Z 3F.‘3z 0

Fe?t 92

Fe' 79

{b) The radii of the jong are given in the table above, Ug; inci i
. _ + Using the principles of atomic Structure, explai
radius of the Fe?* joq jg larger than the radis of the e’ ion, ey the

F
ffj_& hé);/éf%f hgﬁx, 50 qfhechion, | Mot 1n cmpd,
A leve [ M fcyhﬂ “{Sif ) leSJE{ 'r&ov/m

o fo B f 3 & Qfrty
. ( , ,
(c) fe ﬂfms interact more.strongly w%lwater molevales in aqueous solution than Fe?* jong do. Give one reason
or this stronger attraction, and Justify your answer using Coulomb’s Jaw, |

%:34: € Ny Charse g Lovlomby, [g o 9_;_'(3_2 3 Jergr band e
fe” ry sllor 56
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AP CHEMISTRY PRACTICE
Unit 2

2.1 Types of Chemicsl Bonds
Diagram of Potential Energy versus Internucl
1. Consider the following information for the Cl=—Cl bond:

Bond Cl—Cl. Br-—*Br 1 gf {
Bond Length (pm) 200 ? T ar o Yron C
) N

i

ear Distance

Bond Energy (kJ/mol) 243
Make a prediction about the Br—Br bond, in terms of bond length and bond energy. Draw on the
graph below the Br-Br bond

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

and Coulomb’s law.
Reaction Lattice Energy (kJ/mol) | - Q-ig}
NaF(s) — Na'(g) + F~(g) 930 ¥
MgO(s) — Mg'(g) + 0% (g) oveatr than 90| +7 -2
KCl(s) — K'(g) + CI™(g) ]eS'S Hun 930 | dame chart 1



" Does the solid conduct electricity?

" Vo *%iﬂﬁ
refally 5o mible €= any

Solid
Cu(s) yes
CuCl,(g) no

i g . -
jopl ¢, @ -ace logkat
?,mf;k' L{,

In Quve, Canile” oMY

3. A student checked the conductivity of two different solids, and the results are listed in the

table above.

Explain why the student got these results, in terms of principles of chemical bonding. Your
explanation should include a discussion of the specific particles present in each substance and
how the behavior of these particles is related to the conductivity of the solid.

Element Atomic radius (pm)
Cu 130
Zn 125

Brass is an alloy that contains copper and zinc. The atomic radii of the elements are given in the

table above. Should brass be classified as an interstitial alloy ' Justify
St X4

YOUr answer.

Steel is an alloy that contains iron and carbon. The atomic radii of the elements are given in the
table above. Should steel be classified as arinterstitial alloyyr a substitutional alloy? Justify

T N ddferent akomi yadis

YOUr answer.

areonicy
{# A.{ 558
Element Atomic radius (pm)
Fe 132
C 76




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

3

1

\2\

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

the N, molecule? Justify your answer in terms f the pnnix);ges of chemxc bonding__ ' i

and bond energy. 'NZN N Sh f‘%&f ‘ ﬂqu:ﬁ’ 0=0

Potential Energy (kJimol}
§54.3883

§ 44

5. Answer the following questions related to Mg and Sr. /0 26
(a) Write the complete ground state electron configuration for the ions Mgl* and Sr**.
F A

z 10 o4
153 " Z %’izj)ﬂ Y516 = Sr
(b) Do you predict that the ionic radius of Sr** is larger or smaller in size than the ionic
radius of Mg**? Justify your answer in t7rms of atomic s '?‘ ¢ and the electron

configuration of each ion. S b ]S al | {4 M Qn(lg /M [J
Sb M- @ e ool fim, vdu%nm be fuen Nulkar ¢k ﬁf

(c) The lattice energy of MgCl,(s) is equal to 2300 kJ/mol. Do you predict that the lattlce
energy of SrCl, should be @ an or greater than 2300 kJ/mol? Justify your answer in

terms of Coulomb’s law. ay the T !i' ;ﬁ"% $0 Li M»il\ be Sh\auér-f

Drawing Lewis Electron Dot Diagrams (Structures)
6.

CH, NH, _HO CH,Cl,

ve H ‘é' " :Cl.'
H-C-H | -l O lo-C -4
b H H " H
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12. §,Cl, is a product of a reaction.

(i) In the box below, complete the Lewis electron-dot diagram for the 8,C1, molecule by
drawing in all of the electron pairs,

ja
» v Y e 2 I
a-s-5-ar |5,

(ii) What is the approximate value of the CI—8—S$ bond angle in the 5,ClL, molecule
that you drew in part (c)(i) ? (If the two CI—S-—S bond angles are not equal, -

include both angles) Ben + 10 7.9

13. Answer the following questions about the isomers fulminic acid and isocyanic acid.

Two possible Lewis d}ctmn:dﬁ

for fulminic, HCNO:} efire sl;own below.
H §£ ey (-6

6 b :
H—C=N—0:
Qﬁ:i ¥4 54 -7 ) 2
(a) Explain why diagram on the left is-the better representation for the bonding in
fulminic acid. Justify your choice based on formal char

=l 1} on mee € .ga?i«ar\e JWC E{f”—mﬁm{' O

han ¢

14. (d) The skeletal structure of the HNO, molecule is shown in the box below.

' , 148+ = |
(i) Complete the Lewis electron-dot diagram of the HNO, molecule in the box below,
including any lone pairs of electrons,

L r o0
H-O-N-=0O:
. gy ,
[ 4

(ii) Based on your completed diagram above,

Sp

identify the hybridization of the nitrogen
o

atom in the HNO, molecule
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HE:
Unit 8 Review

81 A W

I LA
(H,CH,CO0K(ag) + KO() = ﬂ!iuillmu'(aq) +H.0:(ag)
1. 2.Propanoic acid, CH,(H,CODH, is a carboxylic acid that reacts with water according to the equation above. At 25°C the pH of a

50.0 mt sample of 0.20 MCH,CH,CO0H s 2.79.
(3) !dentify a Bransted-Lowry conjugate acid-base pair in the reaction. Clearly label which is the acid and which is the base.

2. Four different examples of acid-base reactions are shown below. In each of these reactions, focus on the H,0. Decide if H,Ois acting as a
Bransted-lowry acidoras ansted-tg:qr* base.

O HO +Hl —HO" + (I <

O HO + HO, —Hco, ~ o A‘Cff

O HO + N, — N, 08 ACt

Q HO+HO —HO' + (07 Bafe

L1rg }4N0,(8 22N0, (9 AP =+58 k)/mol
3, The chemical equation shown above represents the reversible reaction in which N,0,(g) is converted into NO, (). The value of the
equilibrium constent, A, for this reaction s equal to 0.005 3t 25°C.. P ’[‘
Ifthe temperature of the reaction vessel is increased from 25°C to 100°C, do you predict that the value of Kwill decrease(increase or F .
remain the same? Justify your answer. /le ondethermc s W Il shdt — K-7 40 K

4. A chemist has three different samples of pure water. Each sample is at a different temperature as shown below.
‘{:; s . S """""Z'f‘{-"'\’:": WA T

s

A

Crchatt

Does each sample have the same pH value? If ye:

_——" . - X z - 5 R j b f/{f}
Lt g L
s, explain why. Ifpo, explain why not. A T‘(;M h ,é‘) {fw(,‘hﬁ/?jfo /
N Shils se previ
If these samples da not have the same pH value, arrange them in orger from lowest pH to highest pH, oy
' /‘ﬁd =2 W00 Andsfhurmic 50T < K50 Jest WV TpH.
5. Which of these particle diagrams represents a sample of pure water? How can you fell

B @ o | I8 @ ® | \cu hor=04
$ 7 8 B 5) ' ‘ i

6. Fillin the missing information in the fable below. Assume that each selution is at 25°C.
(4] o [o] -
1.0%10° ¥ 6] J XJ0 -5 &
/0)(’0_4 e / X1077° /0




Temperatre () hy K Look dlosely at these pK, values.
W w
= w5 7,500 What happens to the value of pK,as the temperature increases?
140 1 v
25 LA happens to the value of K,,as the temperature increases?
30 18 / 4xe |
AP EXAMPRACTICEFRQ 8.1

8. Asolution of Hiag) is added to a solution of methylamine, CH.NH,(aq). Anacid-base reaction taes place. All of the water is removed by
evaporation, producing crystals of the ionic compound methylammonium iodide.
(a) Inthe reaction described above, methylamine and the methylammonium fon represent a conjugate acid—base/p?_..\é' > il
: . : S i Py, = CHoH
(i) Doesthe methylamine behave as an acid or as adsase}n this reaction? Justify your answer. #7 #
(i)  Write the chemical formula (including the correct charge) for the methylammonium ion. ;‘]3 NHS +

H,{g)+L{2) = 2Hi(2)
Yempefat:re (K) Equilibrium Constant, K . P \/)
29 790 iy
_.’/-;;1_ I[ “‘/ 3 /2 ,[\
- T - 7 0 5}7.#

- + s arotiomi
9. The reaction represented by the balanced equation shown above is an equilibrium system. The value of the equilibrium constant, K, is 50 o

determined at two different temperatures. The results are shown in the data table above. _
(b) Based on the information shawn above, is the forward reaction classified as an endothermic process or as a

process? Justify your answer.

8.2 pHand pOH of Strong Acids and Bases _ 200 soft = 1140
10. If you are given a 0.0025 MHCI solution, what is the pH and pOH? ” H ’) ;?' t; gf; 20 A= j1]7
11. If you are given a 0.0015 MNaOH solution, what is the pHand pOtR /7= " ) - oH=9.1 [ =7.5¢10
12. Calculate the pH, [H,0°], pOH, and [OH -] of 3 1.25 x 10 > Msolution ofisg=Ci]Simte 1 150 pH= 4;? }f 55 _j / )(,_ ”ﬁ
13, Calculate the pH, [H,0°], pOH, and [OH~ of a3.85 = 10~ Wsolution of Q8] T oA ] 3int F1de p O =391 p CH)=251X10

(H,CHCO0H(ag) + HO() = CHCH.CO0" (ag) +H,0'(ag)
14. Propanoic acid, (H,CH,(00H, is a carboxylic acid that reacts with water according to the equation above. At 25°C the pH ofa 50,0 mL
sample of 0.20 MCH,(H,(00HIs 2.79.
For the following statement ,determine whether the statement is true or false. Explain the reasoning that supports your answer.
“If the pH of a hydrochloric acid solution is the same as the pH of a propanoic acid solution, then the molar concentration of the hydrochloric
acid solution must be less than the molar cancentration of the propancic acid solution.” Frye ) i3 @ SA 1001220 mmp} fcfg
je8s HCT moleecly reedd 4o p;wéce,

8.3 Weak Acid Base Equillbria Jame [Hg Uf] 2J Pmparw} I
15. Which of the diagrams represents a strong acid, which one represents a weak acid?




Relationship between &, (or p&) and Acid Strength
1. (HCO0H + 0 & KO+ CHL00-  £=18x107°
HO S HO +F” K=68<10""
Two examples of weak monoprotic acids e acetic acid, CH,CO0H, and hydrofluoric acid, HF. There equilibrium dissociations and &'s are
given above. Which of these two weak agids is the stmnﬁer acid? How can you tell?

er
Percent lonization j’é
17. Based on this particle diagram, what is the percent ionization of this acid?
- |® ®»
# .
Logpx=ihtt i e T e
s ' @ j
f = L 5’7'7 0 @
1@ 8 »
8.3 Weak Acid Base Equilibria
18. (H,(00H + HO0 < HO" + (H,C00°
Aceticacid, CH.CODH, is a 3 weak monopm‘hc acid that eacts with water according to the equation shown bove. ooy Y o/
Asn[utmnofomMGi,CﬂOHhasapHosz? [H1)=-0013¢  CHyleo c‘:’)) + CH; 61:?0 5‘/( I3TL 015,
1. (alculate the value of £, for CH,CO0H. _‘:/ /3 1,‘)9( + X (08¢ i ﬁ‘%ﬂ I
2. (Calculate the percent ionization for 0.10 MCH,CO0H, : ; 50T 3Y L42X10 = 1%
d’@‘}_lf.}, T
- la 37‘70
19. HOC + B0 & HO" + 00" +
Hypochlorous acid, HCI0, Is a weak monoprutuc acid that reacts with water accurdmg tothe equatmn shown abuve / / o/ _}}/3 0+ C/ 2
The £, for HOClis 3.0 x10°° A B 591,([0“ , 10
1. (alculate the pH of 20.10 MHOCL. 3.0K16 2/0 )( EL/{; ol i’___,_,.j%-
2. (alculate the percent jonization for 0.10 HOCL. j Y ,g :(/,Qé & 0K X
20.
21, (N + HO S ()N +OH- (;;) ;0/{“
Trimethytamine, ((H,),N, is a weak base that reacts with water according to the equation shown above. (C”-;)VHI % ”20 = ¢ Mﬁ
Theror(EH)leﬁdsm 3 byxp™: X2 x= DgggM‘&)ﬂj D 4)( 4)(
WE G =
1. (alculate the pH of 0.10 M{CH) N. PO =2 e X
=il y JOX -
2. (Calculate the percent ionization of 0.10 M(CH) N %

_.L@_S—,ere Ry )
APSTYLEFRQ
22. A student is given a 25.0 ml sample of a solution of an unknown monoprotic acid and asked to determine the cancentration of the acid
by titration. The student usesa standardized solution of 0.110 MNaDH(ag), a buret, a flask, an appropriate indicator, and other laboratory
equipment necessary for the titration.
(3) The images below show the buret before the titration begins (below left) and at the end point (below right). What should the
student record as the volume of NaOH(ag) delivered to the flask?



| intreents 37.30ml

S0 need, 0ne marc - /_'{':/—'-

it Het 7 “ slbsat
ahmekd i

{b) Based on the given information and your answer to part (a). determine the value of the concentration of the acid that should be
recorded in the student’s lab report. ﬂ?;] a=Mg\s A i 5ml) = J0M (t 3L7;z,£j = Mp= JJ4H

{¢) Ina second trial, the student accidentally added mare NaOH(ag) to the flask than was needed to reach the end point, and then
recorded the final volume, Would this error igcrease. Yecrease, or have no effect on the calculated acid concentration for the

second trial? Justify your answer. 4 VD 50 ’[ M B

HF(ag) + H,0(A 2 F~ (ag) + H,0'(ag)
23. The ionization of HF{ag) in water is represented by the equation above. Ina 0,0350 MHF(ag) solution, the percent ionization of HF is
13.0 percent.
(8) Two particulate representations of the ionization of HF molecules in the 0.0350 MHF(ag) solution are shown below in Figure 1
and Figure 2. Water molecules are not shown. Explain why the representation of the ionization of HF molecules in water in
Figure 1 is more accurate than the representation in Figure 2. (The key below identifies the particles in the representations.)

I Po-n0 @=nF @;F-l

only, 13% o Jhe mobeolar dissociates
ﬂjt’rﬁ'} has ell of Hhe HF gore 50

ac)’]f’lg I @ SA

){ AT o}

I I
017 € oSS Figue: | Figure 2 Goa;}gj‘ LD0EsS) = 5.9 0"5[
(b) Use the percent ionization data above to calculate the value of £, for HE. ; D350

(©) 1f50.0mL of distilled water is added to 50.0 mL of 0.035 MHF(ag), will the percent ionization of HF(ag) in the solution increase,
decrease, or remain the same? Justify your answer with an explanation or calculation. [y)gye d 1l 0}; HF 19, Jont 3 66110{’\

8.4 Acid-Base Reactions and Buffers
[dentifying Strong versus Weah Acids
24. Which of the following are strong acids? Which of the following are weak acids? Label eachas such.

Q  HCl, hydrochloric acid Striney

[ HBr, hydrobromic acid SN G

O HCH,D,, aceticacid Y weal
O HND,, nitrous acid weaw
QO HNO,, nitric acid S*M;’Ylfa,

Definition of a Buffer and Examples of Buffer Solutions



25. Write in all the conjugate bases of all the conjugate acids in the table below.

Conjugate Acid (onjugate Base
For g buffer, you want a WEL
HCl C/ - ACIDand if's conjugate base.
B PO Cannot  use these three
J bHr (Strong Acids)
fiNo, N {?3 - Not make 2 good buffer.
HNO, N, -
Hodl Ot~ Since these five are wea
o acids, they WOULD make .
oK (N good buffer solution.
HF F -
HEH, (o Hs02~
26. We could find the conjugate bases as sodium sa ts of the conjugate acids:
LOMKNO, and LOMMNO, ). K, 3 Guiding Questions
LoMHo0 and ompie PP E 75 % . -
L0 MHCN and 1.0 MKCN 9,2/ (1) Whatis the pH of each of these buffer solutions?
1.0 MHF and 1.0 MBEF 3*_ 17 (2) Why do they behav? asa gund pH buﬂ"ers ﬁiﬂéf" How exaft does a
1.0 MHCH,0, and 1.0 MMCH.0, 4,74 buffer work? wA /(8 am“fr *Li’
27. Complete the table by calculating the p&,and pH of buffer solutions pK = - log( X))
Buffer Components K ofthe Weak Acid | pA,of the Weak Adid pH of the Buffer Solution
1.0 MHNO, and 1.0 MNaNO, 40x107¢ 3.4 3.4
1.0MHOO and 1.0MNaOCI 29+10°" 7.5¢ 7.5¢
1.0MHN and 1.0MNa(N 62x107% 9,2/ &, 3

Using the Henderson-Hasselbach Equation (or Not)

28, Abuffersolution contains 1.2 MHNO, and 0.80 NaNQ,. What i the pH o this buffer solution? (.= 4.0 x 10-*) HV0 =H+ + N0z~

O L850
Solve using the K expression AND the Henderson-Hasselbach Equation F: Ing X %t
_y_ X(% x( ) g = CHT= pl=323 gy =phe +log & jﬂ

oo p;/ 310§ 5,2 =33

29. A buffer solution that contains a mixture of HCH,0, and NaC,H,0, has a pH of 5.00. If [HCH,0,] = 2.0 M, what is the value of the

[CH,0,7 2 (K, for HCH,0,=1.8 < 10") Salveusing the A xpmsmnknniheliendersun Hasselbach Equation
Hlalls 02 == =017 02 150, 4 = CHICA5 0T

_s_ 100 (x) (102

J.§X10
(j’ i £00=Y4 7f£/ﬂ§ S
X"j«fM ,,Qé:/ﬂiglo
Le_ A
077 50

/fb/o;):ng*o X:,jyéM




' a4
ok tpk= 1Y Kby =1x10

30.
Conjugate Acid K, o, (onjugate Base K, Pk,
HNO, 40%10"" 3.40 NO," X0 H /0. b
Hodt 29x10"" 7.54 0" 347)0°7 | 6.Y6
Nt s 1.206 NH, 18x10°? 474
CH,NH, 2285107110 Y CH,NH, 44%10"" 336
AP EXAM PRACTICEFRQ 8.4, 8.7-8.9

31. Answer the following questions that relates to a buffer solution that contains hydrofluoric acid, HF, and sodium fluoride, NaF.
(K forHF=6.8x10"*)
(8) The K, for HF is equal to3.17. A diagram shown below is 2 particulate representation of a buffer solution containing HF and "

Based on the information in the diagram, do you predict that the pH of this solution should be less than, equal to, ogreater than
3.177 lustify your answer. '

L}@HF ?F @ O @ l@?iﬂlFmolccuk OF ion )D]'/ :p}—/ﬂ“} [05_%
P"} ’Pkﬂ LVJ‘N\ O Q PH:p)Q:J,;; PHM:' EAVE [08‘ %:3197
HF=F & O

(b) A buffer solution is made by mixing equimolar amounts of HF(ag) and NaF(ag). When a small amount of 12 MHNO,(ag) is
added to this buffer, the pH of the solution changes from 3.17 to 3.15. Write a balanced net ionic equation that accounts for the
fact that the pH does not change significantly when the HNO,(aq) is added to the buffer solution. //F & H ++ F ~

PHT 54—
(c) Determine the volume, in mt, of 10.0 #NaOH(ag) that should be added to 1000 mL of 1.0 MHF(aq) in order to create a buffer
sniuéi_onthat hasa pH of 3.17. Justify your answer with calculations. HF + o —> F+ H;((?
) . , 0 .
j0= 5 -.005C &l so o reacks 1 A %
o5 “o

(d) A buffer has a pH of 3.17 and has the following concentrations.

1.0 MHF and 1.0 MNaF
32. A solution is prepared combining 500 mL of the buffer described above with 500 mL of distilled water to create a solution with a

volume of 1000 mL. Do you predict that the pH of the final solution should be less tha or greater than 3.177 Justify your

— Shil hag Same C I o sach ofter



33. Titration Practice

A 25.00mL sample of HNO; solution is titrated with 20.50mL of 0.250M NaOH
solution to reach the equivalence point.

—wmew N, + Naol) — NaNl + He0

T ot o
Hydrolysis

X = o] HNO
ulate the - Daﬂ;}s m”l s
co?;:mimﬂozof  A50M NMH aonL L065/28 a = il QOS_M
w—-_’-——-‘-_—-

el LIntI= T 0dS L
P ¥
Nty = Nao?« F E} v _CHIme? m - exio™
05 é Wb '
copn| A oW cr T sy et
added “?05—?( x X PH: Q:Ol

lacwl M -0.13M

035 },023- 56 é’ﬂi&/ Mi /X[ﬁ }qf‘féﬂﬂ
%:g?l%ﬁ%% “{\;f‘% -}Hsg <:“ HIUJL 4)? N T~ k& QJ?XIO?
paint .,..r _“ _ e
z ; I STIK(0 UM =
m*l"ﬁg'w X X X ’Hé e : = |
Il y - por= pH=570
L 250K = 3557 . 00875 M| Neb B
L 605725 md HVO 2
@Y \
S i, + Vad
35.0mL of ¢ 065 75
priri 3 = 0STLY _ o Axes
700365 =, g boyM “LOHIAX
060 poH=1idly 1278
. Construct a titration curve for your sample. Be sure to include the following: -P ;
Title . Labeled axis e Correct scale [g,! Smooth curve s Points plotted

jaa"fg
,,Hs’

a0l

) 2035

ol NeO# added



34

A 20.00mL sample of NHj solution is titrated with 25.0mL of 0.250M HCIO4 solution
to reach the equivalence point

NH, + Helty =7 N+ 0

Write the
ke, NHF —2 W # N
Hydrolysis x‘ (pgfmul
- .y = ,00
Calcula.tclhcr ‘ Qﬁ’DM ’023 L (ﬂ J 3 M
g . o0beZad - 3
i) = 2k I

Lo

NHa § ho=2 NHu"r' +oH ~ ](b:%owm
| X o © 5
Calculate the pH :,.3\),{3 + X 4')(
of the initial 3 !vj_‘ X ’T/Td

sample before

. Loh 7
§ xz.00236M _,gy R 3

=i _ VBT XS KT
by o) L33 ph= 1137

il + 0t —> N

42 b golesmd _|5TM
a——;——W,M@,Jx 2 GAOTR e T
L —%?“ x‘&H; 5 08

ofthe st g* > vy 4 p
- AL IS IR E
mbaad= {1 p, " 01128
‘ét o - Emrﬂ
Mde box ‘Uq;— ‘ L AAVAT ,25bM HCl Oy {Sﬁ“':ﬁ" " i
b | oubh HHW&*’?NH‘/
crmneen| = [0 - - Olf2S ]
A 00D "oy s

00T /7//‘3‘— /-1

. Construct a titration curve for your sample. Be sure to include the following:
Title o Labeled axis s Correct scale s Smooth curve s Points plotted

__..-—--—-——"'.53"-_'_"—4_""‘

. vel HCIy ac(j;i
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AP Chemistry: 9.1-9.3, 9.5, 7.14 Entropy and Gibbs Free Energy
1. Entropy Change Galculations

Unit 9 Review

TABLE OF MOLAR ENTROPES
Substance £ (mal-K) Substance i mo-K)
Hig 1306 1,008 69.9
Hlg 1915 1,02} 1888
0.5 2050 Na(s) 513
0,(g) 2388 09 2230
Nﬂgm 1025 NaCl(s) 721

For each of the following chemical reactions:

(a) Predict what should happen to the value of entropy change to the reaction. Should it be positive or negative? Justify your
answer with the definition of entropy.

(b) Then, using the table, calculate the entropy change of reaction, AS°, fof the chemical reaction -——

Chemical Reaction Entropy Change Prediction {+or - ) »L Entropy Change Calrulation
Negative, ( - ):less moles of gasare | A9=[2=DS(NH,)] - [1%BS(N,}+3 = AS{H.}]
Mg + 3H,{g — 2NH,(g) formed, and less freely maving particles. | =[2+(192.5)] - [1x(191.5)+3 = (130.6)]
= - 198.3 J/mol-K "
~ move 9as [ols Ta (. 3(q05) ~ (238877 = 274 4] 4
B L proded A e
00— hot F iy MR PR g g - 609 = 10 ok
3 funde S g - i il
2Ma(5)+ 1,(g) — 21a01( - ol fun 1:3,, Lok | A =202 ) -L20513))+233] =+ ?L%

k=4

Free Energy and Thermodynamic Favorability.

Substance A6 (i/ mol)
H,{g) 0
0,09 0
H,00) =237.2

2. Calculate the change in Gibb's Free Energy of the following reaction and identify whether it is t ermmiynam]ca&zL ,
favorable. 21,(g) + 0,(g) — zH,0() 2 (.*;;37, g) -0="%N ‘7— Kmd T(}f@lﬂl@
~b6
3. Identify whether the reverse of the reactjonin (2), shown below, is thermodynamically favorable.
No reverse W}d hele A6 o not e Ee

AP CHEM TIP: EVEN THOUGH A REACTION MAY BE SLOW, DOES NOT MEAN IT JS THERMODYNAMICALLY LNFAVORABLE. JUST BECAUSE A
REACTION IS FAVORED, WE CANNOT SAY WHETHER THE REACTION OCCURS QUICKLY OR SLOWLY. IF THE
ACTIVATION ENERGY IS RELATIVELY HIGH, THE REACTION WILL USUALLY OCCUR RATHER SLOWLY.



Recall: A8= A#F - TAS
(al0,(s) — (a0(s) + (0,(9)
4. Using the thermodynamic data at left, calculate the change in Gibbs Free energy, AG° for the decomposition of
calcium carbonate (above) and determine whether this reaction is thermodynamically favored to occur at 298 K.

Substance B (3fmol) A= Féi’%‘ﬁ 593,5‘]—- [»/.,?0@,,7_7 = /785

(al0,(s) - 12069 e s
{a0(s) - 6349 AS :[‘2/3. 8 + gil-’_? ._,[?a?‘?] - /D 7 %://C
0,9 -3935

I 0 AT

Substance 5 (/mok-K) Aé .y 73715}5'2_ (Q?J’k{./ﬁ/kjjﬂ?”ﬁ) = ‘f/fg//Z/J

Caco,(s) 929 ﬁ 01" +46
fa0(s) 381 Uﬂrﬁg Lo

(0,(e) 2138

5. lsthis riec.t-n—mp:;si;d'on of calcium carbonate thermodynamically favored to occur at 1000°C (1273 K)?

1785 ~ (1273k(.157) = 239 Yes
6. Determine the minimum temperature that would be required in order for this reaction t%be  thermodynamically . 06
favored. 8= 175. S_mT(a/S";? =788 fg T = /)20 e 847C
Keep inmind, when A& =0, then neither the forward or the reverse praceSs is favored. Set Af =0 ta%nd the “swing”
temperature.
AP CHEMISTRY EXAM TIP:
You might see a question that asks you the following: “What drives this reaction?”
There will be three possible answers:
1. Thereaction is driven by enthalpy only
a. This only occurs when you have a negative A and negative AS
2. The reaction is driven by entropy only
a. This only occurs when you have a positive A4 and positive A5
3. Thereaction is driven bath by enthalpy and entropy.
a. This only occurs when you have a negative A#f and positive A5

8. AP EXAMPRACTICEFRQ9.1.- 9.3, 9.5,7.10 |
NEHCO,(s) + HEAL0(a) — NaCAL0(ag) + H0() + (0 (g & ITOTC Mashoke 9 1

A student designs an experiment to study the reaction between Nat(0, and HCH,0,. The reaction is represented by the
equation above. The student places 2.24 g of NaH(0, in a flash and adds 60.0 mL of 0.875 MHC,H,0,. The student observes the
formation of bubbles and that the flask gets coolers as the reaction proceeds.

(3) Inthermodynami areaction can be deiven by enthalpy, entropy, or both.
W the reaction proceeds, what drives the chemical reaction between
ml()mrm{ NaHC0,(s) and HC,H,0,(aq)? Answer by drawing a circle around one of the choices below.
Q LS Enthalpy only Both enthalpy and entropy
17 (i) Justify your selectionin part (d)(i) in terms of A 2. _
AG=DH -TDS g7 >AH

1 + so -AG



a. This only occurs when you have a negative A4 and positive A§

8. APEXAM PRACTICEFRQ9.1-9.3,9.5,7.14

NaHCO,(s) + HCH,0,(ag) — NaCH.0,(ag) + H0() + C0(g)
A student designs an experiment to study the reaction between NaHCﬂ and HCH,0,. The reaction is represented by the
equation above. The student places 2.24 g of NaH(0, in a flask and adds 60.0 mLof 0.875 MHCH.0,. The student observes the
formation of bubbles and that the flask gets coolers as the reaction proceeds.

(a) In thermodynamec terms, a reaction can be driven by enthalpy, entropy, or both.
Considering that the flash gets coaler as the reaction proceeds, what drives the chemical reaction between

? AS.  NaHCO,(s) and HC,H,0,(ag)? Answer b circle around one of the choices below.
{&M y b i Enfhalpy nniy 00 Entropy onl Both enthalpy and entropy 4
) i) Justify your selection in part (d)(i) in Terms of A2, . ) A
ot 2 Ssinee b6=4H- TAS 7’@ o b6=C)

Fulminic acid can convert to isocyanic acid according to the equation below.
HCNO(g) =2 HNCO(g)
Fulminic acid  isacyanic acid

| Fulmiinic Acid Tsacyanic Acid
3

] H—Cz=N—{: H—RN==C=(}:

(b) Using the Lewis electron-dot diagrams of fulminic acid and isocyanic acid shown in the baxes above and the table of
average bond enthalpies below, determine the value of 44 for the reaction of HINO(g) to form HNCO(g) . Bip Jop =ferrre o

Enthalpy Enthulpy Enthalpy
Bond | 1 1iiah) Bond (klfmol) Bond | e o (f} 'f-gf[[.}y?(:’} ? [3 1 e, ;;fj
£ ‘i !!-
N=-O 201 C=N 615 H-C 413 i&f}g ‘;j‘m }5 gf -
c=0 | 745 C=N 891 H-N | 391 5 ¥ ;:m

(c) Astudent claims that A5 for the reaction is close ; ze 0. Explain why the student’s dlaim lis acurate.
& g6 ljﬂ Y1 4 pridd 54'12 St quazc‘ Cage 4 DR
(d) Which species, fulminic acid (HCNO) or isoc amca ;L{HNL) is present in highercancentratwn at equilibrium at 298X,
Justify your answer in terms of therm’ﬂ’namlc favoml;lhty and the equilibrium constant. =2 E; }9 ﬁ faweih &
anie 4o ;
9. The student reads ina reference text gmt Nﬂ(g) and NO,{g) will react as represented by the equa’cwn beiow
Thermodynamic data for the reaction are given in the table befow the equation

NO(g) + NO,(8) 2N.0,(2)
) AHg AS3os AGog
Y - 40.4kl/mol ,, - 1385 J/(K-mal,) Xo87k/mal,,
(a) The student begins with an equimolar mixture of NO(g) and NO,(g) i rigid reaction vessel and the mixture reaches _ ,;s{ ?
equilibrium at 298 K. 7 755
() Calculate the value of the equilibrium constmt.&&#sﬂzmn at 298!( AG= =€7ln I K j jﬁ?
?g@? iy (i) ifboth Py and Py, inthe vessel areinitially 1.0 at;n will P, 8t equilibrium be equal to 1.0 )C TRy ( %
o atm? Justify yoyr answer. S L e S 5{“@‘ )éd[ 3
}?ﬁié Fyﬂ;}, vi fre L é»%éw-*\: vvf i é‘{?frff‘
(b) The student hypothesizes that increasing the temperature will i increase the 3mount of N,0 (glg the equilibrium

mixture. Indicate whether you agree or disagree with the hypothesis. Justify your aﬁswer
{
[

wﬁg Sy X0 A%’C%’m é"’Slﬂ rall f\lzz'{:sa”.f;{,_f



9. Fulminic acid can convert to isocyanic acid according to the equation below.
HCNO(g) = HNCO(g)
Fulminic acid  isocyanic acid

Fulminic Acid Isocyanic Acid

H—C=N—{) H—N=C=0:

(b) Using the Lewis electron-dot diagrams of fulminic acid and isocyanic acid shown in the boxes above and the table of . (ﬁ,
average bond enthalpies below, determine the value of 447 for the reaction of HINO(g) to form HNCO(g) . Breleen —ferped

Enthal Enthal, Enthal
Bona [ Entay | | oy | Entutey | 1 | Entaley Fy3+ 901t 01 ]—[301+615+7%)
N-O | 20 c=N | @15 H-C | 413 505 = 1751

c=0 C=N 81 | | H-N 391 - s %J/mb
] Astudentclasmst atAS“forthere Jlontsdusetozero Explain why the student’s claim is accurate.
) Yeac 10doUts gre n Same phase « same H miclos
(d) Whi[h species, fulmmlc acuf( (ND) or isocyanic acid (HNCO), is present in higher concentration at equilibrium at 298 K.
Justify your answer in terms of thermodynamic favorability and the equilibrium constant. AE; =44 -14S

—0=-bG fawebb

10. The student reads in a reference text that NO(g) and NO, () will react as represented by the equation below. se kK>l
Thermodynamic data for the reaction are given in the table below the equation
NO(g) + NO,(g) 2N.0,(g)

AH;QS AS:[Z)QS AG;QS

-

- 40.4ki/mol , - 1385 J/(K-mol ) +0.87 kl/mal ,

(3) The student begins with an equimolar mixture of NO(g) and NO,(g) in a rigid reaction vessel and the mixture reaches
equilibrium at 208 K.

)
()  Calculate the value of the eqmllbrmm constant, & for the reaction at 298 K. M%/I? Tk K=e¢ ET

h= (23) =70
)(}) P&_ (i)  Ifboth 7y, and Py inthe vesselare imtlally Loatm,will Py o, afe i l:'mum bg equalto 1.0

* Boha, sty K Smel] S0 Sinde ke ceadgats will be prasn

(b) The student hypothesizes that increasing the temperature will increase the amount of N.0 I\M equilibrium
mixture. Indicate whether you agree or disagree with the hypothesis. Justify your answer. / ({?
1 ANCONA(S) = HNCON(a) ~ —AH 30 4o T demp &— So i will ceermm
The dissolution of ureais represented by the equatmn above. A student determines that 5.39 grams of H, NCONH , (molar mass

60.06 g/mal) can dissolve in water to make 5.00 ml of a saturated solution at 20°C.
( % Calculate the concentrations of urea, in mol/L, in the saturated solution at 20°C.

5‘379 iNCONH ] m.] ,éé"??/m 17,9 M

£0:06g - ’ OO
(b) Thestudent also determines that the concentration of urea in a saturated solution at 25°Cis 19.8 M. Based on this
information, is the dissolution of urea endothermiCior exothermic? Justify your answer in terms of Le Chatelier's

principle. T [ =] someve disselvg 5o —> go endethermic
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() The equipment shown above is pravided so that the students can determine the value of the molar heat of solution
for urea. Knowing that the specific heat of the solution is 4.18 J/(g°C), list the specific measurements that are f s
o

required to be made during the experiment. mass () re 4}- ih ﬁ@/ 4,.,9,3&[ ft’/ﬂf J V(B

5 (J/mol-K)

H,NCONH,(s) 104.6

H,NCONH,{ag)

(d) The entropy change for the dissolution of urea, AS? ,, ,is 70.1 §/(mal-K) at 25°C. Using the information in the table

S

above, calculate the absolute molar entropy, 8, of squeous urea. 7 1 = P — J0Y L =/ 74 7 J/mo/ K

(e) Using particle-level reasoning, explain why AS? , is positive for the dissolution of urea in water.

Sehd =3 ageaus So moe fee mojemont + AJ
; e NI (roSTafcs T arkansemen
(f) Thestudent claims that AS® for the process contributes to the thermodynamic favorabilitf/of the dissolution of
‘ urea at 25°C. Use the thermodynamic information above to support the student’s claim.

FAH so yes 408 TAS wi Anver - 86 velue,






