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BrightSpec BrightSpec

Instruments and Analytical Services

Room temperature volatiles analyzer

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)
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Basics of Fourier Transform Molecular Rotational zéz -
Resonance (FT-MRR) Spectroscopy rightSpec
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J.Kraitchman Am. J. Phy&1, 17 (1953).
D. Patterson, M. Schnell and J. M. Doyle, Nature 497, 475 (2013)

A760(70)A :
N.A. Seifert, A.ISteber J.L. Neill, C. Perez, [¥Bleski B.H. Pate,
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Fourier Transform Molecular Rotational @
Resonance (FT-MRR) Spectroscopy

The measurement is performed like VIR Spectroscopy

Time Domain . Frequency Spectrum Unlike absorption spectroscopy, signals
1.5 hxn\w‘n Pulse
are measured background free
: FT. 2 y |
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analysis

Measurement Characteristics

Highspectral resolution allows analyses to be performed directly on complex mixtures (no chromatography)
High sensitivity with measurement dynamic range ofdiOgreater (>99.9% purity)
Highaccuracy chemical signatures that are independent of the sampteix

Extreme chemical selectivity to distinguish isomers and isotopologues
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Room Temperature FT-MRR for Volatiles Analysis

5/13/2015

Benchtop instrument, runs on
standard wall voltages

© 2015, BrightSpec Inc.

No consumables, no chromatography
Sensitive to molecules <1@0onu

Applications include:

A Air and Gas Impurities

A Residual Solvent Analysis
A Genotoxidmpurities

A Drying Analysis
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Room Temperature FT-MRR for Volatiles Analysis Brightspec

Mixture
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S BrightSped&dgafM Software:
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E o --EW-mTTT TSegm | o with usercontrollable

0.1
0.06 0.08

measurement protocols

002 Mwmk Mq ngimt H M M \ A Extensive spectral library

271500 271550 271600 289850 289900 289950 290000 290050
Frequency (MHz) A Automated matching software
10 component mixture of solvents dissolved at 0.1 mg/nalinrethylacetamide to identify and quantify
mixture composition

Total gas used for analysis: @b of standard gas {imol)
Total cycle time: approx. 5 min
Analysis time: 2 min (broadband survey)
~10 secanalyte(targeted monitoring)
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One Technique for Chiral Analysis BrightSpec
without Chromatography

1) Quantitative Analysis @fiastereomers

Resolution for molecules with multiple chiral centers

ExampleArtemisinin 2> = 32 diastereomers
All resolvable by FMRR

2) Absolute Configuration

Determination of lefthanded or righthanded form

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

3) Enantiomeric Excess Measurements

Internally calibrated for accurate, lineae measurements R

5/13/2015 © 2015, BrightSpec Inc. 7/16



©

Chiral Analysis by FT-MRR . Bh*SDeC
Targeted Monitoring:

Broadband Analysis FabryPerot Resonator

Sample introduction

Resonator mirrors
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Uses broadband chirped pulse excitation to survey Measure individual frequencies associated with
6 GHz of bandwidth in each valve pulse each species of interest, one at a time
Broad composition analysgsfor characterizing new Cavity enhancementyf 3000) of molecular
species, unknown identification signal to increase measurement sensitivity
Typical spectrum at >1000:1 S/N (99.@fstereomer Projected measurement time ~6 minutes for
purity) in ~12 hours 99.9%diastereomerpurity

G.G. Brown, B.C. Dian, K.O. Douglass, S.M. Geyer, S.T. Shipman, BRevPate, T.JBalleand W.HFlygareRev. Scinstrum 1981, 52, 33.
Sci.lnstrum 2008, 79, 051303. R.D.Suenram J-U. Grabow A.Zuban and I.Leonoy Rev. Sci.
Instrum 1999, 70, 2127.
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Isopulegol

A Isopulegohas three chiral centers with four

diastereomers.

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

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

A w & IN&yarishared the 2001 Nobel Prize in Chemistry
for the stereoselective synthesis of menthol (94&}.
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Scheme 1. Cyclization of citronellal.

CarloKleberZ. Andrade*QOtilie E.Vercillg Juliana P. Rodrigues and Denise P.

SilveiraJ. Braz. Chem. Spt5, 813-817, 2004.
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Alfa Aesar Sample: Isopulegol, mixture of isomers
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Assay (GC): 97.2% sum of isomers
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|dentification of Conformers and Diastereomers:

Comyputational Chemistry and Structure Determination

| Species | [Theory [ Experiment | % Error |
Ispulego] Conformer 1 [WA(Viz¥3) 1957.6 1949.96485(299) -0.39
B(MHz) 705.9 700.16883(113) -0.81

e c(MHz)  593.0 591.63903(111) -0.23

]
Isopulego] Conformer 2 (V73] 1926.7 1914.31605(195) -0.64
B (MHz) 705.3 702.84904(119) -0.35

e c(MHz) 5816 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

e c(MHz) 6579 654.0796(25) -0.58

Structure Determination usingC and'®O Isotopologue Spectra
Directly Confirms Conformer and Diastereomer Geometry

Conformer 2 conformer 1
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