Lab Gas constant (R)
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objective



objective

Understand the relationship between nitrogen gas properties

By studying how pressure, volume, amount, and temperature interrelate in nitrogen gas, it becomes
possible to appreciate gas behavior according to thermodynamic principles.

Calculate the gas constant

Using experimental data obtained from controlled chemical reactions, the experiment seeks to determine
the precise value of the gas constant (R) in the ideal gas law (PV = nRT).
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Principles



Preparation of nitrogen gas.

Chemical reaction involved: Nitrogen gas (N2) is prepared via the reaction between sodium nitrite (NaNO2) and
sulfamic acid (HSO3NH?2), as indicated by the equation:
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Preparation of nitrogen gas.

NaNO2 + HSO3NH2 — NaHSO4 + H20 + N2.

This reaction produces nitrogen gas in a 1:1 molar ratio.

Limiting agent determination: Sulfamic acid is preferred as the
limiting agent due to its stability, low moisture absorption, and high
molecular weight, ensuring accurate weighing and precise reaction
COlrOL s




Preparation of nitrogen gas.

Calculation of nitrogen gas volume

The amount of nitrogen gas generated can be determined using the mole quantity of sulfamic acid utilized in the
reaction according to the stoichiometric relationship.

Equipment setup

The apparatus includes an Erlenmeyer flask, a burette for gas collection, and connecting tubes to control gas flow,
ensuring isolating the reaction from external air.

Experimental process

Nitrogen gas emerges as the sulfamic acid reacts completely with sodium nitrite. Proper agitation ensures completion
and promotes the displacement of air bubbles from the reaction vessel.



Properties of quantifiers
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High stability

The limiting agent should exhibit high chemical stability
to ensure reliable reaction results without degradation
during storage or handling.

Non-hygroscopic nature

It should resist moisture absorption to prevent changes
in weight and concentration, ensuring accurate
measurements and reaction consistency.

High molecular weight

A higher molar mass simplifies the weighing process
and minimizes measurement errors, thereby enhancing
precision during experimental calculations.
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Practical choice

Sulfamic acid is preferred over sodium nitrite as a
limiting agent due to its optimal stability and non-
hygroscopic characteristics, ensuring accurate nitrogen
gas quantification.

Gas yield accuracy

The amount of nitrogen gas produced directly
correlates with the molar amount of sulfamic acid used
in the reaction based on the chemical equation.



Calculation principles
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State equation

The gas constant (R) is derived using the ideal gas
equation ( PV =nRT ), where pressure, volume, quantity,
and temperature of nitrogen gas are utilized.

Pressure adjustment

Atmospheric pressure is corrected by deducting water
vapor pressure and the pressure due to water column
height in the burette to calculate the true gas pressure.

Volume determination

The liquid displacement in the burette represents the
volume of nitrogen gas generated during the reaction.

Mole correlation

The number of nitrogen gas moles equates to the
amount of sulfamic acid used, serving as the basis for
calculating (n) in (PV=nRT).

Gas constant computation

Substituting corrected pressure, measured volume,
mole quantity, and temperature into the formula yields
the experimental gas constant, R.
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Equipment and chemicals



Equipment and chemicals

1 Beakers (600 mL)

Essential for measuring and containing substances during experiments, ensuring
precision in liquid handling.

2 Erlenmeyer flasks (250 mL)

Vital for preparing and mixing chemical solutions, often used to contain reactive
mixtures securely.

3 Burettes (50 mL)

Crucial for accurate volumetric measurements of liquid, used in titration and
dispensing controlled amounts of solutions.




Equipment and chemicals

Glass vial

A small container for holding chemicals, such as the sulfamic acid solution, used in
controlled experimental setups.

Connecting tubes and rubber stoppers

Serve as conduits for transferring gases or liquids between apparatus without
allowing external air contamination.



Equipment and chemicals

Sodium nitrite (NaNO,)
A key reactant for producing nitrogen gas in combination with sulfamic acid.

Reacts with sodium nitrite to generate nitrogen gas in the experiment.

Sulfamic acid (HSOsNH,, 0.3M) Q

Distilled water

Used to dissolve reagents and ensure impurities do not interfere with the chemical
reactions.



Equipment and chemicals

Clamps and stands Tubing and string

Used to stabilize equipment during Support apparatus connectivity and
the experiment and maintain the help maintain experimental
setup’ s structure while reactions components spatially aligned.

take place.

\\,
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Experimental procedure Device settings

risk control




Experimental procedure Procedure

risk control



Experimental procedure Recording the results

risk control
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Calculation



Device settings
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Equipment arrangement

Ensure all materials, including the 600 mL beaker, 250
mL Erlenmeyer flask, and connecting tubes, are correctly
positioned according to the setup diagram. Proper
alignment ensures experiment accuracy.

Preparing chemical reagents

Sodium nitrite (NaNO2) and sulfamic acid (HSO3NH?2)
should be accurately measured and placed in their
respective containers to prevent pre-reaction mixing.

Gas-tight sealing

Confirm that the Erlenmeyer flask is sealed using a
rubber stopper and connected with a tube to the
burette, ensuring no external air leaks into the system.
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Burette calibration

Set the liquid level in the burette to exactly 50.00 mL to
allow precise gas volume measurements during the
experiment.

Safety protocols
Ensure all equipment is secured firmly with stands and
clamps to avoid tipping or spills during the reaction

process.
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Recording the results

Measure the initial weight of sodium nitrite

Accurately weigh about 1.00 g of sodium nitrite and dissolve it with 50 mL of distilled
water in an Erlenmeyer flask.

Prepare a solution of sulfamic acid

Pipette 5.00 mL of 0.3 M sulfamic acid into a small vial and ensure it is securely attached

with a string.

Analyze nitrogen gas volume and changes

Monitor the nitrogen gas displacing water in the burette by allowing sulfamic acid and
sodium nitrite to react and noting initial and final water levels.



Recording the results

Determine the gas pressure .

Calculate nitrogen gas pressure by accounting for atmospheric

pressure, water vapor pressure, and the pressure from the height of
water in the burette.

Measure the temperature of water in the beaker, assuming it
represents the nitrogen gas temperature in the burette.

"
® Record the temperature



Pressure calculation
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Determine atmospheric pressure

Measure the atmospheric pressure with a barometer to establish a
baseline for subsequent calculations.

Account for steam pressure

Utilize tabulated values corresponding to the experiment's
specific temperature to factor in the steam pressure accurately.

Adjust for water column height

Calculate pressure contributed by the water column height using
the relationship between water and mercury density ratios in
mmHg.
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Calculating R

Apply ideal gas law

Use the equation PV = nRT to calculate gas constant (R) with
parameters derived from experimental conditions.

Measure nitrogen volume

Record the reduction in water volume in the burette as the
nitrogen gas produced displaces it.

Calculate molar amount of nitrogen

Derive the amount of nitrogen (n) formed using stoichiometric

ratios from the reaction, considering sulfamic acid as the limiting

reagent.
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Summary of results



Summary of results

Variability check

The experimentally derived gas constant, R,

was calculated by examining the relationship
between pressure, volume, temperature, and
the amount of nitrogen gas produced during

the reaction.

Nitrogen reaction dynamics

The stoichiometric 1:1 molar ratio of sodium
nitrite and sulfamic acid in the reaction
provided precise nitrogen gas measurements

for use in calculations.

Comparison to standard values

The calculated gas constant was compared
to standard values to assess accuracy, using
units of L + atm * K=' » mol~' for consistency

across experiments.

Contribution to precision

Sources of error, including measurement
inaccuracies in pressure, temperature, and
volume, were identified and minimized to
improve the reliability of results.

Observed deviations

If discrepancies between calculated and
standard R-values arose, adjustments in
experimental procedures were suggested for

recalibration and increased result fidelity.
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Suggestions
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Reduce external errors

Minimize disturbances during the experiment by
ensuring proper sealing of equipment and avoiding air
contamination.

Enhance precision

Utilize high-accuracy instruments such as pressure
sensors and calibrated volumetric glassware for more
reliable measurements.

Conduct repeated trials

Perform multiple iterations of the experiment to verify
consistency and obtain a more accurate average value.

Optimize chemical quantities

Carefully measure and prepare reactants to ensure
correct ratios and avoid incomplete reactions.

Improve environmental controls

Monitor room temperature and atmospheric pressure
precisely to account for variations that might affect the
calculations.
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