
 S1

Electronic Supplementary Material (ESI) for Chemical Communications 
This journal is © The Royal Society of Chemistry 2006 
 

 

SUPPORTING MATERIAL 

Serine Sublimes with Spontaneous Chiral Amplification 
Richard H. Perry a, Chunping Wu a, Marcela Nefliu a and R. Graham Cooks*a 

 

a Department of Chemistry, Purdue University 
West Lafayette, IN 47907 

 

 

 

 

Materials and Methods 

Materials 

L-Serine (99% purity), L-Alanine (99% purity) and D-Alanine (99%+ purity) were 

obtained from Acros Organics, Morris Plains, NJ. D-Serine (≥ 98% purity), L-Threonine (99% 

putrity) and D-Threonine (99% purity) were obtained from Sigma-Aldrich, St. Louis, MO.  

Sample Preparation 

a. Non-recrystallized samples 

Each enantiomer of serine was used as received and crushed separately using a mortar and pestle. 

Samples with different enantiomeric excess (e.e.) values were then made by weighing out the 

appropriate amounts of the crushed solids using an analytical balance, physically mixing the two 

solids with a spatula, and then crushing again to increase the homogeneity of the mixture. The 

final composition was determined by chiral gas chromatography (GC) as described later. The 

same procedure was followed to prepare all other solid physical mixtures. 
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b. Recrystallized samples 

Pure L-Ser and D-Ser were dissolved in separate beakers of hot water. The solutions were 

allowed to stand overnight. The recrystallized serine was collected by vacuum filtration using a 

Buchner funnel. The crystals were dried overnight at 60 oC and then crushed in a mortar and 

pestle. The solid samples to be coated were made by mixing appropriate amounts of each 

enantiomer.  

Melting Points 

The melting points of all the serine samples were measured using a Mel-Temp II 

(Laboratory Devices, Holliston, MA). Table S1 shows the measured melting point for each 

commercial sample as well as after recrystallization (serine samples only). The table also 

includes literature values. 

Sublimation and Collection 

a. Experiment using a moving heater 

In the first set of experiments, 1 gram of a serine mixture was placed inside a horizontal 

Pyrex glass tube (dimensions: length of the tube = 22 cm; outer diameter (OD) = 19 mm; inner 

diameter (ID) = 16 mm) close to one of its ends. A spatula was used to spread the serine up to 

about 11 cm along the length of the tube. Then, using a squirt bottle, just enough acetone was 

introduced at the same end to form a paste with serine.  The tube was then manually rotated on a 

flat surface to uniformly coat the serine along the inside of the tube. The rotation was stopped 

only when all the acetone had evaporated. 

The coated end of the tube was connected to two vigreux columns (dimensions: length: 

13 cm)  and a small glass tube (dimensions: length of the tube = 11cm; OD = 13 mm; ID = 11 

mm) in series. All the components were connected with 14/20 joints. The two vigreux columns 
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were held together with a Keck clip and placed in a large Styrofoam container filled with dry ice 

with the small glass tube protruding from the container. N2 gas was introduced into the coated 

tube at the other end through a stainless steel tube (ID: 0.076 cm) held in place by a cork stopper. 

The N2 flow rate was set to 45 standard cubic centimeters per minute (SCCM) using a Digital 

Flowcheck HR (Alltech, Deerfield, IL).  

A Fibrox heating tape (Barnstead/Thermolyne, Dubuque, IA; dimensions: length = 60.96 

cm; width =2.54 cm) was wrapped around the coated tube, and positioned at ca. 3 cm away from 

the coated the serine. A CO1 E-type thermocouple connected to a CN9000a temperature 

controller and a T-type thermocouple connected to a HH23 microprocessor thermometer (all 

these components were purchased from Omega, Stamford, CT) were placed at the same point 

between the heating tape and glass tube. The HH23 was used to calibrate the CN9000a to the 

desired temperature. After calibration, the T-type thermocouple was removed, and glass rods 

mounted on a syringe pump was used to push the heating tape along the tube at a rate of ~0.13 

mm/min. At this rate it takes the heater approximately 18 hours to traverse the coated region. 

When the tape completely passed through the coated material, the vigreux columns were 

removed from the dry ice reservoir. The sublimate was transferred from the columns into a 

previously weighed glass vial by rinsing with purified water (18.2 MΩ.cm, 10 mL) from a Milli-

Q Synthesis (Millipore, Bedford, MA) system. The water was evaporated under a stream of 

nitrogen and the mass of the sublimate was determined. The residue was removed from the tube 

using a spatula then crushed with a mortar and pestle to increase its homogeneity. A small 

portion of the crushed material (1-2 mg) was removed for derivatization and subsequent GC 

analysis. Amino acids in the solutions of the sublimate and residue were derivatized (described 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2006



 S4

later) and then analyzed by chiral GC with detection by mass spectrometry (MS). The entire 

procedure was repeated at different temperatures. 

b. Experiment using a stationary heater 

In these experiments (Figure 1), the width of the coated region was 11 mm, which was 

approximately half the width of the heating tape. This ensured that the serine would be heated 

uniformly, since the temperature decreases as the distance from the center of the heating tape 

increases.. The number of milligrams of coated material per square centimeter was kept constant 

in both experiments by using ~100mg Coating was done by palcing the mixture in the tube 3 cm 

from the end of the tube. Just enough acetone was added to make a paster with serine. Then a 

spatula was used to pread the mixture around the inner surface while mainting a width of 11 mm. 

The tube was slowly rotated while spreading the serine.  

The temperature controller was calibrated as described above. The heating tape was 

allowed to cool to room temperature before being placed directly over the coated region. The 

thermocouple of the CN9000a was located between the tape and the glass. The temperature was 

gradually increased to the desired setting and held there for 2 hours. The sublimate and residue 

were collected as described earlier.   

Derivatization 

Amino acids in solutions of the sublimate and residue were converted to their N-(O)-

pentafluoropropionyl-2-propyl esters for analysis by chiral GC using standard methods.1 Briefly, 

1 mL of the residue and sublimate solutions were placed in separate vials and dried under a 

stream N2 gas. The lypholized material was then treated with HCl:isopropanol(IPA) (1:4), 

followed by acylation with pentafluoropropionic anhydride:CH2Cl2 (1:6). After drying with N2, 

the derivatized mixture was reconstituted in CH2Cl2 (typically 600 μL) for GC-MS analysis.  
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GC-MS 

The derivatized mixture was injected (0.2 μL) into a GCQ gas chromatograph (Thermo 

Electron/Finnigan MAT, San Jose, CA) equipped with a Chrompack CP-Chirasil-L-Val (Varian, 

Palo Alto, CA) fused silica capillary column for separating amino acid isomers. The GC was 

coupled to a GCQ electron impact (EI) quadrupole ion trap mass spectrometer. The 

chromatographic and mass spectrometric data were acquired with Xcalibur software version 1.0 

and analyzed with Qual Browser version 1.2 (all products of Thermo Electron/Finnigan MAT, 

San Jose, CA). The carrier gas was helium at a inlet pressure of 80 psi. The temperature program 

was 60 oC for 7 min, then 3oC/min to 150 oC and then held for 10 min at 150 oC. The pressure 

program was 5 psi held for 47 min. The injector and transfer line were held constant at 220 oC 

and 200 oC, respectively. EI mass spectra were measured at an acceleration voltage of 70 eV and 

ion source temperature of 250 oC. Detection was started 6 min after injection. Mass spectra were 

recorded using full scan mode with a mass range of 50 -1000 m/z, 4 microscans and maximum 

ion injection time of 25 ms.  

All reported e.e. values were determined by GC and the GC measurements were found to 

have a standard deviation of 3 - 4%. 
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Supporting Tables 

Compound Bottle 
(oC) 

Recrystallized
(oC) 

Literature Value
(oC) 

Reference 

L-Serine 212-214 223-225 221-223 2 

D-Serine 208-210 222-224 222 3 

DL-Serine 237-239 238-240 244 4 

 

Table S1. Melting points of L- and D-serine samples taken directly from the 

manufacturers’ bottle and after recrystallization. The literature values are also shown in 

the table.  
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