
CHEM 4420 Thermodynamics of Membrane Transport Practice   

1.  Most cells have intracellular Na+ concentrations of 8 mM, compared to the 
extracellular concentrations of 140 mM.  

a. Calculate the Gibb's free energy change for the movement of Na+ from the 
inside of the cell to the outside, for a cell with a membrane potential of 70 
mV (the cell is negative on the inside). 
 

b. Is energy required for this process to occur?  Be able to explain your 
answer. 

 
2.  The K+/Na+ ATPase is a primary active transporter.  About 25% of a human's 
resting energy is used for these transporters.  Hydrolysis of ATP releases 
approximately 30kJ of energy.  How many ATP are required to move 3 sodium ions 
out of a cell and 2 potassium ions inside a cell. 
Step 1: Calculate the ΔGt for Na+ 
Step 2: Calculate the ΔGt for K+ 

Step 3:  Add ΔGt for Na+ and ΔGt for K+ 

Step 4: Divide the total by 30kJ that will be the number of ATP required. 
Step 5: Compare this value to the published value. 
 
3.  Glucose can be accumulated at higher concentrations inside an intestinal cell 
with a secondary active transporter.  (Glucose/Na+ transporter).  In these cells, ATP 
is used to move sodium ions outside the cells and then the sodium ions flow into the 
cell.  The energy of the sodium flowing is then used to cotransport glucose against 
its concentration gradient.  Given the following concentrations: sodium inside 12 mM, 
sodium outside 150mM, how much excess glucose can be accumulated in the cell?   
The membrane potential is 60 mV, with the inside being negative. 
 
Step 1:  Calculate the free energy available (ΔGt) when sodium moves from the 
outside (150mM) to the inside  (12 mM). 
 
Step 2:  Use the free energy calculated in step 1 and solve the  ΔGt equation for the 
ratio of (C2/C1).  Report this ratio.   


