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Exercises Topic 3: States of matter

1. Fill the following table concerning the solids.

Type of solid Particles| Inter-molecular Properties Examples
on lattice forces
lonic NaCl, A}O;
metallic
Covalent 11Ty 11T 11E; Diamond, CSi
1 1 Hardness
Molecular (small  |Moleculeg CQO,, wax
molecules)
Molecular (big Moderate T, Tr,
molecules)
Solution:
Type of solid Particles on |Inter-molecular forces Properties Examples
lattice
lonic anions coulombic f(4,2,,r0) NacCl, AlLO;
cations 1T, Ty T E; 1 Hardnesp
Metallic Cations metallic f(n° shared e Ti, Cu, Fe
1Ty, Tm; 1 Ductility;
1 Conductivity
Covalent Atoms Covalent 11T 11T 11E; Diamond, CSi
1 1 Hardness
Molecular (small Molecules Dipole, London L T, T CO,, wax
molecules)
Molecular (big Molecules Dipole, London Moderate, T, Polyethylene,
molecules) polyamide

2. Consider two 3L-tanks, A and B, connected by ae/aWhile closed, the tank A has 0.2
moles of N gas. The tank B is filled with as many litres of & those obtained from the
thermal decomposition of 50 g of potassium chlo&it0 °C (KCIQ (s) - KCI (s) + G
(9)). @) What is the total pressure in each tankeathe valve is closedH(nt: balance the
equation) (b) What are the partial pressures atadl poessure long after opening the valve?
Solution: &) Priank o) = 1.22 atm; Riank )= 4.98 atm . b) P(Y = 0.61 atm; P(g) = 1.66 atm;
Pr=2.27 atm.

3. You are provided with two samples of two differgiaises A and B. Molecular mass of A
doubles the corresponding of B. The average vel@titA molecules also doubles that of B.
If both samples contain the same number of molequée liter and if the pressure of sample
B is 4 atm: (a) Calculate the pressure on A. (bjdWIs the ratio between the temperatures of
both gases?

Solution: @) Py = 32 atm. b) T/Tg =8

4. A mixture of oxygen (16%) and nitrogen (84%) hascdume of 2400 cfhat 1 atm
pressure and 23 °C. It is bubbled through wat@B8&C in such a way that the collected gas is
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saturated in water and the pressure is 1 atm. @édc(a) Final volume of the mixture. (b)
Partial pressures of@nd N in the wet mixture.

Data: P(HO, 23°C) = 25 mmHg

Solution: @) 2.48 L. b) P(©) = 0.157 atm, P(} = 0.823 atm.

5. Assume you have a vertical cylinder of radius b® and height L m, equipped with a
piston. The piston is separated from the bottorthefcylinder a distance of 10 cm and this
cavity is completely filled with liquid water at 80. The piston begins to move vertically
very slowly and the whole ensemble is maintaine80a®C. The piston stops when reaches a
distance of 1 m from the bottom. Look in the webtfee equilibrium water vapor pressure at
80 °C and 10 °C and for the density at 80 °C amssvanthe following questions: (a) What
would be the pressure inside? (b) What would leddliel of water and how many moles of
water have passed to the gas phase? (c) What aistould the piston be displaced to
completely evaporate all the water? (d) At theadlise set in section c) the piston is fixed and
temperature is decreased to 20 °C. Would waterazws®? How much?

Solution:
a) As the piston moves a vacuum is created in dlvéycthe piston leaves below. Water
evaporates to fill the vacuum until water vapor gree equals the equilibrium value at 80
°C. You can look in the web http://www.engineeringtoottwm/water-thermal-properties-
d_162.html
finding P(H,0, 80 °C) = 47.5 kN/fr= 47.5-1G N/nf = 47.5.16Pa
1 b) The amount of water in the gas phase can be ledézliassuming ideal gas behavior,
r$ but for doing so you will need the gas constantpprapriate units. You can look in the
10c web_http://en.wikipedia.org/wiki/Gas_constdinding 8.314 mPaK ™ mol ™.
208m 47510V, Pa

n= a3 o = 00173/, 1)
8314x (273+80) Pam™-K ™ mol™-K

where Y,sis the volume of the gas cavity.

Now the problem is calculating the volume of the gmasty since the evaporated water decreases th&lwater level. We
can set out the problem in the following way:

Initially, before the piston begins to move, theawatolume in the liquid phase is\init) = 770.%-(0.1) = 3.142-18 n?.
After the piston moves, the total cylinder volum¥j, = 770.%-(1) = Vgas + Viig(after), where Y is the volume of the gas
cavity and Yg(after) is the volume of liquid water after evapiimg n moles.

But Vig(after) = Vjq (init) — V,, that is to say, to calculate the liquid water vk after the evaporation we need to subtract
the volume of evaporated water from the initiaulajvolume. To calculate the volume of liquid wakext has passed to the
gas phase we need the density of water at 80 °C. &folook for it in the web_http://www.engineeringtoollmmmn/water-
thermal-properties-d_162.htrfihding 0= 0.972 g-cri.

nxM mol™
= no - Nx18g mo'_3 =n1852cnm® =n 18520°m’ (2)
Phio sorc 0972gcm

Therefore, the volume of the gas cavity is

Viges = Vo~V (after) =V, =V, (init ) +V, = 3142107% - 3142107° + n 185210°° =
= 0.028278 +0.0173 x 1852107°V = 0.028278 m®

©)

Replacing this value in equation (1) we arrive te ttumber of moles of water in the gas phase:

n = 0.0173x0.028278 = 4.892-Ibmoles.

To calculate the level of water after evaporationnveed the volume of liquid watef,{after) = Vi (init) — Vi, = Vjiq (init) -
nx18.52.1¢ = 3.142-1C° - 4.892-10x18.52.1¢ /8.142-1C. This means that the volume variation is insigaifit.
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c) To completely evaporate all the water, the volafie gas phase must accommodate all the waieipagssure equal to
the vapor pressure of water at 80 °C (= 47 500 Pag mumber of moles of water in the gas phase waaild b

V,, (init 10°m® m3
n= |Iq( )szo 80C _ 314210°m >(:|.060m3 ri]l X 09729‘0”13 - 169.668m0|es(4)
Mo 18g-mol
Therefore,
V NRT _ 169668x 8314x 353 ~3337m ®)

© 7107 Pmi0?  47500% 7107
d) The pressure inside the cylinder is 47,500N#ich corresponds to the equilibrium vapor pressofrevater at 80 °C. If
temperature is decreased to 20 °C, water will condeps® the point at which vapor pressure equalsetheilibrium value
at 20 °C, which is
P°(H,0, 20 °C) = 2.3 kN/f= 2.3-1G N/nf = 2.3-1GPa

Now the question is how much water can be accommodwtiel@ a cylinder of 333.7 m length at 22,300PE?®e answer is
easy assuming ideal gas behavior

-2
_PV _oro 23071078337 _

n= = = 9898moles
RT 8.314x29¢

The amount of condensed water will be the differdmeteeen the moles in gas phase at 80 °C and a 20 269668 —
9.898 = 159.77 moles.

6. A 200 cnt chamber equipped with a piston contains a mixtfir€O and GH, at 7.5 atm
and 77°C. 4.5 g of £are injected in the chamber, being this amountentiban needed for a
complete combustion of the gas mixture. After costimm the system returns to the initial
temperature and it is found 1042 taf a gas mixture over 0.5 érof liquid water. Calculate:
(a) Percentage composition in volume of the gasturex before adding oxygen. (b)
Percentage composition in volume after combustidheafinal temperature.

Data:p(H,O(liq), 77°C) = 0.978 g-ctf) P(H0, 77°C) = 314.1 mmHg

Solution: a) 74.4% CO, 25.6% A#8,. b) 57.3% CQ, 26% HO, 16.6% Q.

7. Two containers with exactly the same volume V, fdled with 1 mol of nitrogen and 1
mol of H,O(g) respectively, at the same temperature T. Assyithat both gases follow the
Van der Waals equation, in which container the suresis higher?

Data:
Gas| a (L*atm-mol?) b (L-mol™)
N, 1.35 0.0386
H,O 5.47 0.0305

Solution: P(N;) > P(HO)

8. An ideal gas is contained in an ampoule at 600 mn#certain amount of gas is removed
in such a way that the pressure inside the ampmtrdeeases to 520 mmHg. The removed gas
occupies 1.52 cfat 1 atm pressure. Assuming that all measurentens been done at the
same temperature, calculate the ampoule’s volume.

Solution: V = 14.4 cm
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9. Estimate the molar heat of vaporization of a kiquihose vapour pressure doubles when
the temperature is raised form 80 °C to 90 °C.
Solution: AH®, = 73.9 kJ/mol

10. Consider an osmosis apparatus in which both campats are equipped with a glass
tube of 1 mm internal diameter that stands veltyidal contact with the liquids inside. One
compartment is filled with water and the other wattsolution of a substance of molecular
mass M = 1200 g-mdland concentration C = 0.6 gL Initially, the level of both liquids
inside the tubes was the same. Calculate: (a) $hwtic pressure of the solution at 25 °C. (b)
The freezing point depression of the solution.Teg difference in liquid heights of both glass
tubes after equilibrium is reached.

Data: K-=1.86 °C kg/mol; consider as 1 g-tiine density of the solution

Solution: a) T = 1.239-18Pa = 0.0122 atm. ByTc = 9.3-10' °C. ¢) hy— by = 12.4 cm.

11. A portion of the phase diagram of water is showioWw. Indicate: a) How many triple
points are there? What are their coordinates andwihases coexist? b) What would happen
if at a constant temperature of -25 °C, we raisepitessure from 100 MPa to 1000 MPa? C)
And what if at a constant pressure of 500 MPa weefathe temperature from 20 °C to -60
°C?
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Solution: a) l+ Il + Liquid; Ih+ 11+ 1L L+1HT+V;HI+V +1;11+V+VI,L+V+ VI
b) Ih- (0.2GPa) Il 0.3(GPa) I (0.9 GPa) \\L. 1GPa) VI - (2GPa) VI - (50GPa) VII.
c) L- (20°C) V- (-10°C) Il - (-45 °C)

12.A 0.250g sample of hemoglobin was dissolved i@ kb prepare 50 mL of solution. At 25
°C the osmotic pressure of the solution was 1.33Hgnwhat is the approximate molecular
weight of hemoglobin?

Solution: My = 68 800 g-mét

13. Vapor pressure of benzene and ethanol at 50°C2dfe:and 220 Torr respectively. a)
Calculate the vapor pressure of a mixture contgitie same weights of both substances at
50°C as well as, Whe molar fraction of ethanol in the vapor phassiasng ideal behavior.

c) Vapor pressure of the mixture at 50 °C was nredsim an experiment and it was obtained
a value of 300 torr. Compare with your result and &xtract the sign of the enthalpy of
mixing both substances. Will the mixture presenadaeotropic composition?
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Data: M(ethanol)=46 g/mol, M(benzene)=78g/mol.

Solution: a) R, = 238.92 torr; b) ¥hano= 0.579; ¢) The mixture has a higher vapor pressure
than ideal behavior so the mixing enthalpy will fesitive and the mixture will present an
azeotrope with minimum boiling temperature

14. The normal boiling point of acetone, an importiiioratory and industrial solvent, is
56.2 °C and its enthalpy of vaporization is 25.51kal. At what temperature does acetone
have a vapor pressure of 300 mmHg?

Solution: T =298.8 K =22.6 °C

15. The minimum mass concentration of oxygen requioedish life is 4 mg-[*. (a) What is
the minimum partial pressure ot Over a lake at 15 °C to support fish life? (b) wasg that
the temperature dependence of Henry's constanvén gy the following equation(T) =
0.0013-exp{(1700)-[(1/T) - 1/(298.15)]}, where Tt temperature in Kelvin, calculate the
temperature at which solubility of oxygen is beléwng- L.

Data: Henry’s constant fort 20 °C is k(15°C)= 1.58-18 mol- L*- atni.

Solution: a) 0.14 atm; b) 342 K

16. The volume of blood in the body of a certain deep-diver is about 6.0L. Blood cells
make up about 55% of the blood volume and the mn@imzi45 % is an aqueous solution
called plasma. Diver provided with a simple airtleotives to 40 m. Calculate: (a) The
pressure at that depth (b) The maximum nitrogersrtieet can be dissolved in the plasma at
37 °C. (c) The volume that such amount of nitrogenilld occupy if the diver ascends very
quickly.

Data: Henry’s constant of it 37 °C k(37)= 5.8-1¢ mol- L*- atni*

Solution: a) 04 atm; b)6.264.0° mol; ¢) 172 ml

17. A soft drink is made by dissolving G@as at 4.00 atm in a flavored solution and sealing
the solution in aluminium cans at 20 °C. (a) Howngnenoles of CQ@ are contained in a 330
mL can of the soft drink?. (b) Assuming that theperature dependence of Henry’s constant
is given by the following equation,KT) = 0.035-exp{(2400)-[(1/T) - 1/(298.15)]}, whefeis

the temperature in Kelvin, calculate the volumeGéd, that will be transformed into gas
phase when you drink the soft drink.

Data: Henry’s constant of GQt 20 °C k(20)= 2.3-1G mol-L*- atm’*

Solution: a) 0.0303 mol; b) At the beginning, all the molésliszsolved CQ will transform
into gas in the stomach but s the partial presstit2O, increases, replacing the air, solubility
of CO, will increase. So we can not make an accurataulzdion; we can only calculate the
maximum amount, which is 841 ém



