Goal of the Experiment: 
The goal of this experiment is to determine the viscosity η, the mean free path λ and the collision diameter d of gaseous Nitrogen (N2) and Carbon Dioxide (CO2), using the exponential Leak Method. 
Introduction:  
A common challenge that many engineers face is Leak Testing, as the industry has begun to demand more cost effective leak testing methods, which are less dependent on operator skill.  Many large processes, or medical packages, have something called a “virtual pinhole”, which is basically accounted error to ensure no contamination.[1] Due to this, it is important that we understand how gas diffuses, and how the diameter affects the viscosity and mean free path. 
 The exponential leak method, based on Poiseuille’s equation, allows for the measurements of different gas viscosities. In this experiment, two gases (CO2 and N2), are analyzed with this test. A glass bulb is filled with one of the experimental gases to a pressure slightly above the pressure of the atmosphere. After this point has been reached, the gas is slowly allowed to escape through a small capillary tube attached to the bulb. The pressure in the bulb is monitored by a manometer filled with silicone oil. 
The Kinetic model leads to the following expression for the viscosity [1] 
							(1)
Where 
	 Mean molecular speed (m.s-1) 
	[A] Molar concentration of the gas (mol.m-3) 
	M Molecular Weight of the gas (kg.nol-1) 
We can also write (1) as 
							(2)
Where 
							(3)
	Na is Avogadro’s Number (6.022x1023) 
	N The number of molecules (mol) 
	V Volume (m3) 
However, we also know that 
		 					(4) 
And therefore, 
			(5) 
	  The pressure in (pa) 
Due to the pressure and temperature being known, the mean free path () can be calculated after the viscosity is measured.  
							(7) 
By obtaining a reading of Pressure against Time, the Poiseuille equation can be used to isolate for the viscosity 



		=  			(8) 
	R 	radius of the tube (m) 
	P 	Pressure recorded inside the tube (pa)
	Pa 	Atmospheric Pressure 
	L 	Length of the tube (m) 
From this equation, it is apparent that the rate of escaping gas can be determined by calculating the rate of the gas moles leaving the tube. However, equation (8) can only be used if the following to assumptions are correct. First of all, the gas must have a constant flow, and secondly, the diameter of the tube must be uniform.  
As is the case for many experiments of this sort, having the pressure of the ideal gas change as it flows through the tube at a constant volume, allows the equation to be rewritten in the following way: 


		 = 					(9) 
By integrating both sides of the equation, the following can be achieved: 


		-ln  = 				(10)
	Po is the initial pressure 
	Pt is the pressure at time t 
The viscosities can also be determined graphically by plotting a graph Time vs. ln(Pt-Po), the slope of the graph a, is therefore: 

								(11) 
Procedure:  
The exponential leak method is used to determine the viscosity η, the mean free path λ, and the collision diameter d of gaseous nitrogen N2 and carbon dioxide CO2[2]. First, the system must undergo a purge to ensure that no air remains trapped in the system. In order to purge the system, all valves are opened and the gas is run through for approximately 5-10 minutes to ensure that no air remains in the system. After the allotted time, Valve B ( Capillary Tube) and valve C (vent) are closed, as the system is allowed to stabilized. After allowing the system to stabilize, it is monitored for another 5 minutes to ensure that there are no leaks. One satisfied with the setup of the system, Valve B is opened slightly and gently, allowing some of the gas to escape. The first reading is taken right away at time=0, which gives the value of po. Pressure readings are then taken in 5 minute intervals over the span of the next two hours. 
The procedure was also replicated by another group. Below in tables 3-6, is the data collected from the experiments. The chemicals used in this experiment are Nitrogen Gas (N2) and Carbon Dioxide (CO2). Silicon Oil, used in the manometer, has a density of 936kg/m3. The equipment used consisted of a bulb connected to a capillary tube and a manometer. A timer was used to measure time intervals.   
Table 1: Uncertainty of Instruments
	Instrument
	Uncertainty

	Stop watch
	± 1 s

	Meter stick
	± .001 m



Table 2: Physical Properties of Each Measuring Device
	
	Apparatus 1
	Apparatus 2

	Silicon oil density
	0.963 g/cm3

	Volume of bulb
	1,400 ± 1 mL

	Length of capillary tube
	15.124 ± 0.001 cm
	26.8 ± 0.1 cm

	Radius of capillary tube
	a = 0.0975 ± 0.0003 mm
b = 0.0575 ± 0.0003 mm
	0.105 ±0.0003 mm


In one apparatus, the capillary tube is elliptical, therefore r = (ab)1/2, where a and b are the long and short radius of the capillary tube
[image: ]Figure 1: Figure 1 shows the basic setup of the apparatus used to preform the experiment.
	





Table 1: CO2 Trial  collected February 17th
	
Time(min)
	H1 (cm)
	H2 (cm)
	ΔH(cm)
	Pt(Pa)
	ln(Pt)

	0
	11.5
	72.2
	60.7
	5567.89
	8.624771

	5
	16.5
	68.2
	51.7
	4742.338
	8.464285

	10
	20.5
	64.6
	44.1
	4045.205
	8.305287

	15
	23.8
	61.5
	37.7
	3458.146
	8.148488

	20
	26.7
	58.8
	32.1
	2944.469
	7.987684

	25
	29
	56.5
	27.5
	2522.52
	7.833014

	30
	31
	54.5
	23.5
	2155.608
	7.675828

	35
	32.9
	52.8
	19.9
	1825.387
	7.509547

	40
	34.4
	51.4
	17
	1559.376
	7.352041

	45
	35.6
	50.2
	14.6
	1339.229
	7.199849

	50
	36.7
	49.1
	12.4
	1137.427
	7.036524

	55
	37.7
	48.1
	10.4
	953.9712
	6.860633

	60
	38.5
	47.2
	8.7
	798.0336
	6.682151

	65
	39.2
	46.5
	7.3
	669.6144
	6.506702

	70
	39.8
	45.8
	6
	550.368
	6.310587

	75
	40.4
	45.3
	4.9
	449.4672
	6.108063

	80
	40.9
	44.9
	4
	366.912
	5.905122

	85
	41.3
	44.5th
	3.2
	293.5296
	5.681978

	90
	41.7
	44
	2.3
	210.9744
	5.351737

	95
	42
	43.7
	1.7
	155.9376
	5.049456

	100
	42.2
	43.6
	1.4
	128.4192
	4.8553

	105
	42.3
	43.4
	1.1
	100.9008
	4.614138

	110
	42.4
	43.3
	0.9
	82.5552
	4.413467

	115
	42.5
	43.2
	0.7
	64.2096
	4.162153

	120
	42.6
	43.1
	0.5
	45.864
	3.82568



Shown above is the Raw data obtained from the experiment with CO2  gas, as well as the calculated values of Pt and ln(Pt-Pa). The value of Pt was calculated by using the Static Pressure equation; P=pgh. 





Table 2: N2 Trial Collected Feb 10th 7017
	Time(min)
	h1 (cm)
	h2 (cm) 
	ΔH(cm)
	Pt(Pa)
	ln(Pt)

	0
	12.1
	72.2
	60.1
	5677.665
	8.644295

	5
	16.5
	67.8
	51.3
	4846.326
	8.485976

	10
	19.9
	64.4
	44.5
	4203.928
	8.343775

	15
	23.3
	62
	38.7
	3656.001
	8.204125

	20
	26
	59.6
	33.6
	3174.202
	8.062812

	25
	28.9
	56.7
	27.8
	2626.274
	7.873322

	30
	30.9
	54.6
	23.7
	2238.946
	7.713761

	35
	32.7
	52.9
	20.2
	1908.3
	7.553968

	40
	34.2
	51.5
	17.3
	1634.336
	7.398992

	45
	35.7
	50
	14.3
	1350.925
	7.208545

	50
	36.7
	48.9
	12.2
	1152.538
	7.049721

	55
	37.9
	47.8
	9.9
	935.256
	6.84082

	60
	38.6
	47.1
	8.5
	802.9976
	6.688352

	65
	39.2
	46.5
	7.3
	689.6332
	6.53616

	70
	39.8
	45.9
	6.1
	576.2688
	6.356574

	75
	40.3
	45.4
	5.1
	481.7985
	6.177526

	80
	40.7
	45.1
	4.4
	415.6693
	6.02989

	85
	40.9
	44.8
	3.9
	368.4342
	5.909262

	90
	41.2
	44.4
	3.2
	302.305
	5.711436

	95
	41.4
	44.2
	2.8
	264.5168
	5.577905

	100
	41.6
	44
	2.4
	226.7287
	5.423754

	105
	41.8
	43.8
	2
	188.9406
	5.241433

	110
	41.9
	43.7
	1.8
	170.0465
	5.136072

	115
	42.1
	43.5
	1.4
	132.2584
	4.884758

	120
	42.1
	43.5
	1.4
	132.2584
	4.884758



Shown above is the Raw data obtained from the experiment with N2  gas, as well as the calculated values of Pt and ln(Pt-Pa). The value of Pt was calculated by using the Static Pressure equation; P=pgh.





Graphs:
Natural Log Pressure of N2 as a function of Time
[image: https://lh5.googleusercontent.com/q1-faZTe992HcVFE9KF2SNBJOiOPzyenFtzEsb8IwHHIpYvUH6pkv4TH-No3LXxh4qK1ftNhqFc3_OA4cVqoUQ0R-4V4EWMu9h1rkay_6x-ENEhKjQ2LeGOj5EAS7gVKI_hCg6AVX6wcgJCmLw]
Figure 2: Natural Logarithm of the pressure difference of N2 as a function of time. Results used in the sample calculations. 	










CO2: 
Natural Log Pressure of CO2 as a function of Time 
[image: https://lh6.googleusercontent.com/Z_CvFDtJRi_zNwXcdB8eGNxxv0suAmmhnesDGao3s2IK4GyLXPVB8RQx0PsNEOU1iydhuEjGLwZa41ssXdm8tGjtPioW8Oeuif9FWH6l8jd3YIw5GrjJ0qOxf_aGgWtLVBtJEtWuXv69wkC6qg]

Figure 3: Natural Logarithm of the pressure difference of CO2 as a function of time. Results used in the sample calculations.










Calculations: 
1. Calculating Viscosity, n of N2  
The slope is found from the plot of ln(Pt-Pa) vs. Time. 

Slope a=  

Then, ln(Pt-Pa)= + ln(Po-Pa) 

η = 
For the first trial a=0.0003839, Pa=101325 
 





2. Calculating Free Mean Path, λ of N2
       ⇒           λ=   






3. Calculating collision diameter, d of N2  
           	Where,   	⇒            d =   
 
 




1. Calculating Viscosity, η of CO2
The slope is found from the plot of ln(Pt-Pa) vs. Time. 

Slope a=  

Then, ln(Pt-Pa)= + ln(Po-Pa) 

η = 
For the first trial a=0.0003793, Pa=101325 
 





4. Calculating Free Mean Path, λ of N2
       ⇒           λ=   








5. Calculating collision diameter, d of N2  
           	Where,   	⇒            d =   
 
 




Error Calculation: 
1. For Viscosity of CO2 
Error =|    
  	[2]
          =
          Error = 70.4 % nm



2.  For viscosity of N2
Error =|      
   	[2]
   		 =
          Error = 80.9% nm



Discussion: 
Collision theory is an extremely important concept in physical chemistry. Average gas molecules are much smaller than the distances they travel, as their volume ends up being negligible compared to the volume of the gas itself. According to the particle theory of matter, particles are in ceaseless random linear motion, until acted on by another force (a collision), as there are no intramolecular forces between the molecules. Scientists have begun to study this phenomenon, and have concluded that molecule acts separately of the movement of neighboring molecules, suggests a lengthy mean free path among molecular collisions.[3] As shown in the above equations, mean free path is inversely proportional to the collision diameter. 
Throughout this experiment it was found that the viscosity (η) of nitrogen was 3.36 while the viscosity of carbon dioxide gas was. The mean free path (λ) for nitrogen was 8.22 nm while the mean free path carbon dioxide gas was found to be 8.32nm. The collision diameter (d) for nitrogen gas was found to be 1.04 nm while the collision diameter for carbon dioxide was.

The literature values for the viscosity of the nitrogen and carbon dioxide gas was 150  and 179  at a temperature of 296.15 K respectively. Using these theoretical values, the experimentally obtained viscosity of N2 and CO2 gases had large errors of 98.9% and 99.7% respectively. 
Carbon dioxide, which is rarely considered an ideal gas, normally strays from its ideal theoretical nature. [3]It is apparent that the experimental errors in the calculated values are very large.  Errors in the viscosity, the mean free path, and the collision diameter can be attributed to a variety of things. Firstly, it was assumed at the beginning of the lab that both Carbon Dioxide and Nitrogen Gas both behaved as ideal gasses, however, as noted above, this is not true. Secondly, the stopwatch on the computer may have been inaccurate, causing for readings to be taken at inconsistent times, effecting the values of the pressure. Lastly, undetected leaks or air bubbles may have caused the pressure to decrease at a larger rate, eliminating the constant volume assumption when deriving the equation. 
There may also have been uncertainties with the volume of the bulb and the length and radius of the capillary tube. On their own, the errors are very small, however, they do add up quickly and be the cause or major deviation.
Viscosity of a gas can also be determined in a different way. A.O Rankine [4] an Assistant in the Department of physics at the University College, London, describes an apparatus designed for comparing the viscosities of neon, xenon, and krypton; rare gases that are only available in small quantities. He explains that though this apparatus has a small volume content, it is suitable for handling absolute measurements.   
As society continues to progress, science will as well, continuously developing new and alternative forms of research and testing methods. The exponential leak method is, at this time, one of the most efficient and accurate ways for determining and comparing gas viscosities and collision paths. All that matters is testing continues to be refined, to ensure the accuracy of future experiments. 
Conclusion: 											          : 
th NOpressure difference of COations. ses. testing continues to be refined, to esnure only availible ion. e equation. es, howIn conclusion, it was found that the viscosity (η) of nitrogen was 3.36 while the viscosity of carbon dioxide gas was. The mean free path (λ) for nitrogen was 8.22 nm while the mean free path carbon dioxide gas was found to be 8.32nm. The collision diameter (d) for nitrogen gas was found to be 1.04 nm while the collision diameter for carbon dioxide was.
The literature values for the viscosity of the nitrogen and carbon dioxide gas was 15  and 17.9  at a temperature of 296.15 K respectively. Using these theoretical values, the experimentally obtained viscosity of N2 and CO2 gases had large errors of 80.9% and 70.3% respectively. All in all, the lab was considered a success. 
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Lab D: Determination of the Viscosity and Related Properties of Gaseous N2 and CO2  
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Due: March 2, 2017
Pre Lab Questions: 
1. The relationship can be explained by the following formulae   
2. The relationship can be explained the following formulae  	
3. The relationship can be explained by the following formulae 
4. The relationship can be explained with the following formula λ=1/((2)0.5 σN)=  kT/(2 0.5 πd2p)
5. The relationship can be explained with the following d = 
6. The relationship can be explained with the following     λ= 
7. The relationship can be displayed with the following formulae :  Q=VA
8. 

The relationship can be displayed by the following :   = 
9. The relationship can be displayed by the following: We will have to measure the change in pressure (or fluid height in the manometer) to determine the gas viscosities. 
10. 


The relationship can be explained by the following = 
11. 

The relationship can be explained by the following: -ln  = 
12. 

 The relationship can be explained by the following : -ln  = 
13. The slope of the graph plotting ln(Pt-Pa) gives the a value , as we use the slope to solve for the viscosity. 
14. Calculations used to solve for this are        ⇒           λ= 
           	Where,   	⇒            d =   

15. The pressure should be monitored in 5 minute intervals over a 2 hour span. 
16. The measuring device measures change in pressure in the form of height. This gives the following equation of p=pgh, where p= the density of the silicon oil, g is gravity, and h is the change in height. 
17. We should be careful to monitor the change in height, as any inconsistencies in the height value causes error in all the calculated variables.  
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