
    

 

Energy revision 

Solutions  
Question 1 

The react ion  bet w een  so lut ions o f  hyd roch lo r ic acid  and  sod ium  

hyd roxide can  be rep resen t ed  by t he f o llow ing equat ion . 

 

HCl(aq ) +  NaOH(aq ) NaCl(aq ) +  H2O(l) ∆H =  .56.0 kJ m o l-1 

 

80.0 m L o f  2.00 M HCl, at  21.0 ° C, is m ixed  w it h  20.0 m L o f  2.50 M NaOH, 

also  at  21.0 ° C, in  a w ell-insulat ed  calo r im et er . The calib rat ion  f act o r  f o r  

t he calo r im et er  and  con t en t s is 420 J C-1 

What  is t he f inal t em perat ure, in  ° C, o f  t he result an t  so lut ion  in  t he  

calo r im et er  ? 
 
Step 1 Find the limiting reactant 

a) Find the mole of HCl => n = C x V => 2.00 x 0.0800 = 0.160 
b) Find the mole of NaOH => n = C x V => 2.50 x 0.0200 = 0.0500 

 The limiting reactant is NaOH 
Step 2 Find the heat energy released when 0.0500 mole of NaOH reacts 

 0.0500 X 56.0 kJ = 2.80 kJ 
Step 3 Calculate the temperature change. 
 

a) 2,800J / 400 J/C = 7.00 C 
Step 4 Calculate the final temperature 
 21.0 = 7.00 = 28.0 C 

 
 

 
Question 2 

a) Wh ich  one o f  t he f o llow ing w ould  be p red ict ed  t o  spon t aneously 

oxid ise aqueous iod ide ions but  no t  aq ueous ch lo r ide ions? Exp lain  

A. Au + (aq ) 

B. Sn 2+ (aq ) 

C. Fe2+ (aq ) 

D. Br 2(l) 

 

 

 

 

 

 

 
Spontaneous reactions occur only between the reactants shown in red. 

 

 

b ) Tw o carbon  elect rodes are inser t ed  in t o  a so lut ion  o f  MgCl 2 and  

Fe(NO3)2. The elect rodes are co nnect ed  t o  t he posit ive and  negat ive 

t erm inals o f  an  ext ernal pow er  source. 

 

 i)   Wr it e t he half  cell react ion  occur r ing at  t he anode. 

 



    

 

The anode in electrolysis is the place where oxidation takes place and 
has positive polarity. It is the place where the strongest reductant 
present reacts 
 
Fe2+(aq)  => e- + Fe3+ 

 

 ii)  Wr it e t he half  cell react ion  occur r ing at  t he cat hode. 

 
The cathode in electrolysis is the place where reduction takes place and 
has negative polarity. It is the place where the strongest oxidant present 
reacts 
 
Fe2+(aq) + 2e- => Fe(s) 

  

i i i) Exp lain  how  t he pH o f  t he so lut ion  changes as t he pow er  

source is sw it ched  on? 
The pH remains unchanged 

 
Question 3 

The rechargeab le n ickel-cadm ium  cell is used  t o  pow er  sm all app liances 

such  as po r t ab le com p ut ers. When  t he cell is being used , t he elect rode 

react ions are rep resen t ed  by t he f o llow ing equat ions. 

 

NiO2(s) +  2H2O(l) +  2e . Ni(OH)2(s) +  2OH-(aq ) 

Cd (s) +  2OH- (aq ) Cd(OH) 2(s) +  2e . 

 

a)  When  t he cell is being recharged g ive t he react ion  t hat  occurs 

at  t he: 
When the battery is being recharged it acts as an electrolytic cell where 

oxidation occurs at the positive anode and reduction occurs at the negative 
cathode. 

- Anode  

Ni(OH)2(s) + 2OH-(aq) . NiO2(s) + 2H2O(l) + 2e 
 

 

- Cat hode  

Cd(OH) 2(s) + 2e. Cd(s) + 2OH- (aq)  

 

b ) What  happens t o  t he pH o f  t he elect ro lyt e? 
It remains unchanged as OH- is created at the cathode and used at the anode in 
the same molar raito. 

c) When  t he cell is being used  w hat  is t he react ion  occur r ing at  

t he: 

- anode. 

Cd(s) + 2OH- (aq) Cd(OH) 2(s) + 2e. 

 

- cat hode 

 

NiO2(s) + 2H2O(l) + 2e. Ni(OH)2(s) + 2OH-(aq) 

 

 



    

 

 
Question 4 

A galvan ic cell consist s o f  one half  cell t hat  is m ade up  o f  an  iner t  

graph it e elect rode in  a so lut ion  con t ain ing 1.0 M Fe2+ (aq ) and  1.0 M 

Fe3+ (aq ) at  25° C. 

a)  Select , f rom  t he elect rochem ical ser ies p rovided , a second  half  

cell so  t hat : 

- w hen  connect ed  w ill p rovide app roxim at ely 1.2 V ; 

 

 

b ) Draw  t he galvan ic cell. Label t he f o llow ing. 

i)    anode and  cat hode 

ii)   po lar it y o f  each  elect rode 

iii)  oxidat ion  and  reduct ion  react ions 

iv)  an  app rop r iat e elect ro lyt e f o r  t he salt  b r idge  

v)   d irect ion  o f  elect ron  f low  

vi)  d irect ion  o f  ion  f low  f rom  salt  b r idge 

 

 

 

 

 

 

 

 

 

 

 
Question 5 

A copper  d isc is t o  be silver -p lat ed  in  an  elect ro lyt ic cell. The d isc f o rm s 

one elect rode and  a silver  rod  t he o t her  elect rode. The elect ro lyt e 

p rovides a source o f  Ag + (aq ). The m ass o f  silver  t o  be deposit ed  is 0.150 

g. 

 

a)  If  t he cur ren t  is held  st eady at  1.50 am ps, calculat e t he t im e, in  

seconds,  t hat  it  t akes t o  com p let e t he p lat ing  
Step 1 Calculate the mol of Ag deposited. 

 => nAg = 0.150g/ 107.9 = 1.39 X 10-3 
 
Step 2 Calculate the mol of electrons needed 

 Ag+(aq) + e => Ag(s) 
ne = 1.39 X 10-3 
 
Step 3 Calculate  the charge needed in Coulombs 
=> Q = 1.39 X 10-3 X 96500 = 134.2 
 
Step 4 Calculate the time it takes for 1.50 amps to deliver this charge 
Q =It 
=> 134.5 = 1.50 t 
=> t = 134.2 / 1.50 = 89.5 seconds 
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b ) Wr it e t he equat ion  t o  t he react ion  occur r ing at  t he: 

 

- Anode 

Ag(s) = >  Ag + (aq ) +  e - 

 

- Cat hode  

 

Ag + (aq ) +  e - = >  Ag(s) 

 

 

 

c)  An  iden t ical d isc is t o  be zinc-p lat ed  w it h  a so lut ion  con t ain ing 

Zn 2+ (aq ) as t he elect ro lyt e using a cur ren t  o f  1.50 am ps. Calculat e 

t he rat io  o f  t he t im e t hat  is needed  t o  p lat e t he d isc w it h  0.150 g 

o f  zinc t o  t he t im e needed  t o  p lat e t he d isc w it h  0.150 g o f  silver . 

 
Step 1 Calculate the mol of Zn 

 nzn
  = 0.150 / 65.4 = 0.00229 

 
Step 2 Calculate the mol of electrons needed 

 Zn+2(aq) +2 e => Zn(s) 
 ne = 2 X 0.002294 = 0.00459 

 
 
Step 3 Calculate  the charge needed in Coulombs 
=> Q = 0.00459 X 96500 = 443 
 
Step 4 Calculate the time it take for 1.50 amps to deliver this charge 
Q =It 
=> 443 = 1.50 t 
=> t = 443 / 1.50 = 295 seconds 

 Step 4 Find the ratio of Zn : Ag 
 295 : 89.5 
 3.3 : 1 

or 
10 : 3 
 

 

 

 

 

 

 

 

 

 

 

 



    

 

 
Question 6 

Tw o react an t s “A” and  “B” react  accord ing t he equat ion  show n below  

 

A(g) +  2B(g) = >  2C(g) +  3D(g). 

A calo r im et er  w as used  t o  reco rd  t he energy g iven  out  w hen  6.00 

gram s o f  “B’ react s com p let ely w it h  excess “A”. 

A bom b  calo r im et er  w as calib rat ed  by passing a cur ren t  o f  1.20 am ps 

at  2.31 vo lt s f o r  2.50 m inut es t h rough  100 m L o f  w at er  at  25.2 oC.  The 

t em perat ure o f  t he w at er  increased  t o  a m axim um  of  31.2 oC. 

a) Calculat e t he calib rat ion  f act o r  o f  t he calo r im et er . 
Step 1 Calculate the amount of energy delivered. 
=> E =vIt(seconds) 
=> E = 2.31 X 1.20 X 2.50 X 60 = 415.8J 

 
Step 2 Find the change in temperature 
=> 31.2 - 25.2 = 6.00 
 
Step 3 Calculate the calibration factor 
=> 415.8 / 6.00 = 69.3 J/oC 
  

b) If  t he t em perat ure o f  t he w at er  increased  f rom   

25.2 oC t o  29.3 oC w hen  6.00g o f  react an t  “B” react ed  com p let ely , 

f ind  t he  of the reaction below if the molar mass of “B” is 46.3 
g/mol.. 

A(g) +  2B(g) = >  2C(g) +  3D(g). 
 
 
Step 1 Find the mol  of “B”  
=> nB = 6.00 / 46.3 = 0.1296 
 
Step 2 Find the amount of energy given out by 0.1296 mol of “B” 
=> Energy = 69.3 X (29.3 - 25.2) = 284.13 J 
 
Step 3 Find the energy per mol of “B” 
=> 284.13 / 0.1296 = 2.192 kJ 
 

Step 4 Find the  of the reaction 
=> Since the reaction indicates two mol of “B” then the is 
2.192 X 2 = 4.384  kJ 

  = - 4.384 kJ (negative sign indicates energy given out) 
 

 
 
 
 
 
 
 
 
 
 
 



    

 

Question 7 

 

 

a) Fuel cell is const ruct ed  using et hano l and  oxygen  as t he m ain  

react an t s. Et hano l and  oxygen  react  t o  f o rm  acet ic acid  accord ing 

t o  t he chem ical equat ion  below . 

 

CH3CH2OH(l) +  O2(g) = >  CH3COOH(aq ) +  H2O(l) 

 

 

 

i) Give t he half  equat ion  t hat  occurs at  t he anode  
CH3CH2OH(l) + H2O(l) => CH3COOH(aq) + 4H+(aq) + 4e- 

i i) Give t he half  equat ion  t hat  occurs at  t he cat hode  
4e- + 4H+(aq) + O2(g) => 2H2O(l) 

 

i i i) A set  o f  f uel cells p roduce 230.0 gram s o f  acet ic acid  every 

m inut e. What  charge is p roduced  by t he f uel cells over  a 24 

hour  per iod? 
 

Step 1 Calculate the mol of acetic acid produced every minute. 
=> 230.0 / 60.0 = 3.83 
 
Step 2 Calculate the mol of acetic acid produced in 24 hours. 
=> 3.83 X 24 X 60 = 5515 mol 
 
Step 3 Calculate the mol of electrons every 24 hours 
=> 5515 X 4 = 22060 
 
Step 4 Calculate the charge generated over a 24 hour period. 
=> 96500 X 22060 = 2.13 X 109 Q 

8) The reaction between hydrogen and oxygen is the basis of energy 
production in a number of fuel cells 

 

An alkaline electrolyte is used in a particular hydrogen/oxygen fuel cell. 
b) Write a balanced half-equation for the reaction occurring at the 
 
i. anode  

 2OH-(aq) + H2 => 2H2O(l) + 2e- 
 
ii. cathode. 

O2(g)  + 2H2O(l)) + 4e- => + 4OH-(aq) 
 
iii. 16.00 grams of oxygen reacted with excess hydrogen and the energy 
generated was used to heat 80.00 grams of water at 1.20 oC.  Assuming no 
energy is lost what  is the final temperature of the water. 



    

 

 
Step 1 Calculate the oxygen gas reacting. 
=> 16.00 /32.00 = 0.500 mol 
Step 2 Calculate the amount of energy released. 
=> For every mol of oxygen reacting 571.6 kJ of heat energy is released. 
=> So for 0.500 mol of oxygen we get (0.500 X 571.6) = 285.8 kJ 
Step 3 Calculate the rise in temperature 
=> 285.8 kJ / 2.18 kJ/oC = 131.1 oC 
Step 4 Calculate the final temperature 
=> 131.1 + 1.20 = 132.30 oC 
 
iv. Given the equations below 
 a) 2A(g) + B(g) => C(s) + D(l) = -34.5 kJ/mol 
 b)  E(l) + G(s) => 2C(s) + 2D(l) = -144.5 kJ/mol 
  
Calculate the  of the equation below 
 4A(g) + 2B(g) => E(l) + G(s) 
 
Step 1 multiply a) by 2 
 c) 4A(g) + 2B(g) => 2C(s) +2D(l) = -69.0 kJ/mol 
Step 2 reverse equation b)  
 d) 2C(s) + 2D(l) => E(l) + G(s) = +144.5 kJ/mol 
Step 3 Add equations c) and d) 
 4A(g) + 2B(g) => E(l) + G(s) = +75.5 kJ/mol 
 



    

 

 


