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Key for chem. 101 Test 2  
Part I. Multiple choice  (your scantron will show a number.  Add 1 to it and multiply by 6 to 
get your grade for part I).  Add that grade to your grade in Part II as written in your test 
paper. 
 
Note that one of the questions had a typo (the one about the formic acid).  As such, it was 
marked CORRECT regardless of the answer you put since it was not your fault. 
 
Question 3 Version A Version B Version C 
1 D C A 
2 E C D 
3 C D E 
4 D A CORRECT 
5 D C C 
6 C D A 
7 A CORRECT D 
8 C D C 
9 E B C 
10 A E E 
11 C C D 
12 CORRECT A B 
13 B E C 
 
 
Part II[all problems are 25 points.  So 3 problems = 75 points] 
 
Problem ONE 
A. Photosynthesis in plants leads to the production of glucose, C6H12O6 (180. g/mol) by 
the overall reaction:   6 CO2+ 6H2O --> C6H12O6 + 6 O2.  How many grams of CO2 are 
used up to make 15.0 g of glucose assuming the plants have unlimited supplies of the 
reactants it needs. [7 pts] 
Solution: get the MW of CO2 : CO2 = 12.0+ 2(16.0)=44.0 g/mol   
# g CO2 = 15.0 g gluc(1mol gluc/180g gluc)(6 mol CO2/1 mol gluc)(44.0gCO2/molCO2) 
= 22.0 g CO2  
B. What is the %atom economy for the above reaction? [6 pts] 
Solution: first recall definition of % atom economy (page 149 of your textbook): 
%atom eco = atomic wt of atoms in useful product/total atomic wts of all reactants 
 For one mole of the desired product (glucose): Note MW’s: CO2=44.0, H2O = 18.0) 
 %atom eco= 180g x 100% / (6(44.0)+6(18.0g))=48.4%     
C. If the plant  was in an airtight transparent container and was exposed to only 11.0 
grams of CO2 and 5.00 grams of water, how many grams of glucose would be formed 
assuming a 80% yield? [12 pts] 
Solution:OK this is a limiting reagent problem. One way is to just do the “brute force” 
approach and solve for the theoretical yield assuming either one is limiting: 
If CO2 is limiting:  
#g gluc = 11.0g CO2 (1mol/44.0)(1mol gluc/6 mol CO2)(180g/mol)= 7.50 g glucose 
If H2O is limiting:  
#g gluc = 5 g H2O (1mol/18.0)(1mol gluc/6 mol H2O)(180g/mol)= 8.33 g glucose>7.50 
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so, CO2 is limiting:  at 80% yield the yield would be = 7.50 g glucose x 0.80 =6.00 g 
gluc 
  
Problem TWO: 
A. How many grams of sodium carbonate are needed to make a 100. mL 0.150 M 
solution? [5 pts] 
Solution: Note FW of Na2CO3 = (2(23.0)+12.0 + 3(16.0)) = 106.0 g/mole 
# moles of Na2CO3 needed = molarity x volume = 0.150M x (.100 L)=.0150 moles 
#g Na2CO3 needed = 0.0150 mols x 106 g/mol = 1.59 g sodium carbonate 
B. How many mLs of 0.250 M HCl are needed to titrate a 20.0 mL solution of 0.150 M 
Na2CO3 solution to the final equivalence point?   (note that carbonic acid decomposes 
quickly into CO2 and H2O).  In your solution, please first write down the net ionic 
equation. [10 pts] 
Solution: first, write balanced equation:  
2 HCl + Na2CO3 ---> H2CO3 + 2 NaCl ---> H2O + CO2 +2NaCl: 
net ionic equation is:  2 H+ + CO3

2- ---> CO2 + H2O 
One way to solve the question is:  
# mL HCl needed = 20.0 mL Na2CO3 (0.150 mol Na2CO3 /1L)(2 mol HCl/1mol Na2CO3) 
x(1L HCl/.250 mol HCl) = 24 mL HCl. 
Another way is to say: @ equiv pt:  # mol HCl = 2 x # mol Na2CO3 :  
Which means:  MHClVHCl =2MNa2CO3 VNa2CO3  
=> VHCl =2MNa2CO3 VNa2CO3/MHCl = 2(.150M)(20.0mL)/(0.250M) = 24.0 mL 
 
 
C. Consider another titration:  32.0 mLs of NaOH solution requires 22.0 mLs of 0.165 M 
HCl to reach the equivalence point.  What is the resultant concentration of NaOH 
remaining in solution if only 9.00 mLs of .100 M HCl are added instead of 22.0 mLs. 
[10 pts]Solution: It is useful to determine the conc. of NaOH first. 
Since: HCl + NaOH ---> H2O+NaCl (i.e. 1:1 titration):  M1V1 = M2V2 : M1= M2V2/V1 
M1 = (.165M)(22.0mL)/(32.0mL)  = 0.11344 M NaOH (i.e. initial conc) 
Resultant conc of NaOH =( moles initially present – moles reacted )/(total volume) 
= (MNaOH initial VNaOH initial - MHCl addedVHCl added ) / (VNaOH initial + VHCl added) 
=(.11344(32.0)-.165(9.0))/(32.0+9.0)= (3.630-1.485)/(41.0) =0.0523M 
Problem THREE: 
A. What is the enthalpy change when 4.0 g of methane (CH4 , 16.0 g/mol) are burned in 
excess O2? 
     CH4(g) + 2O2(g) --> CO2(g) + 2H2O(l)     ∆H°= -890 kJ  [5 pts] 
Solution: ∆H = 4.0g CH4 x (1mol/16.0 g)(-890 kJ/mol) = 222.5 kJ = 220 kJ 
B. The temperature of 1.75 kg of water is raised by 4.68°C when 2.00 g of hydrazine 
N2H4 is burned in a bomb calorimeter. Assuming that cv for water is 4.18 J/g°C, what is 
qV for the reaction?  Is this heat equal to the enthalpy change, ∆H or to the internal energy 
change, ∆E?  Explain clearly. [10 pts] 
Solution: qv =-qcal=-mcv∆T =- (1750g)(4.18J/g°C)(4.68°C)=-34,234 = -34,200 J=-
34.2kJ 
This is equal to ∆E not ∆H.  Proof is:  For a bomb calorimeter, ∆V =0 and so w=0 
But ∆E =qv + w = qv. 
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C. The standard enthalpies of formation for several substances are given below: 
 
CO(g) -110.5 kJ/mol CO2(g) -393.5 kJ/mol 
H2O (l) -285.8 kJ/mol H2O(g) -241.8 kJ/mol 
C6H6(l) +49.0 kJ/mol CH3OH(g) -200.7 kJ/mol 
C2H5OH(l) -277.7 kJ/mol C2H5OH(g) -235.1 kJ/mol 
 
Determine the ∆H° for the reaction below. 
     C6H6(l) + (15/2) O2(g) -->  6 CO2(g) + 3H2O(l) [10 pts] 
Solution: use: ∆H°rxn = ∑∆H°f(products) - ∑∆H°f(reactants)  
 ∆H°rxn = 6 ∆H°f(CO2) + 3 ∆H°f(H2O(l)) -∆H°f(C6H6) -∆H°f(O2)   (note last  term =0) 
∆H°rxn = 6(-393.5)+3(-285.8)-(+49.0) +0 = -3267 J 
 
 
 
 


