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CHM202

Energetics and dynamics of chemical reactions

Assignment - 1
Solutions:
A-6

(a) Since compression factor is given as:

;- Vi 0.9474 dm’mol™" 5977
"V, 0416dm3mol-!

Z>1

So, repulsions dominant in these conditions.

(b) Critical compression factor (Z)

pcVe
Zr =
7 RT,
Put the values of critical constants
Ze = 5 _ 0.375
c — 8 - *
A-7
Since the mass density p is related to the molar volume V,,, by
M
Vm == ;

Here M is the molar mass. Putting this relation into the perfect gas law gives:

pV,, = RT
M
P _Rr
P

PRT _ (8.314 Pam®mol™") x [(100 + 273)K] x (0.6388 kg mol™")
p 16 x 103Pa

= 0.124 kgmol™! = 124 gmol™?!

M =




We can divide by the molar mass of phosphorus atoms to determine the number of atoms per gas
molecule:

124 gmol™"
31.0 gmol~?
So the desired formula is P4
A-8
The relation between pressure and temperature at constant volume can be derived from the perfect
gas law:

pV = nRT
paTl

P _Pr
T, Tf

_p Ty 125kPa x (12 +273)K
Pr="p = (25 + 273)K

= 119.55 kPa

A-9
Since the van der Waals coefficients a and b are given as:
Ve
b=—
3
&
a =3P V2

pc=45.6 atm, V; = 98.7 cm’®mol!, and Tc = 190.6 K

987 cm®mol 1

3 =32.9cm3®mol~! = 3.29 x 1072 dm3mol~?

a =3 x45.6 atm X (98.7 cm®mol™! x 98.7 cm®mol™!) = 1.33 x 10%atm cm®mol~?

= 1.33 atm dm®mol 2



By interpreting b as the excluded volume of a mole of spherical molecules, we can obtain an
estimate of molecular size. The centers of spherical particles are excluded from a sphere whose
radius is the diameter of those spherical particles (i.e. twice their radius); that volume times the

Avogadro constant is the molar excluded volume b

41 (2r)3
b= NA(T)
1, 3b \3
r=3(am)
2 47TNA

Putting the values of b and N,
1

_1( 3x329 cm®mol™! \3
— 2\4m(6.022 x 1023)mol-1

1
1 98.7cm3 \3
2\ 75.674 x 1023

1 1
= > (13.04 x 10724 cm?3)3

r

=1.177 x 1078cm = 1.177 X 10~8m

A-10 Estimate the molar volume of chlorine gas on the basis of the perfect gas equation of state at
250 K and 150 kPa. Also calculate the percentage difference from the value predicted by the van
der Waals equation. [Hint: For chlorine gas, a = 6.260 atm dm®mol™2 ; b = 542 X
1072 dm*mol™*; 1 Pa = 1.01x10” atm].

For perfect gas equation,

. RT 8206 x 1072 dm3atm K~'mol™! x 250 K

= 13.86 dm®mol
D 1.48 atm mmo

For van der Walls equation

RT a
P=y —bp V2
Rearranging for Vi,
Vm = ull +b



Putting the values of a, b T and P,

8.206 X 1072 dm3®atm K™ 'mol~! x 250 K

= +5.42 x 1072 dm®mol~?
(1.48 atm) + ((6.260atm dm®mol~2)/(13.86)2)

m

_ 20515 dm3mol™?
N 1.5126

= 13.616 dm®*mol !

+5.42 X 1072 dm3mol~?

Percentage difference

_ (13.86 - 13.616)

X = 1.769
1386 100 = 1.76%




CHM202

Energetics and dynamics of chemical reactions

Solutions Assignment - IT

A-1

The difference between the two quantities can be expressed in terms of the pressure and the
difference of their molar volumes, and the latter can be calculated from their molar masses (M)
and their mass densities (p) by using p = M/Vm.

The change in enthalpy when the transition occurs is

AH = H(aragonite) - H(calcite)

={U(a) + pV(a)} - {U(c) + pV(c)}

=AU + p{V(a) - V(c)} = AU + pAV

The volume of 1.0 mol CaCO3 (100 g) as aragonite is 34 cm?, and that of 1.0 mol CaCOj3 as calcite
is 37 cm?. Therefore,

pAV =(1.0x 10°Pa) x (34 -37) x 10%m*>=-0.3]

(because 1 Pam3 =11J).

Hence,

AH-AU=-03]

which is only 0.1 per cent of the value of AU. We see that it is usually justifiable to ignore the
difference between the enthalpy and internal energy of condensed phases, except at very high

pressures, when pV is no longer negligible.

A-2
This is an expansion against a constant external pressure; hence
W = -PextdV

The change in volume is the cross-sectional area times the linear displacement:

1m
100 cm

dv= (50.0 cm?) x (15 cm) x (——)3 =7.5 x 10 m’,

sow=-(121 x 10° Pa) x (7.5 x 104 m3) =-91J (as 1Pam? = 1J).



—(7.7 x 10? Pa) x (2.5dm?)
= —pexAV = =
7 D Ve (10dmm—")3

(2.5 + 18.5) dm*
18.5dm?

w=— (ﬂ—-T) X (8.3145] K—‘mor‘) x (305K) x In
39.95 gmol™

—[S5281]

A-4
Isothermal compressibility is

— 1 (3V> . AV - o AV
=" op/)r VAp i Vkr
A density increase of 0.08 percent means AV /V = —0.0008. So the additional pressure that must be

applied is

0.0008 =
Ap = =(3.6 x 10%at
P = 321 x 10-6am-] e
A-5
Since the volume is fixed,

Since AU = g at constant volume, | AU = +2.35kJ
AH = AU+ A(pV) = AU + VAp [AV =0].

From the van der Waals equation [Table 1.6]

! = so A i [AV, 0 at constant volume]
—_ . e— = — M. .
P b W P = Va—b o -
RVAT
Therefore, AH = AU + .
Vimn—»b

From the data,

_ 15.0dm’

Vm = ———— =7.5dm’ mol~!, AT = (341 — 300) K = 41 K.
2.0 mol

Vi — b= (7.5 —4.3 x 1072)dm?® mol™! = 7.46dm> mol™".

RVAT (83141 K" mol™') x (15.0dm?) x (41 K)
Vm—b 7.46 dm> mol ™!

Therefore, AH = (2.35kJ) + (0.68 kJ) = | +43.03kJ

= 0.68 kJ.




A-6

SOLUTION: Because the reaction is carried out at a constant pressure of 1.00 bar,
AH = g, = —572kl. To calculate AU, we must first calculate A V. Initially, we have
three moles of gas at 298 K and 1.00 bar, and so

_ aRT _ (3mol)(0.08314 L-bar-K™' -mol™')(298 K)
i 1.00 bar
=743L

v

Afterward, we have two moles of liquid water, whose volume is about 36 mL, which
is negligible compared with 74.3 L. Thus, AV = —74.3 L and

AU =AH - PAV

= —572 kI + (1.00 bar)(73.4 L} ( ) =—572k] +7.43k]

10 bar-L
= =565kl

The numerical difference between A H and AU in this case is about 1%.
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CHM202

Energetics and dynamics of chemical reactions

Solutions Assignment - 111

A-1
Answer The combustion reaction we require is
C,H,(g) + 3 O,(g) — 3CO,(g) + 3 H,O)
This reaction can be recreated from the following sum:
A_H®{k] mol™")
C,H (g} + H,(g) = C.Hy(g) —124
C,Hy{g) +50,(g) — 3 CO,{g) +4 H,O(l) —2220
H,0(1) — Halg) + = Oslg) +286

CH(g)+20,(g) »3C0,(g) +3H,0()  —2058
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