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Name______________________________________________________________

IC1 Exam 3  -  April 22, 1999

1. (35 points) Answer the following questions regarding the first and second (row) 

elements in Groups 14, 15, 16 and 17: 

(a) their physical state at STP: (solid, liquid, or gas).

C, Si, P, S – all solids; N, O, F, Cl – all gases
(4 points, 1/2 each)

(b) for those elements that occur in a molecular form, give the formula and draw and describe the structure (both the Lewis and the molecular structure) of the most stable/common molecular form (in the case of carbon, only the formula for the most prevalent molecular species and a rough description will be needed).

C: C60, a sphere-shaped molecule; N2, P4, O2, S8, F2, Cl2
(6 points)
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(10 points: 1, 3, 1, 3, and 2))

(c) for those cases where there is an appreciable difference in the most stable/common form for the first row element vs. the second, explain this difference.

The differences between the structures of C (graphite) vs. Si (diamond), N (diatomic molecule, gas) and P (tetraatomic molecule, solid), O (diatomic molecule, gas) and S (octaatomic molecule, solid), are all due to the ability of the first row element to form stable p-p bonds, which result in the above special structures for these elements, whereas the corresponding second row element, which does not form strong p-p bonds, exhibits only the single-bonded structures.  This results in either extended (3-D) network formation or larger molecular species that are typically solids at STP.

(4 points)

(d) fill in the symbol for the element(s) from Groups 14, 15, 16 or 17 (not necessarily from just the first two rows) that best fit(s) the following descriptions:


(i) three elements that are found in appreciable amounts in nature in their 
uncombined, elemental form: __N__,    __O__,   and __S__. (3 points)
(ii) a metallic element from Group 14 that strongly prefers a +2 oxidation state in its compounds: __Pb__. (2 points)
(iii) an element whose most common allotrope is a volatile, white, molecular solid that reacts spontaneously with oxygen, while emitting light (chemiluminescence) ___P____.  (2 points)

(iv) an extremely reactive element that oxidizes water and silica: _F_. (2 points)
(v) an element that is mined from underground deposits in liquid form.  It is typically found as a yellow powder that melts to form a red liquid; this element forms a (poisonous) hydride that smells like rotten eggs: 

the element:____S_____; its hydride___H2S____.
(2 points)  (11 points total)
2. (40 points) Give the (a) formulas, and (b) draw and describe the structures [Lewis (with all important resonance forms – be sure to include any formal charges and note the location of any unpaired electrons) and molecular ], for the most stable/common oxides (a total of 9) of the following elements: (i) C (2); (ii) N (3); (iii) P (2); 

(iv) S (2).

(a) (i) C __CO__,  _CO2_; (ii) N _N2O_,  _NO_, __NO2_; (iii) P _P4O6_, _P4O10_;

(iv) S _SO2_, __SO3_.   (9 points total)
(or P2O3 and P2O5)
[image: image2..pict](b)  (18 points – CO: 1; CO2: 2; N2O: 3; NO, NO2, P4O6, P4O10, SO2, SO3, each 2)
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(c) Classify these oxides as either: (i) gases, (ii) liquids, or (iii) solids at ordinary temperatures and pressures.
(3 points)
CO, CO2, N2O, NO, NO2, SO2 and SO3 are all gases; only P4O6 and P4O10 are solids

(d) Give balanced equations for the reactions of the oxides of C, P and S with water (one of the C oxides does not react with water and can be excluded) and indicate whether the resulting saturated solutions in water would be: (i) approx. neutral; (ii) weakly acidic; (iii) strongly acidic; (iv) weakly basic; or (v) strongly basic. 

(10 points)

CO2(g) +  H2O(l) =  H+(aq)  +  HCO3-(aq)


(ii) weakly acidic
P4O6(s) +  6 H2O(l) (  4 H3PO3(aq)


(ii) weakly (or (iii) strongly) acidic
P4O10(s) +  6 H2O(l) (  4 H3PO4(aq)


(iii) strongly acidic
SO2(g) +  H2O(l) (  H2SO3(aq)



(ii) weakly acidic
SO3(g) +  H2O(l) (  H2SO4(aq)



(iii) strongly acidic
3. (25 points)  (a) Petalite, LiAlSi4O10, is a silicate mineral which contains only 

silicon in its silicate framework (i.e., both the Li and the Al are not part of the framework structure).  

(i) Determine the oxidation states of the Li, Al, and Si in this structure; 

Li: +1, Al: +3, Si: +4  (3 points)

(ii) give the smallest whole number formula for the silicate portion of this structure; 

[Si2O5]2-

(2 points)

(iii) Draw a representative portion of (or just the smallest repeat unit in) this structure, indicating the local coordination environment (the geometry and identity of the nearest neighbor atoms), as well as the number of bridging and terminal atoms about the Si.  

[image: image5..pict]
The Si is tetrahedrally bonded to 4 O’s, one of which is terminal and the other three bridging.  (3 points)

(iv) Choose among the following possibilities for the most likely structure for the silicate portion of the structure of petalite and indicate the probable location (relative to the Si and the O atoms) of the Li and Al atoms as well as type of bonding that is likely to occur between these atoms and the silicate structure:  

(a) monomeric (ortho silicate); (b) dimeric (disilicate); (c) silicate ring or chain structure; (d) double chain structure; or (e) 2-D (sheet) silicate; or (e) 3-D network.

The Li+ and Al3+ ions are ionically bonded to the terminal oxygen atoms in the silicate structure.  (5 points)

(b)  Give the formula (i.e., the values of x and y) for the aluminosilicate analog of petalite of the type LixAlSi3Oy, where the Al is now part of the framework structure and the Li is the only non-framework atom (ion).

Li5AlSi3O10   (5 points)

(c)(i) Give the formula for the methylsilicone [(CH3)nSiOx] analog of the silicate structure in part (a) of this problem and 

[(CH3)SiO3/2]  or  [(CH3)2Si2O3] (5 points)

(ii) determine the most likely form for this silicone among the possibilities listed below: 

(a) a high melting, hard, crystalline solid held together by ionic bonding forces; 

(b) a high melting, hard, crystalline solid held together by a combination of ionic and covalent bonding forces;  (c) a soft, low melting solid held together by a combination of ionic and covalent bonding forces; (d) a liquid comprised of molecular chains or rings that freezes into a glassy solid at very low temperatures; or (e) a relatively soft, amorphous (non-crystalline) solid that does not melt but decomposes at high temperatures on heating. (2 points)
4. (25 points) (a) Give formulas (one each) for common nitrogen compounds that


have nitrogen in the formal oxidation states of: +5, +4, +3, +2, +1, and –3.


HNO3, NaNO3; _NO2, HNO2, etc.; _NO; _N2O_; _NH3, NH4Cl, etc.__

(5 points, –1 for each incorrect example)

(b) 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?




Oxidation states: __+5___,   ___+3___




Examples (formulas):  _P4O10, PCl5_;  _P4O6, H3PO3_

The stability of the +3 state, rel. to +5, increases as we go down from P to Bi.

(5 points, including 1 point for trend)
(c) Give examples of compounds that contain oxygen in the following (formal) oxidation states: -2, -1, +1.  (3 points)
__Li2O, H2O; _H2O2, Na2O2; _O2F2__

(d) What are the two most common oxidation states found for the heavier Group 16 elements (S ( Te), in their simple binary compounds?  Give examples of simple binary compounds in these cases.  (4 points)

Oxidation states: __+6___,   __+4____ (-2 is also acceptable here)



Examples (formulas):  __Na2SO4, SF6__;  _CaSO3, SO2__(H2S, Na2S)
(e) Compare F with the heavier halogens in terms of the oxidation states that these halogens exhibit in their simple binary compounds.  Give examples of compounds that exhibit these various oxidation states for F and Cl.

F only exhibits the –1 oxidation state in its compounds, whereas the heavier halogens can have oxidation states of –1, +1, +3, +5, and +7 in their compounds.  Examples:

LiF, SF6;  NaCl, SiCl4; HOCl, Ca(OCl)2;  KClO2, ClF3;  KClO3, ClF5; HClO4, etc.

(8 points – 3 for general statement, 5 for examples)

5. (30 points) Give the formulas for the following compounds: (a) silica _SiO2_,

(b) calcium bicarbonate __Ca(HCO3)2__, (c) barium carbonate __BaCO3___,

(d) boron nitride __BN__, (e) ammonium nitrate _NH4NO3_, (f) nitric acid _HNO3_, 

(g)  magnesium phosphate _Mg3(PO4)2_, (h) arsine __AsH3_, (i) gallium arsenide _GaAs_, (j) sulfuric acid _H2SO4_, (k) strontium sulfide _SrS_, (l) magnesium sulfate _MgSO4_, (m) sulfur hexafluoride _SF6_, (n) perchloric acid _HClO4_, 

(o) calcium hypochlorite _Ca(ClO)2_, (2 points each, 1 pt. for correct species)
6. (15 points) The Lewis structure of hexachlorocyclotriphosphazene, [Cl2PN]3 is generally drawn as having double bonds.  (a) Draw the Lewis structure for this compound, including all important resonance forms and any formal charges on the atoms.  (5 points)
[image: image6..pict]
(b) What is the likely geometry about the P atoms in the molecular structure of [Cl2PN]3: (i) trigonal planar, (ii) square planar, (iii) tetrahedral, or (iv) trigonal bipyramidal?  (2 points)
(c) Describe, in words and by drawing a picture of the respective orbital overlaps, the nature of the double bonds in this structure. (5 points)
These are d-p bonds, which use a d orbital on the P and a p orbital on the N.

[image: image7..pict]
(e) [image: image8..pict]Give one other example of the Lewis structure of a compound in which this same type of double bond is implied.  (3 points)
7.(30 points) Complete and balance the following equations [indicate, where given for the (other) reactants, the physical form of the products (and any other reactants needed); 

i.e., (g), (l), (s), (aq), (am), etc.]: (2 points each)
(a)    CaCO3(s)  --heat-->  CaO(s)  +  CO2(g)
(b)  CO2(g) + 2 NaOH(aq)  +  CaCl2(s)  ---> CaCO3(s) +   H2O(l)  +  2 NaCl(aq)
(c)    Ge(s) +  O2(g)  --->  GeO2(s)
(d)  SiO2(s) + 6 HF(g)  --->  H2SiF6  + 2 H2O(l)
(e)    n (CH3)2SiCl2 +   n H2O --->   (CH3)2Si(OH)2 + 2n HCl --->   [(CH3)2SiO]n
(f)     Bi2O5(s) --heat--> Bi2O3(s)
+  O2(g)


(g)    PCl5  +   4 H2O  --->
H3PO4(aq)  +  5 HCl(aq)
(h)    NH4NO3(s)  --heat-->  N2O(g)  + 2 H2O(l or g)  -heat-> N2(g)  +  2H2O(g)  +  1/2 O2(g)
(i)   NO(g) + NO2(g) +  H2O(l) --->  2 HNO2(aq)    
(a reaction involved in the 









production of acid rain )

(j)   
N2H4(g)  +  O2(g)  ----> N2 (g)  +  2 H2O (l or g)
(k) 
F2(g) +   H2O(l) ---->  2 HF(aq)  +  O2(g)
(l)   
7 F2(g)    + 2 I2(s)   ---> 2 IF7
(m) 
Cl2(g)      + H2O(l)   ---> HOCl(aq)  +  HCl(aq)






(n)    KClO3(s)  --heat-->
KCl(s) +  3/2 O2(g)
(o)     Cl2O(g) +   H2O(l)  --->   2 HOCl(aq)
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