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Description


Classification Tests for Organic Halides



Del Prado, Jeprel L. Florano, Solmuell M. Florentino, Mary Roxine P.* Garcia, Geneva Sandra N. Gomez, Patrick M.



2APH



Abstract: Organic halides are organic compounds in which one or more hydrogen atoms have been substituted by a halogen atom. Most organic halides are synthetic and flammable. This main objective of this experiment is to differentiate primary, secondary, and tertiary organic halides based on their SN activity and make a distinction between SN1and SN2 mechanisms with organic halides. The organic compounds, n-butyl chloride, sec-butyl chloride, tert-butyl chloride and chlorobenzene, were subjected to Beilsein test and were reacted with ethanolic AgNO3 and NaI in anhydrous acetone respectively to classify them according to the type of organic halide they belong. The Beilsein test was conducted by dipping the prepared nichrome wire to the samples and heating them. All samples produced a green flame proving that they contain Cl in their structures. The samples were, then, reacted with ethanolic AgNO3 and a formation of white precipitate was observed in tert-butyl chloride, sec-butyl chloride and chlorobenzene while n-butyl chloride showed no reaction. Finally, the samples were reacted with NaI in acetone and all compounds produced a white precipitate, n-butyl chloride being the fastest and tert-butyl being the slowest. The results observed proved that SN1 reaction favors tertiary substrates while the SN2 reaction favors primary and secondary substrates. Introduction: Organic halides are organic compounds containing a halogen atom bonded to a carbon atom. The halogen atom can either be chlorine, bromine, iodine or bromine. Organic halides are not flammable and are mostly synthetic. The carbon attached to the halogen atom in an organic halide is also known as the alpha (α) carbon. The α-carbon can be classified as either primary, secondary or tertiary provided that it is an sp3 hybridized atom. It can be considered as primary when an alkyl group is attached to a α-carbon, secondary when two groups are attached to a α-carbon, and tertiary when three groups attached to a α-carbon.



A primary organic halide, n-butyl chloride.



A secondary organic halide, sec-butyl chloride.



A tertiary organic halide, tert-butyl chloride.



Nucleophilic substitution is the reaction of an electron pair donor, the nucleophile or Nu, with an electron pair acceptor, the electrophile. An sp3-hybridized electrophile must have a leaving group (X) in order for the reaction to take place. The reactivity of organic halides can be determined by its rate-determining step and the number of molecules used in the reaction. It can either be unimolecular (SN1) or bimolecular (SN2 ). The nucleophilic substitution reaction is unimolecular if the reaction rate is dependent on the organic halide and bimolecular if the reaction rate is dependent on the organic halide and the nucleophile. Tertiary alkyl halides usually reacts ell with SN1 reactions while primary alkyl halides react well while with SN2 reactions. The figure below represents an example of unimolecular nucleophilic substitution. Rate determining carbocation



step



–



formation



of



The Belsein test is a qualitative test for halides which was developed by Frederich Konrad. It is conducted by cleaning a nichrome wire and heating it using the Bunsen burner to form copper (II) oxide. It is then dipped in the sample to be tested and heated again to the flame. A positive test is indicated by a green flame caused by the formation of copper halide. The reactions involved in the said test are: Cu (s) + O2 - CuO (s) Adding the organic halide to the wire initiates the reaction below upon heating: CuO + 2 R-X  CuX2 + 2 R-O-X The volatile CuX2 reacts with the flame to produce another flame that is bluish-green or green in color. The objectives for this experiment is to differentiate primary, secondary, and tertiary organic halides based on their SN reactivity and SN1 and S N2 mechanisms with organic halides.



Attack of the nucleophile on the carbocation



Removal of a proton by bromine



Methodology: The experiment required test tubes, matches, copper wires, a burner, 2% ethanolic AgNO3, calibrated droppers, a test tube holder and rack, 15% NaI anhydrous acetone, and nbutyl chloride, sec-butyl chloride, tert-butyl chloride and chlorobenzene as sample compounds. I. Beilstein Test: Copper Halide Test



The figure below represents an example of bimolecular nucleophilic substitution.



A small loop was made with one end of the copper wire. It was heated continuously in the oxidizing zone of the non-luminous flame until the green color imparted to the flame disappeared. The loop was then cooled and dipped into the liquid sample. It was heated again with the sample in anon-luminous flame:



first in the inner zone, then in the outer zone near the edge of the flame. A green-colored flame indicated the presence of chlorine, bromine, or iodine.



II. SN1 Reactivity: Reaction with Alcoholic AgNO3 The group added five drops of the sample to 20 drops of 2% ethanolic AgNO 3. The test tube was shook and the group recorded the time in seconds for the silver halide precipitate to form. The color of the precipitate was also observed. III. SN2 Reactivity: reaction with NaI in Acetone



Table 2.Beilsein test Results Samples



Results of Beilsein Test



n-butyl chloride



blue green flame



Sec-butyl chloride



blue green flame



Tert-butyl chloride



blue green flame



chlorobenzene



blue green flame



The group used dry tubes for this part of experiment. Five drops of the sample were added to two drops of 15% NaI in anhydrous acetone. The contents were then mixed and the group noted the time in seconds for a precipitate to form. The color of the precipitate was also observed.



In the Beilsein test, all of the alkyl halides samples produced a blue green flame. A blue green flame indicated the presence of a halide. Moreover, the structural formula of each of the samples showed the presence of a halide.



Results and Conclusion:



Table 3. SN1 Reaction Test Results



Table 1. Properties of Alkyl Halides Samples n-butyl chloride



Condensed Structural Formula CH3CH2 CH2 CH2Cl2



sec-butyl chloride



n-butyl chloride



No reaction



sec-butyl chloride



Immediate formation of white precipitate (1.5s)



tert-butyl chloride



Immediate formation of white precipitate (1s)



chlorobenzene



Immediate formation whit precipitate (1.5s)



CH3 CH3



C CH3



chlorobenzene



Reaction with 2% AgNO3



Cl CH3 CH2CH CH3



tert-butyl chloride



Samples



Cl



The table above shows that in the test for SN1 reactivity, tert-butyl chloride was the first to produce a white precipitate followed by sec-butyl chloride and chlorobenzene while n-



butyl chloride showed no reaction. Based on the results, the group noted that tertiary organic halides are highly reactive during unimolecular nucleophilic substitution reactions. The kinetics of the reaction is dependent on the alkyl halide. The more stable the carbocation intermediate, the faster the rate of SN1 reaction. A good leaving group is important for the reaction to occur. The solvent used should be a polar and protic solvent that can stabilize a carbocation intermediate by salvation that increases the reaction rate. In terms of stereochemistry, this involves inversion and retention. The SN1 reaction happens when substrate dissociate to a carbocation in a slow rate-limiting step, followed by a rapid attack of a nucleophile. This reaction shows first order kinetics and takes place of racemization of configuration at the carbon atom. Table 4. SN2 Reaction Test Results Samples n-butyl chloride



Reaction with 15% NaI in anhydrous acetone Immediate formation of white precipitate (1s)



favors primary and secondary substrates. A strong nucleophile is needed for the reaction to occur because it parallels basicity. The solvent should be polar and aprotic. In terms of stereochemistry, it involves Walden inversion of configuration. The reaction occurs as the entering nucleophile attacks the halide 180º away from the leaving group. The reaction exhibits second-order kinetics and it is affected by steric effect caused by the bulky group of reagents. The SN2 reaction favors primary and secondary substrates compared to SN1 reaction that favors tertiary substrates. Conclusion: Tertiary organic halides are highly reactive during SN1 reaction while primary and secondary organic halides are higly reactive during SN2 reaction. Moreover, SN1 reaction shows first order kinetics and takes place of racemization of configuration at the carbon atom while SN2 reaction exhibits second-order kinetics and it is affected by steric effect caused by the bulky group of reagents. References: •



Bayquen, A.V., Cruz, C.T. de Guia, R.M., Lampa, F.F. Pena, G.T., Sarile, A.S., Torres, P.C. (2009).Laboratory Manual in Organic Chemistry. Quezon City: C&E Publishing, Inc.



sec-butyl chloride



Immediate formation of white precipitate (1.5s)



tert-butyl chloride



Immediate formation whit precipitate (2s)



•



Bernsthen, August, and Raj Bansal. A Textbook of Organic Chemistry. USA: New Age International, 2003.



chlorobenzene



Immediate formation of white precipitate (1.5s)



•



Solomons, Grahams (2003). Organic Chemistry. 7 th Edition. John Wiley and Sons Inc. 605 Third Avenue New York. pp. 234-246



The table above shows that in the test for SN2 reactivity, n-butyl chloride was the first to produce a white precipitate followed by secbutyl chloride, chlorobenzene and tert-butyl chloride. The kinetics of this reaction is dependent on the alkyl halide and nucleophille. Due to the steric effect, the substrate effect in SN1 reaction is the opposite in SN2 reaction. It
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