I Chem I  -  9th Problem Assignment  - Answers
Problems from R.-C.: Chapt. 14: 

2.

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

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

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

(d) 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)    N2H4 (aq)  +  HCl(aq) (  [N2H5]+Cl-(aq) 
13.
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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.

19.
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22.

(a)  HNO3(aq) + 9H+(aq)  + 4 Zn(s)  (  NH4+  +  3 H2O(l)  + 4 Zn2+(aq)
(b) 3 Ag2S(s)  + 6 H+(aq) +  2 HNO3(aq) + 9H+(aq) ( 6 Ag+(aq)  +  3 S(s)  +  2 NO(g) +  4 H2O(l)

26. 16 KClO3(s)  + 3 P4S3 ( 16 KCl  + 3 P4O10  + 9 SO2(g)
Additional problems (also due on March 23rd):

1. 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.

2. 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.).

3.  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).

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

a) hydrazine, (b) nitric acid, (c) (ortho)phosphoric acid.
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5. 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
6. 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.

7. 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.  Draw and describe the bonding in the six-membered ring compound of dimethylphosphazene.

The ring forms:

[image: image3..pict]The polymer forms:
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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)

8. (a) Draw and describe the structures for the reaction products of P4 with 3 moles of O2 and an excess of O2.  (b) What are the formulas and names of the acids which are obtained when these oxides are dissolved in water?  (c) Write balanced equations for the reaction of P4 with an excess of oxygen, and for the addition of the product to (an excess of) 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).  

9. 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;  

(g) phosphorous oxychloride, POCl3; (h) (ortho)phosphoric acid, H3PO4;  

(i) polydichlorophosphazene,  [PN(Cl)2]n; (j) arsine, AsH3; 

(k) antimony(V) fluoride, SbF6; (l) lithium nitride, Li3N.
10.  Complete and balance the following reactions [where given for the reactants, the physical form ((s), (l), (g), (aq), etc.) of the products must be specified]:

(a)    Li(s)  +  N2(g)  --->
Li3N(s)






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



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






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




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






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






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




 

