CHM1311A - Final Exam — 2012

#1. (20 points) Short Answer Questions.

a) The number of atoms|in 10.0 g of CaCO; (100.0 g/mol) is:
NG )
1.81x102 6.02 x 10* 3.01 x 102

=SS VRS ——

b) The solubility of cobalt an hydroxide is highest in a buffer solution with a pH of

/ 38 8.5 6.5 105

¢) Balance the following reaction:

2 _Fe(s)+ _o HCl(aq) = _Z FeCh(9)+ ___Ha(g)

When 4.55 g of Fe (s) was reacted with HCI (aq), 0.101 g of H; (g) was formed. The percent

yield of the reaction is 40. 9°%
& /
S 100%—
©
d) On the axes provided a right, draw a line (or curve) '§ 80%—
representing the percent ionization of a weak acid e ¥
. e . L8 40%
as a function of the initial concentration of the acid. &
o 20%—
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1.21 x 10%

Initial Concentration of Acid

e) The standard heat of formation of solid potassium chlorate is -835 kJ. Write the chemical

equation for the reaction to which this value applies.

f) Find the overall balanced redox reaction (acidic conditions) from these half-reactions:

2 Cu*t »2Cu** +2e”
2c+ 20" + Broy = BrO- + HL0O
OVERALL: DCy® £ 2HY - Bl T S D@2 3

g) On the 3D axes provided at right, sketch an orbital that corresponds
to the following set of quantum numbers: n= 2and £ =1.

e \) 6r beTaXo
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h) One way to make a buffer is to start with a concentrated solution of a weak base and
TRUE FALSE

7~
o

titrate it to the half-equivalence point with a strong acid. C

i) For a given reaction, the plot of Ink versus 1/T yields a slope of - 13.9 and a y-intercept of

2.6x10°, Knowing this information, the reaction has A K AnA - Lf
. T l\
(E.>0 AH <0 E.<0 AH >0
X LA “'\- e T +hi's is ALWANS ] UL \
j) Name two factors that influence the speed of a chemical reaction:
D __corelusk N
ii) k’ Ervry— St C"\L\\,: Q C;‘\I\\\ 2
\ : i)
Concel ‘\’\ eoh N
Surfecice. arneo
k) Name the following compounds.
Fe(OH); o (TF) hy daowide
N205 L\\‘ N TYvalin : €N q‘ DA '\:!f
(<) |
I) Which of the following ions is the strongest base? F 103~ N3~ / CN-

\
A
s
C

Ho N s W a‘-rrc S (
m) Write the equilibrium constant expression for the following reaction, and choose the best ©* "

means by which you could encourage the formation of hydrogen gas.

n) C(s) + H,0(g) S CO(g) + Ha(g) AH°=211kJ e I S e D
i) Add steam and remove heat
\/ ii) Increase volume and add heat

iii) Remove carbon monoxide and decrease volume

~
[

iv) Add hydrogen gas and increase volume s e e i

0) A one litre balloon is filled with neon gas. A hole is made in the balloon and the gas effuses
at a rate of 0.0106 mol/hr. If the same balloon is refilled with argon at the same pressure

and temperature, its rate of effusion would be (- OC 15 ) / hr

p) On the Bohr Atom shown, draw an electronic transition that would
correspond to the absorption of a photon with the longest wavelength.

/X(\ \)C\ .lﬁ"\;\;\st C l\('(a)'-/)_

o
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#2.

a) (4 points) What is the minimum value of n for the following £ values and what is the
maximum number of orbitals having these £ and n values?

2=1 v=2 * This is “he 2Zp sobsheld
! i .
My ==1,0 +1 = dhew ome 3 Zp orbialo
£=3 D=4 :TThis is Jhe 4 Sobshell.
e i L O e
AL L4 ' J -

b) (2 points) How many electrons can be described by the each of the following sets of
quantum numbers?

=3, 2=2 g = =2 =\, O 12 This the 34 sobshell.
' : .» )

5 orbitals X ZL eac h 10c = S
n=3,£=3,m,=-1, m&-1/2
S . 2 ¢

- > NC bite X exiSHS
\ ’\\)CD ol X / > Shery (M >) (
=

¢) (4 points) Following the example of helium shown below, give the FULL spdf electronic
configuration of silicon AND draw its orbital energy-level diagram.

Example: Helium’s spdf electronic configuration is 1s* and its

>
. . . o
orbital energy-level diagram is: b5 H
=
i}
1s
S 1 ) ,,Qk) )/L" 2 B _)7 >
‘ < f )
- / N
c T e :
\ |
{ M
|
. M N N
/ V.{A ',\l(,, :\)_. ").
W 9
b S
)
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#3. In the Marion lab, you mix 25.0 g of CaO with exactly 0 mL gf water ?t 25. 0°a} and you

= observe the following reaction, as well as the release of some steam:
CaO(s) + H;0() — Ca(OH): (s)

a) (4 points) What is the reagent in excess and how many grams of it will be left at the end of
the reaction?

“) - - . o= )
Vil Calan)s = 2505 Gio. 0moliCaD. el Gelobl o K RS el ¥ LR *
+rom CaO 566098 (,—5,(: & | Mot Cacl
? ol o) o 8O mL I ) M \l H, 0O l'tol Calod)s - A A4 ‘h\O\
7 : Al - > — — - - .
—C'C\"\ 20 j m L [o '\";’, k 2 L\ | mol \'\ZL‘
D - ( 1R (2 al = O K
- g H20 reacted O .44 ol Ca O .,'7 _] Eutagiee o Er hé/
o C Mol P\J,L\
) , : e -
fg HaO VeBlover = S©.C- 8.04 = T2 Gl
Reagent in excess: HoO Mass: 12 .09
b) (6 points) Using the data in the table below and on page 14, calculate the mass of the steam
that escaped during the reaction. ¢ e = e g : l
(s P Lz.\\—\( (Calow), )X— [ ARe(ca0) + AHp (H20)
CaO (s) AH{’® = - 635 kJ/mol 5 e _ : S e
H,0 () | AH7 =286 ki/mol * [-ae1) -[(-635) + (- 286) | K)/mol
Ca(OH); (s) | AHy® = - 987 kJ/mol 3 ‘
= = (ole kS /Mol
AH i ;% < - g\, = iy x DH ~n C © 44 mol Ca (.C\H\L (e (o ke ) /ol (L(ON)L
= —29 .4 D Sh O o e g Qe 3
G\‘ Heat |e F\Qv e Woahio - oM  2.D5°2C —= (1ODTG
T o 2 o ~N~0 \ ) (~ k&
(l =S/ T = ('IZ 037)(4,\39.)/{,) ¢ )( 1596 ) 22 .k )
@i E ik heat = 29 & =22 \eilcly, = C.& I3
—, Sy ‘ : LY =gl SN ) o‘
/\, (Ase exba heat o Ve POt 3¢ coate Al \'0\7 S0 Al P
o N S p A naol \8.049 - 2 0
L - Dilc 2 ‘,;‘Lf) I S - . ((’/
20 HaC (j) - 405) I Mol H O 3 X
Answer: 3.Qq

I
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#4. The following reaction, occurring in a sealed vessel, has a percent yield of 94.9%:
2NaN3(s) = 2Na (1) + 3 Nx(g)

a) (8 points) What volume of N,, measured at 735 mmHg and 26.0°C, is produced when 75.0
g of sodium azide decomposes?

s % - | il S ') fno\ ]\’*\‘1 - (g s
' dheo o' N_ = 1510 N‘:'Nf; i 'm\d,l\ll’_,\\l“) S — : kD »’\nl‘\
) 65. O 70) NeN, Zmo! NC’NQ
Z 2 >
& ma \ 2 74155
7) S (’R BTk ')\\“ e Fasis S0 q4E© ‘ . (o Mo \

FEa ot mol - K \(// 2 Q9 \S i< )

\J i @) '\;)\7'\ » ( T r-,\o‘ X G L:\(’E’/f Ole
I -
¥ O.AC7T adm
A (e L
£ L
Answer: Rl L

b) (2 points) After the reaction is complete, argon gas is added to the vessel until the final
total pressure is 1000 mmHg. What is the mole fraction of nitrogen in the gas mixture?

2\ "/;})!T; mMmm \h‘ A —
\ - 7;“‘); = o : 25 = C\\ . 035
" N

s )> 1000 M He

A

C\) '4 ]:)):_‘)

Answer:




=)

]

=
¥

? ot (0,2 = (0.060M)6.500L) = 0.0
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#5. You are provided 500.0 mL of a 0.100 M solution of NaHCO3, which you will use to

prepare a carbonate buffer with pH = 10.10. Your TA gives ?’ou a 0.300 M stock solution of
H,CO; and a jar of solid Na,CO;. (For H;CO3, K,; = 4.2x10” and K,z = 4 8x10'")

(\lz\C\‘/l\(O \—*‘j r\\ (L\ /C
a) (2 points) Which component, H;CO; or Na;COj3, will you need to make the pH 10. 10

buffer? (Show your calculation to get the points, don’t just guess!)

=) 5 . s -
e T s 1 ) 5 1GAR Eok 7 2
P \\ 5| : &) ( i : C hooSé€ HC 'L'_"'\ (&G C‘J,
; o ~\) d e ”C‘:\‘.v‘t O p ';'\v.-\ =
pKa, VoA & k). 2129 \ Co D op e 2 ( ir?
= : (io*j(r o dc S-~C~»l \/H
Circle needed component: H,CO; Q Na,CO3 \

b) (4 points) How much of the needed component will you add to the 0.100 M NaHCO;
solution to achieve the desired buffer pH? You may assume any volume change is

lier IO)

negligible. - | 4
Heog ) \\ O.50L x 0.060mol 5 105 24
10.10 = 10.32 +loa ‘t%%"?ﬁi,,X ) \‘u L= gt
A\ feny ) ) o Tt

o \ <) P -»k,.
A i e (A 1.
(o) -~ o |
L HC€O3 ]
[Co.2") = ©.6O x [HO5 ) |

= & ( C”L lr\L' / sz = s
mL of 0.300M H,CO; OR SIRTLY

g of Na,COs
¢) (4 points) What will be the new pH of the buffer if 0.0030 mol of HCl is added to it?
mol Heoo = (@100 M{(0.5c0L) = 0.050 mol

H‘\\-;‘

(2 o b e = - !
L (,:) ) H(\ 7 HLL'J) 4+ ‘C \ _‘.\)’\ \)]<\,A~ s ; L( g
C\ O A0S (:\ (\(\ 2 0. (-\<;(’~ (.;) ) [_ HL L3 X
-0.00% -0.005 1O 005 = ADL B2 A Voo <O 0Ol 1)

= <2 i ) (O Q) ,"'
(18 o P O EiG2AaD B 4

105
e D
Answer VDO
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#6. The reaction of NO, and CO to make NO and CO; is believed to occur via a two-step
mechanism: » % ,
@ NO, + N&; = NO + NO;
G) N3 + CO - NO, + CO;

a) (2 points) What is the overall reaction? What is the reaction intermediate?

Cveaadl rxn 't NOs + CO = NO + O,

A e e et NO 2
b) (3 points) The rate law is determined experimentally to be: rate = k[NO2)>. Is the proposed
mechanism reasonable? Why or why not? What would be the rate-determining step?

rete st o 6\ : )—’\‘ L NO, Xz
oot S"'\L\V) Q\ 5 ‘\ 2 \' NOJ)X)' (C;X

. : prsiecf B\ TR SRR (1)

\l ES Jhe mechaniSM 1S reaSonalle ‘\\*;o s ) The ¢ /\R” \ \ér
-é'y)‘\,c-‘\,c d e o matrche s oNe c\f( ~ha S RSV s
ot : = e L ey D

prop oS¢t d mMmech on's nn —> Siec P Q - WS mer kR N DS v

¢) (5 points) When the initial concentration of NO; is 0.010 M, the initial rate of reaction is
5.5x107° M/s. What is the concentration of NO; after 3.00 min if the initial concentration is

changed to 0.033 M?
2 | ) AREN
— o - o T ,,”‘ ST = T ‘ \<t
YC-\( \‘\i\k\j_) \VNDJ\—L L\\QQJXO
L= SSse s
5 ‘7T:Ak\ 2 ) ) N AT L /-'"»’x_\
(L\C\\\'i\/\\ TR = L o, (L‘,(“)‘)M S5 <l‘0(\3)
Lnod (0.023 M) ‘
=6 085 Mg
= =y 7 M
= : = e
e ™'~ l(C\('\ S - = {
e ENOJB_L =L e W
SO AT

Answer: O.025M




CHM1311A - Final Exam — 2012 page 10 of 15

#7.
a) (5 points) A student prepares a 0.120 M solution of an unknown monoprotic acid. At
ik equilibrium, she measures the pH to be 3.820. What is the acid’s ionization constant?

A S 2 E
HA 4+ Ha &= F + HiO P ""gﬂ,—f\.‘w
2 : eI e e TR
== 4 O < i -\ =%
€ = s5tue: 4180 H1.81x0 Gt
E #0420 (Sisadrs M SExie
2
_4 =
- ”v_r"\ é\ 51 <O ) =
/ S CHRCYH N ~ p
: I AT e S - R . e e
° o (& L[’kA) O\ZL\

Answer:

(b) (5 points) Vinegar is a dilute aqueous solution of acetic acid. The legal minimum acetic
acid content of vinegar is 4.0% by mass. Dr. Fox takes a 5.00 mL sample of President’s Choice
brand vinegar and titrates it to completion with 38.08 mL of 0.1000 M NaOH. Does the
sample exceed the minimum content? (Vinegar has a density of about 1.01 g/mL).

Cl‘\g)CC\C‘H 4 Madl = CHzycooMe, + R

) : | » | | - : |
: 9 CHaoH O.O3B08L_« 2 \Omo | NeOH  \ mdl CHzco H (0O .0 o) CHaccoH
- o I & vl ama R e . LD . x Ol he oy &
gt o - o
Prcxen‘t 3 | ol NaOH Mol C o
=z C‘ . )2 5.: : ) (:3/
- .
: 2 e P 2 S5. 00 Ml X \‘Q‘;_%’ e
m - K}
2 \'\’\D/Q C‘( ¢ Hs((’_fH . 228 (8/ i : e
y < = v /'\J“,L/ - [\,‘17)') /u
N Yint gaa S5 05a X \OO fo
I 3

2 Answer: N t;'\ y i 1S > 4 /o
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#8

a) : (3 points) What is the molar solubility of Ag;SO; in pure water?
e T R a2
/‘\.(}ﬁ S 4 P’ 12 /-\c§ + )L/{;
IS =5
= S AN s fPatiet s S BT ) 5
\<C)\,) = (255 <S) /\,r) = { e X(O
.: ,g‘ = C‘i\ Y ( ) l[32 ‘\']

A OIS M

Answer:

b) (3 points) What is the molar solubility of Ag;SOy in 1.00 M Na;SO,4?

Aoy e 2 BB i)
: , ) 1.QO
ZT = + 7S 4+ S | 4x\O EDT@ 482 ( hecx) ;
£ 7453 1. QO+ S S T 1.81x0 "M 3
PASSE® e
ASSUNPTION)

‘ -3
|2 X M

Answer:

¢) (4 points) KIO; is added to 1.00 L of the solution formed in part (b), and we observe the
formation of a precipitate, AglO;. Calculate the mass of KIO; (in mg) needed to start the

precipitation.
A(-'TC\- {——.3 AC . -} 104 S o S 1, e
2t = J = s Yma KED, nceded
> 9 >
i : B 1\ S \ e e
\\S\j = 20 e ~ [AC>1 thjoﬁ X | ool 8 wc\xzw
& s = mao
: : R - 5
[Aff} =25 = 201 &« M> \ « 1OCOME -~
2 0. 003 14M \ A
'"“' [ LRSS X = Kb = - 9) ‘E\A(,@;.j i (s b = = r|2 MCB/
s ET 7—§ N C\ C_\Cf‘)j"l’ & C 2 xO f“’\ =
M Ak f) l

Answer: s m%/
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#9. Indigo, the dye for blue jeans, has a percent composition, by mass, of 73.27% C, 3.84% H,
10.68% N, and the remainder is oxygen. the molecular mass of indigo is 262.3 u.

a) (5 points) What is the molecular formula of indigo?

7~

P - — - 2/ — - ; = (|
}' e ( g /)) 2 )U) l\\t_\"(/’ = C\H & 6”‘ h\gl C = C*"C’;‘"\ \O:';‘,}:‘f r\‘oil'*( o.Wlb
(2 O\lcz, o Bl 0.6 oWk Sook
ol H o= 3etg .o mel H =5 @28 mol H Cg Hs MO
|.00 1M
2 = F mass * ! 51 4
V v i YA el Re) =T C L] ¥
mol N ‘L-L~*)N' WAL B O-00 lemol
1+01q MNP mess | 262 =
T mol O = 12, 2\53 ]_i'j""\' Q = Q.00 e mol O B b et
' D4 & o IME = DS
= -~ ,6\
= 2 T €N,
Answer: Cro oM O
b) (3 points) A 0.451 g sample of indigo undergoes complete combustion in a bomb
calorimeter. It is found that the bomb calorimeter absorbs 264.8 J of heat during the reaction.
What is the enthalpy of combustion, in kJ/mol, of indigo?
N A N \'\‘ " .
A Y o T e ) O AN+ o —— Q.o T2 mo)l
3 2 2 Sa
0
& - (o - = AR
\/‘Xh \~ Gl Z("* - )
@ s )_C‘:\ 3 C‘ .) Li ) nc A Nt
/\\*\ 2, L & \’ [, 4 = — e '__\ =1 "')L(‘ L’;)/rngf
combo b\ C\- C"L’f‘ :‘];)( Amju' ]L—WLL )
Answer: —194- k) /mo |

¢) (2 points) What is the change in internal energy for the reaction in part (b)?

[\u — :\«' + W Lot W =0 (AV :C’)

. N - - 26%8 )

9 »

Answer:




