Final Exam (11.6.07) Solutions, Chem101, Term062, Version 000PRIVATE 

Solved by W. Föِrner, 31.5.2007

Q1. Distillation can readily be used to separate

A) a dissolved solid in a liquid

correct: the liquid boils off and the solid stays back

B) the elements in a chemical compound

incorrect: that needs chemical reactions, not distillation

C) a heterogeneous mixture of two solids

incorrect: solids boil only at very high temperatures

D) a homogeneous mixture of two solids

incorrect: solids boil only at very high temperatures

E) a compound into its elements

incorrect: same as B)

Sec# 1-9

Grade# 75

Q2. A species with 12 protons and 10 electrons is

A) Mg2+: Mg is [Ne]3s2, thus atomic number 12 which is equal to the number of protons, Mg2+ must have thus 2 electrons less than protons: 10 electrons, correct

B) Ti2+: [Ar]4s23d2, atomic number 22, thus 22 protons, incorrect

C) Ne2+: 1s22s22p4, atomic number 10, thus 10 protons, incorrect

D) Mg: atomic number 12 and neutral, thus 12 protons, 12 electrons, incorrect

E) Ne2-: [Ne]3s2: 10 protons, 12 electrons, incorrect

Sec# 2-2

Grade# 30

Q3. The systematic name of K2S is:

A) Potassium sulfide: correct. Potassium forms only one monoatomic cation, K+, and sulfur one monoatomic anion, S2-. Type-I binary ionic compound.

B) Krypton sulfide: incorrect. K stands for potassium and not for krypton (Kr).

C) Dipotassium sulfide: incorrect. Would be correct for a type-III binary molecular compound.

D) Dikrypton sulfide: incorrect, see B).

E) Potassium disulfide: incorrect, see C) and also it is K2 not S2.

Sec# 2-8

Grade# 80

Q4. An element X has the following two isotopes:

	PRIVATE 

mass/amu
	
abundance

	
62.93
	


	
64.93
	
30.91 %


Identify element X. 

A) Cu

B) Co

C) Ni

D) Zn

E) Ga

Sec# 3-2

Grade# 65

The average atomic mass of an element is the sum over all isotopes of the mass of the 

isotopes times their fractional abundance:
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The periodic table confirms that this is exactly the atomic mass of copper, Cu.

Q5. How many hydrogen atoms are contained in 750. g of acetaminophen (C8H9O2N)?

A) 2.69 x 1025
B) 2.99 x 1024
C) 4.96

D) 44.65

E) 2.39 x 1025
Sec# 3-3

Grade# 75

The number of moles, n, of acetaminophen in the sample is
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The number of moles of H atoms is 9 times that:

nH = 9 x n = 44.65408 mol

The number of atoms is Avogadro's number times that:

NH = NA x nH = 6.022 x 1023 mol-1 x 44.65408 mol = 2.69 x 1025
Q6. The reaction of 110. g of Magnesium peroxide (MgO2) with 0.350 L of a hydrobromic acid solution containing 2.72 g HBr per mL proceeds according to the following balanced equation:

MgO2(s) + 2 HBr(aq) ( H2O2(aq) + MgBr2(aq)

What mass of which reactant is left unreacted after the reaction is complete?

A) 636 g HBr

B) 55.0 g MgO2
C) 66.5 g HBr

D) 952 g MgBr2
E) 360 g MgO2 

Sec# 3-10

Grade# 50

Limiting reactant calculation:

Molar mass of MgO2, number of moles and number of moles of H2O2 that could be formed 

if all MgO2 could react:
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3
Molar mass of HBr, number of moles and number of moles of H2O2 that could be formed if 

all HBr could react:
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4
Thus MgO2 is the limting reactant and 1.95347 mol MgO2 use double, 3.90694 mol, the number of moles of HBr.

Thus (11.76645 - 3.90694) mol HBr = 7.85951 mol HBr are left when the reaction is finished.

So the mass HBr left over is

mHBr(left over) = 7.85951 mol x 80.908 g/mol = 636 g HBr are left over.

Q7. When 5.4820 g of a compound XNO3 is reacted with excess NaCl solution, then 4.9199 g of XCl precipitated. What is element X?

A) Au

B) Ag

C) Pt

D) Hg

E) Cu

Sec# 4-5

Grade# 40

Number of moles of XNO3 before precipitation, which is equal to the number of moles of element X ( M denotes molar mass):
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Number of moles of XCl after precipitation, which is equal to the number of moles of element X ( M denotes molar mass):
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Since the number of moles of X before and after precipitation must be equal, that gives an equation for the unknown MX:
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7
Multiplication by the denominators and solving for MX yields:
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8
The error percentages for the choices would be:

Au: 196.97 g/mol: 0.03 % error

Ag: 107.87 g/mol: 82.6 % error

Pt: 195.08 g/mol: 1.0 % error

Hg: 200.59 g/mol: 1.8 % error

Cu: 63.55 g/mol: 210 % error

The correct choice for X is gold, Au.

Q8. A stock solution of iron (II) nitrate [Fe(NO3)2] was prepared by dissolving 4.3895 g of metallic iron in nitric acid and dilution with water to a final volume of 5000. mL. For an experiment it was necessary to dilute 100.0 mL of that stock solution further to the final volume of 1000. mL. What was the Fe2+ molarity in the final solution?

A) 1.572 x 10-3 M

B) 1.572 x 10-2 M

C) 1.572 x 10-1 M

D) 1.572 x 102 M

E) 1.572 x 101 M

Sec# 4-3

Grade# 60

The number of moles of iron dissolved, equal to the number of moles of Fe2+ ions:
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9
This gives the molarity Mi of the stock solution:
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The final molarity can be calculated from the dilution law:
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Q9. Balance the following redox reaction in basic medium:

BrO4-(aq) + Br-(aq) ( Br2(l)

In the final equation, what is the balanceing coefficient of the Br-?

A) 7

B) 9

C) 5

D) 3

E) 1

Sec# 4-10

Grade# 50

First we balance as if we are in acidic medium. 8 H+ must be added to perbromate to give 4 H2O: 

BrO4-(aq) + 8 H+(aq) ( 1/2 Br2(l) + 4 H2O(l)

on the left the charge is 7+, on the right 0. To balance it, we add 7 e- to the left. Reduction:

7 e- + BrO4-(aq) + 8 H+(aq) ( 1/2 Br2(l) + 4 H2O(l)

Perbromate is reduced and thus is the oxidizing agent.

Bromide is simply oxidized: Br-(aq) ( 1/2 Br2
Adding an electron on the right (oxidation) balances the charges:

Br-(aq) ( 1/2 Br2 + e-
Bromide is oxidized and thus is the reducing agent.

To cancel the electrons, we add the reduction to 7 x oxidation:

7 Br- + BrO4-(aq) + 8 H+(aq) ( 4 Br2(l) + 4 H2O(l)

To change to basic medium, we add 8 OH- ions on both sides and form 8 H2O together with the 8 H+ on the left:

7 Br- + BrO4-(aq) + 8 H2O(l) ( 4 Br2(l) + 4 H2O(l) + 8 OH-(aq)

Finally we cancel 4 H2O:

7 Br- + BrO4-(aq) + 4 H2O(l) ( 4 Br2(l) + 8 OH-(aq)

So the coefficient at the reducing agent (Br-) is 7.

Q10. In a 20.5 L sample of an ideal gas 0.254 mol of that gas was contained. At the same temperature and pressure, how many moles of the gas would be contained in a 43.9 L sample?

A) 0.544 mol

B) 0.254 mol

C) 1.838 mol

D) 3.937 mol

E) 0.467 mol

Sec# 5-2

Grade# 70

From the ideal gas equation follows directly Avogadro's law at constant T and P:
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12
Q11. Which of the following statements is true for a real gas which obeys the van der Waals equation?

A) Real gas approaches ideal behavior at low pressure and high temperature.

Correct: low pressure, large volume and thus the molecules do not feel their volume.

High temperature, large velocities and the molecules can escape their attractions.

B) Real gas approaches ideal behavior at high pressure and low temperature.  

WRONG: when A) is correct then the opposite must be incorrect.

C) Molecules move in straight paths between two collisions.

WRONG for van der Waals gases, true for ideal gases

D) There are no forces between gas molecules.

WRONG for van der Waals gases, true for ideal gases

E) The average kinetic energy of gas molecules depends only on the temperature T.

WRONG for van der Waals gases, true for ideal gases

Sec# 5-8

Grade# 60

Q12. 1.0 L of Kr gas needs 8.900 minutes to effuse through a porous wall. Under the same conditions 1.0 L of a gaseous oxide needs 9.326 minutes to effuse through the same porous wall. The gaseous oxide is

A) N2O4
B) NO2
C) NO

D) SO2
E) SO3
Sec# 5-7

Grade# 70

From Graham's law, the ratio of effusion times under otherwise equal conditions is equal to the square root of the corresponding ratio of molar masses, not the inverse ratio (would be true for the rates):
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Molar masses and error percentages of the choices are:

N2O4: (2 x 14.01 + 4 x 16.00) g/mol = 92.02 g/mol; 0.01 % error

NO2: (14.01 + 2 x 16.00) g/mol = 46.01 g/mol; 100 % error

NO: (14.01 + 16.00) g/mol = 30.01 g/mol; 207 % error

SO2: (32.07 + 2 x 16.00) g/mol = 64.07 g/mol; 44 % error

SO3: (32.07 + 3 x 16.00) g/mol = 80.07 g/mol; 15 % error

So N2O4 is clearly the correct choice.

Q13. Calculate ΔE for a system that does 300 J of work on the surroundings while it absorbs 200 J of heat from the surroundings.

A) -100 J

B) 500 J

C) 100 J

D) -500 J

E) -300 J

The system does work, so it loses energy, thus the work is w = -300 J.

The system absorbs heat, so it gains energy, thus the heat is q = +200 J.

First law: ΔE = q + w = 200 J - 300 J = -100 J

Sec# 6-1

Grade# 65

Q14. When a gas expands at room temperature from 5.00 L to 10.00 L at a constant pressure of 1.00 atm, the work done (w) is: (1 L atm = 101.3 J)

A) -507 J

B) +507 J

C) 5.00 J

D) -5.00 J

E) 101 J

When a gas changes volume at constant pressure then the work associated is

w = -PΔV = - 1 atm x (10.00 L - 5.00 L) = - 5 L atm x 101.3 J/(L atm) = - 506.5 J

  = -507 J

Sec# 6-1

Grade# 60

Q15. Find ΔfHo for gaseous NF3 from the following data.

NH3(g) + 3 F2(g) ( NF3(g) + 3 HF(g)

ΔHo = -881.2 kJ

ΔfHo(HF(g)) = -271 kJ/mol

ΔfHo(NH3(g)) = -46.1 kJ/mol

A) -114 kJ/mol

B) +22 kJ/mol

C) -1741 kJ/mol

D) -1198 kJ/mol

E) -656 kJ/mol

From Hess' law we know

ΔHo = 1 mol x ΔfHo(NF3(g)) + 3 mol x ΔfHo(HF(g)) - 1 mol x ΔfHo(NH3(g))

and thus, solved for the heat of formation of NF3(g):

ΔfHo(NF3(g)) = ΔHo mol-1  - 3 x ΔfHo(HF(g)) + 1 x ΔfHo(NH3(g))

= (-881.2 + 3 x 271 - 46.1) kJ/mol = -114.3 kJ/mol = -114 kJ/mol

Sec# 6-4

Grade# 60

Q16. Calculate the energy in kJ/mol, for photons of light with a wavelength of 281 nm.

A) 426

B) 558

C) 621

D) 842

E) 7.07 x 10-19
The energy of 1 photon is
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14
However, E) being the energy of 1 photon is incorrect. To get that of a mole of photons, we must multiply by Avogadros's number:



[image: image15.wmf]mol

kJ

 

426

 

=

 

mol

kJ

 

425.7

 

=

 

 

J

 

10

 

 

7.069

 

 

mol

 

10

 

 

6.022

 

=

 

E

 

 

N

-19

-1

23

A

·

·

·

·


15
Sec# 7-1

Grade# 70

Q17. The electron configuration of a selenium, Se, atom is

A) [Ar]4s23d104p4
B) [Ar]3s23p43d10
C) [Ar]4s24p64d8
D) [Kr]4p2
E) [Kr]4s23d104p4
Se is in representative group VI, thus it has 6 s,p valence electrons ns2np4
It is in period 4, thus n = 4 and (n-1)d is filled: ns2(n-1)d10np4
The next smaller noble gas to Se is Ar, thus Se has an [Ar] core: [Ar]4s23d104p4
Sec# 7-11

Grade# 65

Q18. Given the following 1st, 2nd, and 3rd ionization energies for an element:


I1 = 735 kJ/mol


I2 = 1445 kJ/mol


I3 = 7730 kJ/mol

the element can be

A) Mg

this has a [Ne]3s2 configuration, thus a I1 which is smallest, an I2 being larger (because the second s electron is more strongly bound, having no repulsions anymore in 3s), and I3 being largest (jump by a factor of 6 to 7) when an electron is removed from the core. So it can be Mg

B) Na 

this has a [Ne]3s1 configuration, thus the big jump would occur at I2, thus it cannot be Na

C) Al 

this has a [Ne]3s23p1 configuration, thus the big jump would occur at I4, thus it cannot be Al

D) Si

this has a [Ne]3s23p2 configuration, thus the big jump would occur at I5, thus it cannot be Si

E) P

this has a [Ne]3s23p3 configuration, thus the big jump would occur at I6, thus it cannot be P

Sec# 7-12

Grade# 60

Q19. Arrange the following ions: K+, S2-, Ca2+, Cl-, in order of increasing ionic radius.

A) Ca2+ < K+ < Cl- < S2-
B) K+ < Ca2+ < Cl- < S2-
C) S2- < Cl- < K+ < Ca2+
D) Cl- < S2- < Ca2+ < K+
E) Ca2+ < K+ < S2- < Cl-
If the ions are isoelectronic then the cations are smaller and the smaller, the larger the positive charge is and the anions are larger and the larger, the larger the negative charge is.

Cations K+, Ca2+ have the configuration of the next smaller noble gas, thus an [Ar] core.

Anions Cl-, S2- have the configuration of the next larger noble gas, thus an [Ar] core.

Therefore, all the ions are isoelectronic with an [Ar] core. Thus:

Ca2+ < K+ < Cl- < S2-
Sec# 8-4

Grade# 70

Q20. The Lewis structure of SO3 in which all atoms have an octet, contains

A) 2 single bonds and 1 double bond

B) 3 single bonds only

C) 3 single bonds and a lone pair of electrons on S

D) 2 single bonds and 2 double bonds

E) 1 single bond and 2 double bonds

Number of electrons: 6 (S) + 3 x 6 (O) = 24 electrons

S in the center, connected by single bonds to the three terminal O atoms. The octet at the terminal O atoms is completed, by putting 3 lone pairs to each O. 8 electrons around each oxygen, 3 x 8 = 24 electrons:

[image: image16.wmf]
1
This structure is wrong, because S has only a sextet of electrons.

From 1 of the oxygen atoms a lone pair is forming a double bond to S:

[image: image17.wmf]
2
According to the rules this structure has still too many charges in it which should be reduced. However here all atoms have octets and we are asked for this structure which contains 2 single and 1 double bond.

One with less charges would be

[image: image18.wmf]
3
The correct one (according to the rules) is the one without charges, however, experiment favors the one with octets.

[image: image19.wmf]
4
However, nature often prefers a structure in which all atoms have octet and where is resonance.

Sec# 8-12

Grade# 60

Q21. Choose the correct order of increasing bond angle in the molecules

A) H2O < NH3 < CH4 < BF3 

B) H2O < NH3 < BF3 < CH4 

C) NH3 < H2O < CH4 < BF3 

D) BF3 < NH3 < CH4 < H2O

E) CH4 < NH3 < H2O < BF3
We have learned that BF3 is an electron deficient compound with only 3 electron pairs around B (sextet). Thus the structure is trigonal planar and the bond angles are all 120o.

CH4, NH3, and H2O all have a tetrahedral arrangement of electron pairs around the central atom.

CH4 has tetrahedral structure and bond angles of 109.5o
In NH3 the tetrahedral angle between the bonds is compressed to about 107o because of the large lone pair in the tetrahedral arrangement. 

In H2O the tetrahedral angle between the bonds is further compressed to about 104o because of the 2 large lone pairs in the tetrahedral arrangement. 

Sec# 8-13

Grade# 60

Q22. What is the structure of SF4?

A) See-saw

B) Tetrahedral

C) Square planar

D) Trigonal pyramid

E) Octahedral

Here we have 6 (S) + 4 x 7 (F) =34 electrons.

Single bonds from the central sulfur to each fluorine and completing the octets at the terminal fluorines with 3 lone pairs at each one: 4 x 8 (8 electrons around each fluorine) = 32 electrons. 2 missing ones form a lone pair at S:

[image: image20.wmf]
5
There are 5 electron pairs around the central S, and thus there is a trigonal bipyramidal arrangement of electron pairs at S. In this arrangement the lone pair must go into the central triangle, giving a see-saw arrangement of atoms or structure:

[image: image21.wmf]
6
Sec# 8-4

Grade# 80

Q23. The orbital hybridization on the arsenic atom in AsCl3 is expected to be:

A) sp3
B) dsp3
C) d2sp3
D) sp2
E) sp

We have 5 (As) + 3 x 7 (Cl) = 26 sp valence electrons in the structure. Thus there must be a lone pair at As:

[image: image22.wmf]
7
There are 4 electron pairs at As and thus 4 hybrid orbitals are needed. That is the case in an sp3 hybrid.

Sec# 9-1

Grade# 50

Q24. How many sigma (σ) bonds are in the molecule shown below?

[image: image23.wmf]
8
A) 12

B) 4

C) 13

D) 1

E) 7

For an octet, the nitrogen in the middle must have a lone pair.

The N = N double bond as always consists of a sigma and a pi bond, thus there are 12 sigma bonds:

[image: image24.wmf]
9
Sec# 9-2

Grade# 50

Q25. Based on the molecular orbital theory, which one of the following species would have the highest bond dissociation energy?

A) N2
B) O2
C) N22-
D) N2-
E) O2+
The sequence of increasing molecular orbital energy for the valence orbitals is

(σ2s)(σ2s*)(π2p)(σ2p)(π2p*)(σ2p*)

and the bond dissociation energy increases when the bond order increases. The bond order is 1/2 x (number of electrons in bonding orbitals (no star) - number of electrons in anti-bonding orbitals (with star)):

[image: image25.wmf]
10
If in a molecule there are only O, F, or noble gas atoms or mixtures of them, the molecular orbital sequence is

(σ2s)(σ2s*)(σ2p)(π2p)(π2p*)(σ2p*)

which applies for O2 compounds:

[image: image26.wmf]
11
Thus N2 with BO = 3 has the highest bond dissociation energy.

Sec# 9-3

Grade# 50

Q26. All of the following species are diamagnetic, except ___________.

A) F2+
B) Ar2+
C) B22-
D) CO

E) OF-
Since we know that all besides one are diamagnetic, the paramagnetic one can be only that with an odd number of electrons, if there is any.

Thus F2+ with 13 electrons must be the paramagnetic choice.

(If all would have even numbers of electrons, Hund's rule can lead to paramagnetism)

[image: image27.wmf]
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[image: image28.wmf]
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Sec# 9-4

Grade# 40

Q27. Which of the following compounds would exhibit hydrogen bonding in the liquid state?

A) NH3
B) PH3
C) H2
D) H2S

E) CH4
Hydrogen bonding in a pure compound must involve an almost linear arrangement of atoms:

A .........H - A, where A must be N, O, or F. Only NH3 contains N, all others do not 

contain any N, O, or F.

Sec# 10-1

Grade# 60

Q28. Which of the following is a molecular solid?

A) Solid carbon dioxide

it consists of CO2 molecules and is thus a molecular solid

B) potassium

this is a metal

C) diamond

this is a covalent network solid

D) sodium chloride

this is an ionic solid

E) argon

this is a group VIII or also called noble gas solid

Sec# 10-3

Grade# 65

Q29. An element crystallizes in a simple cubic cell with an edge length of 0.266 nm. What is the atomic radius?

A) 0.133 nm

B) 0.127 nm

C) 0.188 nm

D) 0.200 nm

E) 0.246 nm

Simple cubic cell (scc):

[image: image29.wmf]
14
Since e = 2r, r = 0.5 e = 0.5 x 0.266 nm = 0.133 nm

Sec# 10-4

Grade# 65

Q30. When X-rays of wavelength 0.220 nm are diffracted by atomic layers, a reflection was produced at 23.0o. Assuming first order diffraction (n=1), calculate the distance between the layers of atoms.

A) 282 pm

B) 320 pm

C) 220 pm

D) 236 pm

E) 423 pm

Bragg's equation has to be used:
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Sec# 10-7

Grade# 60

Q31. What pressure would have to be applied to steam at 250.oC to condense the steam to liquid water? (ΔvapH = 40.7 kJ/mol)

A) 43 atm

B) 1 atm

C) 29 atm

D) 194 atm

E) 90 atm

For condensation the same as for boiling must be fulfilled: the outside pressure must be equal to the vapor pressure of the liquid at the required temperature.

Thus the pressure that has to be applied to steam to liquefy it, is equal to the vapor pressure of water as calculated from the Clausius-Clapeyron equation.

The temperature must be below the critical temperature what is the case here.

The normal boiling point of water (T1 = 100 oC at normal pressure P1 = 1 atm) is the second pair of numbers to be used.
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Index 2 is for the condition asked for:
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P2 is the pressure that must be applied to steam to liquefy it.

C is the same at both conditions, so (2) - (1) cancels it out:
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P1 is 1 atm, and thus
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Note, if you use T1 = 373 K and T2 = 523 K (0 K = -273 o instead of -273.15 oC) then ln(P2/P1) = 3.7659 and P2 = 43.2 atm = 43 atm, the same result.

Sec# 10-8

Grade# 60

Q32. Place the following substances in order of increasing vapor pressure: CH4, Ar, CBr4, and He.

A) CBr4 < Ar < CH4 < He

B) CBr4 < He < CH4 < Ar

C) CH4 < Ar < CBr4 < He

D) Ar < CBr4 < He < CH4
E) He < CBr4 < CH4 < Ar

Increasing intermolecular forces bind molecules stronger together, make it more difficult to evaporate the liquid, and thus lead to decreasing vapor pressure.

All substances are non-polar and thus they have only dispersion interactions which decrease with decreasing molar weight.

Thus decreasing molar weight means increasing vapor pressure

CBr4: MM = (12.01 + 4 x 79.90) g/mol = 331.61 g/mol

Ar: MM = 39.95 g/mol

CH4: MM = (12.01 + 4 x 1.008) g/mol = 16.04 g/mol

He: MM = 4.003 g/mol

Thus the order of decreasing molar mass and increasing vapor pressure is

CBr4 < Ar < CH4 < He

Sec# 10-8

Grade# 60

Q33. Shown below is a phase diagram for a compound. Going from 75 oC to 250 oC at constant pressure of 0.5 atm, the occurring phase transition is called

[image: image35.wmf]
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A) sublimation

B) boiling

C) melting

D) condensation

E) evaporation

In a phase diagram left of the triple point is the solid phase (higher pressure, lower temperature), directly below the triple point the gas phase (lower pressure, higher temperature) and in between the liquid.

The labeled diagram together with the way is thus:

[image: image36.wmf]
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The occurring phase transition is thus direct from s to g and therefore is a sublimation.

Sec# 10-9

Grade# 70

Q34. What is the mole fraction of ethanol (C2H5OH) in a solution, which consists of 71.0 g of ethanol for every 10 g of water present?

A) 0.735

B) 0.710

C) 0.877

D) 0.265

E) 0.221

Molar masses, MM, and mole numbers, n, are

for 71.0 g ethanol:
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and for 10.0 g water:
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Thus the mole fraction of ethanol in the solution is
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Sec# 11-1

Grade# 60

Q35. Rank the following three compounds according to increasing solubility in water:

I. CH3-CH2-CH2-CH3
II. CH3-OH

III. CH3-CH2-CH2-CH2-CH2-OH

A) I < III < II

B) II < III < I

C) I < II < III

D) III < II < I

E) II < I < III

I, butane, is non-polar and has only dispersion interactions, so it has the smallest solubility in water.

II, methanol, can form hydrogen bonds like water and has the smallest carbohydrate chain, so it dissolves best in water, has the largest solubility.

III, pentanol, can form hydrogen bonds like water and methanol, but has a longer carbo​hydrate chain than methanol, so it has a medium solubility.

Solubility in water: I < III < II

Sec# 11-3

Grade# 60

Q36. A correct statement of Henry's law is:

A) the concentration of a gas in solution is directly proportional to the pressure above the solution.

correct: c = kP

B) the concentration of a gas in solution is directly proportional to the mole fraction of solvent.

incorrect, see A)

C) the concentration of a gas in solution is independent of pressure.

incorrect, see A)

D) the concentration of a gas in a solution is inversely proportional to pressure.

incorrect, see A)

E) the concentration of a gas in solution is inversely proportional to temperature.

incorrect, not Henry's law, see A)

Sec# 11-2

Grade# 65

Q37. At a given temperature, you have a mixture of benzene (vapor pressure of pure benzene = 745 torr) and toluene (vapor pressure of pure toluene = 290. torr). The mole fraction of benzene in the solution is 0.590. Assuming ideal behavior, calculate the mole fraction of toluene in the vapor above the solution.

A) 0.213

B) 0.778

C) 0.641

D) 0.859

E) 0.590

Since it is a binary mixture, the mole fraction of toluene in the solution is

xtol = 1 - xbenz
The total vapor pressure, Ptot, can be calculated with Raoult's law (ideal behavior):

Ptot = xbenz Pobenz + xtol Potol
     = 0.590 x 745 torr + (1 - 0.590) x 290 torr = 558.45 torr

The partial vapor pressure of toluene over the solution follows also from Raoult's law:

Ptol = xtol Potol = (1 - 0.590) x 290 torr = 118.90 torr

From Dalton's law of partial pressures follows the mole fraction of toluene in the vapor, ytol:
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Sec# 11-4

Grade# 50

Q38. A compound contains only carbon, hydrogen, and oxygen and has an empirical formula  of C7H4O. When 1.32 g of the compound is dissolved in 11.4 g of a solvent the freezing point is lowered by 22.3 oC. The molecular formula of the compound is: 

(Kf = 40. oC kg/mol)

A) C14H8O2
B) C7H4O

C) C5H2O

D) C7H8O

E) C12H9O3
The freezing point depression of a solution is ΔTf = Kfm, with m being the molality of the solute, m = nsolute/masssolvent(in kg), nsolute being the mole number of the dissolved compound.

Let M denote the mass of the dissolved compound, and MM is real molar mass, then 

nsolute = M/MM. The real molar mass is MM = MMemp x k, k being an integer and MMemp the molar mass as calculated from the empirical formula.

Then k can be calculated from the freezing point depression:
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Solving for k yields:
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and thus we obtain k:
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Thus our molecular formula is (C7H4O)2 = C14H8O2
Sec# 11-7

Grade# 55

Q39. A liquid-liquid solution is called an ideal solution if

I. it obeys PV = nRT

II. it obeys Raoult's law

III. solute-solute, solvent-solvent, and solute-solvent interactions are very similar.

IV. solute-solute, solvent-solvent, and solute-solvent interactions are quite different.

A) II, III

B) I, II, III

C) I, II, IV

D) II, IV

E) I, IV, III

An ideal solution is one which obeys Raoult's law (II), which is the case when ΔsolnH is about 0, which is the case when solute-solute, solvent-solvent, and solute-solvent interactions are very similar (III). Thus A) II, III is correct.

Sec# 11-4

Grade# 65

Q40. When a non-volatile solute is added to a volatile solvent, the solution vapor pressure ________, the boiling point ________, the freezing point ________, and the osmotic pres​sure across a semi-permeable membrane ________.

A) decreases, increases, decreases, increases

B) decreases, increases, decreases, decreases

C) increases, increases, decreases, increases

D) increases, decreases, increases, decreases

E) decreases, decreases, increases, decreases

For the colligative properties our laws are:

vapor pressure lowering: ΔP = Po - P = xsolutePo, thus P decreases when solute is added.

boiling point elevation: ΔTb = Tb - Tbo = Kbmsolute, thus Tb increases when solute is added.

freezing point depression: ΔTf = Tfo - Tf = Kfmsolute, thus Tf decreases when solute is added.

osmotic pressure: Π = MsoluteRT, thus Π increases when solute is added.

So A) is correct.
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