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I. Abstract



	Hemoglobin is an important biological molecule used in the transport of respiratory gases.  The absorption spectra of oxy and deoxyhemoglobin were determined using a spectrophotometer (Milton Roy Spectronic-20D) from a range of 400 nm to 700 nm. Hemoglobin was extracted from the red blood cell lysate of horse blood.  Twenty-two trials of the absorption spectrum were run.  The spectra were analyzed for peaks and molecular extinction coefficients.  Both oxy and deoxyhemoglobin were found to have peak wavelengths at 420 nm and 540 nm.  Actual literature values gave peaks for oxyhemoglobin at 420 nm, 540 nm, and 576 nm and deoxyhemoglobin peaks at 430 nm and 555 nm. The peaks for oxyhemoglobin compared well to literature values with the exception of the 576 nm peak which could not be resolved.  Instead, a plateau was seen in the region from 560 nm to 580 nm.  Deoxyhemoglobin peaks also corresponded well to literature values.  The experimental values obtained for molecular extinction coefficients were significantly different from literature values  The experimental values for the molecular extinction coefficient were: for deoxy and oxyhemoglobin (in L/(mol*cm)) at 420 nm and deoxy and oxyhemoglobin at 540 nm, 1.42 E5 ( 1.37 E4, 1.68 E5 ( 2.25 E3, 3.57 E4 ( 9.1 E3, and 4.72 E4 ( 4.39 E3, respectively. While there was a large percentage deviation from the literature values, the absorbance spectrum was consistent within itself, showing the same percentage shift in absorption values. In ten trials, oxyhemoglobin exhibited a significantly higher molecular extinction coefficient than the deoxy- samples.  However, 12 trials indicated that no significant differences arose between oxy- and deoxyhemoglobin.  Attempts were made to bring experimental values to literature values by purifying the hemoglobin solution. Chloroform was used to extract organic molecules from the red blood cell lysate.  Absorbance spectrum were collected for the chloroform treated samples. Although it was expected that removal of organic molecules would bring the value for molecular extinction coefficient closer to literature values, the values deviated more than untreated samples.

�II.  Background and Introduction



	Analyzing and understanding the effects of oxygenation on the absorption spectrum of hemoglobin is of great importance in the field of science which includes among its subjects hemoglobin, the hematin enzymes, porphyrins, and bile pigments.   Hemoglobin alone is probably the most extensively studied biological products. (Lemberg and Legge, Hematin, Compounds and Bile pigments. preface) It is known that the red blood pigment, hemoglobin, serves as a carrier of oxygen and a retriever of carbon dioxide to the tissues in all vertebrates and in some invertebrates.  The function of the oxygen-carrying pigments is to take up oxygen from the environment and transfer it to the tissues.  This of significance in this particular field primarily due to the vital function that is associated with hemoglobin.  One of many important biological applications of hemoglobin, which could serve as a future study topic, is the fact that hemoglobin can be made in yeast which can then be used to mimic characteristics of human Hb A. (Adachi, K., P. Konitzer, CH Lai, J. Kim, S. Surrey. Protein Engineering pp. 807-810)  Further understanding of the changes in the absorption spectra of equine hemoglobin allows for expansion in this field of science. 

Hemoglobin is a substance that consists of four nitrogen-containing, disc-shaped organic pigment molecules called hemes combined with the protein globin,  comprised of four polypeptide chains.  The heme group consists of a complex organic ring structure to which an iron atom in its ferrous Fe (II) state is bound.  

�

Hemoglobin is able to form a dissociable compound with oxygen in which the iron remains in the ferrous (reduced) state.  In this form, the iron share electrons and bind with oxygen to form oxyhemoglobin. 



Equation 1:	Hb + O2  ( HbO2 



Most of the oxygen in the blood is contained within the red blood cells, where it is chemically bonded to hemoglobin.  This process occurs in the lungs where the oxygen tends to make the blood less alkaline and counteracts  the loss of carbon dioxide. Hemoglobin in arterial blood passing from the lungs to the tissues is about 96 percent saturated with oxygen.  In the venous blood the hemoglobin is about 64 percent saturated.  Therefore each 100mL of blood passing through a tissue releases about one-third of the oxygen it carries.  On evacuation, molecular oxygen is set free to the tissues. The heme iron is still in the reduced form, but the hemoglobin is deoxyhemoglobin. (Lemberg and Legge, Hematin compounds and Bile pigments chap. VI)



					   Equation 2:	HbO2 ( Hb + O2



Both hemoglobin and deoxyhemoglobin are weak acids but hemoglobin is the weaker of the two, making its salt more alkaline.  Deoxyhemoglobin is the stronger acid, because the formation of CO2 from the tissues causes an increase in H+ concentration (i.e., a decrease in pH) in the tissues, since the hydration of CO2 yields H2CO3, a weak acid, which dissociates to form H+ and bicarbonate.



					Equation 3:	H2CO3 ( H+ + HCO3 -



The binding of oxygen by hemoglobin is profoundly influenced by pH and CO2 concentration.  If the environment of the hemoglobin molecule is otherwise held constant, the fraction combined with oxygen is found to be a function of the partial pressure of the gas.  The oxygen pressure at which the carrier is in equilibrium with the environmental oxygen is defined as the loading tension, while the environmental oxygen pressure at which the carrier is in equilibrium with the  tissues is defined as the unloading tension.   These two oxygen tensions are not fixed but normally vary with changes in environment and in the physiological activity of the tissues.  The loading tension is placed at a saturation of 95%, the unloading tension at 50%.  The amount of oxygen delivered between these two pressures is a measure of the biological efficiency of the pigment.(Lemberg and Legge, Hematin compounds and Bile pigments chap. VI)  Many of the electron carriers in the respiratory chain absorb visible light and change color when they are oxidized or reduced.  Each has an absorption spectrum and reactivity that is distinct enough to allow its behavior to be traced spectroscopically even in crude mixture.   The property of characteristic light absorption has been utilized as the most readily available means of distinguishing many of the substances such as the different chemical state of hemoglobin.

Light admitted from an excited substance consists of radiation of many frequencies.  A spectroscope is designed to resolve this light into its component frequencies.  The original light beam of a given inlet intensity I0 will be transmitted through the sample and emerge with a decreased outlet intensity I, or with less energy than it had previously.  The more atoms of the absorbance element present, the more light is absorbed.  When a parallel beam of light  passes through a homogeneous absorbing medium, the intensity of the beam diminishes exponentially with the thickness of the medium.  This phenomenon can be described quantitatively using the Beer-Lambert law, which states that



			Equation 3: 	I=I0 exp(-k( C b)



			Equation 4: 	ln T= ln (I/I0)= -k(C b



			Equation 5: 	A= -log T



			Equation 6:	A=-k(C b



in which T is the fraction transmitted, A is the absorbance , k( is the proportional constant which depends on the wavelength of the incident light (, C is the molar concentration of absorbing atoms in the medium and b is the thickness or the length of the light path in the medium. (BE210 lab manual Exp. 3) This project’s aim is to test a hypothesis that the increase in oxygenation of the blood will increase with its absorption. 

	An absorbance spectrum for oxy- and deoxyhemoglobin was developed for this lab.  To do this, a spectrophotometer was used.  A spectrophotometer is an instrument that measures the proportions of light set at different wavelengths absorbed and transmitted by a colored solution.  In this case, the solution was oxy and deoxyhemoglobin.  Inside the spectrophotometer, white light is separated into colors by a prism.  Then, a slit moves to allow only the selected color of light to pass through the sample.  There is a photoelectric tube set behind the sample, which converts the light transmitted through the sample into electricity.  This electric current is measured by a galvanometer.  The meter can indicate either the proportion of light transmitted or absorbed.  To achieve an absorption spectrum, the spectrophotometer is set to measure absorbance at different wavelenghths.  (Campbell, 206)

Testing this hypothesis requires purifying hemoglobin. There are various methods of purifying hemoglobin.  The main objective of purification is to eliminate any protein contaminants that may have an effect on the spectrometry absorption readings.  The presence of excessive proteins may cause shifts in the absorption spectra of hemoglobin.  The criteria of a good preparation are: complete solubility in the pH range 5 to 9, freedom from contamination by stroma debris, and finally the minimum amount of hemiglobin (Methemoglobin, Ferrihemoglobin, Hi). (Lemberg and Legge, Hematin compounds and Bile pigments chap. VI) There are several basic steps involved in purifying hemoglobin. The first step of purification requires removing the plasma protein by repeated centrifugation in isotonic or slightly hypertonic solution.  The following step is hemolysis of the corpuscles, which may be carried out by alternate freezing and thawing, addition to minimal quantities of distilled water or by treatment with organic solvents such as toluene or ether.  The oxyhemoglobin must next be induced to crystallize.  The crystal form is not only a function of the species from which the hemoglobin was taken, but also of the purity of the sample. (Lemberg and Legge, Hematin compounds and Bile pigments chap. VI) 

�

III.  Methods and Materials:



Milton Roy Spectronic 20D spectrophotometer

Labview

J. T. Baker Chemical Company Sodium Dithionite  (Na2S2O4) 

IEC PR-7000 Centrifuge

Mettler Toledo Balance

Fischer Scientific Sodium Chloride

Rhone Merieux Equine Blood #17 Rye Catcher  (October 15, 1996)

Parr Instrument Model 1108 Oxygen Combustion Bomb

EM Science CAS 67-66-3 (CH3Cl) Chloroform



1.  The Labview program and data file was prepared by the lab coordinator, allowing for the data from the spectrophotometer to be directly sent to the computer.  The program used was found under, “SPEC20 new.VI” the data was sent to the file, “c:/w5week1.txt”.  The procedure followed in using the Spec 20 was:

Connect to serial port 1

Connect Printer box

Enter local file name

Start Labview with double arrows

Push red button on box to collect data

Stop with red stop sign

The calibration was done on the spectrophotometer following the procedure outlined in the Milton Roy Co. calibration procedure found in the Appendix of the BE210 Spring 1997 Lab Manual.

Using the purified hemoglobin sample prepared by the lab coordinator, a trial was run with wavelength set at  700 nm.

After recording the absorption at 700 nm, the Spec20 was re-zeroed and then the absorption of the hemoglobin was recorded again at a wavelength 25nm less than the previous trial.  This process was repeated until 435nm, when the wavelength was decreased by intervals of 10nm.  Using the data gathered, an absorption spectra was created.



Week 2.

A calibration of the spectrophotometer was performed, with the wavelength set at 500nm.

A hemoglobin sample was prepared, first by centrifuging two test tubes full of blood until the supernatant turned clear.  The centrifuge was set at 7(C, 3000RPM for 15.0 minutes.  A saline solution of 0.9% NaCl is prepared to lyse the red blood cells. The saline solution used 1.8 grams NaCl, and 200 grams distilled water.  The supernatant was removed, and then the prepared 45 ml of saline solution was added to the first remaining sample, and 47 ml to the other sample.  These solutions were spun again, at the same conditions as the full blood centrifugation.  The centrifugation was repeated again with the speed set at 1500 RPM. 

After the red blood cells have been sufficiently centrifuged, the saline solution/supernatant was poured off and water was added to both samples.  The mixture of red blood cells was lysed and the suspension was centrifuged. The supernatant after centrifugation is the hemoglobin.

A small amount of hemoglobin solution is pipetted out, and then placed into an oven for the water in the solution to evaporate leaving only solid hemoglobin. 

The concentration of the hemoglobin solution was calculated.  (Mass of solid hemoglobin divided by molecular weight of hemoglobin, divided by the amount of solution pipetted out.)



Week 3

Using the hemoglobin solution prepared previously, 100 microliters of the hemoglobin was pipetted into a test tube with 5.90 milliliters of water.

Using the oxygen bomb calorimeter, the 100% oxygenated sample of hemoglobin was made.

To prepare the 0% oxygenation sample, 0.5 g sodium dithionite was added to the hemoglobin solution.

Absorbance readings of each solution were taken at wavelength intervals of 10nm from 400 to 700 nm..

After doing two readings of absorbance, the absorbances were too high, showing that the solutions needed to be diluted.

The deoxygenated solutions had 1 mL of water added to them.

Absorbance readings were taken at intervals of 10 nanometers, for the four prepared solutions of hemoglobin.  From the data taken, absorption spectra could be drawn.

Adjustments in concentration had to be made in order for the absorbance readings to be under 1.  The deoxyhemoglobin had a final volume of 6 ml, which was 100 microliters of hemoglobin and 5.9 ml of deionized water.  The oxyhemoglobin had a final volume of 7ml, which was 100 microliters of hemoglobin and 6.9 ml deionized water.



Week 4

This week, 6 samples of hemoglobin were tested, of three differing concentrations.  At each concentration, one sample was oxyhemoglobin, the other deoxyhemoglobin.  The concentrations were: 6.78 E-6M, 4.07 E-6M, and 1.36 E-6M.

A spectrum was drawn for each of these samples.

Another purification method was also prepared, involving an organic solvent.  The organic solvent used was chloroform (EM Science CAS 67-66-3 CH3Cl).

First, half of the hemoglobin mixture was moved to another test tube, then chloroform, of equal volume to the hemoglobin in the test tube, was added to the test tube.

The two test tubes were then centrifuged at: 3000 RPM for 35 minutes.

After centrifugation, the red-aqueous phase appeared, which was a more purified form of hemoglobin.



Week 5

Twelve solutions of the hemoglobin were tested.  The solution concentrations are given in the table below:



Table 1:  Concentration of Hemoglobin Samples

� EMBED Excel.Sheet.5  ���



2.  Each of the samples were placed in a cuvette and tested in the spectrophotometer.  The absorbances were taken at each wavelength.  Care was taken to re-zero the spectrophotometer each time the wavelength was changed.







�

IV.  Results



The procedure for determining the absorption spectrum of hemoglobin was followed as described in the Materials and Method.  The molarity of the prepared hemoglobin (MW 64500g/mol) solution was found to be 8.40 E-4 M (( 1.64 E-5).  Dilute solutions of hemoglobin were prepared based on the calculated molarity.  Table 1 gives the absorbances of a 1.36 E-5 M (+ 3.36E-6) deoxyhemoglobin and a 1.16 E-5 M (( 2.88 E-6) oxyhemoglobin sample at given wavelengths.  To form a basis for comparison between samples of different molarities, the absorbances were divided by the molarity for each respective solution to give the molecular extinction coefficient (Equation 4, Introduction, b (path length) = 1 cm). This allowed each absorbance to be normalized in terms of one molar samples.



(Note: The values from Table 1 are obtained from week 3. The data include two samples 

each of oxy and deoxyhemoglobin. Week 3 was chosen as a characteristic data set. Data 

from other weeks were not included in the data for week 3 for the reason that they are from different weeks and were not performed under the exact same condition. However the data from the other weeks exhibited similar behavior within their respective sets.)



Table 1

� EMBED Excel.Sheet.5  ���

Table 1 gives absorbance readings of molecular extinction coefficients of deoxy and oxy 

hemoglobin at given wavelengths.  At certain  wavelengths, a significant difference can be seen in 

the absorbance readings between the two samples (Appendix A, table 4a, 5a).  The significance        was based on the t-Test and 95% confidence limits (Appendix A, Table 5a) 



.

Table 1 demonstrates that the absorbance readings per molar between oxy and deoxy hemoglobin vary as a function of wavelength.  Statistical analysis was done on the given set of data in Table 1 (Appendix A, Table 5a), and the absorbance readings for the two samples were shown to be significantly different through a paired t-Test comparing oxy and deoxyhemoglobin.  Further absorbance readings were taken of the spectrum from 400nm to 700nm.  Shown below in Graph 1, is the absorbance spectra of deoxyhemoglobin. 



















Graph 1
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           Graph 1 shows the absorbance per molar spectrum for deoxyhemoglobin.  Peaks can

            be seen at 420 nm and  540 nm.  The error bars represent the 95% confidence limits at             

            each wavelength.



Graph 1 shows the variance in absorbance as wavelength is changed.  Deoxyhemoglobin exhibits peaks at 420nm and 540nm.  The peak at 420 nm is most prominent.  This corresponds to the color blue of the visible light spectrum, which is to be expected since blue is the complementary color to orange.  The diluted hemoglobin sample was an orange color.  Any object that transmits an orange light will have the highest absorbance readings at the blue wavelength.  The peak at 540 nm corresponds to green light in the visible spectrum.  

Shown below in Graph 2 is the absorbance spectrum for oxyhemoglobin.  

Graph 2

� EMBED Excel.Chart.5 \s ���

Graph 2 shows the absorbance spectrum for deoxyhemoglobin.  Peaks can be seen at 420 nm and 540 nm.  The error bars represent the upper and lower 95% confidence limits.



Graph 2 shows the absorbance spectrum of oxyhemoglobin.  The same peaks were seen in the oxyhemoglobin as were seen in the deoxyhemoglobin sample.  However, the peak intensities varied.  Shown below in Table 2 are the molecular extinction coefficient values (L/(mol*cm)) at each peak wavelength for deoxy and oxy hemoglobin.



Table 2

� EMBED Excel.Sheet.5  ���



Table 2 shows molecular extinction coefficient readings (L/(mol*cm))  at the peak wavelengths for oxy and deoxy hemoglobin.  Only the peak at 420 nm  shows statistical difference by the paired t-Test.



Table 2 gives the absorbance readings for oxy and deoxy hemoglobin at peak wavelengths.  Statistical analysis was done (Appendix A) and the peak at 420 nm was shown to be statistically different between the two samples.

Further comparison between the two spectra can be found below in Graph 3, which plots both absorbance spectra.



Graph 3

� EMBED Excel.Chart.5 \s ���

Graph 3 shows the absorbance spectra for oxy and deoxyhemoglobin. Statistically significant 

differences can be seen at certain wavelength intervals.



Graph 3 compares the absorbance spectra of oxy and deoxyhemoglobin. Statistical analysis of the graph (Appendix A, Table 4A) shows that only the wavelength intervals from 400 nm to 420nm, 470 nm to 490 nm, and 650 nm to 660 nm are significantly different.  All other wavelengths do not show significantly different absorbance readings for the two samples. 

Using the Handbook of Biochemistry and Molecular Biology, the values for deoxy- and oxyhemoglobin peaks were found.  Table #3 gives the values for molecular extinction coefficients for the peaks.



Table #3
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Table #3: Literature values for peaks of oxy and deoxyhemoglobin. Obtained from Handbook  

of Biochemistry and Molecular Biology.



The peaks for oxy- and deoxyhemoglobin occur at different wavelengths.   Oxyhemoglobin was found to have peaks at 420nm and 540nm.  The peak at 576nm could not be seen.  A plateau appeared at the region of 560nm to 580nm (Graph #3). It is possible that the 576 peak is contained within the plateau.  The peaks for deoxyhemoglobin occurred at 420nm and 540nm which corresponded well to literature values of 420nm and 555nm (within 10 nm). 

However, the molecular extinction coefficients for the peaks did not correspond within 95% of the literature values.  (Comparing the experimental molecular extinction coefficients found for the peaks (Table #2).)

	To determine the effects of different purifying techniques on the absorbance spectrum, the absorbance spectrum of chloroform treated hemoglobin were run.  The method was described in the Methods and Materials.  After the addition of chloroform to the cell lysate, phase separation between chloroform and the aqueous phase could be seen.  The chloroform phase remained clear and contained globules of phospholipids and other organic materials.  The aqueous phase remained red indicating that hemoglobin was soluble in the aqueous phase, and not in the organic phase. 

Shown below in graph #4 is the absorption spectra of purified (chloroform treated) and untreated hemoglobin.  Data are given for both oxygenated and deoxygenated samples.





















Graph #4

�

Graph #4: Absorbance Spectrum comparing chloroform treated (purified) hemoglobin and non-

chloroform treated (non-purified) hemoglobin. Peaks can be seen at 420 nm and  540 nm. 

Peak intensities reflect absorbances normalized for a one molar solution.  Error bars represent 

95% confidence limits (Appendix C, Table 1c.)



Graph #4 plots a comparison between two different methods of preparing hemoglobin.  The spectrum for the chloroform treated (purified) samples show the same peaks as the non-chloroform treated (non-purified) samples.  Peaks can be seen at 420 nm and 540 nm which were consistent with the peak wavelengths seen in graph #3. 

However, the intensities of the peaks at 420 nm were significantly different between chloroform treated samples and untreated samples.  The chloroform treated samples exhibited a significantly higher molar absorbance than the untreated samples at the peak at 420 nm. Using a paired t-Test, the peak observed at 540 nm was determined not to be significantly different between both samples. 











An interesting observation was the comparison of oxy- and deoxyhemoglobin trials. Within each respective sample (chloroform and untreated), there was no significant difference between the peak intensities for oxy or deoxyhemoglobin samples.  Shown below in Table #4 are the values for molecular extinction coefficients at peak wavelengths for the oxyhemoglobin samples for the chloroform treated and untreated samples.

	

Table #4
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           Table #4: Values for the molecular extinction coefficients at peak wavelengths for 

             oxyhemoglobin samples  that has been treated with chloroform and samples not treated. 

             Significant differences can be seen at the peak at 420 nm between the chloroform treated  

             and untreated sample. 



As stated in the preceding paragraph, the peak at 420nm was significantly different but the peak at 540nm was not. Comparing the values for the molecular extinction coefficients at peak wavelengths to literature values, statistical analysis was also performed and it was determined that the values for the molecular extinction coefficients were significantly different from the literature values (did not lie within the 95% limits). This was the case for both the chloroform and untreated samples. Table #5 gives the percent deviation of the values found in Table #4 from the literature values (table #3).



Table #5

� EMBED Excel.Sheet.5  ���

Table #5: Percent deviance between the literature values for molecular extinction coefficients 

and experimental values.



Table #5 illustrates that the percent deviation at the two peaks were consistent in deviating from literature values. The peaks at 420 and 540 nm for both samples show a similar percentage shift in molecular extinction coefficients. The observed molecular coefficients at the peak wavelengths are thus consistent within themselves.





�V.  Discussion



	The absorption spectrum of oxy and deoxyhemoglobin were determined using a spectrophotometer from a range of 400 nm to 700 nm.  The spectra were observed for peaks which were found to be at wavelengths of 420 nm and 540 nm for all samples.  Actual literature values gave peaks for oxyhemoglobin at 420 nm, 540 nm, and 576 nm and deoxyhemoglobin peaks occurred at 430 nm and 555 nm. 

	The peaks observed for deoxy and oxyhemoglobin samples occurred at the same wavelengths but had different intensities.  Using the Beer-Lambert Law, the relative intensities were found by dividing the absorbance read from the spectrophotometer by the molarity of the sample solutions and path length.  This gave the molecular extinction coefficients at each wavelength.  The oxyhemoglobin samples had significantly higher peak intensities at 420 nm, but not at 540 nm, when compared to the intensities of the deoxyhemoglobin (Graph #3 and Appendix A).  However, this was only shown in the first ten trials.

 In terms of analyzing the wavelength where the peaks occurred, the limitations in the spectrophotometer and the limitations of the experimental measurements were taken into account. As stated in the previous paragraph, the spectrophotometer did not emit a uniform wavelength of light. Instead, a selected wavelength would also include absorbance measurements from wavelengths + 10 nm the selected wavelength. Furthermore, experimental data was taken at intervals of 10 nm. If a peak were to occur in between the divisions of 10 nm, the peak would be attributed to either the higher or lower wavelength. As an example, if the peak occurred at 427 nm, the spectrum would indicate that the wavelength occurred at 420 nm or 430 nm depending on which had the higher absorbance reading. Thus, experimental peaks which were found to be within + 10 nm from the literature values were classified as significantly similar.

	For oxyhemoglobin, the experimental peak wavelengths at 420 nm and 540 nm corresponded well to literature values.  The peak at 576 nm was seen in the experimental data but it resembled more of a continuous plateau than a peak (graph #2, Results).  The spectrophotometer measures the majority of the absorbance at the given wavelength, but wavelengths 10 nm above and below the given wavelength are also measured.  Thus at 540, multiple peaks at varying wavelengths are measured and constructively interfered producing what appears like a plateau on the absorption spectrum. 

	For deoxyhemoglobin, the peaks were found to lie at 420 nm and 540 nm. The literature values occurred at 430 nm and 555 nm. The experimental wavelengths corresponded well to literature values.

	The spectrum was also analyzed for wavelengths where deoxy and oxyhemoglobin absorbances were statistically significant.  Only the intervals from 400 nm to 420 nm, 470 nm to 490 nm, and 650 nm to 660 nm were significantly different; other regions were found to be significantly the same.  However, of these intervals, the 400 nm to 420 nm is the most interesting since this corresponds to a peak of very high intensity.  Thus, deoxy and oxyhemoglobin exhibit the greatest difference in their absorption characteristics at the 400 nm to 420 nm range.

Possible reasons for the higher peak intensities for the oxyhemoglobin could be the presence of the oxygen molecule in the oxyhemoglobin sample.  Aside from conformational differences upon binding the oxygen, the difference between oxy and deoxyhemoglobin is the presence of the oxygen molecule.  The oxygen molecule absorbs light in the visible spectrum and can contribute to the absorbance of the hemoglobin molecule as a whole.

	However, there were twelve trials (Purified vs. Non-purified: Graph #4, Results) in which the deoxyhemoglobin did not differ significantly from the oxyhemoglobin in their respective samples.  A possible explanation for this is that the spectral artifacts created by the sodium dithionite in the deoxyhemoglobin sample had a greater effect on the absorbance readings than the previous week’s data.  These twelve samples (Materials and Methods, Table 1) were much more dilute and had a lower concentration than the previous samples and were therefore more susceptible to interference by the additional spectral artifacts created by the sodium dithionite.  (Macquarrie, R., et al., 517-22)  So while ten trials confirmed the hypothesis that oxyhemoglobin had a higher molecular extinction coefficient, twelve trials showed evidence that no significant differences arose between the two.  The initial hypothesis thus needs further experimentation for validation. 

	Analysis of the purity of the hemoglobin samples was also attempted.  Since many of the standard purification techniques were not available in the laboratory, the purity of the hemoglobin left much to be desired.  Treatment with chloroform was used to compare with samples that had been prepared solely from the cell lysate.  Samples that had been treated with chloroform exhibited higher peak intensities than those which had not been treated (Graph #4).

 The explanation for the lower peak intensity is due to the concentration of hemoglobin in the untreated sample.  The samples not treated with chloroform had many impurities such as phospholipids and other organic compounds.  The samples treated with chloroform had many of the organic impurities removed since chloroform forms a phase which dissolves organic molecules.  When calculating molarity, the chloroform samples had a higher weight fraction which contained hemoglobin.  Molarity was found by taking the dry weight of a known volume of sample (Materials and Method).  This method assumes that all of the dry mass is hemoglobin (MW= 64,500).  However, the weight fraction of the dry sample is not 100% hemoglobin and can vary as a result of the purification technique.  As an example, if 10 grams of both chloroform treated and untreated samples were weighed, the untreated sample may have an actual hemoglobin content of 5 grams while the treated sample would have 8 grams.  However, it was not possible to identify how much of the dry weight was hemoglobin.  Both samples would be listed as having the same hemoglobin molarity since both had identical dry weights of 10 grams.  In other words, the chloroform treated samples were more pure in hemoglobin content than those not treated.

 However, an interesting point is that the chloroform sample deviates more in molecular extinction coefficients for the peaks when compared to the literature value. The chloroform treated samples had a much higher molecular extinction coefficient than the non-treated samples which themselves were higher than literature values. The occurrence seems odd when considering that the rationale behind the chloroform treatments was to remove any impurities which were adding to the absorbance spectra to give higher readings than the literature values. Observing the data, the samples which did not have the organic molecules removed (untreated with chloroform) gave molecular extinction coefficients closer to literature values. The explanation for this is that the aqueous phase contained impurities which were not removed by the chloroform and that absorbed between the wavelengths from 400 nm to 700 nm.

	The main difficulty encountered in the experimentation process was the lack of alternate purification methods of equine hemoglobin.  Many of the purification methods researched could not be performed under the laboratory environment.  The lack of a fume hood was especially critical since many of the organic solvents could not be used without proper ventilation.  The researched methods of purifying hemoglobin as presented in the introduction were based on the common premise that hemoglobin needed to be purified in an organic solvent. 

	The main concern of purification was to eliminate any protein contaminants that could have affected the spectrometry absorption readings.  The presence of superfluous proteins would have caused shifts in the absorption spectra of hemoglobin.  The spectrum obtained would not have been for pure hemoglobin, but a mixture of hemoglobin and other water soluble proteins present in the red blood cells.

	The method of purifying the hemoglobin for the laboratory was eventually chosen for its simplicity.  It could be performed under the conditions given in the laboratory setting. The difficulty of this approach was that the percent purity of the hemoglobin could not be determined.  The means for analyzing purity, (gel electrophoresis, high pressure liquid chromatography, iso-electric focusing and atomic spectroscopy) were also not available in the laboratory.  It was assumed that the hemoglobin solution extracted was pre-dominantly hemoglobin although it was known that other proteins existed in the solution.

	 Another source of error was the high systematic error associated with the experiments. The values for systematic error in calculating the molecular extinction coefficients ranged from 12% to 14% (Appendices A and C).  Much of the error stems from the low concentrations utilized and the limitations of the spectrophotometer in resolving the light into one uniform wavelength. 

	However, the error exhibited in the lab was consistent within itself.  The shift in the spectrum above literature values was consistent along the wavelengths from 400 nm to 700 nm.  The percent error between literature and experimental values found at points along the graph had error of 124% to 159% occurring at the 420 nm peak and 540 nm peak.  The spectrum had consistent deviation from the literature value. 

	Thus, while the error for the laboratory was high, the results were consistent within themselves.  Furthermore, the wavelength values for the peaks corresponded well to literature values (within 10 nm).  However, the values for the molecular extinction coefficients did not fall within 95% limits when compared to literature values.  In terms of molecular extinction coefficients, better purification technique would have given results closer to literature values.  As a future topic to explore, the experiment could be done again but with better purification and a means to measure and quantify the hemoglobin concentration.
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