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Introduction

The objective of this experiment is to synthesize vanillyl alcohol from vanillin via reduction using sodium borohydride as a reducing agent.
There are several laboratory techniques used in this experiment.

Firstyl, the vanillin solution is stirred in a cooling bath during the addition of the sodium borohydride solution. Since some reactions can be exothermic, a cooling bath can be used to control the reaction temperature. Cooling baths are normally composed of a liquid solvent or a mixture of solvents, and/or a cooling agent. In this case, we will be using a simple ice bath to maintain the reaction under room temperature. 

Secondly, after protonation of the reaction mixture with dilute aqueous hydrochloric acid, the crude product is collected via vacuum filtration. Vacuum filtration is used to separate the solid vanillyl alcohol from the solvent of the reaction mixture. The solid is captured in a filter paper, while the solvent passes through into in a flask beneath it. The advantages of vacuum filtration over gravity filtration are that it is faster and provides a dryer solid product.

Lastly, after vacuum filtrating the reaction mixture, the crude vanillyl alcohol is then recrystallized in an deionized water. Solubility of a chemical in a solvent is normally greater at higher temperatures. As the solution is heated, the latter reaches a state of supersaturation. When the solution cools, the product recrystallizes primarily while the impurities remain dissolved in the solvent. This results in a purer product. The ideal solvent for recrystallization is one in which the product is insoluble at room temperature, and soluble at a higher temperature.

After recrystallization, the purified product is then collected again via vacuum filtration.


The main reaction of this experiment is reduction reaction. A reduction reaction is one half of an oxidation-reduction (redox) reaction; in other words, an oxidation always happens with a reduction. In a redox reaction, reduction is the gain of electrons, while oxidation is the loss of electrons. The species that gains electrons is called the oxidizing agent, while the species that loses electrons is called the reducing agent.

Some commonly used reducing agents in organic chemistry include lithium aluminum hydride (LiAlH4) and sodium borohydride (NaBH4). These reducing agents will readily donate hydrogen groups. Between the two, LiAlH4 is very effective, but can react violently with protic solvents. Thus, NaBH4 is a safer alternative.  
Results
Observations

While adding the NaBH4 solution to the vanillin solution:

-the initial vanillin solution was yellow in color; 

-the vanillin solution was kept in an ice bath;
-the temperature was kept at ~5 oC (well below 25 oC);
-the NaBH4 solution was added in small increments over a 10 minute period;
-the temperature of the vanillin solution increased by 2 – 5 oC upon each addition (the solution was then cooled again);
-after completely adding the NaBH4 solution, the vanillin solution was a pale yellow color.
The vanillin solution was left to stir for 45 minutes total.
After stirring, the solution was translucent white. 
Approximately 30 mL of HCl (~3 M) was added to the solution. 

The pH was below 2 (as indicated by the Litmus papers).

A white foam formed upon addition of the HCl. 

After recrystallization, our final product was shinier and whiter.
Raw data and calculations
Amount of reactants used

	Compound
	Amount
	mmol

	Vanillin
	2.594 g
	17.05

	Sodium borohydride
	1.922 g
	50.81

	NaOH for NaBH4
	~10 mL
	-

	NaOH for solvent
	~14 mL
	-


Mechanism
N.B. One mole of NaBH4 reduces four moles of vanillin.

Theoretical yield of vanilyl alcohol
	
	(4) Vanillin                     +
	(1) Sodium borohydride                  →
	(4) Vanillyl alcohol                      

	I
	4.26
	50.81
	-

	R
	-4.26
	-4.26
	+4.26

	F
	-
	46.55
	4.26

	Vanillin is the limiting reagent


Calculation of percent yield of vanillyl alcohol
	Mass of weighing bottle w/ cap
	89.927 g

	Mass of weighting bottle w/ cap + product
	91.347 g

	Experimental yield of vanillyl alcohol in grams
	91.347 g – 89.927 g = 1.420 g

	Theoretical yield of vanillyl alcohol in mmol
	17.05 mmol

	Molar mass of vanillyl alcohol (g/mol)
	154.16 g/mol

	Theoretical yield of vanillyl alcohol in grams
	2.63 g

	Percent yield of vanillyl alcohol
	54%


​​​​
Melting point of vanillyl alcohol
	Literature melting point of vanillyl alcohol1
	110 – 117 oC

	Experimental melting point of vanillyl alcohol (sample 1)
	88.1 – 95.1 oC

	Experimental melting point of vanillyl alcohol (sample 2)
	94.2 – 96.9 oC


Discussion and conclusions
Explain the reaction performed: Reduction, reducing agents, solvent used and conditions


In this experiment, vanillin is reduced to vanillyl alcohol using sodium borohydride. As a hydride ion is transferred in this reaction, the borohydride ion (BH4-) loses electrons while the carbonyl carbon gains electrons. Thus, the borohydride ion acts as the reducing agent. At the same time, it can be said that vanillin (which contains the carbonyl carbon) oxidizes the borohydride ion.

Sodium borohydride is used because it is relatively safe compared to other reducing agents, like LiAlH4. It must be used in solutions at low pH since it can decompose in acidic conditions (production of H2 gas). It must also be kept at low temperatures for the same reason. For best results, sodium borohydride should be used with alcohols, since it reacts slowly with the latter. Furthermore, since alcohols are protic solvents, they contribute to the reduction reaction by protonating the carbonyl oxygen. 

We used sodium hydroxide (NaOH) as both solvents for the vanillin and the sodium borohydride. Sodium hydroxide deprotonates the hydroxyl group of the aromatic ring (phenol) from vanillin. As a result, water is produced. Both the water and sodium hydroxide provide an alkaline solution for the borohydride reduction to take place. 

The amount of borohydride used is questionable. If we follow the principles of green chemistry, the minimal amount corresponds to a 4:1 ratio of borohydride to vanillin. As far as reaction time goes, usually the longer the better. However, since borohydride decomposition is a factor, the reaction should be carried out for approximately 15-30 minutes.2
Solvent used in recrystallization


Deionized water was used as the solvent during the recrystallization process. According to the laboratory procedure, vanillyl alcohol is soluble in hot water, but relatively insoluble in cold water. Furthermore, vanillyl alcohol “tends to form supersaturated solutions in water.” With this said, water was our best choice for the solvent. 
Describe and explain any experimental observations and results obtained


After stirring the reaction mixture for 45 minutes, the solution turned a translucent white. We assume this meant a completed reaction. As we added the hydrochloric acid, a lot of white foam was produced. We believe this was a combination of both the formation of precipitate, vanillyl alcohol, and hydrogen gas. The amount of HCl required to acidify the reaction below a pH of 2 showed that we had used sodium hydroxide in excess. Our crude product was clumpy and wet, but after recrystallization it was mostly dry, shiny crystals.

Our yield was only 54%, but with the limitations of small scale organic chemistry, we believe this is acceptable. 

Our experimental IR spectrum showed a near identical match to other IR spectrums of vanillyl alcohol3. The presence of a peak in the 3650-3200 cm-1 region indicates the presence of a hydroxyl group. However, this could be the phenol group. A better sign is the absence of a peak in the 1750-1680 cm-1 region. This indicates the absence of a carbonyl group. Thus, our product was successfully reduced. 

However, our melting point was much lower than expected. The literature melting point of vanillyl alcohol is 110 – 117 oC. Our experiment melting point was between 88.1 oC and 96.9 oC over both samples. This melting point depression indicates an impure product.


With conflicting results, we believe that the IR spectrum is more accurate. There can be several problems with a melting point apparatus, such as miscalibration or improper heating.  

Cause of error and improvement

If the melting point was indeed accurate, then we believe that the reaction should have been stirred for a longer period. The best way to know if the melting point was accurate is to have a control sample (i.e. a pure vanillyl alcohol sample). If this sample is in the literature melting point range, then we know our experimental results to be true.

Furthermore, we should take more care when adding liquids. The splash of liquids onto the walls of flasks can definitely contribute to chemicals not being in solution to react. .
As a final precaution, we should wash our crude product thoroughly during vacuum filtration. Although our yield will suffer, we believe that this could have resulted in a purer product. What good is a high yield is the product is not pure? 
Conclusion


 Despite contradicting results between the melting point and the IR spectrum of our product, we believe that we successfully synthesized vanillyl alcohol from vanillin via borohydride reduction. Our choice of solvent was appropriate, and we learned how to be autonomous in our experimental procedure. This laboratory was very exciting and interesting. 
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