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Purpose	Comment by Mohamed .: 5/5

The objective of this lab was to identify a few fundamental characteristics of carbohydrates, such as monosaccharides, disaccharides and polysaccharides, and separate glucose from starch based on the differences in their molecular size. In order to separate the two sugars, two techniques were used. Dialysis was performed in Experiment 1 and gel filtration chromatography was performed in Experiment 2. Two colorimetric assays were performed to demonstrate the distinctive properties of glucose and starch respectively. The glucose oxidase test was performed in Experiment 3 and the iodine test was performed in Experiment 4. The difference in reactivity of the sugars with different reagents was utilized to determine the concentration and amount of glucose and starch in each test tube. Some other objectives of this experiment were to develop essential hands-on skills, such as performing dialysis, gel filtration chromatography, colorimetric assays, and analytical skills by analyzing the results.
 

Results and Discussion

R1	Comment by Mohamed .: R1 total: 15/17

Table 1: Dialysis results of the sample solution containing glucose and starch. 10.4 mL of the given sample of starch and glucose solution was poured into the dialysis tube with a radius of 0.8 cm and a MW cut-off between 12000-14000 Da. The dialysis bag was clipped properly and placed in a beaker with 200 mL of ultra-pure water. The dialysis bag was allowed to sit in the beaker for a little over 65 minutes and was stirred vigorously the entire duration. After the dialysis was over, the contents of the dialysis tube and the beaker were kept separate and were assayed for glucose and starch. Absorbance for glucose was measured at a wavelength of 420 nm and absorbance of starch was measured at a wavelength of 600 nm. The absorbances of internal and external solutions for glucose and starch, concentration and masses of glucose and starch in internal and external solutions from the start and end time of dialysis are listed in the following table. Internal solution refers to the content inside the dialysis tube and external solution refers to the content outside the tube in the beaker. There are no values for absorbance of external solution for either glucose or starch at t = 0 min as the diffusion of molecules had not started then. All absorbance readings listed have been corrected by subtracting the blank absorbance from actual readings.	Comment by Mohamed .: Caption should be <10 lines
-1 mark
Concentration of standards?
-1 mark

	t (min)
	Glucose
	Starch

	
	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
	0.393
	45.786
	476.174
	----
	0
	0
	0.120
	0.193
	2.007
	----
	0
	0

	65
	0.717
	17.403
	180.991
	0.270
	1.311
	262.2
	1.171
	1.879
	19.542
	0.016
	4.278 x 10-3
	0.856







Calculating the Corrected Absorbance of Internal Solution at a wavelength of 420 nm Before Dialysis:
Variables:
Ad(reading) = 0.395           Ablank = 0.002           Ad(corrected) = ?

Ad(corrected) = Ad(reading) - Ablank
Ad(corrected) = 0.395 – 0.002
Ad(corrected) = 0.393

The correct absorbance reading of the internal solution at the wavelength of 420 nm before dialysis begins is 0.393.

Calculating the Glucose Concentration in the Initial Glucose and Starch Mixture Before Dialysis:
Variables:
Ab = 0.309               Ad = 0.393
cb = 1.5 mg/mL        cd = c1 = ?








Therefore, at the beginning of the dialysis experiment, the concentration of glucose in the glucose/starch mixture was 45.786 g/L.




Calculating the Mass of Glucose in the Initial Glucose and Starch Mixture Before Dialysis:
Variables:
c1 = 45.786 mg/mL           V1 = 10.4 mL           m1 = ?

m1 = c1 * V1
m1 = (45.786 mg/mL) * (10.4 mL)
m1 = 476.174 mg

Therefore, at the beginning of the dialysis experiment, the mass of glucose in the glucose/starch mixture was 476.174 mg.

Calculating the Starch Concentration in the Initial Glucose and Starch Mixture Before Dialysis:
Variables:
Ac = 0.748                   Ad = 0.12
cc = 0.200 mg/mL       cd = c1 = ?








Therefore, at the beginning of the dialysis experiment, the concentration of starch in the glucose/starch mixture was 0.193 g/L.




Calculating the Mass of Starch in the Initial Glucose and Starch Mixture Before Dialysis:
Variables:
c1 = 0.193 mg/mL           V1 = 10.4 mL           m1 = ?

m1 = c1 * V1
m1 = (0.193 mg/mL) * (10.4 mL)
m1 = 2.007 mg

Therefore, at the beginning of the dialysis experiment, the mass of starch in the glucose/starch mixture was 2.007 mg.

Calculating the Glucose Concentration of the Internal Solution After Dialysis (Total time = 65 min):
Variables:
Ab = 0.309               Ae = 0.717
cb = 1.5 mg/mL       ce = c1 = ?








Therefore, at the end of the dialysis experiment, the concentration of glucose in the solution inside the dialysis bag was 17.403 g/L.




Calculating the Mass of Glucose in the Internal Solution After Dialysis (Total time = 65 min):
Variables:
c1 = 17.403 mg/mL           V1 = 10.4 mL           m1 = ?

m1 = c1 * V1
m1 = (17.403 mg/mL) * (10.4 mL)
m1 = 180.991 mg

Therefore, at the end of the dialysis experiment, the mass of glucose in the solution inside the dialysis bag was 180.991 mg.

Calculating the Glucose Concentration of the External Solution After Dialysis (Total time = 65 min):
Variables:
Ab = 0.309               Af = 0.270
cb = 1.5 mg/mL       cf = c2 = ?








Therefore, at the end of the dialysis experiment, the concentration of glucose in the solution in the beaker outside the dialysis bag was 1.311 g/L.





Calculating the Mass of Glucose in the External Solution After Dialysis (Total time = 65 min):
Variables:
c2 = 1.311 mg/mL           V2 = 200 mL           m2 = ?

m2 = c2 * V2
m2 = (1.311 mg/mL) * (200 mL)
m2 = 262.2 mg

Therefore, at the end of the dialysis experiment, the mass of glucose in the solution in the beaker outside the dialysis bag was 262.2 mg.

Calculating the Starch Concentration of the Internal Solution After Dialysis (Total time = 65 min):
Variables:
Ac = 0.748                   Ae = 0.171
cc = 0.200 mg/mL      ce = c1 = ?








Therefore, at the end of the dialysis experiment, the concentration of starch in the solution inside the dialysis bag was 1.879 g/L.




Calculating the Mass of Starch in the Internal Solution After Dialysis (Total time = 65 min):
Variables:
c1 = 1.879 mg/mL           V1 = 10.4 mL           m1 = ?

m1 = c1 * V1
m1 = (1.879 mg/mL) * (10.4 mL)
m1 = 19.542 mg

Therefore, at the end of the dialysis experiment, the mass of starch in the solution inside the dialysis bag was 19.542 mg.

Calculating the Starch Concentration of the External Solution After Dialysis (Total time = 65 min):
Variables:
Ac = 0.748                   Af = 0.016
cc = 0.200 mg/mL      cf = c2 = ?








Therefore, at the end of the dialysis experiment, the concentration of starch in the solution in the beaker outside the dialysis bag was g/L.





Calculating the Mass of Starch in the External Solution After Dialysis (Total time = 65 min):
Variables:
c2 = 4.278 x 10-3 mg/mL           V2 = 200 mL           m2 = ?

m2 = c2 * V2
m2 = (4.278 x 10-3 mg/mL) * (200 mL)
m2 = 0.856 mg

Therefore, at the end of the dialysis experiment, the mass of starch in the solution in the beaker outside the dialysis bag was 0.856 mg.

As the dialysis bag was put in the beaker full of water, glucose passed through the semipermeable membrane. Glucose is a small molecule so it could easily diffuse across the dialysis tubing. This diffusion of glucose molecules therefore changed the concentration of glucose from the initial value at the beginning of dialysis. The initial glucose concentration was 45.786 g/L. After dialysis, the internal glucose concentration reduced to 17.403 g/L and due to glucose diffusing out of the bag, there was some glucose in the beaker as well (1.311 g/L). According to calculations in R2, the concentration of glucose at equilibrium is 2.263 g/L. Therefore, it is clear that equilibrium was not reached in the duration of dialysis. Starch is too big to diffuse in or out of the dialysis tubing. However, it has been observed that the final concentration of internal starch is 1.879 g/L and the final concentration of external starch is 0.016 g/L. This is caused due to human errors as the concentration of starch should not have changed.

R2	Comment by Mohamed .: R2 total: 7/7
Calculating the Concentration of Glucose at Equilibrium:
Variables:
c0 = 45.786 mg/mL           V1 = 10.4 mL           V2 = 200 mL           ceq = ?







Therefore, the concentration of glucose at equilibrium is 2.263 g/L
R3	Comment by Mohamed .: R3 total: 12/12
Calculating the Apparent Diffusion Coefficient of Glucose:
Variables:
c0 = 45.786 mg/mL           V1 = 10.4 mL           V2 = 200 mL           ceq = 2.263 mg/mL
c1 = 17.403 mg/mL           t = 65 min                 r = 0.8 cm                = ?              D’ = ?



Let x represent 














Therefore, the apparent diffusion coefficient across the dialysis membrane is 6.177 x 10-3 cm/min.




R4	Comment by Mohamed .: R4 total: 14.5/17.5

Table 2: Column elution results from gel filtration chromatography. The empty glass column was filled with Sephadex G-25, that has a MW cut-off at 5000 Da, in distilled water. 0.5 mL of the sample solution containing glucose and starch was added to the syringe. Gel filtration chromatography was performed in teams of two. The fraction collector was set to 100 drops and 15 test tubes were labelled accordingly before being placed in the carousel. The total time it took to collect all 15 fractions was around 50 minutes. The average volume per fraction was calculated by measuring the volumes of 3 fractions (#1, 3, 5) and taking its average, which was 3.933 mL. After the process was complete, aliquots from each fraction were collected and were assayed for glucose and starch. Absorbance for glucose was measured at a wavelength of 420 nm and absorbance of starch was measured at a wavelength of 600 nm. The elution volumes, the absorbances for glucose and starch, concentration and masses of glucose and starch in each fraction are listed in the following table. The negative readings for absorbances are noted as 0 in this table since those were very close to 0. All absorbance readings listed have been corrected by subtracting the blank absorbance from actual readings.	Comment by Mohamed .: Concentration of standards?
-1 mark

	Fraction
	Glucose
	Starch

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

	1
	3.9
	0
	0
	0
	0.005
	1.337 x 10-3
	5.258 x 10-3

	2
	7.8
	0
	0
	0
	0.015
	4.011 x 10-3
	0.016

	3
	11.7
	0
	0
	0
	0.030
	8.021 x 10-3
	0.032

	4
	15.6
	0
	0
	0
	0.560
	0.150
	0.590

	5
	19.6
	0.004
	0.019
	0.075
	0.333
	0.089
	0.350

	6
	23.4
	0.108
	0.524
	2.061
	0.024
	6.417 x 10-3
	0.025

	7
	27.3
	0.345
	1.675
	6.588
	0.022
	5.882 x 10-3
	0.023

	8
	31.2
	0.373
	1.811
	7.123
	0.010
	2.674 x 10-3
	0.011

	9
	35.1
	0.171
	0.830
	3.264
	0.025
	6.684 x 10-3
	0.026

	10
	39
	0.021
	0.102
	0.401
	0.077
	0.021
	0.083

	11
	42.9
	0
	0
	0
	0.005
	1.337 x 10-3
	5.258 x 10-3

	12
	46.8
	0
	0
	0
	0.005
	1.337 x 10-3
	5.258 x 10-3

	13
	50.7
	0
	0
	0
	0.005
	1.337 x 10-3
	5.258 x 10-3

	14
	54.6
	0
	0
	0
	0.021
	5.615 x 10-3
	0.022

	15
	58.5
	0
	0
	0
	0.016
	4.278 x 10-3
	0.017









Calculating the Elution Volume of Fraction #8 in Gel Filtration:
Variables:
F# = 3                        Vavg = 3.933                        EV = ?

EV = F# x Vavg
EV = (8) x (3.933 mL)
EV = 31.2 mL

Therefore, the elution volume of fraction #8 was 31.2 mL.

Calculating the Glucose Concentration in Fraction #8 in Gel Filtration:
Variables:
Ab = 0.309               Ag8 = 0.373	Comment by Mohamed .: Show absorbance correction with blank calculation
-2 marks
cb = 1.5 mg/mL       cg8 = ?








Therefore, the concentration of glucose in the eighth fraction of gel filtration was 1.811 g/L.









Calculating the Mass of Glucose in Fraction #8 in Gel Filtration:
Variables:
c = 1.811 mg/mL           Vavg = 3.933 mL           m = ?

m = c * V
m = (1.811 mg/mL) * (3.933 mL)
m = 7.123 mg

Therefore, the mass of glucose in the eighth fraction of gel filtration was 7.123 mg.


Calculating the Starch Concentration in Fraction #8 in Gel Filtration:
Variables:
Ac = 0.748                   Ag8 = 0.010
cc = 0.200 mg/mL       cg8 = ?








Therefore, the concentration of starch in the eighth fraction of gel filtration was 2.674 x 10-3 g/L.









Calculating the Mass of Starch in Fraction #8 in Gel Filtration:
Variables:
c = 2.674 x 10-3mg/mL           Vavg = 3.933 mL           m = ?

m = c * V
m = (2.674 x 10-3mg/mL) * (3.933 mL)
m = 0.011 mg

Therefore, the mass of starch in the eighth fraction of gel filtration was 0.011 mg


R5	Comment by Mohamed .: R5 total: 14.5/16



Figure 1: Concentrations of glucose and starch vs elution volumes in gel filtration chromatography. Gel filtration chromatography was performed in teams of two. The empty glass column was filled with Sephadex G-25, that has a MW cut-off at 5000 Da, in distilled water. 0.5 mL of the sample glucose and starch solution was added to the column. The total time it took to collect all 15 fractions was around 50 minutes. The average volume per fraction was calculated by measuring the volumes of 3 fractions (#1, 3, 5) and taking its average, which was 3.933 mL. After the process was complete, aliquots from each fraction were collected and were assayed for glucose and starch. Absorbance for glucose was measured at a wavelength of 420 nm and absorbance of starch was measured at a wavelength of 600 nm. Using the absorbance readings and the concentration of the standard solutions (1.5 mg/mL for glucose standard and 0.20 mg/mL for starch standard), the concentrations of glucose and starch in each fraction was calculated and plotted in the above graph. The horizontal axis represents the elution volume and the vertical axis represents the concentration of each fraction. The points in orange colour correspond to starch and the points in blue correspond to glucose.	Comment by Mohamed .: Use 2 different y axes to better represent starch data 
-1.5 marks


As observed in Figure 1, there are two peaks in total in the graph, each corresponding to glucose and starch. The peak for starch is much sharper than the one for glucose. The peak concentration for starch is 0.150 g/L at 15.6 mL of elution volume. The peak concentration for glucose is 1.811 g/L at 31.2 mL of elution volume. Glucose is a much smaller molecule compared to starch, which is why it is retained in the column for a much longer time period compared to starch. Starch would elute faster as it would have to pass around the beads due to its large size not allowing it to enter the beads. This is why the highest starch concentration comes earlier than glucose. The value of the void volume was given and set at 15 mL. The volume of eluate for starch (15.6 mL) is almost the same as the void volume, which reflects the huge molecular size of starch and that starch molecules have gone around the beads rather than through them. On the other hand, small molecules such as glucose take longer to elute because the molecules enter the beads. The volume of eluate for glucose (31.2 mL) is much larger than the void volume and therefore it means that the glucose molecules entered the beads and travelled that way. The graph results coincide with the expectations for gel filtration chromatography.























R6	Comment by Mohamed .: R6 total: 10.5/10.5

Calculating the Average Distribution Coefficient of Glucose: 
Variables:
d = 1 cm           h = 44 cm           Ve(starch) = 15.6 mL           Ve(glucose) = 31.2 mL
V0 = 15 mL                  Vt = ?                                Kav = ?

Vt = 
Vt = 
Vt = 
Vt = 

Kav = 
Kav = 
Kav = 

Therefore, the average distribution coefficient for glucose is 0.829.

Calculating the Average Distribution Coefficient of Starch: 
Variables:
d = 1 cm           h = 44 cm           Ve(starch) = 15.6 mL           Ve(glucose) = 31.2 mL
V0 = 15 mL                  Vt = 34.54 mL                  Kav = ?

Kav = 
Kav = 
Kav = 

Therefore, the average distribution coefficient for starch is 0.031.

The average distribution coefficient is represented by Kav and falls within the range of 0 < Kav < 1. A molecule with a Kav of 0 is very large whereas a molecule with a a Kav of 0 is very small. According to the calculations in R6, the average distribution coefficient for glucose is 0.829 and that for starch is 0.031. Glucose is a small molecule with a MW of 180 Da and this is why, its Kav is very close to 1. Starch (mixture of amylose and amylopectin) is a very large molecule with a MW of 200,000+ and this is why its Kav is almost 0. As explained in R5, large molecules elute faster and that gives them a small volume of eluate. A smaller Ve directly leads to a smaller Kav. Since small molecules diffuse through beads, it takes them longer to reach the bottom. This means smaller molecules have a larger Ve and thus a larger Kav.

R7	Comment by Mohamed .: R7 total: 11/12

Calculating the Recovery Yield for Glucose: 
Variables:
c1 = 45.786 mg/mL           Vi = 0.5 mL           mtheo = ?           mexp = ?           %RY = ?

mtheo = c1 * Vi
mtheo = (45.786 mg/mL) * (0.5 mL)
mtheo = 22.893 mg

mexp = 
mexp = 19.512 mg

%RY = 
%RY == 
% RY = 85.23%

Therefore, the recovery yield for glucose was 85.23%.

Calculating the Recovery Yield for Starch: 
Variables:
c1 = 0.193 mg/mL           Vi = 0.5 mL           mtheo = ?           mexp = ?           %RY = ?

mtheo = c1 * Vi
mtheo = (0.193 mg/mL) * (0.5 mL)
mtheo = 0.097 mg


mexp = 
mexp = 1.216 mg

%RY = 
%RY == 
% RY = 1253.61%	Comment by Mohamed .: Far too high
-1 mark

Therefore, the recovery yield for glucose was 1253.61%.

The recovery yield for glucose is 85.23%, which means most of the glucose molecules has been recovered. A possible reason for loss of glucose molecules could be that some glucose molecules got stuck in the beads in the gel filtration chromatography or they were travelling too slow and thus could not make it to the fractions. The recovery yield for starch is 1253.61%, which is impossibly high. This implies that there must have been errors along the way. Inaccurate absorbance readings could be the major reason behind the extremely high yield. During Experiment 4, three values were completely off and thus more appropriate values were used in their place. This means that there were issues with Spectro photography. There are a variety of factors that could have gone wrong, for example, improper pipetting and not enough solution to get a proper reading, unclean test tubes, malfunctioning device etc. Another possible source of error might be that incorrect amount of reagent was added in Experiments 3 and 4, which could have manipulated the intensity of yellow colour. In order to avoid these errors, preventative steps could be taken. Taking more than 15 fractions might help recovering more glucose. Test tubes should be cleaned before measuring the absorbance. Pipetting should be done carefully.
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