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[bookmark: _Hlk52366315]Objectives
[bookmark: _GoBack]	The goal of this experimentation was to explore a quantitative method utilized in the analysis of the concentration of organic nitrogen-based compounds. The Kjeldahl method precisely analyzes the concentration of ammonia produced when concentrated sodium hydroxide is added to the acidified solution of the organic nitrogen compound. The production of ammonia can be qualitatively observed based on the colour and pH change observed in the boric acid solution. Additionally, by adding hydrochloric acid to this solution a titration can be preformed to determine precisely how much ammonium was produced in the reaction. This value can then be utilized to stoichiometrically determine the amount of the nitrogen compound originally existed in the solution. 
Procedure1
(Fogg,2020)
For the digestion in step 1, one of the beakers was discarded and the solution was remade due to an issue with the beaker cracking and solution leaking on to the lab bench. 
Observations
	The first step of this experiment required the preparation of the ‘digested’ solution which consisted of the organic nitrogen compound urea and concentrated sulfuric acid. This solution was allowed to heat for approximately 30 minutes to allow for the complete decomposition of urea. This allowed for the urea to be deprotonated and decompose int ammonium sulfate and carbon dioxide as seen in the below reaction. 
NH2CONH2 (aq) + H2SO4 (aq) + H2O(l) + Heat → (NH4)2SO4 (aq) + CO2 (g)
While this occurred the Tashiro indicator was tested to determine which colours corresponded to which pH. The Tashiro indicator was observed to produce three unique colours each corresponding to different pH values of the solution. The solution was observed to be grey at the equivalence point, purple in acidic solutions, and green in basic solutions. The digested solution was then diluted in a Florence flask prior to the addition phenolphthalein indicator and concentrated sodium hydroxide solution. This resulted in the solution briefly becoming pink and then turning clear for the rest of the reaction. As the solution was heated the following reaction took place: (NH4)2SO4 (aq) + 2 NaOH (aq) + heat → Na2SO4 (aq) + 2 NH3 (g) +2 H2O (l). As the reaction continued the boric acid solution which was positioned to react with any produced ammonia was initially a grey colour indicating the solution was neutral but as the reaction continued the solution became progressively greener. The addition of hydrochloric acid to this solution resulted in the solution returning to grey and became purple when too much hydrochloric acid was added. This provided a visual indicator for the following reaction between the boric acid and the ammonia: B(OH)3(aq) + NH3(g) → H2BO3-(aq) + NH4+(aq). The addition of the HCl returned the solution back toward a more acidic state as seen in the following reaction: H2BO3-(aq) + HCl(aq) → B(OH)3(aq) + Cl-(aq). Ultimately 2.7 mL of HCl was added into the boric acid solution during trail 1 and 3.2 mL of HCl solution was added to a separate boric acid solution during trial 2. 


Results

	
	Volume on Burette
	Actual Volume Added

	Initial Volume of HCl (mL)
	4.6
	0

	Volume of HCl After Distillation 1 (mL)
	7.3
	2.7

	Volume of HCl After Distillation 2 (mL)
	10.5
	3.2




Calculations

Volume of HCl added
Vi = 7.3 mL
Vf =10.5 mL

VHCl = Vf – Vi
VHCl = 10.5 mL – 7.3 mL
VHCl = 3.2 mL

Amount of HCl added
CHCl = 1.0 mol/L
VHCl = 3.2 mL = 0.0032 L

C = n/V
n = (1.0 mol/L)(0.0032 L)
n = 0.0032 mol


Amount of NaOH utilized
CNaOH = 1.0 mol/L
VNaOH = 50 mL = 0.050 L

C = n/V
n = (1.0 mol/L)(0.050 L)
n = 0.050 mol



Ammonia Produced
nNaOH = 0.050 mol
nHCl = 0.0032 mol

nNH3 = nNaOH - nHCl
nNH3 = 0.050 mol – 0.0032 mol
nNH3 = 0.0468 mol
Concentration of Urea in Solution
Vurea = 2.0 mL = 0.002 L
nurea = 0.0468 mol = nNH3

C = n/V
CUrea = (0.0468 mol)/(0.002 L)
CUrea = 23.4 mol/L


Discussion
	This experimentation yielded a concentration of 23.4 mol/L for the unknown 1 sample solution. The original Kjeldahl method has been continuously improved since it was first presented by Johan Kjeldahl himself in 1883. These developments have greatly enhanced environmental and safety precautions, increased the spend and versatility of the method, and the apparatus has both been simplified and expanded upon to fit more general and specialized applications. This method effectively determines the concentration of nitrogen present in a solution containing a decomposed nitrogenized organic compound. This method has been adapted and applied to numerous industries including the beer and wine industry, seawater analysis, urine analysis, wastewater analysis, food safety, petroleum analysis, and soil analysis.2 This method does have several limitations however, namely that it is incapable of measuring nitrogen in organic nitrogen compounds which contain nitrogen in azo groups, nitro groups, or nitrogen present in ring formations. The azo groups however can be measured by first reducing the organic compounds with pure copper or zinc powder. Additionally, some compounds require incredibly intense heating to form the ammonium sulfate which requires extended periods of time and significant amounts of energy at large scales.3 In order to ensure that the organic nitrogen compound has completely reacted with the sulfuric acid an excess of the acid should be utilized and the solution should be analyzed via TLC to determine that no organic nitrogen compounds remain in solution prior to the Kjeldahl distillation. In order to make the Kjeldahl distillation faster more intensive heating can be utilized and the solution does not need to be diluted as substantially, however this may pose a problem as if the solution boils to intensely the apparatus may bump and spill or break which is dangerous. 
Conclusion
In conclusion, this experiment was successful in demonstrating the Kjeldahl method and allowed for the concentration of the organic nitrogen compound to be precisely measured. Utilizing the boric acid and Tashiro indicator the pH of the solution was able to be easily tracked since the pH of the solution resulted in 3 distinct colours corresponding to acidic, neutral, and basic. This allowed for the HCl solution to be slowly and carefully added throughout the reaction and provided some leeway for error as if the endpoint of the titration was passed more ammonia was still being produced so the experiment was not ruined. Based upon the titration analysis and the stoichiometric analysis this experiment determined that within the unknown sample 1 there was approximately 23.4 mol/L of Urea. This experiment has several shortcomings however which would result in a lower concentration being measured then what exists in actuality within unknown sample 1. Namely some sample may have been lost as some gas did not react with the boric acid solution and escaped into the atmosphere. Additionally, due to the high heat of the digestion process several small beakers cracked which resulted in some solvent leaking out and causing the measured concentration to be lower then it was in reality. Finally, it is also possible that the urea was not completely deprotonated which would inhibit the production of ammonia and result in a lower concentration being measured. Overall, the Kjeldahl method of distillation is an incredibly effective method utilized in the analysis of nitrogen compounds despite several of its limitations.

Questions
1. What is the purpose of the “digestion” and how is it accomplished?

The digestion process utilizes heat to break down larger more complex nitrogenous organic molecules such as urea into more simple chemicals such as ammonium sulfate. This ammonium sulfate can then later be analyzed through the Kjeldahl distillation process to determine its precise concentration in the solution. To accomplish this concentrated sulfuric acid and the organic chemical are placed in a small beaker and subjected to high heat for an extended period of time which allows for the sulfuric acid to sufficiently break down the molecule to form ammonium sulfate. This can be illustrated using the reaction given below:
NH2CONH2 (aq) + H2SO4 (aq) + H2O(l) + Heat → (NH4)2SO4 (aq) + CO2 (g)

2. An alternative protocol calls for distillation of the ammonia into an excess of a standard solution of H2SO4, followed by titration with standard NaOH to determine the concentration of H2SO4 remaining. (i.e. back-titration). What advantages does simultaneous distillation/titration with boric acid offer?

Both methods can be effectively utilized to determine the concentration of ammonia produced by the Kjeldahl distillation however there are numerous factors which make the boric acid method far superior in analysis. The boric acid method only requires a single standard solution to be utilized while sulfuric acid method requires multiple. Additionally, Boric acid has a much longer shelf life then both sulfuric acid and sodium hydroxide and is less caustic making it a safer reagent to utilize. The largest problem with sulfuric acid method of analysis is that the colour change is not visible until after the reaction is complete which makes it more difficult to monitor the progression of the reaction and qualitatively estimate the pH of the solution throughout the reaction. The boric acid method of analysis avoids this problem since the colour change occurs immediately following the introduction of gas into solution. 

3. Can this method be used to analyze organic nitrogen in the form of pyridine?

This method cannot be utilized to quantitively determine the concentration of a chemical such a pyridine. This is due to the fact that the nitrogen exists in a ringed structure within pyridine which does not react with sulfuric acid to form ammonium sulfates.  Since this reaction measures ammonium sulfates which have an equivalent molar ratio to the nitrogen compound this analysis would be impossible for a compound such as pyridine or other ringed nitrogen compounds.

4. What is a Florence flask?

A Florence flask quite ironically is a round bottom flask without a round bottom, the flask has a long neck, and round body but the very base of the flask has been flattened. The flask is designed for efficient uniform heating, boiling, distillation, and ease of swirling. Additionally, the flasks flat bottom eliminates  a problem found in round bottom flasks which is that they cannot stand upright on their own.
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