Introduction

The purpose of this lab is to use the findings of a pure substance that evolves into a know amount of gas to calibrate the experiment to find a constant % yield for other gases without taking the time to experiment with each one.  We will assume for the calculations of the other antacids that the experiment would have given us the same amount of error each time, and therefore our conversion factor us important.  An important equation here is the ideal gas law, PV = nRT, and the relation between mass, moles, and molar mass; m = nM.
Results and Calculations
1. Calibration:

Actual

m = 0.1148g

V = 0.03255L

T = 24.0C = 297.15K

P = 75.25 cmHg = 100.336632 kPa

R = 8.31451 kPa*L/mol/K

n = PV/RT = (100.336632 * 0.03255) / (297.15 * 8.31451) = 1.321899 * 10-3 mol

Theoretical

n = m/M = 0.1148/84.0061 = 1.367758 * 10-3 mol

% Yield = actual/theoretical = 1.321899 x 10-3 / 1.367758 * 10-3 = 0.967319 = 0.9673

Therefore the conversion factor for all equations is a factor of 0.967319.
2. 

Rolaids

Al(OH)2NaCO3 + 4HCl ==> 3H2O + CO2 + Al3+ + Na+ + 4Cl- 
m = 0.7289g

V = 23.5C = 296.65K

P = 100.336632 kPa

R = 8.31451 kPa*L/mol/K

PV = nRT

n = (100.336632)(0.03375) / (8.31451)(296.65) = 1.37294 * 10-3 mols

Use the conversion factor found above.

1.37294 * 10-3 / 0.9673 = 1.41936 * 10-3 mols

m = (1.41936 * 10-3mol)(144g/mol) = 0.2043878g

% mass = 0.2043878g / 0.7289g = 28.04%

Therefore 28.04% of the Rolaids tablet is active ingredient. 

Tums

CaCO3 + 2HCl ==> H2O + CO2 + 2Cl- + Ca+2
m = 0.2507g

V = 23.65 mL = 0.02365L

T = 24.2 C = 297.35K

P = 100.336632 kPa 

R = 8.31451 kPa*L/mol/K

PV = nRT 

n = (100.336632)(0.02365) / (8.31451)(297.35) = 9.59812 * 10-4 mols

Use the conversion factor found above.

9.59812 * 10-4 / 0.9673 = 9.92259 * 10-4
m = nM = 100.09g/mol = 9.92259 * 10-4 mols(100.09g/mol) = 0.09931420g 

% mass = 0.09931420g / 0.2507g = 39.61

Therefore 39.61% of the Tums tablet is active ingredient. 
Bromo seltzer

NaHCO3 + HCl ==> H2O + CO2 + Cl- + Na+
m = 0.2151g

V = 27.35mL = 0.02735L

T = 23.8C = 296.95K

P = 100.336632 kPa 

R = 8.31451 kPa*L/mol/K

n = (100.336632)(0.02735) / (8.31451)(296.95) = 1.111468 x 10-3
Use the conversion factor found above.

1.11147 * 10-3/0.9673 = 0.001149041 mols 

m = nM = 71.46g/mol = 1.14904 x 10-3 (71.46) = 0.082111 g 

% mass = 0.0821105g / 0.2151g = 38.17

Therefore 38.17% of the bromo seltzer tablet is active ingredient.

3. 

Rolaids

n = m/M = 0.2043078g / (144g/mol) = 0.0014174mol of Rolaids
Multiply by the molar ratio, which is 4 / 1 to get 0.0056774 mol of HCl 

m = nM = 0.0014174mol * (36.4627g/mol) = 0.20699946g HCl used up

Do the same calculations for Tums and bromo seltzer.

For Tums, 0.0678654 g HCl was consumed.

For bromo seltzer, 0.04189404 g HCl was consumed. 

Therefore the Rolaids consumed the most stomach acid (HCl).
4.

Given:

c = 0.10 M 

m = 1.5g 

M = 144.00 g/mol 
Mass of active ingredient is the mass of the tablet multiplied by the % of the tablet which is the antacid.

1.5g * 0.2804 = 0.4206 g 

n = m/M = 0.4206g/(144.00g/mol) = 0.0029208 mols of Al(OH)2NaCO3 

Multiply by molar ratio, which is 4 / 1 to get 0.01168333 mols HCl 

V = n/c = 0.01168333mol/0.01M = 0.11683333L

m = V/(L/kg) = 0.11683333kg HCl = 116.83333g HCl

116.83333g/1.5g = 77.88889 = 78

Therefore Rolaids is incorrect in saying that "each tablet consumes 47 times its own weight in stomach acid" because each tablet, in fact, consumes 78 times its own weight in stomach acid.
Discussion and Conclusions

The results of questions 1 and 2 make perfect sense to have a tablet contain between 25% and 40% of the overall mass as the mass of the active ingredient.  We account for other substances in there such as catalysts and the encasing of the tablet.  We assumed that the experimental error in the calibration experiment remained constant for all the other gases which makes sense because we did not change the conditions at all.  

In question 3, it makes sense that the Rolaids would consume the most stomach acid because the active ingredient had two acid consuming bases: carbonate and hydroxide.  This contributed to the molar ratio in the amount of moles of antacid to the amount of moles in stomach acid.  For this question we assume that the antacid is the limiting reagent and that there is an abundant source of stomach acid.  

In question 4 we find that each tablet of Rolaids consumes 78 times its own weight in stomach acid.  This, however, is based on the assumption that 1.0 L of acid weighs 1.0 kg and that there all of the antacid is fully consumed.

