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Purpose: 
	In this experiment, a solution of glucose and starch was separated using two different lab techniques: dialysis and gel filtration. Dialysis separates starch and glucose based on the size of the molecules and the permeability of the membrane the solution was put in; we wanted to see the change in concentration of the molecules within the bag and outside of the bag after a certain period of time in distilled water. 
The other method used was gel filtration. The solution of glucose and starch was placed into a long cylinder containing many small beads, and allowed to drip out the bottom into separate fractions. Gel filtration is also a separation technique that is based on molecular size. The different fractions were then compared and the differences in starch or glucose concentrations were noted. For both methods, we used two assays to determine these concentrations. The first, a glucose-oxidase assay, measured concentrations of glucose. The second, an iodine assay measured levels of starch.
R1. 
	t (min)
	Glucose
	Starch

	
	A420
Internal Solution
	c1
(g/L)
	m
(mg)
	A420 External Solution
	c
(g/L)
	m
(mg)
	A600 
Internal Solution
	c
(g/L)
	m
(mg)
	A600 External Solution
	c
(g/L)
	m
(mg)

	0
	0.718
	173.05
	1730.5
	----
	0
	0
	0.568
	0.  122
	12.2
	------
	0
	0

	52
	0.829
	41.66
	416.6
	0.665
	6.68
	1340
	0.532
	1.14
	11.42
	0.088
	0.032
	6.31


 Table 1: Results of dialysis performed on an unknown concentration of glucose and starch solution. The dialysis consisted placing 10 mL of an unknown concentration of starch and glucose solution in a piece of cellophane dialysis tubing with a molecular weight cut off of 12000-14000 and putting it in a 200 mL beaker for 52 minutes. Glucose oxidase and iodine assays were then used to determine the initial and final concentrations of glucose and starch by taking their absorbance values and utilizing a glucose standard (2 g/L) and starch standard (0.1 g/L). The absorbance values in the table have been corrected by subtracting the value of the blank. The concentrations and mass of glucose and starch in the initial internal and external and final internal and external solutions were calculated using formulas in the lab manual.


Calculation for the concentration and mass of glucose in bag at t=0:
First, the absorbance must be corrected by subtracting the blank from the initial absorbance reading for both the glucose standard and the initial internal glucose and starch solution.
Variables:
A blank=0.040
A standard=0.239
A initial internal=0.758
A initial internal (corrected)=A initial internal-Ablank	   
                                    =0.758-0.040
	             	      =0.718


A standard(corrected)=A standard-A blank			
	              =0.239-0.040
	              =0.199


The corrected absorbance’s for Astandard and Ainitial internal are therefore 0.199 and 0.718 respectively. 

Using 2.0 mg/mL glucose as a standard and the corrected absorbance’s we can now calculate the concentration and mass of glucose inside the dialysis bag at t=0.
Variables:
Astandard=0.199
Cstandard=2.0 mg/L=2.0 g/L
A initial internal= 0.718
Cinitial internal= ?
Vinitial=0.010 L

Concentration Calculation:Mass Calculation:





 

Therefore the concentration of glucose in the internal solution at t=0 is 173.05 g/L and the mass of glucose is 1730.5 mg. 



0.0417 
Cinitial internal= 173.05 g/L
Calculation for the concentration and mass of starch in bag at t=0:
First, the absorbance must be corrected by subtracting the blank from the initial absorbance reading for both the starch standard and the initial internal glucose and starch solution.
Variables:
A blank=0.013
A standard=0.292
A initial internal=0.581
A initial internal (corrected)=A initial internal-Ablank	   
                                    =0.581-0.013
	             	      =0.568


A standard(corrected)=A standard-A blank			
	              =0.292-0.013
	              =0.279


The corrected absorbance’s for Astandard and Ainitial internal are therefore 0.279 and 0.568 respectively. 

Using 0.10 mg/mL starch as a standard and the corrected absorbance’s we can now calculate the concentration and mass of starch inside the dialysis bag at t=0.
Variables:
Astandard=0.279
Cstandard=0.10 mg/L=0.10 g/L
A initial internal= 0.568
Cinitial internal= ?
Vinitial=0.010 L

Concentration Calculation:Mass Calculation:





 

Therefore the concentration of starch in the internal solution at t=0 is 1.22 g/L and the mass of starch is 12.2 mg. 



0.167 
Cinitial internal= 1.22 g/L

The initial glucose concentration of the glucose in the solution placed in the dialysis bag was 173.05 g/L, and after dialysis it decreased to 41.66 g/L. The dialysis bag had pores that were small enough to allow glucose to cross the membrane, and the concentration gradient made the glucose molecules cross into the external solution. This resulted in a higher concentration of glucose in the external solution at the end of the experiment. However, equilibrium was not reached in this experiment because the dialysis was only conducted for 45 minutes (this is expanded on in question 2). Approximately 26 mg of glucose was lost according to the concentrations calculated, some glucose may have remained in the dialysis tubing or some glucose could have been lost due to human error. 
Starch is to big a molecule to traverse the membrane, and so the concentration (ideally) should stay the same, however it did not. There was a small increase in the amount of starch in the external solution after 52 minutes, which could be a result of human error. There was an increase in the external solution of approximately 6 mg and a decrease of approximately 0.75 mg, which does not fit with the law of conservation of mass. Some starch may have remained in the dialysis tubing, which could explain the discrepancy.


R2. 
Using equation (5) as provided in the lab manual, we can calculate the concentration of glucose at equilibrium. 

Variables:
V1= 0.01 L
V2= 0.20 L
C0=173.05 g/L

Ceq = C0 V1/(V1+V2)
Ceq= (173.05 g/L) (0.01 L) / (0.01L + 0.20 L)
      =1.7305 g/0.21 L
	   =8.240 g/L

Equilibrium state was not reached during our experiment. The external concentration did not increase to 8.246 g/L; it started at 0 g/L and only reached 6.68 g/L. The internal concentration decreased, but only decreased to 41.667. As stated in the lab manual, it takes about 4-6 hours to complete, and so the experiment must be allowed to go to completion if equilibrium state is to be reached. 
              R3.
Using this equation we can find the diffusion coefficient D (cm2/min).
		
Variables:
Cfinal internal=C1=41.66 (from question 1)
Ceq=8.240 (from question 2)
α= V1/V2=0.01/0.2=0.05
C initial internal=C0= 173.05
t= 52 mins
r=0.8






.
Therefore, the diffusion coefficient is about 

		
R4.
Gel Filtration
Table 2: Results of gel filtration performed on an unknown concentration of glucose and starch solution. The gel filtration consisted of applying 0.5 mL of the starch-glucose solution to the chromatography column and collecting 15 fractions of approximately 4 mL each. Glucose oxidase and iodine assays were then used to determine the initial and final concentrations of glucose and starch by taking their absorbance values and utilizing a glucose standard (2 g/L) and starch standard (0.1 g/L). The absorbance values in the table have been corrected by subtracting the value of the blank. 

	Fraction
	Glucose
	Starch

	#
	Elution Vol. (mL)
	A420
	c (g/L)
	Mass (mg)
	A600
	c (g/L)
	Mass (mg)

	1
	4
	0.051
	0.513
	2.05
	0.818
	0.293
	1.17

	2
	8
	0.009
	0.090
	0.36
	0.138
	0.049
	0.198

	3
	12
	-0.003
	0
	0
	0.018
	0.00645
	0.0258

	4
	16
	-0.021
	0
	0
	0.109
	0.039
	0.156

	5
	20
	-0.004
	0
	0
	0.258
	0.092
	0.37

	6
	24
	0.052
	0.523
	2.09
	0.444
	0
	0

	7
	28
	0.344
	3.46
	13.83
	0.051
	0.018
	0.073

	8
	32
	0.46
	4.62
	18.49
	-0.002
	0
	0

	9
	36
	0.328
	3.30
	13.2
	0.301
	0.108
	0.43

	10
	40
	0.112
	1.13
	4.5
	0.011
	0.0039
	0.00157

	11
	44
	0.036
	0.362
	1.45
	0.014
	0.005
	0.020

	12
	48
	0.016
	0.161
	0.643
	0.003
	0.0011
	0.0043

	13
	52
	0.028
	0.281
	1.13
	-0.011
	0
	0

	14
	56
	0
	0
	0
	0.01
	0.0036
	0.014

	15
	60
	0.032
	0.325
	1.29
	0.016
	0.0057
	0.0229



Sample Calculations for fraction 7
Fraction Volume:

Variables:
Volume of Sample 1= 4 mL
Volume of Sample 2=4 mL
Volume of Sample 3= 4 mL

Average volume of a fraction= volume of first three test tubes/3
	                                              = (4.0 mL + 4.0 mL + 4.0 mL)/3
				     =4.0 mL 
Elution Volume for fraction #7 = (fraction #) x (average volume of a fraction)
 				          = 5 x 4.0 mL
				         = 20.0 mL

Absorbance for glucose:Absorbance for starch:
Variables:
A blank=0.013
Ag7=0.016

A g7(corrected)=A g7-A blank			
	              =0.016-0.013
	              =0.003


Variables:

A blank=0.040
Ag7=0.344

A g7(corrected)=A g7-A blank			
	              =0.384-0.040
	              =0.344
Concentration and mass for glucose:

Variables:
Astandard=0.199
Cstandard=2.0 mg/L=2.0 g/L
A g7 = 0.304
Cg7=?
Vg7=0.0040 L

Concentration Calculation:Mass Calculation:





 

Therefore the concentration of glucose in g7 is 3.46 g/L and the mass of glucose in g7 is 13.8 mg. 



 
Concentration and mass for starch:

Variables:
Astandard=0.279
Cstandard=0.1 mg/L=0.1 g/L
A g7 = 0.064
Cg7 = ?
Vg7=0.004 L

Concentration Calculation:Mass Calculation:





 

2.79Therefore the concentration of starch in g7 is 0.000092 g/L and the mass of starch in g7 is 0.092 mg. 



 
R5.


Figure 1.  Concentrations of glucose and starch found in different elution volumes. 0.5 mL of an unknown solution of glucose and starch was separated using gel filtration chromatography. Afterwards, the 15 fractions were treated with a glucose oxidase assay and an iodine assay so the concentration of glucose and starch could be determined. Results displayed are the calculated concentrations plotted against the elution volume. The absorbance of fraction 1 for the iodine assay was omitted as it is an outlier and does not fit with the data trend that should have been seen. 

As shown by the graph, the concentration of starch, there is two peaks for starch at  20 and 36 mL respectively. For glucose, there was a large peak at 32 mL of the elution volume. This was to be expected, as starch should have been eluted first as it is the larger molecule, and then glucose should have been eluted, however the last starch peak should not have occurred and is possibly a source of error. There was a higher concentration of glucose in the original solution and so the concentration and mass of glucose was greater in the fractions, accounting for a larger peak. Starch should not have had three peaks even though it consists of amylose and amylopectin because they are too similar in size for to be eluted far enough apart to create two separate peaks on the graph, let alone three peaks. This could be a source of error, as most starch was eluted in the first peak as it is approximately three times as large as the other peaks. 
R6.
Calculating Kav for glucose:
Variables:
d= 1 cm
h=46.5 cm
V0= 15 mL (as given by TA)
Ve= 32.0  (the elution volume with the highest concentration/mass of glucose)

Vt=  (d/2)2 h
     =  (1/2)2 (46.5)
    = 36.52 mL

Kav= (Ve-V0)/ (Vt-V0)
Kav= (32.0-15)/ (36.52-15)
      = 17.24/21.52
     = 0.80

Calculating Kav for starch:
d= 1 cm
h=46.5 cm
V0= 15 mL (as given by TA)
Ve= 20 mL (the elution volume with the highest concentration/mass of starch)
Vt=  (d/2)2 h
     =  (1/2)2 (46.5)
    = 36.52 mL

Kav= (Ve-V0)/ (Vt-V0)
Kav= (20-15)/ (36.52-15)
      = 5/21.52
     = 0.23 

The KAv of glucose is 0.79 and the KAv of starch is 0.23.

The Kav of glucose is higher, because smaller molecules have a closer value to 1. This is because Kav refers to the molecules distribution, so if glucose is small, it gets distributed around the column more so its value is greater. The Kav of starch is much closer to 0, as it is a large molecule and they tend to have values closer 0 because of the inability of the molecule to enter into the pores of the beads. 
R7.
Recovery yield: glucose
Variables:
Total amount of glucose in fractions= g1 + g2 +g3 +g4 +g5 +g6 +g7 +g8 +g9 +g10 +g11 +     
            g12 + g13+ g14+g15
           =59.033 mg=0.059033 g
Concentration of initial solution: 173.05 g/L 
Volume of solution with glucose: 0.0005 L
Mass of glucose in original solution= (173.05 g/L)(0.0005 L)= 0.08525 g

% Yield= observed yield/theoretical yield x 100
                = 0.059033/0.08525 g x 100
               = 69.25 %

Recovery yield: starch
Variables:
Total amount of starch in fractions= g2 +g3 +g4 +g5 +g6 +g7 +g8 +g9 +g10 +g11 +     
            g12 + g13+ g14+g15
         =1.31157 mg= 0.0013 g
Concentration of initial solution: 1.22 g/L 
Volume of solution with starch: 0.0005 L
Mass of starch in original solution= (1.22 g/L)(0.0005 L)= 0.00061 g

% Yield= observed yield/theoretical yield x 100
                = 0.0013 g/0. 00061 g x 100
                =213.11 % 

[bookmark: _GoBack]The recovery yield for glucose is 69.25% and 213.11% for starch. The glucose yield is not ideal and is likely a result of the glucose being retained in the beads that are found in the Sephadex. The starch recovery yield is much higher then it should be, which may be a result of poor absorbance readings, the fractions may not have been wiped properly and fingerprint smudges could have caused the absorbance readings to be higher then they should have been. Some glucose could have also been eluted with the starch and this would have also contributed to the starch yield being much greater then it should have been and the glucose yield being lower then it should have been. Contamination of pipette tips could have also led to higher then normal yields for starch and lower then normal values of glucose. 
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