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EXPERIMENT 2 TITLE



: Determination of Composition of Complexes using Job Method



OBJECTIVE : 1. To learn the UV-Vis spectroscopy method 2. To determine the composition of complexes using Job Method 3. To obtained UV-Vis spectrum for Nickel Sulphate solution and Ethylene ligand solution THEORY : Job Method is often used to determine the soluble Ni2+ - en complexes. This method can be used to calculate the “n” value of the complexes inside the solution. Z + nL  ZLn



(1)



In this experiment , Z represent Ni2+ and L is ethylene diamine (en). In a system with a mixture of metal Ni2+ and ligand en. Different types of complexes may formed, for example Ni(en)2+ , Ni(en)22+ , Ni(en)32+ and many more. The equilibrium equation is as below: Ni2+ + en Ni(en)2+



K1



(1a)



Ni(en)2+ + en



Ni(en)22+



K2



(1b)



Ni(en)22+ + en



Ni(en)32+



K3



(1c)



Species that formed the most in the solution depends on the relative value of the equilibrium constant. If the value of K 2 is bigger than K1, that means the concentration of Ni(en)22+ is higher that Ni(en)2+ . In this case, to trace the concentration of Ni(en)2+ may be difficult. Job method is only applicable to systems with equilibrium constants that vary a lot such as this system Ni2+ -en. The absorption at certain wavelength depends on the concentration of the species. In this experiment, every solution prepared contains the same concentration of Z and L. This is to ensure that the value of equilibrium constant of the formation of Z(L) n is large and the absorption for the species is maximum when the concentration of ligands en is exactly “n” times the concentration of ion Z. The value of “n” (which is the composition of the complexes Z(L)n can be calculated if the concentration rate of L/Z is known for the solution that give the maximum absorption.



The solutions that contain metal ion Z are mixed to the solution of ligand L, both at the same concentration (M mol dm -3). A series of solutions were prepared by adding X dm3 solution of ligand to (1-X) dm3 of metal ion. The total concentration of metal ion and ligand in each solution must be the same as M concentration. At equilibrium, Z, L and ZLn are labeled C1, C2, and C3 respectively. The equation for each solution is given as below: C1 = M(1-X)-C3 (2) C2 = MX)-nC3 (3) C3 = KC1C2n (4) Whereby K is the equilibrium constant at X is the mole fraction of ligand. At the maximum point for graph C3 vs X dC3 = 0 dx



(5)



Differentiate equations (4), (3) and (2) and by using equations (2), (3) and (5), we can get n= X 1-X



(6)



This proved that by using the value of X where C3 is maximum, the value of n can be calculated. Beer’s Law A = εbc (7) ε for Z, L and ZLn at certain wavelength are present as ε1, ε2 and ε3. The absorption for the solution is a mixture of the absorption for each species which absorb at different wavelength. A = [ε1C1 + ε2 C2 + ε3 C3]b3



(8)



If there is no reaction between Z and L, C 3 will be zero and the equation for absorption becomes AZ+L = [ε1M(1-X) + ε2MX]b The difference between A and Az+L is represent as (symbol Y) Y = A – Az+L Y = [ε1C1 + ε2 C2 + ε3 C3 - ε1M1(1-X) - ε2MX]b



(9)



(10)



From equation (10), we can see that when the value of Y is maximum when C 3 is maximum if ε3 > ε1. Y will take the minimum value when C3 is maximum if ε3 < ε1.



METHODOLOGY : 100cm3 of nickel sulfate (NiSO4.6H2O) (0.4M)and 100cm3 of ligand-en (0.4M) was prepared. ↓ The spectrum of NiSO4 and ligand-en in the range of (200-800nm) were obtained. ↓ 3 10cm of ligand with mole fraction of 0.3,0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 were prepared. ↓ The spectrum in the range of 500 – 650nm were recorded. ↓ The value of Y with at least five different wavelengths (530, 545, 578, 622 and 640nm) were calculated and X vs Y for each results was plotted. ↓ The value of X when Y at the maximum for each graph was determine. ↓ 2+ The n values for Ni(en)n complexes was calculated by using the value of X in equation (6).



Result: The value of absorption at certain λ for mixture Ni2+ and ligand-en at different mole fraction.



Table of ligand mole fraction with using volume of nickel and ligand-en No 1 2 3 4 5 6 7



Ligand mole fraction,X 0.3 0.4 0.5 0.6 0.7 0.8 0.9 λ / nm 530.0 545.0 578.0 622.0 640.0



Volume of ligand-en /ml 3.0 4.0 5.0 6.0 7.0 8.0 9.0



Az Absorption of nickel 0.138 0.151 0.229 0.548 0.727



Volume of nickel /ml 7.0 6.0 5.0 4.0 3.0 2.0 1.0



Calculation Calculation of values Y with different λ and mole fraction. Y = [A – (1-X)Az]b A : absorption at certain λ and certain ligand mole fraction. Az : absorption of nickel at certain λ X : ligand-en mole fraction B : size/long cell was used is 1cm. 1. At λ = 530.0nm X 0.3 0.4 0.5 0.6 0.7 0.8 0.9



A1 0.115 0.123 0.123 0.128 0.149 0.184 0.289



Az



0.138 0.138 0.138 0.138 0.138 0.138 0.138



b 1 1 1 1 1 1 1



Y/cm [0.115 - ( 1-0.30 ) 0.138](1) = 0.0184 [0.123- ( 1-0.40 ) 0.138](1) = 0.0402 [0.123 - ( 1-0.50 ) 0.138](1) = 0.0540 [0.128 - ( 1-0.60 ) 0.138](1) = 0.0728 [0.149- ( 1-0.70 ) 0.138](1) = 0.1076 [0.184 - ( 1-0.80 ) 0.138](1) = 0.1812 [0.289- ( 1-0.90 ) 0.138](1) = 0.2752



2. At λ = 545.0nm X 0.3 0.4 0.5 0.6 0.7 0.8 0.9



A2 0.141 0.150 0.156 0.163 0.187 0.231 0.316



Az



0.151 0.151 0.151 0.151 0.151 0.151 0.151



b 1 1 1 1 1 1 1



Y/cm [0.141 - ( 1-0.30 ) 0.151 (1) = 0.0353 [0.150 - ( 1-0.40 ) 0.151](1) = 0.0594 [0.156 - ( 1-0.50 ) 0.151](1) = 0.0805 [0.163 - ( 1-0.60 ) 0.151](1) = 0.1026 [0.187 - ( 1-0.70 ) 0.151](1) = 0.1417 [0.231- ( 1-0.80 ) 0.151](1) = 0.2008 [0.316- ( 1-0.90 ) 0.151](1) = 0.3009



b 1 1 1 1 1 1 1



Y/cm [0.245 - ( 1-0.30 ) 0.229](1) = 0.0847 [0.260- ( 1-0.40 ) 0.229](1) = 0.1226 [0.281 - ( 1-0.50 ) 0.229](1) = 0.1665 [0.293 - ( 1-0.60 ) 0.229](1) = 0.2014 [0.313 - ( 1-0.70 ) 0.229](1) = 0.2443 [0.328 - ( 1-0.80 ) 0.229](1) = 0.2822 [0.286 - ( 1-0.90 ) 0.229](1) = 0.2631



3. At λ = 578.0nm X 0.3 0.4 0.5 0.6 0.7 0.8 0.9



A3 0.245 0.260 0.281 0.293 0.313 0.328 0.286



Az



0.229 0.229 0.229 0.229 0.229 0.229 0.229



4. At λ = 622.0nm X 0.3 0.4 0.5 0.6 0.7 0.8 0.9



A4 0.503 0.498 0.474 0.459 0.436 0.361 0.185



Az



0.548 0.548 0.548 0.548 0.548 0.548 0.548



b 1 1 1 1 1 1 1



Y/cm [0.503 - ( 1-0.30 ) 0.548](1) = 0.1194 [0.498 - ( 1-0.40 ) 0.548](1) = 0.1692 [0.474 - ( 1-0.50 ) 0.548](1) = 0.2240 [0.459 - ( 1-0.60 ) 0.548](1) = 0.2398 [0.436 - ( 1-0.70 ) 0.548](1) = 0.2716 [0.361 - ( 1-0.80 ) 0.548](1) = 0.2514 [0.185 - ( 1-0.90 ) 0.548](1) = 0.1302



b 1 1 1 1 1 1 1



Y/cm [0.610- ( 1-0.30 ) 0.727](1) = 0.1011 [0.585- ( 1-0.40 ) 0.727](1) = 0.1498 [0.519 - ( 1-0.50 ) 0.727](1) = 0.1555 [0.482 - ( 1-0.60 ) 0.727](1) = 0.1912 [0.433 - ( 1-0.70 ) 0.727](1) = 0.2149 [0.333 - ( 1-0.80 ) 0.727](1) = 0.1876 [0.156- ( 1-0.90 ) 0.727](1) = 0.0833



5. At λ = 640.0nm X 0.3 0.4 0.5 0.6 0.7 0.8 0.9



A5 0.610 0.585 0.519 0.482 0.433 0.333 0.156



Az



0.727 0.727 0.727 0.727 0.727 0.727 0.727



From the graph we plotted: λ /nm 530.0 545.0 578.0 622.0 640.0



Ymak /cm 0.280 0.315 0.287 0.277 0.215



Calculate for the values ‘n’ at the specific λ: (a) From the graph λ = 530.0, Ymak = 0.280cm, X = 0.935 So , n = X 1-X = 0.935 1-0.935 = 14.38 ~ 14 ∴Formula complex is Ni(en)214+



X (when Ymak ) 0.935 0.935 0.830 0.670 0.690



(b) From the graph λ = 545.0, Ymak = 0.315cm, X = 0.935 n = 0.935 1-0.935 = 14.38 ~ 14 ∴Formula complex is Ni(en)214+ (c) From the graph λ = 578.0, Ymak = 0.287cm, X = 0.830 n = 0.830 1-0.830 = 4.88 ~5 ∴Formula complex is Ni(en)25+ (d) From the graph λ = 622.0, Ymak = 0.277cm, X = 0.670 n = 0.670 1-0.670 = 2.030 ~2 ∴Formula complex is Ni(en)22+ (e) From the graph λ = 640.0, Ymak = 0.215cm, X = 0.690 n = 0.690 1-0.690 = 2.23 ~2 ∴Formula complex is Ni(en)22+



DISCUSSION : From the experiment and the calculation that we supposed to done, the value ‘n’ should be obtain is 1, 2 and 3. It means the complexes which is attend is Ni (en)2+, Ni (en)22+, and Ni (en)32+.This experiment show that when the value of λ decrease, the mole fraction(X) when Y(max) increasing and will make the n value also increase. So when n decreasing, a complex compound which its ligand composition is big can be detected. At lower λ which is 530.0nm and 545.0nm a complex compound that can be found is Ni(en)2+ . While at λ=578.0nm a complex compound that can be detected is Ni(en)22+ . And finally Ni(en)22+ can be found at λ =622.0nm and 640.0nm. The equilibrium equation is as below: Ni2+ + en Ni(en)2+ K1 (1a) Ni(en)2+ + en



Ni(en)22+



K2



(1b)



Ni(en)22+ + en



Ni(en)32+



K3



(1c)



From this experiment we obtained n value 14 for both λ=530.0nm and 545.0nm,n=5 for λ=578.0nm and n=2 for both λ=622.0nm and 645.0nm. We can see that there a big n value for λ=530.0nm and 545.0nm This thing happen might because of an error occurred while the experiment is being running and make the n value obtained unacccurate. The failures doing the experiment maybe because of the solution that we used are not pure enough. Despite of this, it also because of error in mix up the ligand-en and nickel. The volume of the mixture solution are not exactly 10.0 cm3. It may effect ligand mole fraction and after that effect spectrum we obtain and the absorbance value, A. The finger print may affect the absorbance value become inaccurate when doing experiment with spectrophotometer. So to obtain the more accurate result some precaution steps should be taken. Precaution Step: 1. Make sure the all apparatus are used is clean and dry. 2. Choose the suitable and collect apparatus to avid error when do the dilution. 3. Stirring the mixture to let it mix up together. 4. Make sure the wall of tube is clean and dry. 5. Make sure not finger print left on the tube to ensure UV result is not disturbed. 6. Make sure not parallax exists when taking the volume of the solution. 7. Make sure the pure solution Ni2+ and ligand (en) are pure enough. 8. Ensure the tubes samples are wash with sample solution before fill in the solution.



Conclusion: 1. The job method is a easy and important method in determination of composition of complexes by using the formula n= X 1-X so that the value of n ligand (en) which is bind to metal can be determine. 2. The absorption values, Az at λ 530.0 nm, 545.0 nm, 578.0 nm, 622.0 nm and 640.0 nm respectively is 0.138, 0.151, 0.229, 0.548 and 0.727. 3. The value of n for each λ 530.0 nm, 545.0 nm, 578.0 nm, 622.0 nm and 640 respectively is 14,14,5,2 and 2 Reference: 1. Silverstein, R. M Silverstein, R. M, G.C. Basster and T.C Morrill (1981) Spectrometric Identification of Organic Compounds 4th Edition New York : John Wiley & Sons. 2. Skoog, Holier, Nieman, 1998 Principal of Instumental Analysis Fifth Edition, Harcourt. 3. John A. Landgrebe, 1993 Theory and Practice in the Organic Laboratory with Microscale and Standard Scale Experiments 4th Edition Pacific Grove, California.
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