BROOKLYN COLLEGE
Department of Chemistry

Chemistry 1 Second Lecture Exam Nov. 27,2002
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Circle the name of your lab instructor

Kobrak, Zhou, Girotto, Hussey, Du

Before you begin the exam, write your name on this page and on the answer booklet.
Answer Questions 1-14 on the question sheet. Do questions 15-27 in the exam booklet.

For questions 15-27, show all work. Express answers with the proper units and to the correct
number of significant figures. You have 90 minutes. Do not spend too much time on one

question.

This exam has 5 pages. Make sure you have all of them. Calculators may be inspected.
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R =0.08206 L atm mol™' K~! 1 atm = 760 torr

¢=13.00 x 10® m/s h=6.63 x 107* J-s

Answer Questions 1-14 on these sheets.

1. (2 pts) What is the molarity of the K ion in 0.60 M K3POg4(aq)?

2. (6 pts) State whether each of the following is true or false.
(a) If you add 2.000 moles of NaCl to 1.000 L of water, you will have a 2.000 M NaCl(aq) solution.
(b) The electron in the ground state of the H atom moves on a circle of fixed radius around the nucleus.

(c) The 2s and 2p subshells have the same energy in the H atom but in other atoms the 2s lies below the 2p.
3. (2 pts) What is the maximum number of electrons that can go into the 5f subshell?

4. (2 pts) In a certain process, 500 J of heat flows into a gas and the gas expands and does 200 J of work
on the surroundings. What is AE for this process?

5. (2 pts) How many unpaired electrons does an atom of N have in its ground electronic state?

6. (3 pts) Classify the bonding in each of the following as ionic, nonpolar covalent, or polar covalent. (No
credit for "covalent").
(a) K3N (b) NHj3

7. (2 pts.) Write the balanced chemical reaction between calcium and water.

8. (1 pt) The letter fin AH{ stands for what word?

9. (2 pts) How many 4d orbitals are there for an atom?

10. (2 pts) Which one of these molecules has the most polar bond?

(a) Hy (b) HF (c) HCI
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11. (4 pts) Write the name of the person who did each of the following. Choose answers from Rutherford,
de Broglie, Einstein, Millikan, Bohr, Pauli, Planck, Heisenberg, Schrodinger, Ehrenfest, Thomson.

(a) Discovered the equation that allows the correct energy levels of electrons in all atoms and
molecules to be calculated.

(b) Discovered that two electrons in the same atom cannot have the same set of values for all four
quantum numbers.
12. (2 pts) Which one of the following elements is the most metallic?

(@) Be (b)) B (c) Ca

13. (4 pts) Consider the three elements N, O, S.
(a) Which one of these three is the most electronegative?

(b) Which one of these three has the smallest atomic radius?

14. (3 pts.) Box 1 contains H»(g) and Box 2 contains N3(g). Both boxes are held at the same constant
temperature of 25°C. Which one of the following statements is true?

(a) All the molecules in Box 1 travel at the same speed and this speed is greater than the speed of molecules
in Box 2.

(b) All the molecules in Box 1 travel at the same speed and this speed is less than the speed of molecules in
Box 2.

(c) All the molecules in Box 1 travel at the same speed and this speed is the same as the speed of molecules
in Box 2.

(d) The molecules in Box 1 travel at many different speeds and the average speed in Box 1 is greater than
the average speed in Box 2.

(e) The molecules in Box 1 travel at many different speeds and the average speed in Box 1 is less than the
average speed in Box 2.

(f) The molecules in Box 1 travel at many different speeds and the average speed in Box 1 is the same as
the average speed in Box 2.
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Answer Questions 15-27 in the answer booklet. Show all work.

15. (6 pts) What volume of 0.372 M NaOH(aq) is needed to titrate 24.8 mL of 0.164 M H>SO4(aq) to the
neutralization point?

16. (6 pts) If we add 56.5 mL of 3.50 M HCl(aq) to nine million grams of Al, what mass of aluminum will
react according to

2 Al + 6 HCl(aq) — 3 H,+2 AICl3

17. (5 pts) Give the complete electron configuration of each of the following. (Do not use the inert-gas
abbreviation).

(a) Fe (b) >

18. (6 pts) 35.0 g of a metal is heated to 100.0°C and then dropped into 85.0 g of HO that is at 24.0°C.
The final temperature of the system is 28.8°C. The specific heat of water is 4.18 J/(g °C).

(a) Find the amount of heat that flowed into the water.

(b) Find the specific heat of the metal.

19. (10 pts) Draw the Lewis electron-dot structure of each of the following.

(a) SO, (b) CIF; (c) H;0"
20. (2 pts) Find the formal charge on the C atom in the Lewis structure :C=O0:

21. (6 pts) AH® =-6535 kJ for the reaction 2 CcHg(l) + 15 Oz(g) — 12 COx(g) + 6 HyO(l).

Find AHf of CgHg(l) given the following AH{ values:

—394 kJ/mol for COy(g); —286 kJ/mol for HyO(l); 0 for Ox(g).

22. (6 pts) The volume of 236.7 g of gas X at 45°C and 0.545 atm is 381 L. Find the molecular weight of
gas X.

23. (4 pts) Find the energy of one photon of light whose wavelength is 400 nm. One nm = 10 m.
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24. (4 pts) AH® is —1204 kJ at 25°C for the reaction

2 Mg(s) + Oa(g) — 2 MgO(s)
(a) Find the amount of heat transferred when 16.5 g of Mg reacts at 25°C and 1 atm.

(b) Does this heat flow to the surroundings or into the system?

25. (2 pts) AHy for HyO(l) is the enthalpy change for a certain chemical reaction. Write this reaction. You
must include s, |, g for the substances.

26. (1 pt) What is the main cause of the current increase in the amount of carbon dioxide in the earth's
atmosphere?

27. (5 pts) The rotational energy levels of a certain molecule are given by the formula

E = KK+ 1)(3.50 x 102* J)

where the quantum number K has the possible values K = 0,1, 2, 3,4, 5, ...
Find the frequency of light emitted when this molecule goes from the K = 4 level to the K = 3
level. Since this problem is not the hydrogen atom, do NOT use the energy-level formula for the H
atom. (If you do, you will get no credit.)

Extra credit — Answers go in the exam booklet

ECI (1 pt) List the three most abundant gases in dry air in order of decreasing abundance (most abundant
listed first). (Dry air means that all water vapor has been removed.)

EC2 (1 pt) Give the last name of each scientist who had these middle names:

(a) Henrik David (b) Karl Ernst Ludwig



Partial answers to Chem 1 second lecture test Fall 02
4. 300J

15. 21.9 mL

16. 1.78 g

18. (a) 1705Jor 1.7 kJ (b) 0.68 J/(g °C)

20. -1

21. 46 kJ/mol

22. 29.7 amu

23. 497 x10"7]J

24. (a) 409 kJ (b) to surroundings

27. 422 x 10" s



