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SP425 – Common Experiment 1

UV, Visible, and IR Spectroscopy with the Ocean Optics Spectrometer
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www.oceanoptics.com/products/usb2000uvvis.asp

GOALS:

1. Become familiar with features in the spectra of atoms and molecules.

2.  Recognize the limitations of the measuring equipment.


3.  Prepare your first lab manuscript of the semester.


4.  Do a peer review of manuscripts.

TARGET COMPLETION DATE: ~3 weeks, report due Monday 10 Sept.

EQUIPMENT


The Ocean Optics spectrometers are compact devices that utilize a diffraction grating and CCD along with a PC-based data acquisition program to acquire, display, and manipulate spectra in the IR, Visible, and UV portions of the electromagnetic spectrum.


We have several of these devices but not all are exactly alike.  Some have greater IR sensivity and some have greater UV sensitivity.  You should try several spectrometers and observe the differences.  The CCD responds to the intensity of the light, not to the numbers of individual photons.

You can learn about how the Ocean Optics spectrometers function at the website: www.oceanoptics.com/products/spectrometers.asp  .  On that webpage look under “2000-Series Spectrometers”.  We have the USB2000 models (but not the FL or FLG) Of particular interest would be the links to “Operating Principles”, “System Sensitivity”, “Optical Resolution”, and “Grating Efficiency Curves”.


USB2000 ‘UV-VIS’   effective range  200-850 nm


USB2000 ‘    VIS   ’   
effective range  350-1000 nm


USB2000 ‘VIS-IR’   
effective range  500-1100 nm

EQUIPMENT WARNINGS

1.  The power supply for the gas discharge tubes is 15 kV.   Do not lick the electrodes.
2.  Please turn the tubes off when not in use.  The gases become contaminated over time because the hot discharge reacts with the innards of the tube.  Tubes can also develop air leaks.

3.  The tubes get hot.  Wait for the tubes to cool.

WHAT TO DO
Everyone must make the same introductory measurement.  Then each group should select a different ‘advanced measurement’.


[image: image2]
DESCRIPTION OF MEASUREMENTS:

INTRODUCTORY


1.  Take a hydrogen atom spectrum.  Save the spectrum into an acsii file.


a.  Using Excel make three plots of the spectrum:



Intensity vs Wavelength (nm)



Intensity vs Frequency (*Hz)



Intensity vs Photon Energy (eV)

Note that the intensity will be in ‘arbitrary units’ since we are not going to the trouble to perform an absolute intensity calibration.  The three plots should be stacked on a single sheet of paper and have the peaks aligned, something like:




To get the peaks to come close to lining up, you may need to reverse the horizontal axis of one of the subplots.

b.  Locate and copy/scan a hydrogen atom energy level diagram from a textbook or other suitable reference.  The most useful diagram would contain both the energy level scheme and an indication of the transitions that occur between the levels.  (Note: The website for SP425 contains some scanned Grotrian diagram gifs already.)

c.  Annotate one of the sub-plots with the transitions from your level diagram to indicate the correspondences.  Use annotations would be the true wavelength and the initial and final states of the transition, e.g. something like  4p1 ( 3s1, as appropriate.
THERMAL SPECTRA
1.  
Take a spectrum of the sun and determine the temperature of the ‘surface’ of the sun.
In this case we do not obtain a line spectrum, but a broadband spectrum.  This spectrum is generated by a completely different mechanism than above.  Since we know the filament of the bulb is very hot, it may be reasonable to assume that the probability of emitting a photon of a given energy/wavelength is that of a blackbody radiator, given by: 
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If one folds this distribution with the energy of an individual photon, one obtains the intensity curve (Eisberg & Resnick, pg ~13-17):
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It is tempting to just plot the measured intensity vs wavelength and overlay the blackbody intensity curve, adjusting T to obtain the best fit.
However there are complications.  Light from the sun must emerge from the photosphere, pass through interplanetary space, pass though Earth’s atmosphere, enter and transit the fiber optic cable, reflect off the internal diffraction grating, and create a signal on the internal microchannel CCD plate.  As a result, the displayed spectrum is not exactly the spectrum that is generated at the sun.
You can use the information given below to determine the wavelength-dependent efficiency, eff(), and from that correct the measured spectrum for effects of the fiber-grating-CCD combination.

In the end you could report on the surface temperature of the sun and also comment on absorption in the atmosphere. 

2.  The real efficiency calibration.  
Fortunately we have a NIST-traceable calibration source that’s designed to be used with these Ocean Optics spectrometers, the model LS-1-CAL.
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Fig 1.  Intensity Profile of LS-1-CAL Calibration Lamp.


.
Table 1.  Lamp Calibration Serial No. LSC720        .


Wavelength (nm)  
Intensity (W/cm2/nm)

 
300
0.

 
310
0.004763681

 
320
0.008147654

 
330
0.009928946

 
340
0.011796586

 
350
0.01364295

 
360
0.015961854

 
370
0.02092457

 
380
0.027768514

 
390
0.036441785

 
400
0.047913556

 
420
0.077726966

 
440
0.116027279

 
460
0.160428479

 
480
0.21052996

 
500
0.262115501

 
525
0.334547093

 
550
0.417417905

 
575
0.511456343

 
600
0.618203226

 
650
0.884889483

 
700
1.249194786

 
750
1.706912062

 
800
2.208982691

 
850
2.929277641

 
900
4.019121981

 
950
5.602600453

 
1000
7.508492372

 
1050
9.254653838

.

NOBLE GAS SPECTRA

Several tubes are available which give spectra from closed shell atoms: helium (VIIIa, 1p6), neon (VIIIa, gnd st 2p6), krypton (VIIIa, gnd st 4p6), xenon (VIIIa, gnd st 5p6).  
Find explanations and discussions of their spectra either in books or on the web.  What are the similarities?  What are the differences?   Do you observe any trend as you go down the periodic table?  If so, can you figure out a simplified physics explanation?
MOLECULAR SPECTRA

Several tubes are available which give spectra from molecules: molecular nitrogen (N2), molecular oxygen (O2 and O3), water vapor, carbon dioxide (CO2), molecular iodine (I2, etc)…  

Do not leave these lamps on for long periods of time because the fill gas degrades quickly when it reacts with the electrodes.  

Spectra taken from these lamps will have both atomic (i.e. single atom) and molecular (from the atom-atom binding) features.  What do molecular features look like in a spectrum?  (You can find clues in E&R.)   Can you find molecular features in your original ‘hydrogen’ spectrum?

OTHER SPECTRA


Take a spectrum of a fluorescent light tube.  What elements are in a fluorescent tube?  Can you identify the corresponding spectral lines?  I’ve seen a Wikipedia article which identifies some pretty exotic elements present in lamps.  Are your spectra consistent with the Wiki claims?

Two of our light sources, Na and Hg, take some time to ‘fully turn on’ because the elements-of-interest are initially solid (Na) or liquid (Hg).  A spectrum taken immediately after the switch is turned on is different from a spectrum taken once the material is vaporized.  What is producing the light at the different times? 
SUGGESTED LAB MANUSCRIPT SECTIONS
( See the documents ‘Things2Check4.doc” and Phys Rev examples for detailed info. )
Title

Investigator Names

Addresses

Abstract (4 or 5 sentences summarizing the paper, that is, a short version of the summary)  “Near-visible spectra were measured using the Ocean Optics USB2000 spectrometer. The systems of hydrogen, deuterium, helium, … were examined.  It was found that…..”

I.  Introduction

One paragraph with some kind of introductory statements.

One paragraph that goes something like: “In section II, we describe the experimental equipment.  In section III, we present the various systems studied and our interpretations of the spectra.  In section IV, we summarize our results.”

II.  Experimental equipment.

One or two paragraphs which describe the Ocean Optics spectrometer and comments on how it’s used.

III.  Data and Discussion


A. Hydrogen Spectra – Spectra and level scheme with a paragraph of comments.


B.  ‘Advanced Measurement’ – spectra and any discussion
IV.  Summary

One paragraph repeating the measurements made. (A shorter version of section II).

One paragraph describing your findings. (A condensed version of section III).

References

Here’s where your references or footnotes go.
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