Chem 1A
Test#3 Review Exercises

1.
The work function for sodium and potassium metal are 265.6 kJ/mol and 221.6 kJ/mol, respectively. 
(a) Calculate the minimum energy (in Joule) required to eject an electron from the surface of sodium and potassium metal, respectively. (b) If thin layers of sodium and potassium metals are exposed to a beam of green light with wavelength,  = 525 nm, which metal will produce photo electricity? (c) What are the energy and velocity of the electron ejected from this metal? (d) What is the longest wavelength of light that could produce a photoelectric effect on the other metal? 
(Note: use de Broglie equation to calculate wavelength of electron.)
(NA = 6.022 x 1023/mol;  h = 6.626 x 10–34 J.s.;  c = 2.998 x 108 m/s; me = 9.11 x 10–31 kg)

2.
An electron in a hydrogen atom jumps from the Bohr’s orbits n = 4 to n = 2. (a) What is the energy change ((E, in Joules) for the electron? (b) Does the electron gain or lose energy? (b) What is the frequency () and wavelength (, in nanometers) of light photon associated with this energy change?  
(Bohr’s equation: En = -2.179 x 10–18 J/n2; h = 6.626 x 10–34 J.s;  c = 3.00 x 108 m/s)

3.
The Balmer series for the hydrogen spectrum indicates a spectral line at  = 410.2 nm. If lines in the Balmer series are the results of electrons jumping from upper energy level n1 to n2 = 2, determine n1 in this case. 
4.
Suppose that an electron acquires a kinetic energy of 25eV (electron-volt). (a) What is the velocity of this electron? (b) What wavelength (in pm) is associated with an electron traveling at this speed? 
(me = 9.11 x 10-31 kg; 1 eV = 1.6 x 10–19 J) 

5.
Assign a proper spectroscopic symbol (1s, 2s, 2p, etc.) to each subshell with the following set of n and l quantum numbers.  If any sets of quantum numbers are not allowed, please explain. For those that are allowed, determine the number of orbitals in each subshell and the maximum number of electrons the subshell can accommodate.  



(a)  n = 2, l = 1;
(b) n = 3, l = 2;


(c)  n = 3, l = 3;
(d) n = 4, l = 0;

 
(e)  n = 5, l = 3;
(f) n = 6, l = 1;


6.
Write a complete electron configuration for each of the following atoms. (DO NOT use noble gas short-hand notations.)


(a) P (Z = 15):
 


(b) Cl (Z = 17): 


(c) Cr (Z = 24):  


(d) Ni (Z = 28): 


(e) Se (Z = 34):  
7.
Draw the “orbital box” diagram for the valence-shell electron configuration of the following atoms. (Use appropriate noble gas symbols to represent inner shell electrons.) Indicate whether the atom is diamagnetic or paramagnetic.

(a) N (Z = 7):

(b) Si (Z = 14):

(c) Mn (Z = 25):

(d) Zn (Z = 30):

(e) As (Z = 33):
8.
In what group and period, respectively, would you find atom with the following electron configurations?  Which of these atoms belongs to the transition metal group?  


(a)  1s2 2s2 2p6 3s2 3p1;
(b) 1s2 2s2 2p6 3s2 3p6 4s1 3d10;


(c)  1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p4;


(d) 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2;


(e)  1s2 2s2 2p6 3s2 3p6 4s2 3d3;


(f) [Xe] 6s2 4f14 5d10 6p2;
9.
(a) Explain using the concept of effective nuclear charge the trends of atomic size across a period and down a group, respectively, in the periodic table. 

(b) Rank the elements Al, K, Mg, Na, and Rb, in order of: (i) increasing atomic size; (ii) increasing ionization energy, and (iii) increasing reactivity.

(c) Rank the elements Br, Cl, F, N, and O, in order of: (i) increasing atomic size; (ii) increasing ionization energy; (iii) increasing electron affinity, and (iv) increasing reactivity.

10.
The following data shows the trend of ionization energy (Ip) for the second period elements of the Periodic Table:


Element:
 Li
Be
 B
 C
 N
 O
 F
 Ne


I1(kJ/mol:
520
899
800
1086
1402
1314
1681
2088


Explain this trend and any anomalies observed in this trend.

11.
Consider the following ionization energies (Ip) for magnesium:




Mg(g)  (  Mg+(g) + e–;

Ip1 = 735 kJ/mol




Mg+(g) (  Mg2+(g) + e–;

Ip2 = 1445 kJ/mol




Mg2+(g)  ( Mg3+(g) + e–;

Ip3 = 7730 kJ/mol


(b) Explain the larger value for the second ionization energy (Ip2) than the first ionization energy (Ip1) in magnesium. (b) Explain the very large increase in ionization energy between Ip2 and Ip3.

12.
Given the following processes and enthalpies:



      Processes:

  
Ho (kJ)

(((((((((((((((((((((


        Li(s)  (  Li(g);

Hs = 161




       Li(g)  (  Li+(g) + e–;
    Ip = 520


      ½Cl2(g)  (  Cl(g);

½ BE = 122

     Cl(g) + e– (  Cl–(g);
         
   EA = –349


Li+(g) + Cl–(g)  (  LiCl(s);

    UL =    ?

(((((((((((((((((((((

If the enthalpy of formation (Hof) for lithium chloride is –408 kJ/mol, calculate the lattice energy for LiCl that is represented by the following equation:




Li+(g) + Cl– (g) ( LiCl(s);

UL = ?

13. 
Using bond energy given in Table 8-4 (in the textbook), calculate the enthalpy change for the following reaction and indicate whether it is exothermic or endothermic.




CH3CH2Cl(g)  (  H2C═CH2(g)  +  HCl(g);



14. 
(a) Write the Lewis structure for the following molecules. Indicate whether they obey the octet rule.  If not, suggest whether they have an incomplete octet of an expanded octet. (b) Use the VSEPR method to propose the molecular geometry and predict the molecules are polar or nonpolar. (c) Name the type of hybridization expected on the central atom in each molecule.



(a) BeF2

 (b) GeF2

   (c) XeOF2

(d) XeO2F2  

15. 
Draw all resonance Lewis structures for N2O molecule. Indicate the most favored structure and explain your reasoning. Predict whether the molecule is polar or nonpolar. 

16. 
Use the VSEPR method to determine the electron-pair orientation around the central atom in each molecule and predict the molecular shape. Propose orbital hybridization on the central atom in each molecule and predict whether each molecule is polar or nonpolar.  



(a)  SiF4


(b)   SF4 



(c) XeF4
17. 
Refer to the following structure and answer questions (a) - (g): 




        H    H      




         (     (


             H(C1―C2═C3(C4≡C5(H




         (           (








        H          H


(a) The total number of -bonds = ______;   the number of -bonds = _____.


(b)  Give the predicted bond angles at: C1: ____;    C3: ____;   and C5: ____.


(c)  Which C(C bond is the longest? __________


(d)  Which C(C bond has the highest bond energy? ___________



(e)  What type of hybridization is found at:  C1: ______;   C2:_____;   C4: _____?


(f)  What is the geometrical orientation of bonds (or bonded atoms) around the following center? 

   (i) C1: _______________; (ii) C2 :________________;  (iii) C4 : ___________;


18. 
Draw the molecular orbital energy diagrams for the valence-shell electrons in each of the following species: C2, C22–, and C22+. Determine the bond order in each molecule or ion and indicate whether it is diamagnetic or paramagnetic?  
Answers:

1.
(a) 4.41 x 10–19 J for Na and 3.68 x 10–19 J for K; 
(b) Potassium metal will produce photo electricity;
(c) Ee = 1.0 x 10–20 J; ve = 1.5 x 105 m/s; 

(d) 450. nm

2.
(a) 4.086 x 10–19 J; 
(b)  = 6.167 x 1014 /s;  = 486.2 nm
3.
 n1 = 6

4.
(a) ve = 3.0 x 106 m/s; 
(b) e = 250 pm

5.
(a) subshell symbol = 2p; # of orbitals = 3; # of electrons = 6;


(b) subshell symbol = 3d; # of orbitals = 5; # of electrons = 10;


(c) Not allowed; l cannot equal n;


(d) subshell symbol = 4s; # of orbitals = 1; # of electrons = 2;


(e) subshell symbol = 5f; # of orbitals = 7; # of electrons = 14;


(f) subshell symbol = 6p; # of orbitals = 3; # of electrons = 6;

6.
(a) P (Z = 15):
1s2 2s2 2p6 3s2 3p3 

(b) Cl (Z = 17):
1s2 2s2 2p6 3s2 3p5

(c) Cr (Z = 24):
1s2 2s2 2p6 3s2 3p6 4s1 3d5 

(d) Ni (Z = 28):
1s2 2s2 2p6 3s2 3p6 4s2 3d8

(e) Se (Z = 34):
1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p4 

7.
(a) N (Z = 7):  [He]  ((       (     (     (  ;
paramagnetic





     2s
         2p





(b) Si (Z = 14):  [Ne]  ((       (     (          ;  paramagnetic





        3s
              3p


(c) Mn (Z = 25):  [Ar]   ((        (     (     (     (     (  ;  paramagnetic




        4s

         3d

(d) Zn (Z = 30):  [Ar]  ((       ((   ((   ((   ((   (( ;  diamagnetic





        4s

         3d


(e) Se (Z = 34):  [Ar]  ((       ((   ((   ((   ((   ((        ((    (     (  ;  paramagnetic




       4s

        3d


    4p
8.
(a) Group 3A; 3rd period;
   (b) Group 1B; 4th period;
(c) Group 6A; 4th period;


(d) Group 2A; 5th period;
   (e) Group 5B; 4th period.
(f) Group 4A; 6th period.

9.
(a) Atomic size decreases from left-to-right across a period in the periodic table. Effective nuclear charge increases from left to right as more protons are added, but valence-shell stays the same. The increasing nuclear attraction on valence-shell electrons causes the valence-shell and atomic size to decrease. Going down the group, the number and size of electron shells increase, while effective nuclear charge slightly decreases (due to increasing distance of the valence-shell electrons). The increasing size is mainly due to the increasing shells added to the atom.


(b) (i) increasing atomic size: Al < Mg < Na < K < Rb;


     (ii) increasing ionization energy: Rb < K < Na < Al < Mg;

 (iii) increasing reactivity:  Al < Mg < Na < K < Rb.


(c) (i) increasing atomic size: F < O < N < Cl < Br;
     

 (ii) increasing ionization energy: Br < Cl < O < N < F;


(iii) increasing reactivity: N < Br < O < Cl < F.
 

10.
Ionization energy values for elements from Li to Ne generally increases from left to right. This is due to increasing effective nuclear charge and decreasing atomic size as one goes from Li to Ne. As effective nuclear charge increases and atomic size decreases, the valence electrons are more tightly bound and become increasingly more difficult to remove a valence electron.

While the general trend shows an increasing ionization energy from Li to Ne, anomalies are noted between Be and B and between N and O, which show a slight decrease in ionization energy instead of increase. This may be explained by the fact that in boron, the first electron is removed from the 2p subshell, instead of the 2s subshell. It is easier to remove a single electron from 2p subshell, which has a higher energy level than 2s subshell. The anomaly between nitrogen and oxygen may be explained by the fact that nitrogen atom contains a half-filled 2p subshell, which gives it a greater electronic stability and making is more difficult to remove and electron. The first electron removed from oxygen is one of the two electrons that occupies the same orbital 2p. The possibility of the existence of electron-electron repulsion in this doubly occupied orbital makes it easier to remove one of those electrons.
11.
The second electron in any atom is always more difficult to remove/ionize than the first one. After the first electron is removed, the atomic size decreases and net effective nuclear charge increases. This results in a greater difficulty to remove the second electron than the first.

The very large increase in ionization energy for the third electron (Ip3) in magnesium is because the third electron in Mg is removed from subshell 2p, which is the inner-shell in magnesium. Electron in inner subshell 2p is much closer to the nucleus than electrons in 3s subshell. Therefore, it requires a lot more energy to ionize the third electron from the inner shell in magnesium.
12.
Hf = Hs + Ip + ½ BE + EA + UL 


UL = Hf – (Hs + Ip + ½ BE + EA) = –408 – (161 + 520 + 122 – 349) kJ = –862 kJ
13.
Hrxn = ((BEreactants) - ((BEproducts) 
= BE(C(C) + BE(C(Cl) + 5BE(C(H) – {BE(C═C) + 4BE(C(H) + BE(H(Cl)}

= 347 + 339 + (5x413) – {614 + (4x413) + 427} = 57 kJ 

17.
(a) 10 -bonds and 3 -bonds;  (b) Bond angles at: C1 = 109.5o;    C3 = 120o;   C5 = 180o;   
(c) longest bond = C1(C2;       (d) bond with highest energy = C4(C5;

(e) Hybridization at: C1 = sp3;   C2 = sp2;   C4 = sp;

(f) Geometrical orientations: C1 = tetrahedral;   C2 = trigonal planar;   C4 = linear;
18.


   C2



   C22–



 C22+



_____2p*


______2p*


______2p*


      _____    _____2p*

     ______     ______2p*
     ______      ______2p*



_____2p


__((__2p


______2p


      __((_    _((_2p

    __((__     _((__2p

     __(__     __(__2p



_((__2s*


__((__2s*


__((__2s*



_((__2s


__((__2s


__((__2s



(B.O. = 2)


 (B.O. = 3)


(B.O. = 1)



(diamagnetic)


(diamagnetic)


(paramagnetic)


5

