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CHE 281-2 Physical Chemistry

Answer for three (03) quest1ons only All questlons carry equal marks
Total number of questlons Five (05)

Tlme: Two hqursv

- (L2*") and can be used for the di
s ~(act1v1ty) m a solut1on

Unzversal gas law constant R=83] 4 JK Imol !
Faraday constant, F: 1F = 96500 C’moll _
At T =298 K -
(@) RT=24790 kJmoz’ -
(B). RT/F = 29.693 mV
(). 2303RT/F = 59 mV

At very small x, exp(x) ~I+x

ln(x) 2.303 log(x)

_ Ouestlon 1[100 marks]:

(a).  Determine the solubility product of calc1te at 25 OC‘7 The followmg
data are given [25 marks]:

©' Species 'AGO kJ.mol 1
T ca ~-553.6
Lo -527.0

- "CaCOs -1128.0

(). - A natural well water sample contams Ca® of 1030 and CO3 of 10'3 36
-+ mol.L”, Calculate the ion activity product (IAP) [25 marks]"
(c). -~ Calculate saturation index (SI) of calcite [25 marks]?
(d). What does the saturation index indicate about the state of saturatxon
L w1th respect to calclte [25 marks]" R

Question 2 |100 marks]:

A lanthanum fluoride (LaF3) sohd—state electrode can be used to follow the progress, -

 of a potentiometric titration of fluoride ion (F") with a standard solution of lanthanum
t me urement of the ﬂuonde lon. eoncentratlonv’- EEEIEE e




A solrd—state Lan membrane mdlcator electrode and a saturated calomel reference’ e
electrode (SCE) were employed and the followmg data were obtamed R

Volume ofLa”, mL S Eavolts

sooo L +01118

' (a). Ifthe response of the LaF 3 electrode is grven by the relatron Eeai = K : '
Co—= 00,0592 log [F~ ] calculate K usmg the 1n1t1al F concentratron [20
,marks]

- '(by) . Using the result from part (a) calculate [F] after the addrtron of 50. 00
’ . mL of’ the La solutlon {30 marks].

(). Usmg the result from pa.rt (b), calculate the concentratlon of free
- (unprecrpltated) La* remammg after the add1t1on of 50 00 mL of the"
e La solutlon [25 marks] : :

- d. ~U81ng the results from parts (b) and (c); calculate the solublhty product
- (Ksp) for LaFg(s) [25 marks].

Question 3 J100 marks]
' (a). - Given following half-cells

Cu*|Cu E° = 0.34V
Zn*|Zn B = 076V
Fe**, Fe2+| Pt E° =07V,

‘.erte the reaction potentral of cells that have followrng properues @.
~a cell which copper dissolves; (11) The cell with the largest E? [20
'marks] : . '

The potential ofa hydrogen electrode (pm = 1 atm, T 298 K) measured
- against a saturated calomel electrode (ESCE =0.282 V) is -0.151 V.,
- Using Nernst equatron calculate solutron pH [30 marks]? '

"bMuch of the life goes on because of the abrhty of blologrcal systems to
- concert sugars into useable energy. Write the half reaction for the - -
o combustron of glucose and hence the overall reactron [25 marks]

o erte the cell reactlon and the electrode half-reactlons and the standard v
emf of the followrng cell: g S
s Pqu 8> Fe?; aq, “Sﬂ
(Grven F € ags | Fe aq | PE:

i h "0 150V) [25 marks]

ol
+.

aq,S aqlPt
0. 771 V and S




) Question 4 1100 marks]' e

The Butler-Volmer (BV) equatlon is

__L o (1~o*}nF?} g (—mnf‘?;)

AN PN RT ) TNTRT /)

(a). ' State all terms stated in the equatlon State the conditions under which'
the BV equatlon holds [20 marks]

(b). Deﬁne i [20 marks]

(¢).  Derive limiting - forms of the BV equatlon when (). n is small and (ii).
: nis large [30 marks]. : : :

(d). The‘exchange current density for the evolution of the hydrogen at
platinum is 8 Am™. What is the current density at 298 K for an 1 of
2mV? (hint: use the smphcatlon (i) made under section (¢) ) [30
marks] ‘ -

Ouestlon 5100 marks]

| (a).

(b).

®) -

3 _7concentrat1ons of NO and 02 [30 marks].

What are the units of the rate coefficients of first second- and thlrd order
reactions if the concentrations are expressed in (mol I ) and the time is given
in seconds [20 marks]?

The gas phase reaction 2NO + 0> 2NO, is observed to be thlrd order There
are several mechanisms that could lead to this. observed reactlon order. One
possible mechanlsm is

(1)  NO+0, == NO;
(2) NO;+NO->"2NO,

AsSuming that reaction (1) is very fast in both directions cornpared to reaction
(2), derive a rate expression for the overall reaction in terms of the

' concentrattons of NO and 02 [30 marks]

A second p0551b1e mechamsm is -
(1) NO+NO == N0,
(2) . N202 + 0O, '9 2NO, ,

~ Assuming that N,O, is present in concentrations much smaller than the other

species, derive a rate expression for’ the overall reactlon in terms of the o

: .In which mechamsm pseudo steady state pprox1ma | was assumed [20 e




