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Abstract 
With the recent implementation of the Next Generation Science Standards (NGSS, 2013) and the New York State Science Learning Standards (NYSSLS, 2016), a focus has been placed on inquiry-based science education.  Here we present a series of experiments to have high school regents physics students investigate diffraction and interference.  Using the experimental guides (Appendices A and C) students make observations and collect data to answer questions that help them describe the physical relationships of diffraction and interference and challenge possible misconceptions.  Students will also be asked to create and complete their own experiments as a method to assess their understanding of the topic (Appendices B and D).  Something about my results, hopeful: After completing these experiments students have shown improvement with understanding how diffraction patterns are created and how they relate to the object that is creating them.  	Comment by Quinn Thomson: Do you think I should get rid of this sentence all together? Or possibly move it to lower in the abstract?

		Diffraction and Interference: Page 1 of 22
Introduction	Comment by Quinn Thomson: I’m still not a fan of this section.  After reviewing several more 690 projects, I think I have an idea to retool this.  I will update this section for the next draft.  Let me know if there is anything you think I must include.  
Our goal is to make a series of student experiments that use the standards listed in the NYSSLS to have students gain an understanding of diffraction and interference.  These labs will be a mixture of guided inquiry experiments and fully student led experiments.  In our guided inquiry experiments, students are given a simple procedure and asked questions based on what they observe and analyze.  These student led experiments are when we give students a goal but offer no procedure, requiring students to use their own understanding of the subject to complete the goal.  
Scientific inquiry is characterized by the NYSSLS by 
“a common set of values that include: logical thinking, precision, open-mindedness, objectivity, skepticism, replicability of results, and honest and ethical reporting of findings.” Page 64
Our guided inquiry experiment follows these values and has students record their observations and work through tougher questions, using these observations to help them.  By using multiple labs, we allow students to replicate their observation and results in a variety of different ways.  
Across the NYSSLS students are asked to demonstrate that they understand how to “Plan and conduct investigations” across multiple subjects.  
Students, during these experiments, will be asked to formulate their own experiments and correct their own initial misconceptions, using the evidence gathered through their experiments.  The questions for later experiments will guide students into making logical conclusions based on their observations. 
The NYSSLS (HS-PS4-3) states:
“Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be described either by a wave model or a particle model (quantum theory), and that for some situations one model is more useful than the other. 
[Clarification Statement: Emphasis is on how the experimental evidence supports the claim and how a theory is generally modified in light of new evidence. Examples of a phenomenon could include resonance, interference, diffraction, and photoelectric effect.]” Page 62
These experiments are designed to give students a closer look at interference and diffraction through experimental evidence.  They will be asked to describe and reason through the cause of these phenomena using the wave model of light.  


Scientific Background	Comment by Quinn Thomson: I spent a lot of time looking at the background and expanding it as you said.  This often goes above and beyond the science that the students need, however it could be useful to teachers.  	Comment by Quinn Thomson: Let me know if any figure is unnecessary, needs to be changed or if you think there should be another one. Wavelet
Wavelet Source
New wave-front
Original wave-front
Figure 4

Diffraction is the bending of waves around the edges of a barrier.  The most common examples of diffraction are the bending of sound waves around an open-door, as in figure 1, or the bending of ocean waves around a barrier, as shown in figure 2.  Figure 2

Figure 1




Figure 5


Interference is when two waves are at the same place at the same time.  Unlike matter, waves have nothing preventing them from being superimposed.  There are two types of interference: constructive and destructive. These are distinct based on what we observe when they are on top of one another.  Constructive interference is when two or more waves form an apparent wave with a higher amplitude than either of the original waves, while destructive interference creates a wave with a smaller amplitude as seen in figure 3.  a)
b)
Figure 6: hair results
a) shows results expected for the “shadow” misconception of hair blocking light
b) shows the actual results
Constructive
Destructive
Figure 3

The key factor that creates the effect of diffraction is Huygens’ principle.  Huygens’ principle states that every point on a wavefront is a source of new waves (often referred to as wavelets) (Knight 2013).  These new waves will normally end up interfering and canceling each other out, so it acts as just a single wavefront as seen in figure 4.  However, when a wavefront comes across a thin barrier, slit, or multiple slits, the waves no longer cancel out their interference and a new pattern emerges that we refer to as diffraction.  
In the first experiment, we are using the effects of Huygens’ principle in action with human hair.  As the light rays strike the hair it prevents some of the wavelets from passing while on the sides of the hair, and they begin to diffract (Messer 2018).  The waves formed on each side of the hair begin to interfere causing a pattern of constructive and destructive interference seen in figure 5.  Looking at this “interference pattern” is the main point of the lab, as it gives us information about the object or opening that created it.  This is also where the first major misconception for this lab is introduced.  Many students will assume the pattern created is the “shadow” of the hair on the board as shown in figure 6.  The early experiments are made to show that this is not what is happening.  
The double pencil experiment offers a different look at diffraction by changing out a barrier with an opening.  Using Huygens’ principle, we can see why these two seemly different scenarios, a barrier and opening, result in the same pattern.  As the wave front reaches the opening, wavelets are able to spread out, as some of the wave is blocked, resulting in the same pattern as the hair as seen in figure 7 (Knight 2013).  Figure 7
Figure 9
Mesh
Pattern
As the mesh gets finer the pattern gets larger and more spaced.

The gap between the pencils is what is acting as the opening in this experiment, which is key because it allows students to adjust the size of the slit.  One of the key factors in these series of labs is how the pattern gives us information on the slit or barrier that created it.  With these pencils, students can adjust the size of the slit, thus changing the pattern.  The relationship they should see is that as the gap between the pencils gets smaller, the pattern becomes more spread out, as shown in figure 8 (Teng, Teng, Hennekens 2018).  For students, this is most likely an unexpected relationship as they will often believe the bigger gap leads to a bigger pattern (McDermott 2000).  By using at the Huygens’ principle, we can see why this inverse relationship occurs (Knight 2013).  Remember: if a wavefront does not come across anything, it remains a wavefront as the wavelets interfere with themselves resulting in a wave that is not changed.  When the gap is larger, more of the waves pass through unaffected, leaving the pattern smaller.  Conversely, when the gap is smaller the wave spreads out more making a more obvious pattern.  a)
b)
c)
Figure 8
a) Large starting gap
b) gap slight closed
c) gap pitched nearly closed

The wire mesh works off a similar principle as the previous experiments.  In this experiment the meshes are two-dimensional, unlike the hair and pencil opening which act one dimensionally.  This leads to a two-dimensional pattern on the screen.  As seen in figure 9, as the mesh gets finer the pattern gets larger, similar to the pencil opening.  There is an interesting secondary pattern that emerges on the screen where the dots of the main pattern fade in and out. This is due to the thickness of the wires, while the main pattern forms based on the size of the gaps.  This secondary pattern is not important within the goals of the lab, but students might notice it, so it is worthwhile to be able to answer any questions regarding this.  
The next half of experiments starts to focus more on double slit and diffraction grating interference and their associated formula.  This equation comes from Young and his experiment with two slits (Knight 2013).  Figure 10 has the basic form of a double slit experiment where a laser interacts with two slits separated by distance  and projects an interference pattern on a nearby screen.  Equation 1

: distance between slits
: what bright spot that is being measured.
: Shown on figure 6
: Wavelength of laser








Figure 10

Equation 1, based Young’s experiment, will be used throughout these future labs.  An important part of this equation to understand is that variable m is denotes which bright spot will be used in the measurements where  =0 shows the center,  =1 is for the spots above and below and so on.  In order to find the  in the equation, students will need to measure the length to the screen and the distance between bright spots. The basic trigonometric relationship Tan(θ)=x/L (Deweerd 2016).   is often the goal of the experiment, due to the fact it is normally too small to measure without the aid of diffraction.
CDs and DVDs are encoded with information by burning small dot like divots onto the surface as seen in figure 11.  This information is read by firing a laser through the disk in order to “read” these dots and extract information from the size and position of the dots.  By removing the cover off a disk, students are able to fire a laser through the disk which will cause it to diffract based on the separation of the grooves that this data forms.  These grooves are placed so close to one another they act as a diffraction grating, which is when there are multiple slits next to one other.  The double slit equation applies to diffraction gratings as well as CD and DVDs and can be used to calculate the spacing between the grooves (Nöldeke 1990).  Students will calculate that the grooves of a DVD are closer to one another which shows them that more data can fit on a DVD than a CD.  Note the actual value of the spacing of a CD is about 1.6μm and a DVD is .74μm. 	Comment by Quinn Thomson: Aron’s has a section on how teachers keep these two effects (double slit and diffraction grating) too similar.  They do use the same formula so I don’t think this is wrong, but do you feel not having a section on their differences would be misleading? (Note the source discuss the equation in terms of CDs and DVDs)Equation 2

: light intensity
: light intensity at the center
: is the wavenumber
: is the radius of the aperture (powder or cell)
: is the Bessel function order 1
Figure 11

The next two experiments use very similar principles as the experiment before. However, it uses a circular shape to create a diffraction pattern.  The lycopodium powder and the red blood cells both act as a collection of small circular apertures that will form a circular pattern as seen in figure 12.  The big difference between this and a standard diffraction grading is the values of  will not be simple integer values.  The simple answer to why they are not integer values is that the radii of the minima and maxima spots are not evenly spaced like they are in other forms of diffraction.  This uneven spacing causes the  values to also not be even.  The more complicated answer involves using equation 2 in order to solve for the maxima and minima locations which require the use of a Bessel function (Sethuraman 2014).  Table 1 shows the values for  to use in equation 1.  The diameter of a lycopodium particle is around 36.8μm (Sehturaman 2014) and the diameter of a red blood cell can vary greatly but typically falls between 7.5 to 8.7 μm (Diez-Silva et. al. 2010).  Figure 12


m values for:

Minima
Maxima
1
1.220
1.635
2
2.233
2.679
3
3.238
3.690

Table 1

Materials and Safety Concerns	Comment by Quinn Thomson: Not sure how I feel about this formatting, let me know if a table would be better here.
Each student group is going to need the following to complete all experiments.  Simple office supplies like rulers, index cards, pencils and rubbers bands will be used as well.  A class set of materials will cost around $100 not including the lasers which will depend greatly on the brand, style and power you purchase.  
· Laser
· Any color will work, but a variety of colors would be ideal so groups can see how different wavelengths affect the patterns.
· A laser that sits flat with a toggle switch will make it easier for students to make the patterns.
· https://laserclassroom.com/product/laser-blox-multi-3-pack/
· Fine Metal Meshes
· These are often called metal mesh or wire cloth.
· You need 3 different sizes.
· A mesh count of 60 to 120 (number of wires crossings per square inch) should be enough.
· https://www.amazon.com/Activists-Stainless-Steel-Screen-Filtration/dp/B07T5DWP99/ref=sr_1_20?keywords=Activists&qid=1572823108&sr=8-20
· Lycopodium Powder
· https://www.fishersci.com/shop/products/lycopodium-4/S25396
· A slide with blood cells
· https://www.carolina.com/histology-microscope-slides/human-blood-film-slide-smear-he/313152.pr?question=
· CD and DVD
· Strip away the cover part of the disk, leaving it see- through.
· The disk needs to have data.
· A sample holder
· A wooden block with a slit cut into will work.
The main safety concern for the students conducting these experiments is the lasers.  It is important to stress care while using lasers and students should be instructed on the main risks with using lasers.  Of course, the number one concern is having the laser pointed into a student’s eye.  One of the advantages of this lab is that laser will be held on a table rather than in their hands for the majority of experiments.  If you do not have a laser that can sit flat on a table and a toggle switch, I would also suggest a holder for the laser in these labs.  Something to keep a rounded laser flat on the table and to keep the laser on. 
Lycopodium Powder should also be a consideration for safety.  It is considered a category 1 flammable solid- combustible dust.  We are using small amounts to make covered slides however it should be noted then when it is in a dust in air it is highly flammable.  Protective googles should be used to avoid eye contact (Appendix E).  Please read all safety information that is provided with the powder.  	Comment by Quinn Thomson: Wasn’t sure what to include here so I said the basics and included the main part of the Safety data sheet
Experiments
The handouts with the instructions for students are found on appendices A through D.  The guided experiments found on appendices A and C walk students through several observations of physical objects using diffraction and interference.  The experiments in part A just require students to take a qualitative look, where they need to observe the relationship between the object and the pattern that it creates.  This ends with the challenge on appendix B where they will need to create their own experiment using their understanding of this relationship.  Appendix C starts the quantitative experiments where they need to take careful data and use equation 1 to find the size of objects.  Likewise, in Appendix D students will need to use a similar technique to find the size of a red blood cell by creating their own experiment.  The students’ ability to create and successfully analyze these experiments will help determine if they understand the material.  





	Experiment
	Diagram of Setup
	Image Diffraction Pattern
	Purpose
	Key Question(s)

	Hair
(Appendix A)
	~2m
Whiteboard
Index Card
Laser
Index Card









	[image: ]
	Pre-assignment. Also to have students see a sample lab setup and a distinct diffraction pattern  
	How is diffraction related to the pattern you are seeing?
How is interference related to the pattern you are seeing?
How do you think the size of the object relates to the pattern created?

	Pencils	Comment by Quinn Thomson: I use the hair first, because with the pencils it is really hard to see the pattern if you don’t know what you’re looking at (see the first image).  My students at this point would have never seen this pattern before so I use the hair first so they can see the pattern.
(Appendix A)
	
1 Loop in between 
Slit







	Wide opening:
[image: ]
Narrow Opening
[image: ]

	Completely qualitative look at how the size of the object relates to the diffraction pattern.
	How does the size of the slit relate to the pattern created?

	Mesh
(Appendix A)
	Ruler
Mesh
Lens






	Coarse Mesh
[image: ]
Fine Mesh
[image: ]
	A quantitative look to see how the size of the object relates to the diffraction pattern.
	What is the mathematical relationship between the mesh size and the pattern separation?

	Which Hair is bigger
(Appendix B)
	





	Hair getting progressively smaller
	Students make their own lab to test whether they understand the previous experiments.
	Students should write a procedure and conclusion.  Note whether they understood the relationship between the size of the object and the pattern.

	DVD/ CD
(Appendix C)
	CD/DVD
Laser
Screen
L
x







	[image: ]

[image: ]
	Students will learn how to use the equation 1 for a diffraction grating.
	Using your data as evidence, how does a DVD store more data then a CD.  

	Lycopodium Powder
(Appendix C)
	Slide
Laser
Screen
L
x

	[image: ]
	Students will learn how to use the equation 1 with a “correction” for circular apertures.


	Using your data, what is the size of the powder.  

	Red-Blood Cell
(Appendix D)
	
	[image: ]
	Students make their own lab to find the size of a red-blood cell and whether they understand the previous experiments.
	Students should create their own lab and find the size of a red blood cell.  




Feedback:	Comment by Quinn Thomson: As I’m sure I’ll discuss in the email, I am doing the experiment this week.  So, these missing sections I plan on doing this weekend and will send the update.  I am also asking to be observed to get feedback from other professionals at my school.  
Number of correct answers to the questions found in the first experiment compared to how they completed the two self-made experiments.  I have about 90 students and my colleagues may also do this experiment which would add another 40 or so.  
Anecdotal observations of the experiment.  
Questions I may ask and student responses.  Student questions that show understanding or lack thereof.  Discussions I heard students make.  And so on, when they are working on these experiments.  	Comment by Quinn Thomson: I have piloted these questions with students, but I am looking for more good ones while I work with the classes.  
Conclusion: Waiting for results.
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Qualitative Diffraction and InterferenceAppendix A

The Strand of Hair:
Setup:
· Construct a sample holder using an index card with a square cut in it.  Tape a piece of your hair so it goes across the opening.  (shown below)
· Hold the sample about 2 meters away from a screen (our whiteboards).
· Fire the laser at through the hair and at the screen.  
Cut out
Tape
Hair
Index Card
Whiteboard



Index Card
~2m

Questions:Laser

1. Sketch the pattern the laser makes on the screen when hitting the hair.



2. Does the pattern on the screen just look like the “shadow” of the hair?  Explain how it’s the same or different than just the “shadow.”
_______________________________________________________________________________________________________________________________________________________________________________________

3. This experiment helps us see the property of waves known as diffraction.  Explain what diffraction is and how we are seeing it in this experiment.  
_______________________________________________________________________________________________________________________________________________________________________________________

4. Rotate the hair by 90o and observe the pattern made by the laser now.  How is the direction of the spread-out beam relative to the orientation of the hair?
__________________________________________________________________________________________________________________________
Two Pencils:
Setup:
· Construct a narrow slit by attaching two number 2 pencils together using two rubber bands.  It’s important to have one section of the rubber bands in between the pencils.  Wrap the band tightly so they are help closely together.  Slit
1 Loop in between 



· Use the same setup as the last lab just replace the index card for the double pencils.  
Questions:
1. Sketch the pattern the laser makes on the screen going through the slit.


2. Does the pattern on the screen just look like the “shadow” of the pencils?  Explain how it’s the same or different than just the “shadow.”
__________________________________________________________________________________________________________________________

3. Squeeze the pencils together to make the slit narrower.  Describe how the pattern changes.
__________________________________________________________________________________________________________________________

4. This experiment helps us see the property of waves known as interference.  Explain what interference is and how we are seeing it in this experiment.  
__________________________________________________________________________________________________________________________

5. Describe the similarities between the pattern made by the hair and the one created by the slit.
__________________________________________________________________________________________________________________________
Wire Meshes:
Setup:
· Collect four different meshes.  Use the provided sample holder and place them within them.  Make a similar setup to the previous labs substituting for the mesh sample holder.  
Measurements for Each Mesh:
· Using a ruler measure the separation between the bright spots of the pattern created on the screen.  
· Using the magnifying lens, and possibly the aid of your smart phone camera, measure how many wires are in one millimeter of the meshRuler
Mesh
Lens



Questions:
1. Sketch the pattern the laser makes on the screen going through coarsest mesh and the finest mesh.Coarsest Mesh
Finest Mesh





2. Complete the following data table based one your measurements
	Mesh
	Distance between nearest bright spots in the pattern (x)
	Number of wires in one millimeter (n)
	Distance between wires (d=1/n)

	Coarse
	
	
	

	Medium
	
	
	

	Fine
	
	
	

	Finest
	
	
	



3. How does the pattern change as the wires get closer together?  What type of mathematical relationship is this?
_______________________________________________________________________________________________________________________________________________________________________________________
Capstone Challenge: Who has the thickest hair:Appendix B

Instructions: Construct and conduct an experiment to show which person in the group has the thickest hair and which has the thinnest.  

1. Procedure:








2. Data/ Observations






3. Analysis: Write about why your data is important and how you use it to prove your conclusion






4. Conclusion




Quantitative Diffraction and InterferenceAppendix C

DVD versus CD:
Background:  CDs and DVDs act as a diffraction grating due to the incredibly small parallel tracks burned into them.  We are going to attempt to find the spacing between these tracks and compare the size of CDs to DVDs.
Setup:
· Place the CD on the sample holder.  Make sure that the bare section that is cut into the CD is visible.
· Place the CD with the holder close to the screen (about 20cm) and look for the pattern on the screen.  
· NOTE: that small cracks in the CD can cause a second pattern from being formed, you are looking for the 3 to 5 dots being created.  Screen

zθ
x
Laser
CD/DVD

θ

L


Measurements:
· With a ruler, measure the distance between the central dot and the first dot (x).
· Measure the distance between CD/ DVD and the screen (L).
Questions:
1. Based on the diagram above, what trigonometric function should you use to relate x, L and θ?  Write out the complete formula for θ in terms of x and L.
_________________
2. Complete the data table below using your measurements and your trigonometric formula to find the angle. 
	Media
	x (cm)
	L (cm)
	θ

	CD
	
	
	

	DVD
	
	
	


3. Using the double slit equation  find the spacing between the tracks for the CD and DVD.  Note that you can find the wavelength of your laser on the written on the laser.  Show all work below.





CD track spacing: ______________     DVD track spacing: _______________
4. Using the drawing below which shows CD under a microscope.  
a. Measure the horizontal space between the tracks below.  
b. Calculate the percent difference between your measurement here and your calculated value above.
c. Make a quick sketch on how you predict the DVD track spacing will look like given the value you found above.  
       CD						        DVD


 
*CD Image courtesy of Freiermensch under GNU Free Documentation license
CD track spacing: ______________

CD percent difference: __________
5. A CD can store 0.65 gigabytes of information whereas a DVD can store 4.7 gigabytes of information.  How do the data and calculations you made support this?
_______________________________________________________________________________________________________________________________________________________________________________________
Lycopodium Powder:
Background:  Lycopodium powder is made up of spores from clubmoss plants.  These are very small and highly flammable in air.  They are also roughly circular in shape.  
Setup:
· Sprinkle a very small amount of lycopodium powder onto a glass slide.  Tilt the slide over a waste beaker to remove excess powder.  You should be left with a slide that is lightly dusted with the powder.
· Use the laser to view the diffraction pattern of the powder.
Observation: Draw the pattern you are detecting on the board, make sure to note the bright (Maxima) and dim (Minima) areas.  




Measurements:
· With a ruler, measure diameter (D) of the first minima circle.
· Measure the distance between the slide and the screen (L).
· Laser Wavelengths (λ) are found on the lasers.
Questions:
1. Based on previous lab and your drawing above, what trigonometric function should you use to relate D (the diameter of the circles), L and θ?  Write out the complete formula for θ in terms of D and L.
______________________

2. Complete the data table below using your measurements and your trigonometric formula to find the angle. 
	Laser Color
	λ (nm)
	L (cm)
	Diameter (cm)
	θ

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


3. What is the relationship between the wavelength and the diameter of the pattern?
__________________________________________________________________________________________________________________________

4. Due to the fact that this is circular pattern, the  values will not be whole and half integers in the diffraction formula: .  Instead we use the values shown on the chart below.  Based on the diameter (D) you measured what value of  should you use?m values for:

Minima
Maxima
1
1.220
1.635
2
2.233
2.679
3
3.238
3.690


____________


5. Find using the data in your chart find the value for the diameter of the lycopodium powder spore () for each color of your laser.  Show all work for the red laser.




Red Laser: _________   Green Laser: __________   Blue Laser: __________

6. Take the average of  and do a percent error calculation with the actual value of the diameter of a lycopodium powder spore (33 μm).  


% Error: ______________

7. If you were to test on an object that had a larger diameter, how would that change the interference pattern shown on the board?  Do a quick sketch to show the pattern created by the lycopodium powder and this new bigger object to illustrate the difference.  Larger Circular Object


Lycopodium Powder

Capstone Challenge: Size of a Red Blood Cell:Appendix D

Instructions: Construct and conduct an experiment to find the size of a red blood cell.
1. Procedure






2. Data/ Observations





3. Analysis: 






4. Conclusion





5. Question: Explain how diffraction and interference play a role in your experiment
[bookmark: _GoBack]____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Safety Data Sheet
according to 29CFR1910/1200 and GHS Rev. 3
Effective date : 10.24.2014 Page 1 of 7

Lycopodium, Lab Grade

SECTION 1 : Identification of the substance/mixture and of the supplier

Product name : Lycopodium, Lab Grade
Manufacturer/Supplier Trade name:

Manufacturer/Supplier Article number: $25396

Recommended uses of the product and uses restrictions on use:
Manufacturer Details:

AguaPhoenix Scientific
9 Barnhart Drive, Hanover, PA 17331

Supplier Details:
Fisher Science Education

15 Jet View Drive, Rochester, NY 14624

Emergency telephone number:
Fisher Science Education Emergency Telephone No.: 800-535-5053

SECTION 2 : Hazards identification

Classification of the substance or mixture;:

Flammable
Flammable solids, category 1

Flammable solids - Category 1
Hazards Not Otherwise Classified - Combustible Dust

Signal word :Danger

Hazard statements:

Flammable solid

Precautionary statements:

If medical advice is needed, have product container or label at hand
Keep out of reach of children

Read label before use

Do not eat, drink or smoke when using this product

Keep away from heat/sparks/open flames/hot surfaces. No smoking
Ground/bond container and receiving equipment

Use explosion-proof electrical/ventilating/light/equipment

Wear protective gloves/protective clothing/eye protection/face protection
In case of fire: Use agents recommended in section 5 for extinction

Combustible Dust Hazard: :
May form combustible dust concentrations in air (during processing).

Other Non-GHS Classification:
WHMIS

Created by Global Safety Management, Inc. -Tel: 1-813-435-5161 - www.gsmsds.com
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SECTION 3 : Composition/information on ingredients

Ingredients:

CAS 8023-70-9 Lycopodium Powder

Percentages are by weight

SECTION 4 : First aid measures
Description of first aid measures

After inhalation: Loosen clothing as necessary and position individual in a comfortable position.Move exposed
to fresh air. Give artificial respiration if necessary. If breathing is difficult give oxygen.Potential asthmagen. Get
medical assistance if cough or other symptoms appear.

After skin contact: Rinse/flush exposed skin gently using soap and water for 15-20 minutes.Seek medical
advice if discomfort or irritation persists.

After eye contact: Protect unexposed eye. Rinse/flush exposed eye(s) gently using water for 15-20 minutes.
Remove contact lens(es) if able to do so during rinsing. Seek medical attention if irritation persists or if
concerned.

After swallowing: Rinse mouth thoroughly. Do not induce vomiting. Have exposed individual drink sips of
water. Seek medical attention if irritation, discomfort or vomiting persists.Never give anything by mouth to an
unconscious person.

Most important symptoms and effects, both acute and delayed:
Irritation, Nausea,Headache, Shortness of breath.;
Indication of any immediate medical attention and special treatment needed:
If seeking medical attention, provide SDS document to physician.Physician should treat symptomatically.

SECTION 5 : Firefighting measures

Extinguishing media

Suitable extinguishing agents: Use appropriate fire suppression agents for adjacent combustible materials
or sources of ignition. Use water, dry chemical, chemical foam, carbon dioxide, or alcohol-resistant foam.
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