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BrightSpec
Instruments and Analytical Services

Based in Charlottesville, Virginia
Company founded in 2012

Team of 9 includes:

4 Application Scientists

Experienced Management and Marketing Team

5 Patents Licensed (4 from UVa, 1 from Harvard)

Room temperature volatiles analyzer
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Basics of Fourier Transform Molecular Rotational 

Resonance (FT-MRR) Spectroscopy
Å Spectroscopy of the quantized energy 

levels of a freely rotating molecule (gas 
phase)

Å Molecule must be polar

Å Frequency of the most intense 
transitions increases with temperature 
(as the rotational kinetic energy 
increases)

Smaller Molecules
< 100 Da
Room-temperature
10 mTorrpressure
mm-wave spectroscopy

Larger Molecules
100-500 Da
Pulsed Jet (1-2 K)
Microwave spectroscopy

Structural Information in the Rotational Spectrum

A, B, C (principal moments-of-inertia)

Atom Positions from Isotopic Changes to A, B, C

Absolute Configuration (three wave mixing)

J. Kraitchman, Am. J. Phys. 21, 17 (1953).

D. Patterson, M. Schnell and J. M. Doyle,  Nature 497, 475 (2013)

Measure:   !Σ .Σ / άƴƻǊƳŀƭ ǎǇŜŎƛŜǎέ
A, B, C  singly substituted isotopomer

From :   DIa, DIb, DIc
Obtain: (|Ra|, | Rb|, | Rc|)

N.A. Seifert, A.L. Steber, J.L. Neill, C. Perez, D.P. Zaleski, B.H. Pate, 
and A. Lesarri, Phys.Chem.Chem.Phys.,2013, 15, 11468.© 2015, BrightSpec Inc.5/13/2015
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Fourier Transform Molecular Rotational 

Resonance (FT-MRR) Spectroscopy

Unlike absorption spectroscopy, signals 
are measured background free

Can make efficient use of high power 
mm-wave and microwave sources

Offers unique capabilities for spectrum 
analysis

FT

The measurement is performed like FT-NMR Spectroscopy

Measurement Characteristics

High spectral resolution allows analyses to be performed directly on complex mixtures (no chromatography)

High sensitivity with measurement dynamic range of 103 or greater (>99.9% purity)

High-accuracy chemical signatures that are independent of the sample matrix

Extreme chemical selectivity to distinguish isomers and isotopologues

Frequency SpectrumTime Domain

© 2015, BrightSpec Inc.5/13/2015
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Room Temperature FT-MRR for Volatiles Analysis

Benchtop instrument, runs on 
standard wall voltages

No consumables, no chromatography

Sensitive to molecules <100 amu

Applications include:
Å Air and Gas Impurities
Å Residual Solvent Analysis
Å GenotoxicImpurities
Å Drying Analysis

© 2015, BrightSpec Inc.5/13/2015
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Room Temperature FT-MRR for Volatiles Analysis
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) BrightSpecEdgarTM Software:

Å Automated spectral acquisition 
with user-controllable 
measurement protocols

Å Extensive spectral library

Å Automated matching software 
to identify and quantify 
mixture composition

10 component mixture of solvents dissolved at 0.1 mg/mL in dimethylacetamide

Total gas used for analysis: 25 mL of standard gas (1 mmol)
Total cycle time: approx. 5 min

Analysis time: 2 min (broadband survey)
~10 sec/analyte(targeted monitoring)

© 2015, BrightSpec Inc.5/13/2015
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One Technique for Chiral Analysis 

without Chromatography

1)  Quantitative Analysis of Diastereomers

Resolution for molecules with multiple chiral centers

2)   Absolute Configuration

Determination of left-handed or right-handed form

3)  Enantiomeric Excess Measurements

Internally calibrated for accurate, linear eemeasurements RS

Image Credit:
http://doktori.bme.hu/bme_palyazat/2013/honlap/Bagi_Peter_en.htm

Example: Artemisinin: 25 = 32 diastereomers
All resolvable by FT-MRR
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Chiral Analysis by FT-MRR
Broadband Analysis

Targeted Monitoring:
Fabry-Perot Resonator

Uses broadband chirped pulse excitation to survey 
6 GHz of bandwidth in each valve pulse

Broad composition analysis ςfor characterizing new 
species, unknown identification

Typical spectrum at >1000:1 S/N (99.9% diastereomer
purity) in ~12 hours

Measure individual frequencies associated with 
each species of interest, one at a time

Cavity enhancement (QҒ3000) of molecular 
signal to increase measurement sensitivity

Projected measurement time ~6 minutes for 
99.9% diastereomerpurity

G.G. Brown, B.C. Dian, K.O. Douglass, S.M. Geyer, S.T. Shipman, B.H. Pate, Rev. 
Sci. Instrum. 2008, 79, 051303.

T.J. Balleand W.H. Flygare, Rev. Sci. Instrum. 1981, 52, 33.
R.D. Suenram, J.-U. Grabow, A. Zuban, and I. Leonov, Rev. Sci.  

Instrum. 1999, 70, 2127. 

Sample introduction

Resonator mirrors

© 2015, BrightSpec Inc.5/13/2015



Isopulegol
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Å Isopulegolhas three chiral centers with four 
diastereomers.

Å Isopulegolis an intermediate in the synthesis of 
menthol which is produced at 3,000 tons per year.

Å A single diastereomer is needed because only a single 
diastereomer of menthol has the desired flavor.

Å wȅǁƧƛNoyorishared the 2001 Nobel Prize in Chemistry 
for the stereoselective synthesis of menthol (94% ee).

Carlos KleberZ. Andrade*, OtilieE. Vercillo, Juliana P. Rodrigues and Denise P. 
Silveira, J. Braz. Chem. Soc., 15, 813-817, 2004. 

© 2015, BrightSpec Inc.5/13/2015



Identification of Conformers and Diastereomers:

Computational Chemistry and Structure Determination
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Species Theory Experiment % Error

Ispulegol, Conformer 1 A (MHz) 1957.6 1949.96485(299) -0.39

B (MHz) 705.9 700.16883(113) -0.81

C(MHz) 593.0 591.63903(111) -0.23

Isopulegol, Conformer 2 A (MHz) 1926.7 1914.31605(195) -0.64

B (MHz) 705.3 702.84904(119) -0.35

C(MHz) 581.6 578.53932(124) -0.53

Neo isopulegol A (MHz) 2151.4 2138.08622(207) -0.62

B (MHz) 678.9 676.60098(76) -0.34

C(MHz) 630.0 625.97792(73) -0.64

Iso isopulegol A (MHz) 1708.5 1700.2044(57) -0.49

B (MHz) 780.1 775.3578(38) -0.61

C(MHz) 657.9 654.0796(25) -0.58

Structure Determination using 13C and 18O Isotopologue Spectra 
Directly Confirms Conformer and Diastereomer Geometry

Conformer 2 Conformer 1
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