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FT-MRR Spectroscopy 
   for Chemical Analysis 
Of SMALL, POLAR, VOLATILES 

FT-MRR New Spectroscopy  
for Analytical Applications 
FUNDAMENTAL ADVANTAGES 

.!

!!!!!!!!

POLAR&

Stronger!coupling!between!the!electric!field!
of! the! excitaOon! light! and! the! oscillaOng!
dipole!means!stronger!signals.!

SMALL!(less&than&150&amu)&

Ammonia!

There!are!two!effects!as!the!molecule!gets!heavier:!!
1)  The!rotaOonal!energy!levels!get!closer,!spreading!the!populaOon!thinner!(weaker!emission)!
2)  Conformers!and!vibraOonally!excited!modes!contribute!disOnct!spectra!(weaker!emission,!dense!spectra!

Acetaldehyde!

Methanol!

Ethanol!

VOLATILE&

Gases:&
Cylinder!purity!

Process!control,!feed!gas!
Airborne!contaminants!

Liquids:&
Headspace!
SoluOons!

ReacOon!monitoring!

Solids:&
Residual!Solvent!
IdenOficaOon!

TGA!

High!resoluOon!MRR!spectroscopy!require!freely!
rotaOng!molecules!at!reduced!pressure!(10[4!atm).!!
Only!1mL!of!STP!gas!is!required.!!!

Spectroscopy AND Sensitivity 

Formulation: Online Monitoring 

Solutions: Residual Solvent 

Solids: Residual Solvent  

Composition of solution headspace 

VOC$mix$#6$Components$and$Properties$ $$ $$ $$

Standard$Solution$ Formula$
Mass$
(amu)$

Vapor$
Pressure$
$(Torr)$

Net$Dipole$
Moment$$
(Debye)$

Henry's$Law$Constant$$
(atm$m3/mol)$

Chloromethane$$
(200$ug/ml)$ ClCH3$ 50$ 3795$ 1.9$ 0.0088$
Bromomethane$
(200$ug/ml)$ BrCH3$ 95$ 1420$ 1.8$ 0.0062$
Chloroethane$
(200$ug/ml)$ ClCH3CH3$ 64$ 993$ 2.06$ 0.0085$
Vinyl$Chloride$
(2000$ug/ml)$ ClCHCH2$ 62$ 2600$ 1.45$ 0.027$
Dichlorodifluoromethane$
(5000$ug/ml)$ Cl2F2C$ 121$ 4260$ 0.51$ 0.225$
Trichlorofluoromethane$
(5000$ug/ml)$ Cl3FC$ 137$ 668$ 0.45$ 0.097$

$

Solvent$Detection$Limits$in$Water$$ $$

$

Broadband$
(5min)$ Targeted$(40sec)$

Chloromethane$ 0.005$ug/mL$ 0.1$ug/L$
Bromomethane$ 0.022$ug/mL$ 0.8$ug/L$
Chloroethane$ 0.026$ug/mL$ 0.5$ug/L$
Vinyl$Chloride$ 0.042$ug/mL$ 0.5$ug/L$
Dichlorodifluoromethane$ 100$ug/mL$ 100$ug/L$
Trifluorochloromethane$ 100$ug/mL$ 1000$ug/L$
$

Dynamic!Range!105!

I"="MR2"

XA&=&mole&fracAon&A&in&soluAon"

1.!Reference!measurement!of!A!

2.!Linearly!extrapolate:!A!in!mixture!!

3.!Apply!Henry’s!Law! AHA XkP
A

=

Predicted!DetecOon!Limits&&

Molecules!of!Interest!
DetecOon!Limit!!

(40!seconds,!pmol)!
Residual&Solvent&

Class&3&
Detec8on&Limit&&

(40&seconds,&pmol)&
Acetonitrile*! 0.02! Formic&Acid& 0.28&

Carbonyl!Sulfide*! 0.04! Dimethyl&sulfoxide& 0.41&
Ethylene!oxide*! 0.05! Acetone*& 1.5&
Trifluoromethane! 0.09! Ethanol*& 1.6&
Acrylonitrile*! 0.11! Ace8c&Acid& 2.8&
Propionitrile*! 0.14! Methylethyl&ketone& 3.7&
Acetaldehyde*! 0.20! 2Qpropanol*& 4.2&
Nitric!Acid! 0.16! Ethyl&formate& 4.5&

Formaldehyde!(in!water)*! 0.26! 1Qpropanol*& 10&
Propyne*! 0.33! 2Qbutanol& 11&

Methyl!isocyanate*! 0.38! Ethyl&acetate& 23&
Chloroacetonitrile*! 0.66! 1Qbutanol& 32&

Methanesufonyl!chloride*! 0.71! Diethyl&ether& 62&
Nitrous!Oxide*! 1.26! Anisole& 80&
1[Butyne*! 2.9! 3QmethylQ1Qbutanol& 140&

Nitrogen!Dioxide! 8.6! tertQbutylmethyl&ether& 370&
Methyl!acetate! 11! Methylisobutyl&ketone& 372&

*!Experimentally!measured!at!BrightSpec!Labs!

!
E

Experimental:!!
1)  A!standard!sample!of!each!component!of!VOC!Mix!6!dissolved!in!methanol!

was!diluted!1:10!in!water.!(20!–!500!ug/mL)!
2)  A!standard!sample!of!EPA!VOC!Mix!6!was!diluted!to!1:20!in!water.!!(each!

component!100!ug/mL)!
3)  1mL!of!each!soluOon!was!injected!through!a!septum!into!an!evacuated!glass!

vial.!
4)  Aher!10!minutes!of!equilibraOon!at!room!temperature,!the!FT[MRR!spectrum!

is!recorded!for!each!sample!by!drawing!10!mTorr!of!headspace!into!the!
spectrometer!sample!cell!via!a!needle!connected!to!the!vacuum!transfer!line.!!!

Results:!!

RotaOonal! spectroscopy! is! high! resoluOon! and!
structure! specific.! No! chemical! separaOon! is!
necessary.! ! The! rotaOonal! spectrum! can! be!
calculated!with!a!high!degree!of!accuracy!based!
on!the!molecule’s!mass&distribuAon.!

With! 50,000! independent! data! channels,! the! high! resoluOon! FT[MRR! spectrum! enables! high! dynamic! range,!
direct!mixture!analysis.!!High!sensiOvity!results!can!be!obtained!in!5!minutes!for!broad!searches!(above)!or!in!40!
seconds!for!targeted!detecOon!(leh).!!Linearity!is!retained!across!a!dynamic!range!of!105.!

QuanOtaOon!in!liquid[vapor!equilibrium:!!

For! comparison,! the! EPA! method! 624! for! VOC! detecOon! in! water! lists! GC/MS! purge! and! trap!
detecOon! limits! on! the! order! of! 0.5! –! 1! ug/L.! ! The! EPA! 624! method! requires! approximately! 60!
minutes.!!The!FT[MRR!detecOon!technique!offers!Ome!savings!and!simplicity.!!The!volaOles!here!were!
measured!by!a!direct!headspace!measurement!without!heaOng,!trapping,!or!salt!enhancements!and!
with!a!total!measurement!Ome!10!Omes!faster!than!the!established!EPA!method.!

Implications and Applications 
MIXTURE&ANALYSIS&WITHOUT&A&CHEMICAL&SEPARATION:&
•  10!Omes!higher!sample!throughput!
•  ReducOon!in!consumables!cost!(no!columns!or!carrier!gases)!
•  ReducOon!in!resource!intensive!calibraOon!
•  Turn!key,!automated!operaOon!(minimal!training)!

Vapor!phase!monitoring!is!important!to!many!processes!in!
chemical!manufacturing.!!FT[MRR!promises!new!analyOcal!
capability!enabled!by!molecular!structure!selecOvity,!high!
sensiOvity,!high!resoluOon!and!operaOonal!simplicity.!


