
Dilution: a process in which the concentration 
(molarity) of a solution is lowered.  The amount 
of solute (atoms, moles, grams, etc.) remains the 
same, but the volume is increased by adding 
more solvent. 
 
Example: orange juice from frozen concentrate. 
 

molesstock  =  molesdiluted 
 
 
 
 
 
Stock solution: the more concentrated solution 
that is used to make the less concentrated 
solution.  A sample of the stock solution is 
diluted by adding more solvent to the sample.  
 
Mstock x Vstock= molesstock= molesdiluted = Mdiluted x Vdiluted 
 
moles x L  = moles  
    L     
 
molesstock = molesdiluted 
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Example: molesstock = molesdiluted 
A stock solution of urea (NH2)2CO has a 
concentration of 2.94 x 10-2 M.  How many 
milliliters (mL) of the stock solution are needed 
to prepare 500* mL of a solution with a 
concentration of 1.35 x 10-3 M? 
 
Vstock = ? 
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More on molarity and mole calculations 
Four variables involved in dilutions: 
1.  Find concentration of diluted solution (Mf). 
2.  Find volume of diluted solution (Vf). 
3.  Find original (stock) concentration (Mi). 
4.  Find original (stock) volume (Vi). 
 
Similar to four variables involved in titrations: 
1.  Find concentration of acid solution (Macid). 
2.  Find volume of acid solution (Vacid). 
3.  Find concentration of base solution (Mbase). 
4.  Find volume of base solution (Vbase). 
 
Figure 5.15 summarizes calculations so far using 
mole ratio concept for chemical formulas 
(Chapter 3) and chemical reactions (Chapter 4) 
to convert between moles A <--> moles B. 
 
Figure 5.15 summarizes calculations so far to 
relates moles of a substance using MM (Chapter 
3) to convert between grams <--> moles and 
using Molarity (Chapter 5) to convert between 
volume (liters) <--> moles. 
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Energy transfer for physical processes 
 
Main concepts 
1. Conservation of energy 
2. Mole ratio 
 
 
q = c  x  m   x  ΔT = thermal energy transferred 
 
Substance 1: q1 = c1  x  m1  x  ΔT1 
Substance 2: q2 = c2  x  m2  x  ΔT2 
 
Conservation of energy 
Energy transfer between substances is equal. 
Direction of energy transfer is opposite: 

q1   =   -q2   (same as   q2 = -q1) 
 
c1  x  m1  x  ΔT1 = -(c2  x  m2  x  ΔT2) 
 
Or m1 c1 ΔT1  =  -(m2 c2 ΔT2) 
 
Can be asked to solve for any of the 8 variables: 
m1, m2, c1, c2, Ti,1, Ti,2, Tf,1, Tf,2 
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For amounts in grams, m = mass in grams, and 
we must use specific heat capacity = c = s. 
 
c =     J  or    cal  
 g-°C  g-°C 
 
For amounts in moles, n = moles = number of 
particles, not mass of particles, and we must use 
molar heat capacity = cm = C. 
 
n1 C1 ΔT1 =   -(n2 C2 ΔT2) 
 
cm =       J  or       cal  
   mol-°C  mol-°C 
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Practice: 
A 400.0 g piece of iron is heated in a flame and 
then immersed in 1000.0 g of water at 20.0 °C. 
Afterward, the water and iron are at 32.8 °C.  
What was the initial temperature of the iron? 
ciron = 0.451 J/g-°C.  (hint: solve for ΔT) 
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Energy transfer for more physical changes  
 
Energy transfer that changes the temperature of 
a substance (Section 6.3): 
ΔE = amount of substance    x  cost to change T by 1° 
           x   total change in T. 
Δq =   m       x    c     x   ΔT. 
 
Energy transfer that changes the phase of a 
substance (Section 6.4): 
ΔE = amount of substance   x   cost to change phase. 
Δq =   m           x  ΔH. 
 
During a phase change, the substance does not 
change temperature.  No ΔT occurs until the 
phase change is done, e.g., all the ice melts. 
 
Example: 
Ice warmed to 0 °C will melt and become water. 
The energy cost to change water between solid 
and liquid is 333 J/g (symbolized as ΔH). 
 
10.0 grams of water will require energy transfer of: 
ΔE = Δq = m x ΔH 
          = 10 g x 333 J/g = 3330 J = 3.33 kJ. 
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The ice gains energy from the surrounding air. 
 
The ice is considered the “system” of interest 
because chemists are most interested in the 
substance undergoing the change (melting in this 
case). 
 
The air is considered the “surroundings”, that is, 
what interacts with the system to exchange 
energy. 
 
We use the definition that gaining energy is a 
positive change: 
Δqice =  ice gains energy = + 3.33 kJ (+ sign). 
 
Losing energy is defined as a negative change, 
Δqair =  air loses energy = - 3.33 kJ (- sign). 
 
Conservation of Energy 
 
For the system, 
endothermic: gain energy (+ sign) 
exothermic: lose energy (- sign). 
 
Ice undergoes an endothermic process to melt. 
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Practice: 
Water cooled to 0 °C will freeze and become 
ice.  The energy required to change water 
between solid and liquid is 333 J/g.  How much 
energy must be transferred to freeze 2.00 moles 
of water?  Is the change of state an endothermic 
or exothermic process?  (H2O = 18.0152 g/mol) 
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The amount of energy transfer for phase changes 
  
ΔH = enthalpy = amount of energy transfer. 
 
ΔHfus =  enthalpy of fusion = energy transfer to 
change between liquid and solid = freezing or 
melting. (333 J/g for H2O) 
 
ΔHvap =  enthalpy of vaporization = energy 
transfer to change between gas and liquid = 
boiling or condensing.  (2260 J/g for H2O) 
 
 
Standardized enthalpy change is based on a 
chemical equation (mole ratio). 
For example, 
 
H2O(l)    H2O(g)   ΔH° = +44.0 kJ/mol 
 
H2O(g)   H2O(l)   ΔH° = -44.0 kJ/mol 
 
     ° = standard pressure of 1 bar and T of 25°C. 
 
ΔH° = standard enthalpy for a specific process 
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Energy transfer for chemical processes 
(Section 6.6) 
 
C3H8(g)  +  5 O2(g)    3 CO2(g)  +  4 H2O(l) 
 
ΔH° = -2220 kJ/mol  (per mole of …        ) 
 
1 mol C3H8  to  5 mol O2  to  3 mol CO2  to  4 
mol H2O  to  2220 kJ produced. 
 
Practice applying the mole ratio concept: 
How many grams of CO2 are produced when 
45.4 g propane are burned?  How many kJ of 
energy are produced?  (C3H8 = 44.064 g/mol) 
(CO2 = 44.010 g/mol) 
 
 
 
 
 
 
 
 
 
 
  


