
AMERICAN CHEMICAL SOCIETY BROUGHT TO YOU BY

BREAKING THROUGH BOTTLENECKS IN 
ORGANIC SYNTHESIS WITH A 
STREAMLINED PURIFICATION WORKFLOW

INTRODUCTION
Organic synthesis is both a precise science and a fine art, as stated by natural 

products chemist K.C. Nicolaou of Rice University.1 Organic synthesis involves 

replicating complicated molecules found in natural systems and creating in a 

laboratory similar ones that can serve as pharmaceuticals, fuels, agricultural 

chemicals, and many other materials we use every day.

Synthetic organic chemists, as the professionals who wield the skills to develop 

these molecules, function not only as scientists and artists but also much like 

chefs in the way they approach their work. When chefs create a dish, they 

perform regular checks (by looking, tasting, and smelling) to ensure the desired 

result. Much in the same way, synthetic organic chemists need to identify 

compounds at each step of their synthesis and purify the desired products 

before moving on to the next step. “You need to confirm that you are making 

what you want, and you have it in a pure state or cleaned up as best as you can 

before you continue your synthesis,” says Daniel Eikel, the director of product 

application and customer service at Advion X Interchim, two companies that 

recently combined to offer a fully integrated suite of mass spectrometry (MS) 

and chromatography solutions to life sciences researchers.

Although reaction monitoring, compound identification, and purification are 

some of the cornerstones of a successful synthesis, they are also lengthy, labor-

intensive processes that create workflow bottlenecks. Eikel says a workflow 

that can link these steps to create one continuous process with the help of 

autonomous software can help accelerate syntheses. “That’s what we’ve 

tried to create by combining thin-layer chromatography (TLC), MS, and flash 

chromatography,” he says (figure 1).
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QUICK, ACCURATE, AND CONFIDENT COMPOUND IDENTIFICATION
One of the most common methods used to check the progress of a reaction is 

taking aliquots of the solution at different times and spotting the aliquots on a 

TLC plate. The lower edge of the TLC plate is dipped into a solvent mixture that 

helps separate the components as the solvent migrates up the plate. When 

the plate develops, spots for the starting material, desired products, and by-

products can be identified.

“I run a lot of analytical and preparative TLC in the lab,” says Anushka 

Chathuranga, a postdoctoral associate at Scripps Research in La Jolla, 

California, who studies small-molecule anti-cancer agents. “One thing that 

makes compound ID really difficult is when I have two compounds with 

retention factors that are close in value. It can be troublesome and time 

consuming to purify the compounds without accurately and confidently 

knowing which is which.”

As a senior research scientist at OmegaChem in Lévis, Québec, Augustin 

Péneau uses many analytical techniques to identify and purify the organic 

molecules he makes. He notes that time is a major pain point for most 

analyses. “In the pharmaceutical industry, we have high standards in structure 

confirmation due to patent issues, and that is why we also have to double- or 

triple-check before structure validation—this takes time,” Péneau says. “There 

is also the question of how accurate is my data, linked to how accurate or 

reliable is my analytical method?”

Figure 1. A workflow that couples TLC with MS, and flash chromatography to boost synthesis speed 

and efficiency. APCI stands for atmospheric pressure chemical ionization.

Image credit: Advion X Interchim
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Concerns about accuracy are common with methods like TLC. Synthetic 

chemists often must resort to educated guesswork to determine what each TLC 

spot represents. To identify a compound that’s not ultraviolet (UV) active and 

not detectable by a UV lamp, a chemist would need to scrape off the spot on 

the TLC plate, extract the compound, purify it, concentrate it, and feed it to a 

mass spectrometer. This process requires time and substantial manual effort, 

and the result may not be very accurate or clean. But automated direct TLC/MS 

technologies, developed a few years ago, have streamlined the process.2

DIRECT MASS ANALYSIS FROM TLC PLATES
The Advion X Interchim workflow begins with a direct TLC/MS setup, in which you 

can identify spots from a TLC plate without scraping, sample prep, cleanup, or a 

lengthy LC-MS run, according to Eikel.

“The compact mass spectrometer will take a mass spectrum straight off that 

TLC plate in about 30 seconds and will tell you unambiguously what the mass 

of the analyte is,” Eikel says. The Advion Plate Express reader’s surface-sampling 

technique does a liquid extraction directly off the TLC plate into the mass 

spectrometer, he adds.

Letting an automated plate reader identify compounds while running a reaction 

(or after) can lighten a chemist’s load considerably. The scientist only has to place 

the TLC plate under the reader so that the spot to be identified is aligned with a 

laser guide. MS technologies available today are sensitive enough to directly ionize 

minute quantities of the compound and provide an accurate spectrum (figure 2).

Figure 2. A TLC plate is placed under the head of the plate reader (right). With the spot of interest 

aligned correctly, a quick button press can make the plate-reader head descend and extract the 

sample with a solvent to send directly to the mass spectrometer (left).

Image credit: Advion X Interchim

Addressing the difficulty of separating compounds with retention factors close 

in value, Eikel says that even if the spots are very close together (for example, 

only a few millimeters apart), the plate reader would be able to distinguish 
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them and provide two separate peaks on the mass spectrum. That distinction is 

possible because the extraction can be done accurately at a lower point on one 

spot and a higher point on the other to minimize overlap, he says. “This process 

is automated, and the extraction surface is about 2 x 1 mm2, so it’s much more 

accurate than if you were to do it by hand,” Eikel explains. When extracting from 

such a small surface area, there would virtually be no overlap—something that’s 

not possible when extraction is done manually, he adds.

Gang Chen, a lab manager at Simon Fraser University, confirms that the TLC plate 

reader is a handy tool for reaction monitoring. “There is no guessing game” in 

comparing direct TLC sampling to the traditional ways of trying to match reverse-

phase high performance liquid chromatography (HPLC) data with normal-phase 

TLC results, he says. To Chen, that lack of speculation is a notable advantage in 

product identification.

The TLC plate reader has become an essential device for Matthew Volpe’s studies 

on bacterial metabolism in the human microbiome, according to the Harvard 

University graduate student. “We often work with synthetic targets that are 

not UV active and are difficult to stain for with confidence,” Volpe says. “Being 

able to check the mass of a product on a TLC plate is great.” It also helps catch 

contaminants, which are only detectable by MS. He can then quickly move on to 

the next step: purification.

STRUGGLES WITH FLASH PURIFICATION
Flash chromatography is a separation technique that uses compressed gas 

(such as nitrogen or air) or a pump to push solvents through a low-to-medium-

pressure column. Introduced in the late 1970s, it is generally known as one of 

the simplest preparative chromatography methods for the routine purification 

of organic compounds.3, 4 Yet efficiency is still a challenge for labs that regularly 

run flash purifications.

Chathuranga at Scripps says that HPLC can be very useful but that determining 

which type of separation technique to use “requires many trial-and-error runs 

to optimize conditions.” In his view, the simpler option is flash chromatography, 

which he uses frequently, although it involves more human interference and is 

typically not very user-friendly.

Hansamali Sirinimal, an organic chemist who works in an industrial lab in 

Michigan, echoes Chathuranga on flash purification. “It can take a whole lot of 

time and a whole lot of solvents,” she says.

A solution to these problems with flash chromatography could come in the 

form of a system that efficiently couples TLC plate results to an automatically 

generated and optimized purification method. Eikel says the Advion X 

Interchim workflow was developed with this idea in mind, incorporating a flash 

chromatography system (developed by Interchim) that can be programmed 

directly from the separation information on the TLC plate—it just takes a 

picture on a smartphone and a little bit of math.
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“The software takes into account many things, like how much material you 

want to clean up, size of the column, and the type of material that the column 

is made of and its particle size,” Eikel says. “All those things are considered by 

the algorithm in suggesting a method that gives an optimal separation.”

The ability to translate TLC retention factors to a flash chromatography method 

is what makes the purification so efficient, according to Daniel Flaherty at 

Purdue University. Eikel says translating separation information from a TLC 

plate to a flash chromatograph is easier than making the translation to any 

HPLC system, because the separation chemistry is the same for both a silica TLC 

plate and a silica flash column.

SAVING TIME IN FRACTION IDENTIFICATION
Another common challenge emerges for synthetic chemists in the final step of 

the compound identification and purification process, in that they must confirm 

that the collected fraction contains the correct compound. This confirmation 

typically requires a lengthy liquid chromatography-mass spectrometry (LC-MS) 

run. To deal with this bottleneck, Advion developed a glass capillary tool that can 

be dipped into the fraction and subsequently inserted into the APCI ion source of 

a compact mass spectrometer to identify a compound within seconds.

Figure 3. A photograph 

of the TLC plate can be 

taken with a smartphone 

and relevant data entered 

(top, left). The data are 

sent to the flash system 

(top, right), and the system 

software suggests the 

best gradient purification 

method for the compound 

or compounds based on 

the TLC data (bottom).

Image credit: Advion X 
Interchim

SEPARATION GUIDED BY AN IMAGE AND SOFTWARE
Essentially, all a researcher needs to do to purify a compound is to snap a photo 

of the TLC plate and send it to the flash purification system via a smartphone 

app built specifically for linking TLC data to a column separation method. The 

software installed in the flash system automatically generates a gradient 

method for purification on the column by analyzing the TLC data provided by 

the user (figure 3).
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“I love that I can dip the ASAP probe into a sample in the fume hood and then 

spin around, insert the probe in the compact mass spectrometer, and see the 

mass spec immediately,” says Louis Mueller, a graduate student at Drexel 

University in Pennsylvania. “Not only has the system amplified my productivity, 

but it has given me insight beyond what normal TLC can.”

Eric Price at the University of Saskatchewan in Canada is developing new 

molecular imaging and radionuclide therapy drugs. He says he prefers using the 

ASAP/MS system because “there’s no need to worry about solvent compatibility, 

solubility, or concentration.” This method of analysis is very fast for samples 

suitable for the APCI source, he adds.

A STREAMLINED, USER-FRIENDLY WORKFLOW 
According to Eikel, the expectation a few decades ago was that an organic 

chemist could complete one synthesis step a day. This has now gone up to 

about two steps per day, but the purification has become more rigorous. 

Most chemists clean up their solutions after every step to get a better yield. “I 

don’t believe it’s easy or even possible to clean up two steps in a day, actually, 

without a fast, streamlined workflow,” Eikel says. “We’ve found that by using 

TLC/MS to monitor a reaction, you can save hours of reaction time. With an 

efficient flash purification system coupled to a mass probe, you can drive more 

synthesis steps per day.”

Figure 4. The ASAP is dipped into one of the identified fraction tubes (left) and inserted into the mass 

spectrometer, where it is instantly analyzed by the APCI ion source (schematic, right).

Image credit: Advion X Interchim

This dipping probe accessory, called an atmospheric solids analysis probe (ASAP), 

was invented in 2005 by Charles N. McEwen at the University of Sciences. It 

effectively enables chemists to confirm their fractions in real time.5, 6 Inside the 

mass spectrometer source, a heated nitrogen jet vaporizes the sample at the tip 

of the probe. A corona discharge pin then instantly ionizes the sample to deliver 

a mass spectrum in less than 30 seconds (figure 4).
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When this type of streamlined workflow was developed, one of Advion X Interchim’s 

goals was to make it user friendly. For example, the instruments needed to be 

compact and able to fit in a fume hood; the software features needed to be simple; 

and perhaps most importantly, must be built for the specific purpose of coupling and 

accelerating compound identification and purification. Eikel believes that the biggest 

advantage of this TLC/MS system is how it combines multiple components that work 

well together to enhance the efficiency of organic synthesis workflows. 

Purdue’s Flaherty says the complete setup which his team has been using for a while, 

has increased synthesis efficiency because the components are complementary and 

easy to use. “The way the workflow integrates MS and predicts flash chromatography 

conditions for efficient purification, based on TLC, makes the workflow worth 

investing in,” he says.
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To view a demonstration of Advion X Interchim’s complete workflow for 

monitoring a reaction, purifying desired products, and confirming eluted 

fractions, check out this video clip: https://vimeo.com/415663998

 Advion and Interchim recently combined. Learn more about the workflow 

benefits of combined mass spectrometry and flash chromatography in their 

press release: https://www.advion.com/advion-interchim-combination/
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