


ANSWER KEY

CHEMISTRY S1404 FIRST EXAM 7/15/99
PROFESSOR J. MORROW

PRINT NAME, LAST:

FIRST:

.D#:

EACH QUESTION ISWORTH 10 POINTS

1. 7. 2.
2. 8. 3.
3. 9 4.
4, 0. 5.
5 1. 6.
6.
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_ (60 (50 (50

EXAM TOTAL (140 pts)
OUT OF 100



THISINFORMATION IS FOR PROBLEMS 1 AND 2.

You are given atriprotic acid, HX, with K, = 1.0Ox10™, K, = 1.0Ox10™*

[HI[H,X ] HXZ x*

_ 16 2 H][HX [HIX"]

and K 5= 1.00x10% . ;= T KeT ] K= X
2

 [HXZ . . .
1) Cdculatetheratio I[H—X]l present in a solution whose pH = 4.00 if
2
HsX isthe only solute.

) 1.Ox10° i) .O0x10™2 i) 1.0x10® iv) 1.0x1071°
1. HaX = H" + HX [H"]=[H,X]=10"M
2. HX =~ H' + HX®

<, =100a0% = HIHXT - [FX1 - 1.00407

[HX] [HX?] [H']

[HX1  100x0%  1.00x07"?
[HX?] [H] 1074

= 1.0x10°8

ANSWER IS: 1.0x10°8

2) Cdculaethe [H3X] in the above solution from problem 1.

)0.30 i) 0.25 i) 0.15 iv) 0.10 v) 0.050

“N—

HaX H* + HX" [H']=[HX]=10*M

c-X X X wherex = 10 M

[HTHX]T 1042  (10%?
HXI  ~ c104 ¢

\ ¢c=010M

Ky =1.00407 =

ANSWER IS O0.10 M

THE FOLLOWING INFORMATION ISFOR PROBLEMS3 AND 4.
Given aspaingly soluble sdt, M3X,, , where X isthe anion from the wesk
triprotic acid given in problem . (K 5 = 1.0OX10™, K ;, = 1.00x10*2, and
and K 5= 1.00x10™%0) .

For this sparingly soluble salt, MgX,, K¢, = 1.00x10™



EACH QUESTION ISINDEPENDENT OF THE OTHER. SHOW WORK
3) What isthe solubility of M3X,, in pure water. Neglect the

hydrolysis of X* .
) 1.58x10710 i) 6.21x10 i) 18.6x107C jv) 12.4x1071°
MJX, = 3M* + 2x*

K = 1.00x10* = [M*TXx%]? = [3x%[2¢° = 108x°
\  solubility =x = 0.621x10° M = 6.21x10 0 M

ANSWER 1S: 6.21x1010

4) What isthe solubility of M;X,, in asolution containing ©.010 M
NagX ? Neglect the hydrolysis of X* .

i) 1.55x1014 i) 4.64x10 i) 2.31x10 iv) 0.77x10
Kg = 1.00x10* = [M*1H0.010]* \ [M*] =4.64x10™
Solubility = /3 of [M?*] = 1.55x10™

If answer givenisil, give 7 pts. ANSWERIS: |
5) Consder the wesk acids, A, B, C, and D;

ACID A B C D
K, 8.3 2.7 129 5.6

List these bases in order of increasing acidity (decreasing badicity);
LEASTACIDIC C < A < D < B MOSTACIDIC

6) A 0.100 M solution of asdt, KX (which hydrolyzes), hasapH = 9.00 .
Cdculate the value of K, for the weak acid, HX. Thehydrolyss

reationis, X+ H,O =~ HX + OH
i) 107 i) 10° iii) 10 iv) 107 v) 108
K -
X+ HO =~ HX + OH whee K, =— = w
Ka [X]

Kw _ HXIIOH] _ 10" 109 and\ K, =107
Ky [X] 0.1 a

Kh:

ANSWERIS: K =107



THE FOLLOWING INFORMATION IS FOR PROBLEMS 7, 8, AND 9. (SHOW WORK)

25.00 mL of 0.100 M methylamine, CH3NH> , istitrated with O.100 M HCI. Calculate the pH;
(Kp= 4.4x107)

N—

7) beforeany HCl is added. (CH3NH; + H,O
2

X
Kb=0.10

CHaNH3" + OH)
=44x105 x=[OH] = 21x103\ pOH=2.68

pH= 11.32
8) hdfway to the equivaence point.

POH = pK,, =-log(4.4x10°5) =436\ pH = 9.64

9) a theequivaence point. (HINT: First solve for K;)) SHow WORK

i) 2.68 i) 6.36 i) 5.47 iv) 10.95 v) 8.24
CHaNH3" + H,0 = CHgNH, + H0"

At equivaence point total volume is 50.0 mL and [CH3NH3] = 0.050 M
10 10 [CHaNH[H0'] X
h= < = 227x10°= = 5.050
4.4x10 [CH3NH3'] :

x =[Hs0"] = 0.337x10°= 3.37x10°

10) How many milliliters of 2a0.100 M HX (awesk acid) solution
should be added to 500 mL of O.100 M NaX solution, to produce

abuffer of pH=5.00? For HX , K,=4.00x10® (SHOW WORK)

)125 i)250 i) 500 iv) 750 V) 1000

5 _ [HIX 107X X
K,=4.00x107 = [[—H1>[(]—1 = %(]Ll \ {E(L] = 4.00

X 0.050
—[[HX]] = 400 = B \' x=0.0125mad (of HX must be formed)

\' 0.0125 mal of HX needed. Vy =0.125L = 125mL

ANSWERIS; 125 mL



11) Completethefollowing table. (for M(OH)3 , K¢, = 6.010™°)

3+

M ] [OH]
6.0x108 m 1.0x10* M
6.0<1073 M 2.15x106 M

12) GiventhefollowingKg, vaues for M(OH)z, Kgypyy =4.00x10™;
for N(OH)3 , Kgypyy = 1.00x10°%°,
One mole of each of the above solids is placed in a beaker containing
1 (one) liter of pure water. These solids go into equilibrium with
their ions. Cdculate the pH of this solution. Do this cdculation as

accurately aspossble. Use of the gpproximate method is worth 7
points. (SHOW WORK)

i) 10.91 i) 10.87 (7 points) iii) 10.29 iv) 10.80
M(OH); = M* + 30H
N(OH); =——= N*' + 30H

EXACT METHOD APPROXIMATEMETHOD

K K
- 3 3 — (M) P(N) -13 _ 3
[OHT] = 3{[M]+[N°T} =3 [OHT? + [OH']3} X107 = [X][3X]

1x10° 83 = 27
[OHT* =3{4.00x10 + 1.00x10%% =4.2x10® x = 2.47x10™

[OH] = 3x = 7.4x10
[OH] = 0.805x102 pOH =3.09 AND pH=10.91 pOH=3|13; pH= 10.87

GIVE 4 pts IF ANSWER GIVEN IS m
GIVE 7 pts IF ANSWER GIVEN IS HANS\NER 1S |



13) Given the following reactions and their equilibrium congtants:

1. HS =< H'+ & Ky
2. HCO; H" + CO” K,
3 PbS Pb*" + S* Kepa
4. PbCO, Pb?* + CO.~ Kspa
5. H,O H* + OH Ky
Cdculate thevadue of K (in terms of any or dl of the above K vaues)
for the following reaction;
PoCO; + HS PbS + HCOg K="?
g Sz Kepda o RBed s Bl Rl
Ksp3K1 Ksp4K1 Ksp4K2 Ksp3K2 KspsKl
ANSWERIS:; 1V
14) A certain metd hasawork function, F , of 1.50 eV (= 2.403x10'193).
When monochromatic light of wavelength, | , falls on this metd,
photoelectrons are expelled. The kinetic energy of these
photoeectronsis 2.64 eV ? What isthewavdlength, | (in nm), of
thislight ? SHOW WORK
i) 255 i) 300 i) 334 iv) 319
€= -F
626x10 ) (3x1
\ (264)(16022x1019) = (862610 T)(3x 9 | 540300

I
| =3.00x10"m = 300 Nm

ANSWERIS: I



15) Anatom has avelocity of 50.08%C and a deBroglie wavelength of

1.991 A, Which of the following is the dement? (Hint: The atomic
weightsin the Periodic Table are averages over the weights

of isotopes. To answer this question, just round off the numbersin
the Periodic Tableto the nearest integer.) BE CAREFUL WITH UNITS

(SHOW WORK)
i) H i) C iii) Mg iv) Ti V) Ca
h h h 6.626x10™
| =— = — \ m=— = =
p v vl (50.0)(1.991x10710)

_ -26_kg _ 23_9  _ 9
m = 6.656x10 e 6.656x10 Hom 40.1 ol

ANSWERIS: V

16) Thelinear velocity, v, of an eectron in the hydrogen atom
(according to the Bohr Theory) is,
_ 25¢
V= "
where:  n = principle quantum number, h = Plancks congtant
Mg, = electron mass e=q=dectronchage, 0=314

What is the de Broglie wavdlength, | (in A), of an eectron in the first
shell of theH aom? (HINT: Usethe cgs system) SHOW WORK

) 0.0332 i) 384 i) 3.32  iv)6.64 V) 332

, = 0¢ _(2(314)4.806x1070)°

nh (1)(6.626x10°%) (incgsunit)

_ 7 an Ly 5 m .
v = 21.89x10 = (Cgs units) = 21.89x10 o (SI. unity)

-4
ho 6.626x10 = 332x101°m =332A
v (9.108x10°3%)(21.89x10°)

ANSWER IS: [l



