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The Model: Sign Conventions for Energy 
 
Energy transfer is discussed from the system’s perspective. Therefore, when energy leaves a system, the sign is 
negative because the system has less energy than it did before the transfer. When energy enters a system, the 
sign is positive because the system has more energy than it did before the transfer. 
 
Sometimes, it helps to think in terms of something more familiar. How would you define the sign for a transfer 
of money between people? 

 
1. There are two people, Jason and Sabrina. Let’s define Sabrina as the system. If Sabrina gives Jason 

money, has Sabrina lost money or gained money? 
 
 
 

2. What is the sign for the money transfer in question 1? 
 
 
 

3. Now, let’s define Jason as the system. Did Jason gain or lose money in the transfer? 
 
 

 
4. What is the sign for the money transfer in question 3? 

 
 

 
Now, let’s connect that to chemistry language. 

 
5. A system gives off 300 J of energy to the surroundings. What is the sign for the energy transfer? 

 
 

 
6. A chemical reaction absorbs 125 kJ of energy. What is the sign for the energy transfer? 

 
 
 

The Model: The 1st Law of Thermodynamics and Enthalpy 
 
The 1st Law of Thermodynamics states that the internal energy of an isolated system is constant. You may have 
heard this as “energy is neither created nor destroyed.” This means that energy can only be transferred among 
substances. 
 
Most chemical reactions occur at constant pressure (typically, atmospheric pressure) and involve heat transfer. 
Heat transfer at constant pressure is called enthalpy, ΔH. The amount of heat transferred during a chemical 
reaction is calculated using stoichiometric ratios: 
 



A + 2B  C + 3D    ΔHrxn = 155 kJ 
 

The enthalpy reported for a reaction is for the reaction as written. Each time 1 mol of A reacts with 2 mol of B, 
155 kJ is absorbed by the system.  
 
Enthalpy is an extensive property, which means it changes when the amount of substances change. If the entire 
reaction was written in a scaled up form, and the stoichiometric coefficients were doubled, then the enthalpy 
would also double: 

 
2(A + 2B  C + 3D)    ΔHrxn = 2(155 kJ) = 310 kJ 

 
 
If the reaction is written in reverse, the sign must also be reversed: 
 

3D + C  2B + A   ΔHrxn = -155 kJ 
 
 

The enthalpy for a reaction is calculated using conversion factors, just like amounts of substances were 
calculated using mole ratios: 
 

155 𝑘𝑘𝑘𝑘
1 𝑚𝑚𝑚𝑚𝑚𝑚 𝐴𝐴

          
155 𝑘𝑘𝑘𝑘

2 𝑚𝑚𝑚𝑚𝑚𝑚 𝐵𝐵
          

155 𝑘𝑘𝑘𝑘
1 𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶

          
155 𝑘𝑘𝑘𝑘

3 𝑚𝑚𝑚𝑚𝑚𝑚 𝐷𝐷
 

 
If the amount of energy absorbed or released is provided, the amount of substance that reacted can be calculated 
by flipping the mole ratios. 
 
 

CH4(g) + O2(g)  CO2(g) + H2O(g)   ΔHrxn = -802.3 kJ 
 

Use the reaction of methane and oxygen to answer questions 7 through 14. 
 

7. Balance the equation for the combustion of methane. 
 
_____CH4(g) + _____O2(g)  _____CO2(g) + _____H2O(g) 

 
 

8. Is the reaction endothermic or exothermic?  
 
 

 
9. Calculate ΔHrxn when 1 mol of methane reacts with 2 moles of oxygen. 

 
 
 
 
 
 
 
 

 

kJ 



10. Calculate ΔH when 1 mol of methane reacts with 1 mole of oxygen. 
 

 
 
 
 
 
 
 
 

 
11. Calculate ΔH when 25.6 g of methane reacts with 15.3 g of oxygen. 

 
 
 
 
 
 
 
 
 
 

 
12. Calculate ΔH if 2 moles of carbon dioxide reacts with 2 moles of water to form methane and oxygen. 

 
 
 
 
 
 
 
 
 
 

 
13. How much energy is released when 56.45 g of methane reacts with 102.6 g of oxygen? Enter your 

answer as positive (because you can’t release negative energy!). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

kJ 

kJ 

kJ 

kJ 



14. How much energy is absorbed when 250.3 g of carbon dioxide reacts with 343.6 g of water to form 
methane and oxygen? 

 
kJ 
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