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Purpose of the Experiment:

The purpose of this experiment was to recognize how the molecular features of various types of carbohydrates would cause them to separate from one another, and to understand how colorimetric assays work and are used in analyzing carbohydrates. Two different separation techniques were used to separate the carbohydrates based on their weight. The first technique was dialysis, a separation technique involving a semi-permeable membrane in which selective diffusion moves the smaller weight molecules across the membrane. The second technique was gel filtration, a separation technique in which a solution is poured into a column of hydrated beads with very small pores that trap the smaller molecules, effectively slowing their movement down the column and thus separating the larger molecules from the smaller ones. The colorimetric assays used to analyze the separations were iodine reaction and glucose oxidase. 

Results and Discussion 

R1. 
Table 1. Dialysis of glucose and starch in which glucose moved across the semipermeable membrane by selective diffusion. A thin dialysis bag was filled with a 10 mL solution of glucose and starch, which was then placed in a beaker with 200 mL of water at room temperature. After 45 minutes and 8 seconds the dialysis bag was removed and its contents were poured into a 25 mL cylinder, this being the internal solution and the contents in the beaker being the external solution. A glucose oxidase assay and iodine reaction assay were performed afterwards to determine the intensity of colour of both the internal solution and external solution – both before and after the dialysis – by reading the absorbance at 420 nm and 600 nm, respectively. 
	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
	1.086
	45.21     
	27.13
	----
	0
	0
	0.573
	0.953
	1.525
	----
	0
	0

	45:08
	 2.444
	21.36
	12.82
	0.613
	1.072 
	0.643
	0.552
	0.918
	1.469
	0.027
	0.0075
	0.012



Example calculation of glucose C1 (g/L) at initial point of dialysis:
Variables:
Ab = 1.144 
Ad = 1.086 
Cb = 2.0 g/L
Cd = ?

Ab / Cb = Ad / (0.025/0.6) Cd
1.144 / 2 = 1.086 / (0.042) Cd 
0.572 = 1.086 / (0.042) Cd
(0.042) Cd = 1.086 / 0.572
(0.042) Cd = 1.8986 
Cd = 45.21 g/L

Therefore, the glucose concentration in the initial starch/glucose mixture was 45.21 g/L. 

Example calculation of glucose C1 (g/L) at end point of dialysis:
Variables: 
Ab = 1.144 
Ae = 2.444
Cb  = 2.0 g/L
Ce  = ? 

Ab / Cb = Ae / (0.12/0.6) Ce
1.144 / 2 = 2.444 / (0.2) Ce
0.572 = 2.444 / (0.2) Ce
(0.2) Ce = 2.444 / 0.572
(0.2) Ce = 4.2727
Ce = 21.36 g/L

Therefore, the glucose concentration in the final internal solution was 21.36 g/L. 

Analysis:
	The concentration of glucose in the initial glucose/starch mixture was 45.21 g/L, and the concentration of glucose in the final internal solution was 21.36 g/L. These results quantitatively demonstrate that the glucose molecules diffused across the semi-permeable membrane, thus resulting in a lower glucose concentration in the dialysis tube at the end of the experiment than at the beginning. This is due to the smaller molecular size of glucose, allowing it to pass through the pores of the dialysis tube and enter the external solution. In addition, the concentration of starch in the initial glucose/starch mixture was 0.953 g/L, and the concentration of starch in the final internal solution was 0.918 g/L. While the concentration of starch does slightly decrease in the dialysis tube, this decline is not nearly as significant as observed in the case with glucose. These results quantitatively demonstrate that very few starch molecules diffused across the semipermeable membrane as a result of their large molecular size relative to glucose. 

R2.   
Variables: 
C0  = 45.21 g/L
V1 = 10 mL
V2 = 200 mL 
Ceq = ?

Ceq = C0 α / (1+α)
[bookmark: _Hlk30699525]Ceq = C0 V1 / (V1 + V2)
Ceq = (45.21 g/L)(0.01 L) / (0.01 L + 0.2 L)
Ceq = 0.4521 g / 0.21 L 
Ceq = 2.153 g/L

Therefore, the glucose concentration at the equilibrium is 2.153 g/L.

R3.	
Variables: 
C0  = 45.21 g/L
C1 = 21.36 g/L
Ceq  = 2.153 g/L
V1 = 10 mL
V2 = 200 mL 
T = 45.13
r = 0.5 
β = ?
D’ = ? 

C0e-βt  = (C1 - Ceq) (1 + α)
45.21e-β (45.13) = (21.36 g/L – 2.153 g/L) (1 + (V1/V2))
45.21e-β (45.13) = (19.207 g/L) (1 + (0.01 L/0.2 L))
45.21e-β (45.13) = (19.207 g/L) (1.05 L)
45.21e-β (45.13) = 20.16735 g 
e-β (45.13) = 20.16735 g / 45.21 
e-β (45.13) = 0.446081619  
[bookmark: _Hlk30700337]ln e-β (45.13) = ln 0.446081619
-(45.13) β = ln 0.446081619 
β = 0.017887288 

β = 2 (1 + α) D’ / r 
D’ = β (r) / 2 (1 + α)
D’ = (0.017887288) (0.5) / 2 (1.05) 
D’ = 4.259 x 10-3 cm/min

Therefore, the apparent diffusion coefficient of glucose across the dialysis membrane in the experimental condition is 4.259 x 10-3 cm/min. 

R4.
Table 2. Gel filtration chromatography of glucose and starch involving a column with hydrated beads. At room temperature, 0.5 mL of a glucose/starch solution was applied to a column of height 47.5 cm. The column contained beads which consisted of natural dextran fibres and were highly porous, allowing the small glucose molecules to enter the beads and slow down their passage through the column relative to the speed of the starch molecules. After the solution was applied, the column was eluted with distilled water. 15 fractions of 100 drops were collected in the span of 40 minutes.

	Fraction 
	Glucose 
	Starch 

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

	G1 
	4.02
	0.002
	0.004
	0.016
	-0.022
	0.006
	0.024

	G2
	8.04
	0.009
	0.016
	0.129
	0.028
	0.008
	0.064

	G3
	12.06
	0.015
	0.026
	0.314
	-0.025
	0.007
	0.084

	G4
	16.08
	0.025
	0.044
	0.708
	0.041
	0.011
	0.177

	G5
	20.1
	0.024
	0.042
	0.844
	0.332
	0.092
	1.849

	G6
	24.12
	0.062
	0.108
	2.605
	-0.020
	0.006
	1.447

	G7
	28.14
	0.560
	0.979
	27.549
	-0.004
	0.001
	0.028

	G8
	32.16
	1.009
	1.764
	56.730
	-0.028
	0.008
	0.257

	G9
	36.18
	0.782
	1.367
	49.458
	-0.027
	0.008
	0.289

	G10 
	40.2
	0.337
	0.589
	23.678
	-0.009
	0.003
	0.121

	G11
	44.22
	0.095
	0.166
	7.341
	-0.031
	0.009
	0.398

	G12
	48.24
	0.017
	0.030
	1.447
	-0.014
	0.004
	0.193

	G13
	52.26
	0.05
	0.087
	4.547
	-0.031
	0.009
	0.470

	G14
	56.28
	0.002
	0.004
	0.225
	-0.042
	0.012
	0.675

	G15
	60.3
	0.002
	0.004
	0.241
	-0.032
	0.009
	0.543



Calculation details for fraction G1 :
Variables: 
Ve = 4.02 mL 
A420 = 0.002 
A600 = -0.022 
Ab = 1.144
Cb = 2.0 g/L
Ac = 0.360 
Cc = 0.10 g/L
Cglucose = ? 
[bookmark: _Hlk30755943]mglucose = ?
Cstarch = ?
mstarch = ?

Ab / Cb = A420 / Cglucose 
1.144 / 2 = A420 / Cglucose
0.572 = A420 / Cglucose 
Cglucose = A420 / 0.572 
Cglucose = 0.002 / 0.572 
Cglucose = 0.004 g/L

[bookmark: _Hlk30756326]mglucose = CglucoseVe
mglucose = (0.004 mg/mL) (4.02 mL) 
mglucose = 0.016 mg 

Ac / Cc = A600 / Cstarch 
0.360 / 0.10 = A600 / Cstarch
3.6 = A600 / Cstarch 
Cstarch = A600 / 3.6 
Cstarch = 0.022 / 3.6 
Cstarch = 0.006 g/L

mstarch = CstarchVe
mstarch = (0.006 mg/mL) (4.02 mL) 
mstarch = 0.024 mg 

Therefore, the concentration of glucose in G1 is 0.004 g/L, the mass of glucose in G1 is 0.016 mg, the concentration of starch in G1 is 0.006 g/L, and the mass of starch in G1 is 0.024 mg. 






R5. 

Figure 1. Concentration of glucose and starch against the elution volume. At room temperature, 0.5 mL of a glucose/starch solution was applied to a column of height 47.5 cm. The eluent used in the experiment was distilled water and it was held in the Mariotte reservoir, which was connected to the T valve. The T valve was connected to the inlet of the column and the sample syringe, through which the glucose/starch solution was applied. The fraction collector contained 15 test tubes and was connected to the outlet tube of the column. When the stopcock in the outlet of the column opened, 15 fractions were collected in the span of 40 minutes. 

Analysis:
	For both starch and glucose only one peak is observed. These results were expected. The height of each fraction collected is proportional to the concentration of each substance present in the sample mixture. When the process of elution began, the eluate that was collected in the first few fractions had little glucose and starch present. After some time the concentration of starch and glucose rapidly increased in the subsequent fraction. This is illustrated on Figure 1 as the peak of elution for both substances. The peak represents the maximum amount of each substance collected. In Figure 1 it is observed that the peak of starch appears before the peak of glucose. Since starch is a larger molecule, it flowed through the column much more quickly than glucose did as glucose was trapped in the beads, slowing down its rate of flow down the column. 

R6. 
Variables:
 Vo = 15 mL 
d = 1 cm 
h = 47.5 cm 
Ve  of starch = 20.1 mL 
Ve of glucose = 32.16 mL 
Vt = ?
Kav of starch = ? 
Kav of glucose = ?

Vt  = π (d/2)2 h 
Vt  = π (1/2)2 (47.5) 
Vt  = π (1/4) (47.5) 
Vt  = 37.30641276 mL 

Kav of glucose:
Kav = (Ve – Vo) / (Vt – Vo) 
Kav = (32.16 – 15) / (37.31 – 15)
Kav = 17.16 / 22.31 
Kav = 0.76916181 

Kav of starch:
Kav = (Ve – Vo) / (Vt – Vo) 
Kav = (20.1 – 15) / (37.31 – 15)
Kav = 5.1 / 22.31 
Kav = 0.228597041

Therefore, the average distribution coefficient of glucose is 0.769 and the average distribution coefficient of starch is 0.229. 

Analysis: 
	The average distribution coefficient of glucose is higher than that of starch.  These results were expected. The average distribution coefficient represents the correlation between the size of the molecule and its permeability across a membrane. Glucose having a higher average distribution coefficient than starch reflects the fact that glucose is a smaller molecule relative to starch. As a result, the ability of glucose to penetrate a pore with ease and diffuse across the membrane is much greater than that of starch. 

R7. 
Variables: 
Recovery mass of glucose = 0.175 g 
Theoretical mass of glucose = 0.023 g 
Recovery mass of starch = 0.007 g 
Theoretical mass of starch = 0.0005 
% yield of glucose = ?
% yield of starch = ?

[bookmark: _Hlk30782259]% yield of glucose = (experimental value / theoretical value) * 100% 
% yield of glucose = (0.175 g / 0.023 g) * 100% 
% yield of glucose = 760.87 % 

[bookmark: _Hlk30782347]% yield of starch = (experimental value / theoretical value) * 100% 
% yield of starch = (0.007 g / 0.0005) * 100% 
% yield of starch = 1400% 

Therefore the recovery yield of glucose is 760.87% and the recovery yield of starch is 1400%. 

Analysis:
	From these two recovery yields it can be concluded that something went wrong. In optimal conditions the recovery yield should be close to 100% however the recovery yield values that have been obtained for both starch and glucose are well over 100%. This indicates that there was an error or multiple errors made.  One possible source of error could be that the fraction volume was overestimated. If the fraction volume was overestimated, then the mass calculated for both glucose and starch in each fraction is much higher too. As a result, the recovery mass obtained for both glucose and starch is an overestimation of the actual mass in each fraction, and thus is higher than the theoretical yield. Another possible source of error is a pipetting mistake. One of these mistakes could have been that the pipette was removed from the fractions at an angle. Removing the pipette at an angle can cause variations in how much volume is obtained as a very thin film of liquid tends to remain on the surface of the tip walls. Thus pipetting at an angle can cause more liquid to remain on the surface of the tip walls. To minimize this error, the pipette should be removed straight out of the container. Another pipetting mistake could have been working too quickly, especially when aspirating the sample from the fractions. This could have led to less sample being collected than required. To minimize this error, the samples should be collected slowly. 

R8. Yes. 
Glucose 	4.0199999999999996	8.0399999999999991	12.06	16.079999999999998	20.100000000000001	24.12	28.14	32.159999999999997	36.18	40.200000000000003	44.22	48.42	52.26	56.28	60.3	4.0000000000000001E-3	1.6E-2	2.4E-2	4.3999999999999997E-2	4.2000000000000003E-2	0.108	0.97899999999999998	1.764	1.367	0.58899999999999997	0.16600000000000001	0.03	8.6999999999999994E-2	4.0000000000000001E-3	4.0000000000000001E-3	Starch 	4.0199999999999996	8.0399999999999991	12.06	16.079999999999998	20.100000000000001	24.12	28.14	32.159999999999997	36.18	40.200000000000003	44.22	48.42	52.26	56.28	60.3	6.0000000000000001E-3	8.0000000000000002E-3	7.0000000000000001E-3	1.0999999999999999E-2	9.1999999999999998E-2	6.0000000000000001E-3	1E-3	8.0000000000000002E-3	8.0000000000000002E-3	3.0000000000000001E-3	8.9999999999999993E-3	4.0000000000000001E-3	8.9999999999999993E-3	1.2E-2	8.9999999999999993E-3	Elution Volume (mL)


Concentration (g/L)





