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Introduction:

There are a wide variety of synthetic dyes both synthesized using organic chemistry and used to conduct organic chemistry experiments. Most often they are used to track the movement of specific molecules either throughout the course of a reaction, or as they travel through the body of an organism[endnoteRef:1].  [1:  J. Chem.Ed. 2007, 84, 1799-1802
] 

Rhodamine B is one of the aforementioned synthetic dyes, and is a member of a specific class of fluorescent synthetic dyes known as Xanthenes.[endnoteRef:2] These compounds, derivatives of the molecule xanthene (C13H10O) are synthesized via the reaction of pthalic anhydride and derivatives of 3-aminophenol.[endnoteRef:3]  Once synthesized, the uses of these fluorescent dyes are widespread and can be applied to many disciplines. Rhodamine B dye for example, is widely used as a biological tracer, allowing scientists both to trace various biological phenomena, including tracking the velocity of water flow in nature, and acting as a biomarker to identify the presence of various viruses contracted by wildlife.1 As an organic pigment, it also retains some use as a magenta dye, and can be used to dye paper and cosmetics, among other objects.[endnoteRef:4]  [2:  Druzhinin, S. Yu.; Syrtsova, L. A.; Denisov, N. N.; Shkondina, N. I.; Gak, V. Yu. Biochemistry (Moscow). 1998, 8, 996-1006.
]  [3:  Casey, Kelly G.; Quitevis, Edward L. The Journal of Physical Chemistry. 1998, 92, 6590–6594
]  [4:  Bronislawa, L. Roczniki Panstwowego Zakladu Higieny; 1966, 17, 21-24. 
] 

One method of synthesizing this dye is via a green synthesis, or a synthesis with a high atom economy. The term “atom economy” is used to describe the efficiency of a reaction at utilizing the atoms of reactant to create product.[endnoteRef:5] It is calculated using the equation (mass of atoms in desired product/mass of atoms in reactants)*100%. The overarching goal of green chemistry is to avoid creating excess waste or toxic byproducts in an attempt to benefit the environment and the health of the world at large.5 Synthesis of Rhodamine B dye from 3-(diethylamino)-phenol and pthalic anhydride has an atom efficiency of 92%, and is considered a fairly green synthesis.  [5:  Redasani, V.K.; Kumawat, V.S.; Kabra, R.P.; Kansagara, P.; Surana, S.J. International Journal of ChemTech Research. 2010, 3, 1856-1859. 
] 

Green synthesis of Rhodamine B dye is performed by reacting pthalic anhydride and 3-(diethylamino)-phenol in the presence of a catalytic amount of sulfuric acid and heat. The process starts with a friedel crafts reaction, followed by another friedel crafts reaction and finally a SnAR reaction to form an ether bond.1 














































Scheme 1. Mechanism of Green Synthesis of Rhodamine B dye via friedel crafts and SnAR reaction of pthalic anhydride and 1-(diethylamino)-phenol

The first step of this mechanism involves a friedel crafts acylation, with the electrons of 3-(diethylamino)-phenol’s double bond attacking a carbonyl carbon of pthalic anhydride. Because the reaction is conducted in catalytic amounts of sulfuric acid, all negatively charged oxygen atoms are quickly protonated. After the first friedel crafts acylation, another friedel crafts acylation follows with the double bond of another molecule of 3-(diethylamino)-phenol attacking the carbonyl carbon in between the two benzene rings of the molecule synthesized by the first friedel crafts reaction. The double bonded oxygen coming off of the carbonyl carbon is then protonated, and the oxygen of that hydroxyl groups goes on to attack the one remaining carbonyl group in the molecule via a SnAR nucleophilic aromatic substitution forming both 5 member and 6 member heterocyclic rings, each containing oxygen. The point at which both of these rings are formed and are stable signals the point at which a stable form of Rhodamine B has been synthesized via the green reaction.
The purpose of this lab is to perform an effective green synthesis of Rhodamine B dye by reacting pthalic anhydride with 3-(diethylamino)-phenol. The product will then be identified and analyzed by melting point, 60 mHz 1H-NMR, 400 mHz 1H-NMR, and UV-Vis. 
	
Experimental:

Rhodamine B (45).  3-(diethylamino)-phenol (228 mg, 1.37 mmol) and pthalic anhydride (102 mg, 0.688 mmol) were combined and heated in 180°C sand bath until reactants turned orange-brown. Sulfuric acid (3 drops, 8M) was added and the reaction ran for 60 minutes, maintaining the temperature of sand bath between 180°C and 200°C.  The product was then allowed to cool to room temperature, after which methanol (3 drops) was added and the solution was stirred for 10 minutes until the substance turned dark magenta. The solution was mixed with dichloromethane (10 mL), then washed twice with NaHCO3 (5%, 10 mL), and once with distilled water (10mL). The product was first dried over sodium sulfate, then allowed to dry for 166 hours. Flash chromatography was run on a silica column eluting with 95% acetone/5% methanol. Column was monitored by TLC (95% acetone/5% methanol). The product was then allowed to dry for 118 hours, and 45 was afforded as a magenta solid Rf 0.08, 0.13; (0.228 grams, 75%) , mp 208-209°C (lit.1 210-211°C); UV/Vis λmax540 nm; 1H-NMR (400 mHz, CDCl3) δ 7.998-8.017 ppm (t, 1H), 7.616-7.637 ppm (m, 1H), 7.577-7.595 ppm (t, 1H), 7.202-7.221 ppm (m, 1H), 6.575-6.597 (d, 2H), 6.445-6.460 (m, 2H), 6.332-6.381 (dd, 2H); 1H-NMR (60 mHz, CDCl3) δ 6.242-7.603 ppm (m, 7H), 3.250-3.423 ppm (m, 8H), 1.172-1.256 ppm (m, 16H). 

Results, Discussion and Conclusions: 

	The green synthesis of Rhodamine B dye from pthalic anhydride and 3-(diethylamino)-phenol requires the presence of sulfuric acid and heat. After conducting this reaction in the presence of a catalytic amount of sulfuric acid, the product was subsequently isolated and purified using liquid-liquid extraction techniques and column chromatography. While the first reaction was conducted, it was crucial that the temperature of the sand bath and the reaction be maintained within 180-200°C so as not to allow the product to decompose. There was a brief period (no longer than a minute or two) when the temperature of the sand bath rose 2-3°C above this temperature, that may have decreased the experimental percent yield, but for the rest of the 60 minutes this rule was abided by. After the reaction was completed, a TLC was run using 95% acetone/5% methanol as a mobile phase in order to gather a baseline of the relative Rf values of the starting material and the newly formed crude product. Analysis of the structures of the reactants and product (shown in Fig. 1) solely based on polarities leads to the prediction that pthalic anhydride will travel the farthest, then Rhodamine B, and lastly 3-(diethylamino)-phenol will travel the shortest distance and have the lowest Rf due to its attraction to the polar silica soild phase, and the knowledge that polar compounds are most strongly attracted to other polar compounds.  In practice however, Rhodamine B had the lowest Rf value, as evidenced by the lowest Rf spots appearing bright pink, unlike the spots that had the higher Rf value. This was probably due to the fact that while the 3-(diethylamino)-phenol is more polar than Rhodamine B, the significantly higher number of hydrogen atoms present in the Rhodamine B allow for more hydrogen bonds to be formed between the oxygen of the silica and hydrogens of the Rhodamine B, retarding its progress through the TLC plate. In addition to the initial TLC run, the progress of the column was also monitored via TLC in order to keep track of which fractions contained isolated Rhodamine B. All fractions appearing to contain uncontaminated product were combined in a beaker and allowed to dry.
[image: ]
Figure 1. Chemical Structures of 3-(diethylamino)-phenol, Pthalic anhydride, Rhodamine B1
	Once the dried product had been obtained, it was first analyzed using 60 mHz 1H-NMR data, and subsequently using 400 mHz 1H-NMR data. Based on the structure of the Rhodamine B molecule, 9 chemically distinct hydrogens were expected to appear and produce peaks on the experimental 1H-NMR spectra. The integral values were expected to add to 29 hydrogens in all, with numerous multiplets present due to the presence of so many hydrogens in the molecule. An examination of Figure 3, the 400 mHz 1H-NMR spectrum of the product, displays peaks with chemical shifts of 7.998-8.017 ppm, 7.616-7.637 ppm, 7.595-7.577 ppm, 7.221-7.202 ppm, with integral values of 1.152, 1.099, 1.167 and 1.222 respectively, each indicating 1H. Each of these peaks indicates a chemically distinct hydrogen of the aromatic ring directly adjacent to the 5 membered heterocyclic ring present in the structure of Rhodamine B. This was determined by the fact that there are 4 similar peaks clustered together, two of which are triplets (the two hydrogens in the ring that have 1 chemically distinct hydrogen on either side), and that each peak only represents one hydrogen. Close to these peaks, is another set of clustered peaks with chemical shifts of 6.575-6.597 ppm, 6.445-6.460 ppm and 6.332-6.381 ppm. with integral values of 2.148, 1.948 and 2.177 respectively, each indicating 2H. These peaks represent each of the 3 pairs of chemically distinct aromatic hydrogens present on the two aromatic rings directly adjacent to Rhodamine B’s 6 member heterocyclic ring. The peak with a chemical shift of 3.250-3.423 ppm and an integral value of 7.997 indicates the 8 hydrogens present in the molecule that are connected to a carbon that has a methyl on one side, and a nitrogen atom on the other. The significant peak with the smallest chemical shift of 1.172-1.256 ppm and an integral value of 12.02 represents the 12 chemically identical methyl hydrogens present in the molecule. The correlation of these chemical shifts and integral values with the structure of Rhodamine B and with literature 1H-NMR spectra, along with the lack of a peak with a chemical shift indicating the presence of a phenol group (and therefore 3-diethylamino-phenol) appears to indicate that Rhodamine B dye was successfully synthesized and purified[endnoteRef:6].  [6:  Chai, M; Li, M; Zhang, D; Wang, C; Ye, Y; Zhao, Y. Luminescence. 2013, 4, 557-561. 
] 

	Further analysis of the product was then performed by running a UV-Vis of the dye. The sample was prepared for UV-Vis analysis using methanol as a solvent.  The data, seen in Figure 4, showed a maximum wavelength of 540 nm. The literature states that Rhodamine B dye is expected to be excited at 553 nm, emit at 627 nm, and appear a reddish-violet, magenta color.3, [endnoteRef:7] The obtained wavelength of 540 nm is slightly lower than expected, possibly due to contaminants present in the product such as a small amount of residual crude product. The literature states that, the crude product was expected to appear closer to the color red, while the product was expected to appear closer to the color magenta.1 As substances that appear red-violet absorb a wavelength of 530 nm, while red products absorb 500 nm and violet products absorb at 550 nm, residual red crude product could have resulted in a slightly lowered maximum absorbance wavelength.[endnoteRef:8]  [7:  Rhodamine B; MSDS No. 234141 [Online]; Flinn Scientific: Batavia, IL, Oct 11, 2012. http://east.cherryhill.k12.nj.us/msds/QR/Rhodamine%20B%20Solution.pdf (accessed Dec 2, 2013).
]  [8:  Rummel, S. Lab Guide for Chemistry 213: Introductory Organic Chemistry Laboratory; Hayden-McNeil Publishing: Plymouth, 2013.
] 

	After UV-Vis data was collected, an experimental melting point was taken. When compared to the literature value of 210-211°C, the experimental melting point of 208-209°C was slightly depressed.1 This could have been due to residual moisture left in the dye or humidity in the air, along with the presence of a minor amount of contaminant in the form of crude, contaminated product. The value also could also have been off by a degree as a result of the imprecise calibration of the thermometer used in the MelTemp apparatus. 
	The success of this synthesis was lastly measured by analyzing the percent yield of the compound. A total of 0.228 grams of product was purified, resulting in a 76% yield of the theoretical yield of 0.299 grams. Compared to the literature6 yield of 87% this indicates that the experiment was relatively successful. Only 76% instead of 87% or 100% of the compound was yielded for a number of reasons. To begin with, minor amounts of dye were lost at many points during the experiment as residue on various pieces of glassware, and the magnetic stirrer. When liquid-liquid extraction was performed, the organic and aqueous layers might not have been exposed to each other enough and all of the desired organic compound might not have been extracted into the appropriate layer. Additionally, all of the product might not have eluted from the column, and some might remain in the silica.  Other sources of error present in the experiment include the fact that flash chromatography was used due to time constraints, and that excess acetone was left in the NMR tube after it was cleaned. Should this experiment be performed again, it would be ideal to dry the NMR tube more thoroughly so that no acetone peak is present on the 1H-NMR spectra. Also, it would be ideal to conduct the experiment in an environment where time is not a factor, so that flash chromatography would not need to be used and optimal separation could be achieved. 
[bookmark: _GoBack]	In conclusion, Rhodamine B dye was successfully synthesized as a product, as seen by melting point analysis, 1H-NMR data, UV-Vis data and the observation that every component of the experiment, from glassware to chemical compounds was all dyed magenta.  Analysis of data obtained from 1H-NMR, UV-Vis and melting point data all indicated that there was slight contamination of the sample, probably the presence of a minor amount of residual crude product remaining in the final product or the failure of column chromatography to purify the sample 100%  but that the desired compound was synthesized and isolated. The success of this experiment has a number of implications, the most notable of which is that Rhodamine B dye can be successfully synthesized 
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