I Chem I  -  11th Problem Assignment  - Answers
(this assignment is worth 20 points)

Problems from R.-C:  Chapt. 13: 

1. (a) Li2C2(s)  +  H2O(l)  -->  LiOH(aq)  +  C2H2 (g)
(b) SiO2(s)  +  2 C (  Si(s)  +  2 CO(g); SiO2(s)  +  3 C(s) (  SiC(s) +  2 CO(g)

(c) CuO(s)  +   CO(g) (  Cu(s)  +   CO2(g)

     (d) Ca(OH)2(aq)  +  CO2(g) ( CaCO3(s) ; CaCO3(s) +  CO2(g) (  Ca(HCO3)2(aq)

     (e)  CH4(g)  +  4 S(l) (  CS2(g)  +  2 H2S(g)

(f)  SiO2(s)  + 2 Na2CO3(l) ( Na4SiO4(s) +  2 CO2(g)
(g)  PbO2(s)  +  4 HCl(aq) (  PbCl4(aq)  +  2 H2O(l)
5. Graphite and C60 both contain sp2-hybridized C atoms, whereas diamond has sp3 (tetrahedral C’s). Graphite is made up of planar 2-D “sheets” of covalently bound C’s with weak van der Waals forces between the graphite planes; C60 on the other hand is a molecular solid at STP and is soluble in organic solvents (see below for other distinguishing features of graphite and diamond).

7. Because fullerene consists of descrite molecules held together by weak van der Waals forces, whereas both graphite diamond have extended covalent bonding in 2 or 3 dimensions.

11. Both CO and CO2 are molecules which are gases under ordinary conditions; both have p-p bonds in addition to the C-O sigma bond(s).  On the other hand, CO is more reactive than CO2 and combines readily with O2 (to form CO2) and other oxidizing agents.  CO is highly poisonous and forms volatile compounds with transition metals such as Ni, Fe and Co;  CO2, on the other hand is a very weak Lewis base.

19. (See problem 2 below for the comparison)  The difference is due to the inability of Si to form strong p-p bonds with itself or with other elements (like O), which leads to extended ne







































20. 3 Fe2+’s and 2 Fe3+’s.

26.  Lewis structures and molecular shapes for SnCl4 and SnCl2(g):

16. [image: image7..pict]
27. PbF4(s) is probably an ionic solid (due to the high electronegativity of F), whereas PbCl4 is a molecular solid (below –15 C).

28.   
PbO(s) +  H2O(l) (  PbO2(s)  + 2H+(aq) +  2e-; 

PbO(s)  +  2 H+(aq)  +  2e-(  Pb(s) +  H2O(l)
Chapt. 14

2. 

(a)    NH4NO2(aq) –heat( N2(g)  +  2 H2O(l)

(b)    (NH4)2SO4(s)  +  NaOH(s) ( 2 NH3(g)  +  Na2SO4(s

(d) (c)     2 NH3(g)   +  H3PO(aq) (  (NH4)3PO4(aq)

(e) AgN3(s) –heat( 3/2 N2(g)  +  Ag(s)
(e)     NO(g)  +  NO2(g) ( N2O3(l)
(f)    Pb(NO3)2(s)  --heat( PbO(s)  +  2 NO2(g)  +  1/2 O2(g)
(g)    P4(s)  +  5 O2(g)  ( P4O10(s)
(h)    Ca3P2(s) +  6 H2O(l) (  2 PH3(g)  +  3 Ca(OH)2(aq)
(i)    NH2OH(aq)  +  HCl(aq) (  [NH3OH]+Cl-(aq)  ??

13.

[image: image8..pict]16. NO+ is isoelectronic with N2 and therefore has a b.o. of 3; NO- is isoelectronic

with O2, and has a b.o. of 2.

17.

[image: image9..pict]
24. [image: image10..pict]
25. PH3 is more acidic (less basic) than NH3; therefore it gives up a proton to NH3 in liq. NH3.

25.  16 KClO3(s)  + 3 P4S3 ( 16 KCl  + 3 P4O10  + 9 SO2(g)
Additional problems:
1. Describe the structures, bonding and properties of the two principal forms of elemental carbon and compare these with that of the other Group 14 elements.  What is the main reason for the differences observed?

The two principal forms of elemental C are graphite and diamond, with the graphite form more thermodynamically stable.  The graphite form, like h-BN, depends for its existence on the ability of C to form relatively strong p-p bonds.  Silicon, on the other hand, does not form very stable p-p bonds and exhibits only the cubic (diamond like) structure.  Ge is very similar to Si in its structures and properties (like Al and Ga), whereas Sn and Pb form metallic structures and have metallic properties.

2. Draw the Lewis structures for the two most common oxides of carbon and compare these structures with that of the only stable oxide of silicon.


[image: image1.wmf]


[image: image2.wmf]
Due to the ability of C to form relatively strong p-p bonds to itself and other first row elements, it can form the above molecular structures, whereas Si, which cannot from very strong p-p bonds, can only form a -bonded structure with single bonds between Si and O that extend throughout the 3-D structure (covalent network solid).  Thus, CO and CO2 are gaseous molecules at STP, whereas SiO2 is a high melting solid.m
3. The silicones and silicates are of enormous practical importance.  Describe some of the structural features which these two classes of materials have in common.  What are the main differences and how are these important in determining the properties and applications of the silicones?

Both the silicates and the silicones contain tetrahedrally bonded Si atoms usually connected by one or more bridging oxygen atoms; i. e., =Si-O-Si=.   The silicones contain one-to-three organic groups bound to Si in addition to bridging oxygens; i.e, 


R3-nSiOn/2,
where R = a terminal organic group;  e.g., 


[image: image3.wmf] 

The silicates on the other hand have terminal -O1- ions in place of the terminal organic groups and require charge-compensating cations to complete the structure, i.e.,  (O(t)-)4-nSiO(b)n/2 , where O(t)- are  terminal oxygens which bear a net -1 charge and O(b) are bridging oxygens that are shared by neighboring Si atoms; e.g., SiO44-, SiO32-  [(O(t)-)2SiO(b)2/2], Si2O52- [(O(t)-)SiO(b)3/2].  The main differences are that the silicones are neutral (uncharged), hydrophobic molecules and polymers and are usually soft oils, waxes or rubbers (due to the weak Van derWaals forces between the molecules in the condensed state) whereas the silicates are relatively high melting, hard, brittle, ionic (usually crystalline) solids (due to the ionic forces between the mainly covalent, anionic, silicate framework and the charge-compensating cations in the structure.

4. Draw a portion of a possible structure for the silicate framework in each of the following minerals.  Indicate whether the non-silicon (non-oxygen) atom(s) in each case is(are) likely to be incorporated in the framework structure or present as a charge-compensating cation, coordinated to the anionic (terminal) oxygen atoms of the framework structure.

MgSiO3,  Na2Si2O5,  CaAl2Si2O8

MgSiO3 consists of charge-compensating Mg2+ ions and a SiO32- 

[(O(t)-)2SiO(b)2/2] network (i.e., 2 terminal and 2 bridging O's around each Si).  The resultant structure could be (-O-Si(O-)2-)n chains or rings, held together by ionic bonds between the terminal oxygens and the Mg2+ ions.

Na2Si2O5 has the Si2O52- anionic framework which has 1 terminal and 3 bridging O's per Si;  i.e., [image: image4.wmf]  The resultant structure can be either a 2-D sheet (with Na+ ions "between the sheets") or double chains,[image: image5.wmf], held together by Na+ ions.

CaAl2Si2O8: The Ca2+ is a charge-compensating cation whereas Al3+ replaces Si4+ in the framework.  Since Al has a +3 charge and Si a +4, Al- (Al surrounded by 4 O's) is equivalent to a Si in the structure and requires a + charge from a charge-compensating cation to balance its (net) negative charge;  i.e., Ca2+[Al2Si2O8]2-.  The anionic framework in this case is equivalent to a SiO2 network structure {[Al2Si2O8]2- = 4 SiO2} - in that all of the O's are bridging (no terminal oxygens; the Ca2+'s are ionically bound to the net negative charge associated with each AlO(b)4- tetrahedra. 

5. Compare the molecular formulae, structures and physical properties of N and P in their most stable elemental forms.  Explain these differences in elemental forms and properties.

Nitrogen occurs in the form of a diatomic gaseous molecule, :N=N:, whereas phosphorous occurs as P4(s) (a molecular solid).  The structure of the P4 molecule is that of a tetrahedron of P's, each having a pyramidal local geometry with 3 P's and a lone pair of electrons.  P4 occurs as a low melting , volatile solid at STP.

These differences are due to the unique ability of the first row element (N) to form stable p-p bonds.  This allows the formation of a stable diatomic molecule whereas with P, the formation of a single-bonded structure is favored, leading to a larger (heavier) and more complex molecule that is a solid at STP.

6. Give examples of N compounds that have N in the formal oxidation states of: 

+5, +4, +3, +2, +1, and –3.

+5: HNO3(l), NaNO3(s), etc.;  +4: NO2(g);  +3: HNO2, NaNO2(s), NF3, etc.  +2: NO(g);  

+1:  N2O(g);  -3: NH3(g) (NH4Cl(s), etc.).

(d) What are the two most common oxidation states found for the heavier Group 15 elements (those beyond N) in their simple binary compounds?  Give examples of simple binary compounds in each of these cases.  In Group 15, how does the relative stability of the two most common oxidation states vary from P through Bi?

+3 :  P2O3, PCl3, H3PO3; +5: P2O5, PCl5, H3PO4, etc.  The +3 state becomes increasingly more stable, relative to the +5, from P ( Bi (the “inert pair” effect).

8.  Draw the Lewis structure and describe the geometry for the following molecules: 

a) hydrazine, (b) nitric acid, (c) nitrous oxide (dinitrogen oxide).

[image: image6.wmf]

pyramidal, staggered

pyramidal



linear

9. Explain by using balanced chemical equations, the following observations: nitric acid reacts with copper metal to give a colorless gas.  When this gas is mixed with air it turns brown.  When the brown gas is compressed it becomes colorless.
3 Cu  +  8 HNO3  -->  2 NO  +  3 Cu(NO3)2  +  4 H2O

2 NO  +  O2  -->  2 NO2
2 NO2  -->  N2O4
10. The brown gas in the previous problem is also observed above concentrated solutions of nitric acid.  Write an equation for its formation from nitric acid.  What are the formal oxidation states of N in the brown gas, nitric acid and nitrous acid?  Is the reaction that produces the brown gas from nitric acid a redox reaction?  Explain your answer.



2 HNO3  -->  2 NO2  +  H2O  +  1/2 O2  

oxida. states:     +5
     +4



+3 in HNO2
redox reaction?  Yes,  the nitrogen in HNO3 is reduced from the +5 to the +4 oxidation state while the O2- in it is oxidized to O0.

11. The polyphosphazenes are isoelectronic analogs of the silicones (or organosiloxanes).  Draw the structure of both the six-membered ring and the linear polymer form of both dimethylsiloxane and dimethylphosphazene.  Describe the bonding in the six-membered ring compound of dimethylphosphazene.

The ring forms:

[image: image11..pict]The polymer forms:

[image: image12..pict] 

In the ring form of dimethylphosphazene (tris-cyclo- dimethylphosphazene), the P uses its s and 3 p orbitals to form -bonds to the 2 N's and 2 Cl's (i.e., it is sp3 hybridized and tetrahedral in its geometry), it then can form a -bond by using an empty d orbital to overlap with a remaining p orbital on the N (which forms sp2 hybrid sigma bonds to the 2 P's and is trigonal planar).  The overall ring structure is planar (although the Cl's lie above and below the plane of the ring) and there is partial (but not complete) delocalization of the -electrons within the ring (the delocalization is restricted to a P and its 2 neighboring N's)

12. Draw and describe the structures for the reaction products of P4 with 3 moles of O2 and an excess of O2.  What are the formulas and names of the acids which are obtained when these oxides are dissolved in water?

(see lecture notes and book for the structures of P4O6 and P4O10).  These are both based on a tetrahedron of 4 P's with 6 bridging oxygens between the P's.  In P4O6 there are lone pairs of electrons directed outwards from each P, whereas in P4O10 these lone pairs are replaced by a (formally) double-bonded O atom.  The respective acids that are formed when these two oxides are dissolved in water are H3PO3 (phosphorous acid) and H3PO4 (phosphoric acid).  

12. Give the formulas of the following compounds: (a) calcium phosphate, Ca3(PO4)2;  (b) phosphorous acid, H3PO3; (c) sodium nitrate, NaNO3;  
(d) nitrous acid, HNO2;  (e) nitrous oxide, N2O; (f) barium nitrite, Ba(NO2)2;  
(i) (g) phosphorous oxychloride, POCl3; (h) (ortho)phosphoric acid, H3PO4;  

(j) polydichlorophosphazene,  [PN(Cl)2]n; (j) arsine, AsH3; 
(k) antimony(V) fluoride, SbF6; (l) lithium nitride, Li3N.
14. balanced equations:
(a)    (excess) 2 C(s) +   O2(g)  --->2 CO(g)
(b) (b)    CaCO3(s)  --heat--> CaO(s)  +  O2(g)
(c) CO2(g)  +  H2O(aq)  +  CaCO3(s)  ---> Ca(HCO3)2(aq)
(d)    Si(s) +  O2(g)  --->  SiO2(s)
(e)    SiCl4(l) +   4 H2O(l) --->  SiO2.2H2O(s)  +  4 HCl(aq)
(f)     SiCl4(l) +  LiAlH4(s)  -ether--> SiH4(g)  +  LiCl(s)  +  AlCl3(s)
(g)    SiO2(s) + 6 HF(aq)  ---> H2SiF6(aq)  +  2 H2O(l)
(h)  n (CH3)2SiCl2 +  n H2O --->   [-(CH3)2SiO-]n + 2n HCl
(i)    SnCl4 +    4 RMgCl  --ether ->  SnR4(l)  + 4 MgCl2(s)  

(j)    PbO2(s) –heat( PbO(s)  +  1/2 O2(g)
(j)    Li(s)  +  N2(g)  --->
Li3N(s)






(k)   H2O(l) +  NO(g)  +  NO2(g)  --->
2 HNO2



(l)    N2H4 +   O2  ---> N2 + 2 H2O






(m)   PbO2(s) –heat( PbO(s)  +  1/2 O2(g)
(n)   Ca3P2(s)  +   dilute  6 HCl(aq) ---> 3 CaCl2(aq) + 2PH3(g)




(o)   PH3 +   2 O2 --->
H3PO4






(p)   PCl3  + 3H2O  --->
H3PO3 + 3HCl






(q)   PCl5  +  4H2O  --->
H3PO4 + 5HCl






