CHEM 311 (Term 132) First Major Exam 2.0 HOURS

Sunday, March 2, 2014, 7-9 pm
VYersion ()

Sec. 1: Dr. Khaled, Sec. 2: Dr. Morsy, Sec. 3: Dr. Fﬁrnei, Sec. 4: Dr. Maung

STUDENT NAME: (‘?? STUDENT ID NUMBER:

Correct Answers (5 points each):

TOTAL Points out of 100:
PHYSICAL CONSTANTS:
R=8.314J mol' K" R =0.08206 L atm K™ mol
R =0.08314 L bar K mol" Na = 6.022 x 10 mol”
kg =1381x 102 JK h=6.626 x 107 J s
1J=1kgm’s> F = 96,485 C mol’
1 atm = 1.101325 x 10° Pa g=981ms”
¢=2.998x10°ms’ B = 0.5092 mol'? dm™” (in H,0, 25°C)
constant in DHLL in the log;, form, for molarity
0K =-273.15°C In(x)/logo(x) = 2.30259 for all x
(RT)/F =25.6926 mV at 25°C for the In form e=1.6022x 10" C

7 A
and RT/F = 59.15948 mV at 25°C for the log o form of the Nernst equation

£,=8854x 102 C* ' m"!
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Determine the molarlty of Al;S;(aq) in a solution which contains

0.100 M NaCl (aq), 0.100 M Na;PO,(aq), and Al;S;(aq), assuming all
electrolytes as strong and as easily soluble ones, when the ionic

strength of the solution is 1. 400 M? = 2,65 :2ZM tg.os 12m+ +S =
233
. 0.0467 M (A= O FMe 15,
237
B) 0.0833 M C = &7

Al, 5y ) M = 001+ M
C)  0.00667 M

D) 0.0233M

E) 0.100M

Consider a weak acid with a molar conductivity of 3.76 S cm?mol™ at
298K and 0.0100 M concentration. The molar conductivity is found to
be 1.27 S cm’ mol™” when the concentration is 0.0500 M. Given the
molar conductivity at infinite dilution to be 39.56 S cm” mol™' deter-
mine the dissociation equilibrium constant, calculated in terms of
molarities, of the acid.
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3 Given the ionic radii of lithium and strontium 1n the gas phase as 0.59

pm and 1.18 pm respectively. Then, the following statement is true:
A)  Lithium ions dissolve better than strontium ions. rorts, ree C)

B)  More heat is released when lithium ions are dissolved as
compared to strontium ions. wyony, se€< C)

@ The Gibbs energy of solvation for strontium ions is twice that

for lithium 10ons.

D)  There will be more deviations from the Debye-Hiickel limiting

mode] in the case of lithium ions as compared to strontium ions.
'7]0 WE howe Seemnn that ofey, \pifionr intv tase 7o Thetreo s l}—zﬁ

The logarithm of the activity coefficient for lithium ions is Cﬁmj{
expected to drop faster with concentration increase as compared
to strontium ions (in the same electrolyte) in solution.

7o /6,‘ a, ~ =] 2:_'_-&..) = adra/j 7Caf{‘w lc\a-'f S}.Z,A_,lL‘M 7[01/ (/1_

4 The solubility product of 0.00100 M PbCl; in pure water is 1.60 x
107 in terms of molarity. In order to decrease the amount of lead in
the solution by the largest amount, we may add (assume that no

precipitates are formed): _ Cpzt e

Ksp > ( “"~ ) yT
1.35 M NaCl
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B)  0.00100 M Na;SO, P
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5 An electrochemical cell consists of a silver electrode in contact with
200. mL of 0.100 M AgNQO; solution and a magnesium electrode in
contact with 100. mL of 0.100 M Mg(NQO,), solution (both aqueous
solutions at 25°C). Determine the EMF of the cell at 298.15 K befoze
and-aftera current is-passed-leading to-the-deposittomrof-8-506-gof-the

Given Standard reduction potentials: E°agrag=10.80V,
EoMg2+/Mg:-2'37V o~ (5 7}[;'( Etf/?[_{) (
A) [ 3.14 V, 3A43F¥
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Wiy )
=(0.80 —1-2,37)V= 3IZV
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D) 34Vt 3Y V h'gl?v_zyézémv’ O

E) 3433.13mV m
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6 Consider the following cell reaction: = 3V
2Mr104-(5)+ 5 ZD(S) + 16H+(aq) ------ - 2MI’12+(aq) +SZn2+(aq) + 8H20(|)
E'=227V -A/eﬂg’f S A Z2nls) and H,0(2) 5167 2

Which of the following conditions would increase the voltage of the

A
FH-’-‘/%) £
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7 Ifthe standard potential of a cell is E® = 3.65 V at 298.15 K and
(dE°/dT), =-6.20 x10” VK, the thermodynamic parameter AH% in
J/mol for a single electron transfer is: 2 5;: nE [ E)% 7_)7

)
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C)
D)
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3.54 x 10° A Xy
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3.50x 10° +
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2.54%x10° 0 c
% AHR = ﬁéﬁ% TA4S,
7.50 x 10° 5 F
5 = [-3352 107 _ 298, 15 .:,‘?8)
3.50x 10

= -3,5%. 10" F

8 How can it be decided if an electrolyte is a weak electrolyte and how
can the molar conductivity at infinite dilution be determined?

Weal

B)

)

D)

E)

If a plot of the inverse molar conductivity vs. the electrical
conductivity is linear, and the molar conductivity at infinite
dilution is the inverse of the intercept of this straight line.

[f a plot of the inverse molar conductivity vs. the electrical
conductivity is linear, and the molar conductivity at infinite i
dilution is the intercept of this straight line. 4, ¢4 %wcc,/rf— = e

If a plot of the inverse molar conductivity vs. the electrical
conductivity is linear, and the molar conductivity at infinite /
dilution is the inverse of the slope of this straight line. yo :la))c = ;l'fi;z

If a plot of the molar conductivity vs the square root of c/c, (c,

=1 M, and c is the concentration of the electrolyte} is linear and

the molar conductivity at infinite dilution is the slope of this

straight line. 3, A Vs \TZT(G Lneary —7 s#ron/ r_gf ;,uer,./é

If a plot of the molar conductivity vs the square root of ¢/c, (¢,

=1 M, and c is the concentration of the electrolyte} is linear and

the molar conductivity at infinite dilution is the intercept of this

straight line. se A v3 VCET ~ (i cony — strent '):z_f_f_wef-r/é_
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9 How can a plot of AG®opaionvs Z°/r be made better linear for different
ions to improve the model?

B)
C)
D)

E)

Use of z*/r.¢ instead of Z%/t, where ryy is the average distance
between the center of the ion and the center of charge of a water
molecule in the solution. see beook * iscussion o

Bovn wiveded v cbeplbv 0O
Use of z*/r.r instead of Z°/r, where reg is the average distance
between two water molecules in the solution.

2 . . .
Use of z*/r instead of z%/ r, where rer is the average distance
between two 1ons in the solutions.

2 . . . .
Use of 2%/r.q instead of z%/r, where rey is the maximum distance
an ion can move during electrolysis.

Use of z.7/t instead of z%/r, where z.y is the average charge of
cation and anion.

10 Use the Debye-Hiickel Limiting Law (DHLL) and do three steps of an
iteration to calculate an approximate value of the solubility of
aluminum fluoride (AIF;) (Kq, = 3.51 x 107') in water at 25°C.
Assume aluminum fluoride to be a strong electrolyte and assume all
concentration units to be M with ¢, =1 M.

2.99x 10° M

B)
©)
D)

E)

1.90x10° M
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1.99x 102 M
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11 What will happen in the electrochemical cell at 25°C:

B)  The concentration of nickel (Ni) ions decreases. V2
no, intreasc) ,.ﬁl {Led
C)  The concentration of cobalt (Co) ions increases. ’ o, L.
no, deevesier =OW2lHV — (2. FUEA

D)  Nickel (N1) is deposited at the Ni electrode.

no, NMe Alssolvey < 6. 038
E)  Nickel (Ni)is deposited at the Co electrode. = 02023 V-0.0887 Vv
ne, NiAlssol ey = = 06S*V L0

12 Given -3 Cﬁa(a-;} tANLS) ~ Col 5+ ¢ S

((\ MnOy +8H +5¢ — Mn* +4H,0OE° =152V Yevufrc:@—’:‘eéf
Y £ o =

and
(2] MnO; +4 H" +2 ¢ —Mn™ +2H,0B° =123V,

calculate E° for the half-cell reaction #’

(2)MnO; +4 H +3 e — MnO,+2 H,0.
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13 Use the cell at 25°C: £ = E o- %;/éw Oix-,“ -a:iz_ 6
g _
0 ] = v 256926
:\g,L Fe(s)|Fe'(aq, are.)||S¥(aq, as.)[Fe;S3(s)|Fe(s) £ 6 3Y /Zn]@
< T - g%~ 4, 2821 4, K &
W “;E{ M« to determine the solubility product of Fe,S;, when E%e3o/pe = 0.041 V
§y - X
\p Q — = = _© _ _ 1S
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\gf 14 The molar conductivity at 20°C of a 0.0100 M aqueous SOlUthI’l of

ammonia (NH,OH) is 9.6 S cm® mol”'. For NH,Cl, A,.°= 129.8 S cm’
mol™ and the ionic equivalent conductance values for OH and Cl are
174 and 65.6 S cm® mol™, respectively. Calculate the degree of
ionization (o) for NH3 in the 0.0100 M solution

a=0.0403 [A/Hl, 0H) = A (WH, @)~ /{{cac)r/ (for)

R
B) = 0.0184 = (1298 =652 6+ 17Y) =70
C) a=0.781 = 2382
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15 Which of the following solutions have the same ionic strength (1) as
0.10 M NaCl(aq)?

@ 0.0167 M Na;PO, (aq) T = ’z‘" r),o)c‘%mfa ()T 1 1-3)° )= 2, 10(62) w)
B) 0.280 M CuSOu(aq) T = 1. gzsom (1 (23 4. (-2)%) = LI2WY
C) 0.055 M CuSOq4laq) F = ‘Ii v.05TM & = 0,224

D)OlOZMAlz(SO;Og(&C]) I'—"‘i'f),lol M/Z [+3)?’-+ 3[-2)7‘) = [ $—3M

Ll,ﬁzay

E) 1.23 M BaSO4aq) T = _‘l:L 1,2 M(h (+2)?—‘f' / [_2)1_) _

16 Calculate the pH of the HCl solution in the following cell at 25°C;
Pt(s), Hy(1 atm)| HCl(aq)| AgCl(s)|Ag(s) ; of which E. 15 0.517 V.
(the AgCl|Ag electrode has E°=0.2224 V,and y£=1)
AY2.49 left vricloction™ 2 Hy Hite —
B) 3.50 v ight redbeecdion - ﬂjfﬁé te Ay v g

C)4.32 pveroll: ¢ =/ %HLgﬁg/fﬁjwwﬁﬁ*@?g *
D) 5.21 e (~q) * Ay(s)
A}@Z(S? andd Asl5) 2l i R
Hzlg, !“"é’ﬂ) also 61&7( Y R occoree s
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= F°Y - '—/;':'",gné’tHT 50;0‘522_11,1/ S ce
0 -
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17 Express a, in terms of a, and a_for K;Fe(CN)s

1 » F22 P
1 (s — g >
] 4 s o l = CQ e
(aK+ 'aFB(CN)g— ) — t -

é A2 = ‘f ey K .r\o 1.3
B. (a:,», 2+ Qe ) + YC q4__ .
vo= ?ﬁo , Fe ((/I/)g Vo s
C. (2 e -em; )’ A AT
Y
D. (a} A 2+ Ay )“ + Xt F¢(C4/);")

1

E. (a s+ g, (ew)s~ )2

18 Consider the cell:

Fe(s) | FeSO4(ag, a. = 0.0250) | Hg,SO04 (s) | He (/)

A Gy in kJ mol” at 25.0 °C is L—e H;‘f‘ Sow s
<
[Efzsjre 5y = ~0-44T V, E vy = 0.7973 V]
@258.4 'ﬁykf yeduclion, /'f,fllw’,1 t2e” 5 2Hg ¢ f&;f”
wloatioy ~ Fo — F& ¢ 2=
B. 42584 (eft oxictatioy e
C g tverett E =20 H9.50,0) w Fets) 2y (4) + Fe g ta
C9 . B
D.+2218 & 2 Bt E, ., = B irg ~ EArure
E. -2493 (@t ???_2 _ (__ 0-.%?'?_)) V4
= 1, 2M3 VvV
E=fg°— 5£ /gAGtFe 50:—=E—Z,;/Zna = E F/Zaal%
S 1293 V = 25672 mV bn O.025 = L 2BV - agé‘i%mu?é-*e
WL X
=( 23z V+ p.094P8 V = L3370V 93,5
FE o5 19522 (339 V
A@R = —2Z =~2. 7% — (
Z= Z

7+
=-258 406 — = A= >
#et — 254 “'-—k




19 Calculate AG% in kJ mol™ at 25.0 °C for the reaction:
ZnCh, (s) 2 Zn*" (aq) + 2 CI (aq)

[(AH® (k] mol) & AS°® (J mol™ K™)) of Zn** (aq), CI" (aq), and
ZnCl, (s) are (-152.3 & -109.8), (-167.1 & 56.6), and (-415.1 &

111.5), respectively] AHQ b {2 ) +f£}/—/ ZW ),-4)-& [&4%’7/

1(1

.392 mi,z (wza -2 Sail F NS H = ~FH f,,jé

392 400 . e NS, (247) ZAS,Z é%/ asy (ehczzz/
C. -409.5 8.8 2566 —a/ r)m = — )08, | K ——
D. +409.5 Au[r’()l AH —_7—45
E. -147.] " - v -3) k7

) — ZIM T 2985 O8] 10 ) .._é‘

2
= =391 k’L == 7.

20 The Debye-Hiickel screening length (I/K) for a 1-1 electrolyte
is 0.964 nm at a concentration of 0.1 m in water at 25 °C (&, = 78).
Estimate the screening length in nm of the same electrolyte in a
solvent of ¢, = 38, assuming that the density of both solvents is 1.0
kg m” (the equation for the inverse of the Debye-Hiickel screening

length (k) is given at the end of the formula pages).
-{

1
A) 0.673 E. 0213 WW) = S5m
B.  0.34] = |, 0373 4, ¢

D 0.511
K 1S Sane ]ﬁéy selven? S cned for we Fo, W
’UQ(S) N fr[W) _ ?1?
oiw) Z?;/_ T Y3 = 1.43F©

w(s) = 143270 W{w) =1.43270 - (,03939 2m~!




