Chemistry 104, Summer 2022
Exam 2 (100 points)

1. Which of the following statements are true and which - false? For the false statements,
provide a brief explanation why they are false. (11 points)

a. Hlis a stronger acid than HBr.
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b. Itis possible for K¢ and Kr to have the same value for a given reaction at a certain
temperature. o :
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In a reversible reaction A ® B, if the rate constant of the forward reaction is

greater than the rate constant of the reverse reaction, the process is product-
favored as written.
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8. Adding a catalyst can force a reactant-favored reaction to become product-
favored.
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Exam 2 (100 points)

2. Classify the following 0.100 M aqueous salt solutions as acidic, basic or neutral. Justify
your classification using appropriate chemical equations. No pH calculations are

necessary. (10 points)
a. NaCgHsCOO
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3. Explain the following observations in terms of the chemical structure of the relevant
species.

a. H3POsisa stronger acid than H, (2 points)
Hg POW NLXM Cz)cﬁ,v&%z wL (,Q §+rﬁua/féim
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c. NHsisa stronge@ns base than NFs. (3 pomts) ‘K H
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4. Consider the reaction :
q + MgCOs (s) > MgoO (s) + COz (g) | AH® ¥+118 k.\l-/mo]
State how each of the foIIowmg interventions will affect the direction of the reaction.

Brlefly explain your answers. (8 points)
a. .Increasing the volume of the container where the reaction takes place.
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c. Addmg more CO; (g).”
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)Decreasmg the temperature.
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Chemistry 104, Summer 2022
Exam 2 (100 points)

5. Methylamine, NH2CH3, is a weak base. Consider the titration of 75.0 mL of 0.250 M
aqueous methylamine with 0.100 M HCI (aq). K» of methylamine is 4.4 x 2 [0 2
a. The conjugate acid of methylamine is the ion methylammonium, What is its formula

and what is the value of its K;? (2 points) (Y
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b. Write the equation for the reaction between methylamine and HCI. Is this reactio
reaqant- or product-favored? Briefly justify your answer. (4 points)
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| ;

or NH(QCHS £ HCL —F NHSCHgir U\_) (1 vee, el
(D gty 15 s seroger bose b 50 /A7 Tt W@mg

(C‘w lss  compart o.oié_/a s Gt Byt S dand - (wduad

c. Calculate the pH of the resulting solution
i. after 75.0 mL HCl are added. (7 points)
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Exam 2 (100 points)

A"
ii. atthe equivalence point. (7 points)

@0-0(%<Z u,oo\ Ls > 0038 L ned 4o be sdded
0.100 weo | HC|

OOI%%L H0.0FE s = Ve = 0,203 L

@ [ eyt ] - 0.0139 weo|

6203 = 0.0914Y M
CHyg + Hy0 =2 ity + 4,07 (D)

I 0. 0‘?""/\ X O' o A :

o | X x

€ 0.00ym ~

@ e X @ @
Dol ennn, ] SR L
A f“‘zh/"sﬂi -’b A0 o = x= o]

1'))/{ I %U%X(O fvb FO 29 - p)/‘ \O

6. What is the molar solublllty of an(PO4)z (Ksp 9.0x 10 33)? (6 points)
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7. Silver carbonate (Ag2COs) is a poorly soluble salt in pure water with Ksp = 8.5 x 1022,
Despite its low solubility in water, silver carbonate dissolves better in an ammonia
solution due to the formation of the complex ion Ag(NHs)2* (Kf = 1.7 x 107).

a. Write the balanced equation describing the dissolution of Ag2COs (s) in pure

water. (1 point)
(D) hayt0s () == 2hg’ (01 )+ CO: (ag)

b. Write the balanced equation describing the formation of the complex ion
Ag(NH3)2*. (1 point)

@ ﬁ?; Cw@* 2 NHy (a@ == Q%(N”?»);

c. Write the balanced equation describing the dissolution of Ag2C0s (s) in NH3 (aq)
and calculate the equilibrium constant for this process. (5 points)
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8.

The equilibrium constant for the reaction
N2 (g) +3 Ha (g) & 2 NHs (g)

is Kp = 4.34 x 102 at 300 °C. Pure NH3s is placed in a 1.00-L flask and allowed to reach
equilibrium at this temperature. There are 1.05 g NH; in the equilibrium mixture. What

is the total pressure in the flask (in atmospheres) once equilibrium has been reached?
(10 points)
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(OWV=ner =w p

F(.oy% @ i

(0.061(, m/}(o.o??ob[,&xmuwl ’/

6?310)

Mg (|,oo L)

= QQO tun

—

/ Peor = 14.5Y 41

ot

0 ) A 0
+X 43¢ "rQ)(
* >X A-x = 9. qO dtun
?Nﬂgz @ 2 (qu MW\)Z
= =¥ 434 xip = =
PNZ 'PH?/ X (g$>

P
Fot

O
e léib(xao =% X = A e < ? @

|

= B, 2 3(2A0 ) - g g3 M‘MO @

-,?Wg,r Pu, + Py, =(290 4 2.41 1€.93) am Fg "

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

Chemistry 104, Summer 2022
Exam 2 (100 points)

9. Asolution contains 2.0 x 10% M Ag* and 1.5 x 10 M Pb?*. Solid Nal, a soluble source of
iodide (I7) ion, is added to this solution to separate the two ions.
a. What should be the I” concentration that would create a saturated Agl solution?
Ksp of Agl is 8.3 x 10°Y7, (3 points)

A3 (<) = Ag*(«w))* I‘(cug) @
Kp [“33113 => 306" = (2000 W)[T) @
} [I—J 42xn6'gj @

b. What should be the I- concentration that would create a saturated Pbl; solution?
Ksp of Pbl; is 7.9 x 10°°. (4 points)

O, PoTg(s) = %”(MSL (91‘(&@@
Q—S«) [Pbﬁjl}] ——§>‘_F6\x10 (l§xlo M) [,L JO__3>

{ ET J 92.3v10 M‘\ O
c. As Nalis added, will itate first? (1 point)
[ 271 @

d. What will be the concentration of the first ion that precipitates (Ag* or Pb?*)
when the second salt just begins to precipitate? (3 points)

) o ’P\:.'Ia La&,m ()rﬁ(‘,\ﬁol'f‘&:{\“& gofwem/ 'S
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10. Below is the titration curve of a salicylic acid (CsH4OHCOOH) solution with 0.100 M
NaOH (aq).

12.00

10.00

8.00

pH

6.00

20.00 30.00 40.00

V NaOH added (mL)

a. Identify the major species in the solution at points A and B by circling them. For each

point, make sure to indicate (by circlingl-whether H:0* o @4‘ is present at higher
=y : @

—

CoHaOHCOO™ OH-

b. Estimate to one significant figure the pKa value of salicylic acid. (3 points)

N LelP @%ulv&(,@u«(k (Dowut PH P%x @

E%wwtwu ()q(wf occn (s 04 ~ g@ mL =P
HEP ocars 0 ~ (2wl O
gic \2 mbl PW—-PRABE})@
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c. Which indicator would you pick if you wanted to observe a color change near the
equivalence point? Briefly explain your answer. (3 points)

Indicator pKa | Color change Indicator pKa [ Color change
(from low to high pH) (from low to high pH)
Cresol red 1.0 red to yellow Methyl red 4.95 | red to yellow
Methyl yellow 3.3 red to yellow p-nitrophenol 7.2 clear to yellow
Methyl orange 3.4 red to orange Phenol red 7.9 yellow to red
Bromophenol blue | 3.85 | yellow to blue Phenolphthalein | 9.4 clear to pink
Bromocresol green | 4.7 yellow to blue Alizarin yellow R | 11.2 | yellow to red
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