BCC, Fall

Chem 1B, Test Review #3

1.
Identify the missing nuclide or radiation particle in each of the following nuclear reactions:
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2.
What is nuclear binding energy?


Calculate the nuclear binding energy for oxygen-16. Express the binding energy in Joules/nucleus and in Joules/nucleon. (Atomic masses (in amu): 
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O  = 15.99492;  mp  = 1.00728;  mn  = 1.00866; 

me = 0.000549; 1 amu = 1.66054 x 10-27 kg; c = 2.9979 x 108 m/s; 1 MeV = 1.602 x 10-13 J)


(Answer: 2.047 x 10-11 J/nucleus; 1.280 x 10-12 J/nucleon)
3.
Calculate the energy produced in the nuclear fusion: 
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Express the energy in MeV per He-atom and in kJ/mol He.


Atomic masses (in amu):  
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(Answer: 17.6 MeV/He-atom;  1.69 x 109 kJ/mol He.)
4.
If 4.23% of a sample of calcium-45 (45Ca) decays in 10.0 days, what is the rate constant for the decay of calcium-45? Calculate the half-life of 45Ca.  (Answer: k = 4.32 x 10-3 d-1;  t1/2 = 160. days)
5.
A fabric remnant from a burial site shows a 14C of 8.55 dpm/gC. If the original 14C activity was 15.0 dpm/gC, determine the age of the fabric. (Half-life of 14C = 5730 years)  (Answer: 4650 years)
6.
A rock contains 270 mol of 238U (t1/2 = 4.5 x 109 yr) and 110 mol of 206Pb. Assuming that all the 206Pb comes from 238U, estimate the age of the rock.  (Answer: 2.2 x 109 years)
7.
A worker at a nuclear plant is exposed for 5.00 minutes to 1.00 Ci of beta radiation from 90Sr, each with energy of 0.546 MeV. (a) How many beta particles does he absorbs? (b) If he weighs 70.0 kg, how many rads (radiation absorbed dose) does he receive? (c) If the RBE is 1.0, how many mrems of radiation dose is absorbed? (Answer: (a) 1.1 x 1013  particles; (b) 0.866 rads;  (b) 866 mrems)
8.
A small portion of a cancer patient‘s brain is exposed for 5.0 minutes to 15 MBq of cobalt-60, which emits  and  radiations, each with energy of 1.3 MeV. If the brain mass exposed is 5.88 g and the radiation has an RBE of 1, what is the dose in mSv?  (Answer: 159 mSv)
9.
Radioactive fall-out containing isotope strontium-90 and iodine-131 is extremely dangerous to human health. Explain. How does taking a large dose of calcium and iodine (as KI) prior to exposure reduce this danger? 

10.
The atomic size of the Group 1A metals increases down the group. How does this trend influence the ionization energy, the hardness, and the chemical reactivity of the alkali metals? 
11
Lithium has the highest ionization energy in the gaseous phase and the least reactive, but it has the highest reduction potential in solution. Explain this discrepancy.

12.
Rank the reactivity of the elements given in each set:

(a) N, O, F;

(b) F, Cl, Br;

(c) Li, Na, K;

(d) Na, Mg, Al;
13.
Rank the hardness and melting points of elements in each group:


(a) B, Al, Ga;


(b) Li, Na, K;


(c) Li, Be, B;


14.
Complete and balance the following equations:


(a)     Li(s)  +      H2O(l)   (

(b)     Na(s)  +    O2(g)   (   

(c)     KO2(s)  +     CO2(g)  ( 


(d)    CH4(g)  +    H2O(g)  (

(e)     Mg(s)   +     N2(g)  ( 


(f)     Mg3N2(s)  +    H2O(l)  (

(g)     Ca(s)  +      H2O(l)   (   


(h)     CaO(s)  +  SO2(g)  (

(i)     Al2O3(s)  +    H2SO4(conc.)  ( 


(j)     Al(s)  +     HCl(aq)  (  


(k)     B2O3(g)  +    H2O(l)  (

(l)     N2(g)  +     H2(g)  (

(m)    N2O5(g)  +     H2O(l)  ( 


(n)     PCl5(s)  +     H2O(l)  ( 

(o)    Ca(OH)2(aq)  +    Cl2(g)  ( 

(p)    SF4(g)  +     H2O(l)  ( 

(q)    Zn(s)  +    H2SO4(aq)  (
15.
Classify each of the following oxides as strongly acidic, mildly acidic, mildly basic, strongly basic, or amphoteric. 


(a)  Li2O

(b) BeO 
(c) B2O3
(d) CO2

(e) N2O5 

16.
Draw Lewis structures for the following molecules; determine the hybridization expected on the central atom in each molecule; predict their molecular shapes, and indicate whether each molecule is polar or nonpolar.

(a) SiF4 

(b) SF4 

(c) XeF4 
 (d) PF4 
(e) BrF5

(f) SF6
17.
Based on the following equations: 

(i)  4 NH3(g)  +  5 O2(g)  (   4 NO(g)  +   6 H2O(g)

(ii)  2 NO(g)  +   O2(g)  (    2 NO2(g);

(iii)  3 NO2(g)  +   H2O(l)  (   2 HNO3(g)  +  NO(g);


(a) How many gallons of concentrated nitric acid (density = 1.48 g/mL) can be produced from 1.00 metric ton (1.00 x 103 kg) of ammonia? Assume the reaction has 100% yields. (Concentrated nitric acid is 70.0% (by mass) in HNO3) 

(1 gall = 3.7854 L; 1 gallon of concentrated HNO3 weighs 5.60 kg)

(b) How many liters of concentrated HNO3 will be produced from 1.00 m3 of NH3 gas, measured at STP? (Assume 100% yield.)
(Answer: (a) 629 gallons;  (b) 1.81 L)
18.
Balance the following redox reactions of HNO3 with metals:


(a)   Cu(s)  +    HNO3(aq)    (     Cu(NO3)2(aq)  +   NO2(g)  +    H2O(l)

(b)   Cu(s)  +     HNO3(aq)  (       Cu(NO3)2(aq)  +     NO(g)  +      H2O(l)

(c)    Zn(s)  +     HNO3(aq)  (      Zn(NO3)2(aq)  +     N2O(g)  +     H2O(l)
19.
In the following reaction, if 1.00 t (metric ton) of phosphate rock, Ca3(PO4)2, yields 145 kg of P4, what is the percent yield of the reaction?  (Answer: 72.5%)


    2 Ca3(PO4)2(s)  +  6 SiO2(s)  + 10 C(s)  (  P4(s)  +  6 CaSiO3(s)  +  10 CO(g) 

20.
(a) How many metric tons of phosphate rock, Ca3(PO4)2, must be reacted with concentrated sulfuric acid to produce 1.00 x 103 L of concentrated phosphoric acid (density = 1.69 g/mL) according to the following reaction? (Concentrated phosphoric acid is 85.0% (by mass) in H3PO4.)



  
Ca3(PO4)2(s)  +  3 H2SO4(l)  (   2 H3PO4(l)  +  3 CaSO4(s) 


(b) How many metric tons of calcium sulfate, CaSO4, are formed as by-product?


(Answer: (a) 2.27 metric tons of phosphate rock;  (b) 2.99 metric tons of CaSO4)
21.
Write all chemical reactions involved in the production of sulfuric acid starting from sulfur. How many gallons of concentrated sulfuric acid (98.0% by mass; density = 1.84 g/mL) can be produced from 1.00 metric ton (1.00 x 103 kg) of sulfur? Assume 100% yields. (Answer: 448 gallons)
22.
Write the Lewis structures for the following acids and predict their molecular shapes around the central atoms. (Note: all acidic hydrogen are bonded to the oxygen.)

(a) HClO2

    (b) HClO3

(c) HClO4
     (d) H3PO4

(e) H2SO4 

23.
(a) Balance the following oxidation-reduction reaction in basic solution.



   Cl2(aq)  +     KOH(aq)  (     KClO3(aq)  +     KCl(aq)  +      H2O

(b) How many liters Cl2 gas, measured at STP, are needed to produce 1.00 kg of potassium chlorate? (Assume that KOH is in excess and the yield is 100%.)  (Answer: 548 L)
24.
Consider the following reduction potentials:



(a)  HClO3(aq)  +  2 H+(aq) +  2 e-  (  HClO2(aq)  +  H2O;

Eo = 1.21 V


(b)  HClO2(aq)  +  2 H+(aq)  +  2 e-  (  HClO(aq)  +  H2O;

Eo = 1.65 V


Predict whether the following redox reaction is spontaneous or nonspontaneous:




2 HClO2(aq)  (  HClO(aq) +   HClO3(aq)
25.
The commercial bleach solution is prepared by the reaction of chlorine gas with dilute sodium hydroxide according to the following equation.




Cl2(g)  +  2NaOH(aq)  (  NaOCl(aq)  +  NaCl(aq)  +  H2O(l) 


If commercial bleach solution contains 5.25% (by mass) of NaOCl and the density of bleach solution is 1.06 g/mL, how many gallons of bleach can be produced from: (a) 1.00 m3 of Cl2, measured at STP; (b) 1.00 metric ton of Cl2. (Assume that NaOH is in excess.) (1 metric ton = 1000 kg)

(Answer: (a) 15.8 gallons;  (b) 4980 gallons)
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