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2018 SPRING Semester Midterm Examination 
For General Chemistry I 

 
Date: April 18 (Wed),   Time Limit: 19:00 ~ 21:00 
 
Write down your information neatly in the space provided below; print your Student ID in the upper 
right corner of every page. 

Professor 
Name Class Student I.D. Number Name 

    
 

 Problem points Problem points TOTAL pts 

1 /8 6 /10  

 

 

/100 

2 /11 7 /11 

3 /6 8 /11 

4 /10 9 /12 

5 /10 10 /11 
 
** This paper consists of 13 sheets with 10 problems (page 11 - 12: constants & periodic table, page 13: claim 
form). Please check all page numbers before taking the exam. Write down your work and answers in the Answer 
sheet. 

Please write down the unit of your answer when applicable. You will get 30% deduction for a missing unit. 

NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER. 
(채점답안지 분배 및 이의신청 일정) 

  1. Period, Location, and Procedure 
1) Return and Claim Period: April 23 (Mon, 19: 00 ~ 20:00 p.m.) 
2) Location: Room for quiz session 
3)  Procedure: 

Rule 1: Students cannot bring their own writing tools into the room. (Use a pen only provided by TA) 
Rule 2: With or without claim, you must submit the paper back to TA. (Do not go out of the room with it) 

If you have any claims on it, you can submit the claim paper with your opinion. After writing your opinions on the 
claim form, attach it to your mid-term paper with a stapler. Give them to TA. 

(The claim is permitted only on the period. Keep that in mind! A solution file with answers for the examination will 
be uploaded on 4/27 on the web.) 

2. Final Confirmation 
1) Period: April 26 (Thu) – April 27 (Fri) 
2) Procedure: During this period, you can check final score of the examination on the website again. 

** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr. 

http://www.gencheminkaist.pe.kr/


2 

 

1. (total 8 pts) An ionic compound used as a chemical fertilizer has the composition (by mass) 48.46% 

O, 23.45% P, 21.21% N, 6.87% H. 

 

(a) Give the name and chemical formula of the compound. Note that this compound contains 

ammonium ions. 

(Answer) 
 

 

 

 

 

 

 

 

 

(b) Draw Lewis diagrams for the two types of ions that make it up. 

(Answer) 
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2. (total 11 pts) An unknown gas molecule XF3 which consists of mysterious atom X as a central 

atom is given to you to be identified. The only clue is that X is known to be one of period 3 (from Na 

to Ar) elements. 

 

(a) Monomer XF3 has a stable Lewis structure without any formal charges on atoms. Also, there is no 

radical (an atom that has an unpaired valence electron) in this molecule. Give all the available XF3 

molecules. (Note that the central atom X may satisfy or not satisfy the octet rule.) 

(Answer) 
 

 

 

 

(b) Draw a Lewis diagram and name the approximate molecular geometry for every available XF3 

molecule from problem (a) based on VSEPR. 

(Answer) 
 

 

 

 

 

 

 

 

 

 

 

(c) To identify this unknown molecule XF3, total dipole moment of given molecule was measured. In 

result, XF3 molecule is identified to be non-polar. Among the molecules from the answer of problem 

(a), identify all the available XF3 molecule(s). 

(Answer) 
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3. (total 6 pts) Suppose we picture an electron in a chemical bond as being a wave with fixed ends. 

Take the length of the bond to be 1.0 Å. 

(a) Calculate the wavelength of the electron wave in its ground state and in its first excited state. 

(Answer) 
 

 

 

 

(b) How many nodes does the first excited state have? 

(Answer) 
 
 
 
 
4. (total 10 pts) Light with a wavelength of 525 nm strikes the surface of cesium in a photocell. The 

work function of cesium is 3.43 x 10-19 J. 

(a) Calculate the maximum velocity of the photoelectrons. 

(Answer) 
 

 

 

 

(b) Compute the de Broglie wavelength for the photoelectron in (a). 

(Answer) 
 

 

 

 

(c) Determine the longest wavelength of light that is capable of ejecting electrons from the surface of 

cesium. 

(Answer) 
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5. (total 10 pts) The motion of an electron in a bond can be treated crudely as motion in an one-

dimensional box. Consider electrons in O2 and ozone. Note that the lengths of the O-O and O=O 

bonds are 1.48 and 1.21 Å, respectively 

(a) Calculate the energy of an electron in each of its three lowest allowed states if it is confined to 

move in a one-dimensional box. 

(Answer) 
 

 

 

 

 

 

 

 

 

 

 

(b) Calculate the wavelength of light necessary to excite the electron from its ground state to the first 

excited state.  
(Answer) 
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6. (total 10 pts) The ionization energy of a 1s electron of an hydrogen atom is 2.18 X 10-18 joule (or 

1312 𝐾𝐾𝐾𝐾 𝑚𝑚𝑚𝑚𝑚𝑚⁄ ). 

(a) What is the ionization energy of a 2p electron of a hydrogen atom? 

(Answer) 
 

 

 

 

 

 

 

 

(b) What is the ionization energy of a 1s electron of a He+ ion? 

(Answer) 
 

 

 

 

 

 

(c) Without attempting a detailed calculation, determine the lowest and highest first ionization energy 

values possible for a ground-state helium atom. 

(Answer) 
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7. (total 11 pts) One orbital of a hydrogen atom is 
/2 sin cosr areψ θ φ−=  

(a) Show that this satisfies the Schrödinger equation, 

− ℏ
2𝑚𝑚𝑒𝑒

2 2
2

2 2 2 2 2
0

1 1 1 1sin
sin sin 4

er E
r r r r r r

θ ψ ψ ψ
θ θ θ θ φ πε

 ∂ ∂ ∂ ∂ ∂   + + − =    ∂ ∂ ∂ ∂ ∂    
 

and obtain the corresponding energy eigenvalue E in the unit of eV. To solve this problem, you will 
need a = 4π𝜀𝜀0ℏ2/(𝑒𝑒2𝑚𝑚𝑒𝑒), or equivalently 𝑒𝑒2/(4𝜋𝜋𝜀𝜀0) = ℏ2/(𝑚𝑚𝑒𝑒𝑎𝑎). Also, h = 2πħ. 

(Answer) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) How many radial nodes does this function have? 

(Answer) 
 
 
 
(c) Sketch the 3-dimensional shape of this orbital. 

(Answer) 
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8. (total 11 pts) Below is the measured photoelectron spectrum for neon excited by X-rays with 
wavelength 9.890 Å. Answer the following questions. 

 
 
(a) Write the electron configuration of neon. 

(Answer) 
 
 
 
(b) Calculate the ionization energy for each kinetic energy detected from the above spectrum and 
write the corresponding atomic orbital. 

(Answer) 
 
 
 
 
 
 
 
(c) Estimate the value of Zeff for neon in each orbital. 

(Answer) 
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9. (total 12 pts) Consider heteronuclear diatomic molecule NO.  
(a) Describe its magnetic property. 

(Answer) 
 
 
 
 
 
 
(b) Provide its correlation diagram.  

(Answer) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Sketch the shape of the highest occupied molecular orbital. Do not forget to specify the nuclear 
centers by N or O. 

(Answer) 
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10. (total 11 pts) Use valence bond (VB) theory to answer the following questions. 
(a) Draw the molecular structure of allene (H2C=C=CH2). Using this molecular structure, show 
hybridization modes of all carbons. 

(Answer) 
 
 
 
 
 
 

 
(b) Sketch the σ and π frameworks of allene. Show all hybrid orbitals and p orbitals and assign σ and 
π-bonds clearly. 

(Answer) 
 
 
 
 
 
 
 
 
 
 
(c) Construct a putative molecular orbital diagram for the π-system. Sketch π-MOs and label them 
with π, π* or πnb. 

(Answer) 
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Physical Constants 
 

Avogadro’s number NA = 6.02214179 ⅹ 1023 mol-1 

Bohr radius  a0 = 0.52917720859 Å = 5.2917720859ⅹ10-11 m 

Boltzmann’s constant KB = 1.3806504 ⅹ 10-23 J K-1 

Electronic charge e = 1.602176487 ⅹ 10-19 C 

Faraday constant F = 96485.3399 C mol-1 

Masses of fundamental particles:  

Electron me = 9.10938215 ⅹ 10-31 kg 

Proton mP = 1.672621637 ⅹ 10-27 kg 

Neutron mn= 1.674927211 ⅹ 10-27 kg 

Permittivity of vacuum εo = 8.854187817 ⅹ 10-12 C-2 J-1 m-1 

Planck’s constant h = 6.62606896 ⅹ 10-34 J s 

Ratio of proton mass to electron mass mP / me = 1836.15267247 

Speed of light in a vacuum c = 2.99792458 ⅹ 108 m s-1 (exactly) 

Standard acceleration of terrestrial gravity g = 9.80665 m s-2 (exactly) 

Universal gas constant 
R = 8.314472 J mol-1 K-1 

= 0.0820574 L atm mol-1 K-1 
Values are taken from the 2006 CODATA recommended values, 
as listed by the National Institute of Standards and Technology. 
 
 
Conversion factors 
 

Ångström 1 Å= 10-10 m 

Atomic mass unit 1 u = 1.660538782 ⅹ 10-27 kg 
 1 u = 1.492417830 ⅹ 10-10 J = 931.494028 MeV (energy equivalent form E = mc2) 
Calorie 1 cal = 4.184 J (exactly) 

Electron volt 1 eV = 1.602177 ⅹ 10-19 J = 96.485335 kJ mol-1 
Foot 1 ft = 12 in = 0.3048 m (exactly) 

Gallon (U. S.) 1 gallon = 4 quarts = 3.785412 L (exactly) 

Liter 1 L = 10-3 m-3 = 103 cm3 (exactly) 

Liter-atmosphere 1 L atm = 101.325 J (exactly) 

Metric ton 1 t = 1000 kg (exactly) 

Pound 1 lb = 16 oz = 0.4539237 kg (exactly) 

Rydberg 1 Ry = 2.17987197 x 10-18J = 1312.7136 kJ mol-1 = 13.60569193 eV 

Standard atmosphere 1 atm = 1.01325 x 105 Pa = 1.01325 x 105 kg m-1 s-2 (exactly) 

Torr 1 torr = 133.3224 Pa 
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Claim Form for General Chemistry Examination                 Page (   /   ) 
 

Class:           , Professor Name:            , I.D.# :              , Name:                         
 
If you have any claims on the marked paper, please write down them on this form and submit this with your paper in 
the assigned place. (And this form should be attached on the top of the marked paper with a stapler.) Please, copy this 
sheet if you need more before use.  

 
By Student By TA 

Question # Claims 
Accepted?  Yes(√) or No(√) 

Yes: □ No: □ 
Pts (+/-) Reasons 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

 















9. (total 12 pts) 
(a) (3 pts) 
Due to the odd number of valence electrons (5 for N + 6 for O = 11), it is paramagnetic. 
 
(b) (6 pts) 2s 1 pt; 2p 1 pt; the sequence of pi and sigma 2 pts; electron 2 pts 
 

 
(c) (3 pts) 
The highest occupied molecular orbital is π2p*. 
Its shape is:             

 
The lobe size must be larger for N atom and the lobe color blue and red indicate + and - sign (or vice 
versa), respectively. 
 
 
  



10. (total 11 pts) 
(a) (3 pts) structure 1 pt; sp & sp2 2 pts 

C C C
H

H

H

Hsp2 sp2sp
 

 
(b) (4 pts) sigma 1 pt; pi 1 pt; perpendicular between pi bonds 2 pts 

C C C

H
H

H

H

H

sp2

px

σsp

π

π π

π
σ

py

 
 
(c) (4 pts) orbital diagram & label 2 pts; sketch of the orbitals 2 pts 

C C C

E

C C

C

CC

π

π∗

 










































