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Purpose: (2.5/5To successfully compare the dispersion of glucose and starch molecules in different environments. Dialysis tubing semi-permeable membrane and the pores on beads in gel filtration are 2 different environments that act in a similar way with a purpose of separating larger molecules from smaller ones. Furthermore, an assay is used to analyze the quantity of starch and glucose following each treatment. Such experiment has a purpose of familiarizing the tester with techniques such as dialysis, gel filtration chromatography and carbohydrates tests.


R1.(12.3/17)   	Change of Concentration of Glucose and Starch in Dialysis Tubing Over Time
	                            Glucose
	                          Starch



	   t
(min)
	  A420 internal solution
	   C1 
(g/L)
	 m1 
(mg)
	A420 External Solution
	 C2 
(g/L)
	 m2 
(mg)
	A600 Internal solution
	C1
(g/L)
	m1
(mg)
	A600 External solution
	  C2 
(g/L)
	m2
(mg)

	    0
	 0.561
	48.0
	480
	 -------- 
	   0 
	  0
	0.084
	0.52
	5.2
	--------
	   0
	   0

	   45
	1.438
	25.9
	259
	0.273
	0.98
	196
	0.240
	1.49
	14.9
	0.059
	0.061
	12.2


Table 1. Concentration changes of Glucose and Starch after dialysis over 45 minutes. The glucose oxidase-peroxidase assay reagent contained 0.004mg/mL glucose oxidase, 0.02 mg/mL peroxidase, 0.01% toluidine in 0.15M acetate buffer pH 5.0. 1.2mL of oxidase-peroxidase was added to a 0.6mL sample of the initial internal solution (0.025mL sample and 0.575mL water), final internal solution (0.12mL sample and 0.48mL water) and final external solution (0.6mL sample). After 10 minutes, 0.1mL of 2N H2SO4 was added to the solutions as well, and then the absorbance’s were measured at 420nm. The iodine assay solution contained 5 mM I2 and 10 mM KI.  0.075 mL of iodine assay was added to 1.6mL sample of the initial internal solution (0.1mL sample and 1.5mL water), final internal solution (0.1mL sample and 1.5mL water) and final external solution (0.6mL sample and 1.0mL water). Finally, the absorption was measured at 600nm.

Caption should be above table 
-1.5 missing volume of initial mixture added to the column and the concentration of the standards used for the concentration calculations. 

Solving for C1 and C2 of glucose:
  (Sample in mL of d)	 = Xd
(Total sample mL of d)

Absorbance of B   = 	Absorption of D
Concentration of B   XD Concentration of D

-1.2 –Missing absorbance correction calculation. 

Example to solve for C1 at time = 0 of glucose
1) Variables:
Lehoussel 2

Sample in mL of D = 0.025mL
Total sample in mL = 0.6mL
AbsorbtionB at 420nm= 0.556
CB =2.0mg/mL
AbsorptionD at 420nm= 0.561
CD =?

 

2) Plug in numbers:
0.025mL= 0.042
  0.6mL

       0.556	 =     (0.561)	  
   2.0mg/mL          (0.042)C1 

C1 = 48.0mg/mL = 48.0g/L
The concentration of glucose for the internal solution at time 0 is 48.0g/L

Solving for m1 and m2 of glucose:
C1(mg/mL) x Volumetotal 1(mL) = m1(mg)

Example to solve for m1 at time = 0 for internal solution of glucose
1) Variables:

C1= 48.0mg/mL
Volumetotal = 10mL


2) Plug in the variables:
48.0 (mg/mL) x 10(mL) = 480mg

The mass of glucose in the internal solution at time 0 is 480mg

Example to solve for m2 at time = 45 for external solution of glucose
1) Variables:

C1= 0.98mg/mL
Volumetotal = 200mL


2) Plug in the variables:
0.98 (mg/mL) x 200(mL) = 196mg

The mass of glucose in the external solution at time=45 is 196mg

Solving for C1 and C2 of starch:
  (Sample in mL of d)	 = Xd
(Total sample mL of d)

Absorbance of C   = 	Absorption of D
Concentration of C   XD Concentration of D


Example to solve for C1 at time = 0 of starch
1) Variables:
Lehoussel 11

Sample in mL of D = 0.1mL
Total sample in mL = 1.6mL
AbsorbtionC at 600nm= 0.257
CB =0.1mg/mL
AbsorptionD at 600nm= 0.084
CD =?

 

2) Plug in numbers:
0.1mL= 0.0625
  1.6mL

       0.257	 =     (0.084)	  
   0.1mg/mL          (0.0625)C1 

C1 = 0.52mg/mL = 0.52g/L
The concentration of starch for the internal solution at time 0 is 0.52/L

Solving for m1 and m2 of starch:
C1(mg/mL) x Volumetotal 1(mL) = m1(mg)

Example to solve for m1 at time = 0 for internal solution of starch
3) Variables:

C1= 0.54mg/mL
Volumetotal = 10mL


4) Plug in the variables:
0.54 (mg/mL) x 10(mL) = 5.4mg

The mass of starch in the internal solution at time 0 is 5.4mg

Example to solve for m2 at time = 45 for external solution
3) Variables:

C2= 0.061mg/mL
Volumetotal = 200mL


4) Plug in the variables:
0.061(mg/mL) x 200(mL) = 12.2mg

The mass of starch in the external solution at time=45 is 12.2mg

Analysis of data: -2 closed system – therefore the mass of the solutes should remain the same from beginning to the end of dialysis  + Was equilibrium reached???
 First of all, for both glucose and starch, the concentrations are appropriate. The glucose molecules dispersed across the membrane fairly easily due to their size. As observed in the starch column, we notice an increase in starch concentration internally after 45 minutes since this is when the glucose exits the tubing. The only issue being the initial starch concentration and mass seem to be low considering the increase in amount after 45 minutes. Secondly, when solving for m1 we must use a volume of 10mL as total volume due to the fact that that was the quantity in the dialysis bag, but for m2 we use 200mL for the volume due to the fact that we are using the volume inside the beaker. Overall, the results obey the initial hypothesis due to the fact that the small glucose molecules could easily pass through the semi-permeable membrane, while the larger starch molecules remained in the internal solution.




R2.  (7.7)
1) Equation:
Ceq = 	C0V1	
           (V1+V2)

2) Variables:
C0 = 48.0 mg/mL 
V1 = 10mL
V2 = 200mL
3) Input variables
Ceq = 	C0V1	
            (V1+V2)
	= (48.0mg/mL)(10mL)
	     (10mL + 200mL)
	= 2.29mg/mL 
	= 2.29 g/L
The glucose concentration at equilibrium is equal to 2.29g/L

R3. (12/12)
Equation 2: (C1-Ceq)(1+) = C0e-t
Equation 4:  = 2(1+)D’/r

Variables:

C1= 25.9g/L
Ceq = 2.29g/L
 = 10mL/200mL = 0.05
C0 = 48.0g/L
T = 45 min 
r = 0.8cm

Calculation:
(C1-Ceq)(1+) = C0e-(2(1+)D’/r )t

(25.9g/L – 2.29g/L)(1 + 0.05) = (48.0g/L)e-(2(1+0.05)D’/0.8cm)(45min)
ln(0.516) = ln(e-118.0min/cmD’)
-0.66 = (-118.0min/cm)D’
D’ = 0.0056cm/min

Therefore, the apparent diffusion coefficient is 0.0056 cm/min











R4. (11.5/17.5)
	Fraction
	Glucose
	Starch



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

	1
	4.13
	0
	0
	0
	0
	0
	0

	2
	8.26
	0
	0
	0
	0
	0
	0

	3
	12.39
	0
	0
	0
	0
	0
	0

	4
	16.52
	0
	0
	0
	0
	0
	0

	5
	20.65
	0
	0
	0
	0.29
	0.11
	0.45

	6
	24.78
	0.03
	0.11
	0.45
	0.05
	0.019
	0.078

	7
	28.91
	0.323
	1.16
	4.79
	0
	0
	0

	8
	33.04
	0.606
	2.18
	9.00
	0
	0
	0

	9
	37.17
	0.392
	1.41
	5.82
	0
	0
	0

	10
	41.3
	0.166
	0.60
	2.48
	0.08
	0.031
	0.13

	11
	45.43
	0.053
	0.19
	0.78
	0.25
	0.097
	0.40

	12
	49.56
	0
	0
	0
	0
	0
	0

	13
	53.69
	0
	0
	0
	0
	0
	0

	14
	57.82
	0
	0
	0
	0.24
	0.093
	0.38

	15
	61.95
	0
	0
	0
	0
	0
	0


Table 2. Concentration changes of Glucose and Starch after gel filtration chromatography. The glucose oxidase-peroxidase assay reagent contained 0.004mg/mL glucose oxidase, 0.02 mg/mL peroxidase, 0.01% toluidine in 0.15M acetate buffer pH 5.0. 1.2mL of oxidase-peroxidase was added to a 0.6mL sample from each fraction. After 10 minutes, 0.1mL of 2N H2SO4 was added to the solutions as well, and then the absorbance’s were measured at 420nm. The iodine assay solution contained 5 mM I2 and 10 mM KI.  0.075 mL of iodine assay was added to each 1.6mL sample containing 0.6mL of fraction solution and 1.0mL of water. Finally, the absorption was measured at 600nm.

-4 Missing information from caption 


Calculations:

-2 Missing Calcualtion  - Correcting absobance with blank


1. Elution Volume:
Ve= (fraction #)(average volume)

Example:
Fraction #6 = 6
Average volume = 4.13mL
Ve = (6) (4.13mL)
Ve = 24.78
The elution volume for fraction #6 is 24.78mL

2. Concentration of Glucose:
  (Sample in mL of 6)	 = X6
(Total sample mL of d)

Absorbance of B at 420nm   = Absorption of 6 at 420nm
   Concentration of B                    X6 Concentration of 6

Example:
3. 
Sample in mL of 6 = 0.6mL
Total sample in mL = 0.6mL
AbsorbtionB= 0.556

CB =2.0mg/mL
Absorption6= 0.03
C6 =?
4. 

    0.556	= 0.03
  2.0mg/mL       (1)C6

C6=0.11mg/mL = 0.11g/L
The concentration of glucose in fraction 6 is 0.11g/L

5. Mass of Glucose:
C1(mg/mL) x Volumeelution(mL) = m1(mg)

Example: 
C6 glucose = 0.11mg/mL
Volumeelution = 4.13mL

C6 x Volumeelution = m6
0.11mg/mL x 4.13mL = 0.45mg
The mass of glucose in fraction 6 is 0.45mg


6. Concentration of Starch
  (Sample in mL of 6)	 = X6
(Total sample mL of d)

Absorbance of C at 600nm   = Absorption of 6 at 600nm
   Concentration of C                    X6 Concentration of 6

Example:

Sample in mL of 6 = 0.6mL
Total sample in mL = 0.6mL
AbsorbtionC= 0.257

CC =0.1mg/mL
Absorption6= 0.05
C6 =?


    0.257	= 0.05
  0.1mg/mL  (1)C6
C6=0.019mg/mL = 0.019g/L
The concentration of starch in fraction 6 is 0.019g/L


5. Mass of Starch
C1(mg/mL) x Volumeelution(mL) = m1(mg)

Example: 
C6 glucose = 0.019mg/mL
Volumeelution = 4.13mL

C6 x Volumeelution = m6
0.019mg/mL x 4.13mL = 0.078mg
The mass of starch in fraction 6 is 0.078mg


R5. (10/16)
[image: ]

-2 Graph missing units on labelling and tick marks/values missing on x axis. 

Figure 1. Glucose and Starch concentration against elution volume. 0.5mL of a glucose-starch solution was added to the column connected to the T valve. The stopcock valve was opened to let as much solution into the system without any air getting in. 100 drops were placed into 15 test tubes progressively. The graph demonstrates the concentration of glucose(orange) and starch(grey) in each test tube after performing gel filtration chromatography. 

-2 Missing information in caption

Analysis: After analyzing the results for the dialysis section, it is evident that the starch molecules are larger than the glucose ones. During the gel filtration chromatography, the starch molecules should have migrated downwards more rapidly than the glucose to due to the fact that the glucose passes through the beads in the gel filtration column while the starch molecules go around them since they are too large to fit in the pore size. From the graph, we observe one larger peak in the middle of the elution volume for glucose and notice 3 miniature peaks for starch. The large peak for glucose was expected due to the fact that the molecules are small and will pass through the pores, but as well would stay together. The miniature peaks for starch were not completely expected though. Starch not being able to go through the pores of the beads would be expected to rapidly go through the column. If the column was too dense with beads, then the expectation would be that the peak would be near the end of the elution volume since they would move slowly. The separation of the peaks could either represent that a high density of beads could have forced the starch going through the column to separate, or simply this could have been due to human error. 
-2 what elution volumes correspond with the elution of glucose and for which volume for starch 


R6. (10.5/10.5)
Equations:
Kav= (Ve-V0)
         (Vt-V0)
Vt = (d/2)2h

Variables:
Ve glucose = 33.04 mL
Ve Starch = 20.65 mL
V0 = 15mL
Vt = Need to solve for
d = 1cm
h = 48cm
Kav = ?

Solving for Vt = 
Vt = (1/2)2(48)
Vt = 37.7 mL
The total volume of the column is 37.7 mL

Solving for the glucose average distribution coefficient:
Kav= (33.04-15)
         (37.7–15)
Kav = 0.79

Solving for the starch average distribution coefficient:
Kav= (20.65-15)
         (37.7–15)
Kav = 0.25

The average distribution coefficient for glucose and starch is 0.79 and 0.25 respectively. The results for glucose were expect due to the fact that glucose molecules are small and must go through the pores of the beads to get to the end of the column. The larger the number the more easily it diffuses through the pores. Thus, the results for starch are reasonable due to the fact that starch is a large molecule unable to diffuse through the pores providing a lower Kav value. All though, due to the fact that the results for starch were slightly inaccurate, a lower number was expected for the starch molecules. The value should have been relatively close to 0 since the starch molecules would have experience complete exclusion from the beads.

R7. (12/12)
1. Solving for theoretical yield of glucose: 
(initial concentration of glucose at t= 0)(amount of glucose-starch solution placed in column)
= (48mg/mL)(0.5mL)
= 24mg
Theoretically, the experiment should have produced 24mg of glucose

2. Solving for experimental yield of glucose:
The experimental yield would be the sum of all the glucose masses in each fraction such that:
= (m6 + m7 + m8 + m9 + m10 + m11)
= 0.45 + 4.79 + 9.00 + 5.82 + 2.48 + 0.78
= 23.32mg
Experimentally, the experiment produced 23.32mg of glucose

3. Recovery yield:
(Experimental yield)/(theoretical yield) x 100%
23.32mg/24mg x 100%
= 97.2%

1. Solving for theoretical yield of starch:
(initial concentration of starch at t= 0)(amount of glucose-starch solution placed in column)
= (0.52mg/mL)(0.5mL)
= 0.26mg
Theoretically, the experiment should have produced 0.26mg of starch

2. Solving for experimental yield of starch:
The experimental yield would be the sum of all the starch masses in each fraction such that:
= (m5 + m6 + m10 + m11 + m14)
= (0.45 + 0.078 + 0.13 + 0.4 + 0.38)
=1.44mg

3. Recovery yield:
(Experimental yield)/(theoretical yield) x 100%
1.44mg/0.26mg x100%
= 554%  - Very high yield!


Analysis:
The glucose recovery yield was 97.2% which left little room for human error. The main theory as to why the yield was not 100% is due to the fact that when trying to avoid air getting into the lines, we were forced to leave behind a small amount of liquid in the column. This small amount could easily have had an effect. As well, there could have been some glucose molecules that couldn’t escape certain beads. We can conclude that the glucose recovery yield was successful due to the fact that it was only 2.8% off. On the other hand, the starch recovery yield was unsuccessful. This vast gap means that there was a major human error. The first error would be the absorbance was not calculated properly. Whether it was the wrong intensity used, or an uncalibrated machine this was no doubt human error. Another possibility could be the mix up of test tubes during the experiment.
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