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I t d tiI t d tiIntroductionIntroduction
 Biomass burning (BB) is one of the largest primary sources of OA in 

th t hthe atmosphere.
Many different products are formed via thermal degradation of wood 

lignin:g
 Hardwood burning produces mainly syringolsyringol (2,6-dimetoxyphenol) deriv.;

softwood exclusively guaiacolguaiacol (2-methoxyphenol) and its derivatives. 
 Taking into account physical properties of methoxyphenols only Taking into account physical properties of methoxyphenols only, 

their concentrations in atmospheric waters might be 
underestimated. 

 Aqueous phase reactions can be an additional source of SOA, 
especially in regions under significant influence of wood 
combustion. 



ObjectivesObjectives
The aim was to study the aqueous-phase reactivity 
of guaiacol as a source of SOA in the atmosphere. g p
The main objectives:
 to isolate and identify the main products with semi- to isolate and identify the main products with semi

prep. HPLC-UV/Vis, NMR, and MS/MS,  

 to identify several guaiacol products in ambient to identify several guaiacol products in ambient 
aerosols by HPLC-ESI-MS/MS.



Experimental setupExperimental setupExperimental setupExperimental setup
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Simulation of aqueousSimulation of aqueous--phase reactionsphase reactions

0.1 mM 0.1 mM GUAIACOL GUAIACOL IN IN 0.1 mM 0.1 mM GUAIACOL GUAIACOL IN IN 

+

AQUEOUS PHASE (pH = AQUEOUS PHASE (pH = 44.5.5))AQUEOUS PHASE (pH = AQUEOUS PHASE (pH = 44.5.5))

For product isolation and identificationFor product isolation and identification:
10 mM G + 100 mM H2O2 + 100 mM NaNO2

1 mM H1 mM H22OO22 + 1 mM NaNO+ 1 mM NaNO221 mM H1 mM H22OO22 + 1 mM NaNO+ 1 mM NaNO22

+

UV/VIS SUNLIGHTUV/VIS SUNLIGHTUV/VIS SUNLIGHTUV/VIS SUNLIGHT

REACTION REACTION PRODUCTSPRODUCTS
(yellow solution)(yellow solution)

REACTION REACTION PRODUCTSPRODUCTS
(yellow solution)(yellow solution)



Agilent 1100 HPLC with analyticalAgilent 1100 HPLC with analytical--
scale fractionscale fractionscale fraction scale fraction 

EXTRACTION + EXTRACTION + CONCENTRATION CONCENTRATION 
((SPE)SPE)

SEMISEMI--PREP PREP RPRP--HPLCHPLC PURIFICATIONPURIFICATION

Column: Atlantis Prep T3 (250 x 10 mm i.d., 5 μm) with guard column (10 x 10 mm i.d., 5 μm)
Mobile phase: ACN/THF/aqueous amm. formate pH 3 = 30/4/66 (v/v/v), 5 mM buffer conc.
Fl 0 L i 1 I j i l 100 L C l 30 °CFlow rate: 5.0 mL min-1;  Injection volume: 100 μL; Column temperature: 30 °C
DAD triggered peak collection @ λ = 300 and 345 nm



SemiSemi--prep chromatogram ofprep chromatogram of guaiacolguaiacol product extractproduct extractSemiSemi prep chromatogram of prep chromatogram of guaiacol guaiacol product extractproduct extract
unknownunknown

4NG 4NG and the two main unknowntwo main unknown ppeakseaks were first purified by 
semi-preparative HPLC and then isolated as pure solids by SPE.



HPLC/UVHPLC/UV--SPESPE--MSMS--NMR workflowNMR workflow
ISOLATION AND ISOLATION AND 

CONCENTRATION (SPECONCENTRATION (SPE--RP)RP)

SEMISEMI PREP RPPREP RP HPLCHPLCSEMISEMI--PREP RPPREP RP--HPLC HPLC 
PURIFICATIONPURIFICATION

PEAK COLLECTIONPEAK COLLECTION

REMOVAL OF REMOVAL OF M.PhM.Ph. . ORGORG..
SOLVENT FROM SOLVENT FROM FRACTIONSFRACTIONS

FRACTION COMPOUND FRACTION COMPOUND 
ISOLATION (SPEISOLATION (SPE--RP)RP)

COMPOUND COMPOUND IN IN PURE PURE 
CRYSTALINE FORMCRYSTALINE FORM

STRUCTURE DETERMINATIONSTRUCTURE DETERMINATION

11HH NMRNMR 1313CC NMR 2DNMR 2D NMRNMRDIRECT INFUSIONDIRECT INFUSION MSMS 11HH--NMR, NMR, 1313CC--NMR, 2DNMR, 2D--NMR NMR 
(COSY, HMBC, HSQC)(COSY, HMBC, HSQC)

LCLC--MSMS22 (PRODUCT ION SCAN)(PRODUCT ION SCAN)DIRECT INFUSIONDIRECT INFUSION--MS or MS or 
MS/MSMS/MS



UV/Vis spectra of 4 6UV/Vis spectra of 4 6--DNG 4DNG 4--NG andNG and 66--NGNGUV/Vis spectra of 4,6UV/Vis spectra of 4,6--DNG, 4DNG, 4--NG andNG and 66--NGNG
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ESIESI MSMS22 spectra ofspectra of 4NG 6NG and4NG 6NG and 4 64 6DNGDNGESIESI--MSMS22 spectra of spectra of 4NG, 6NG and 4NG, 6NG and 4,64,6DNGDNG

Direct infusion (−)ESI−MS2 product ion spectra 
f [M H] f 44NGNG (A) 6(A) 6NGNG (B)(B) d 4 64 6DNGDNGof [M – H]− for 44NGNG (A), 6(A), 6NGNG (B) (B) and 4,64,6DNGDNG

(C) standards obtained on the 4000 QTRAP 
instrument .



11HH NMR spectra of 4 6NMR spectra of 4 6DNGDNG and 6and 6NGNG11HH--NMR spectra of 4,6NMR spectra of 4,6DNGDNG and 6and 6NGNG

4,6DNG4,6DNG 6NG6NG,, 6NG6NG

Pale yellow solidPale yellow solidYellow crystalline solidYellow crystalline solid



1313C NMRC NMR t f 4 6t f 4 6DNGDNG d 6d 6NGNG1313C NMR C NMR spectra of 4,6spectra of 4,6DNGDNG and 6and 6NGNG

4,6DNG4,6DNG 6NG6NG

Aliphatic C

Aromatic CAromatic C



Identification of guaiacolIdentification of guaiacol SOA SOA compounds in compounds in 
atmospheric aerosolsatmospheric aerosols

The main photonitration products of guaiacol, 4NG, 6NG and 
4,6DNG, were examined for their presence in PM10 with an 
optimized LC-(–)ESI-MS/MS (SRM). 

To reduce the possibility of false positive identification, two o educe t e poss b ty o a se pos t e de t cat o , t o
characteristic SRM transitions were monitored:
 m/z 168 → m/z 153 (SRM1) and m/z 168 → m/z 79 

(SRM2) for 4NG 5NG and 6NG(SRM2) for 4NG, 5NG and 6NG, 
 m/z 213 → m/z 198 (SRM1) and m/z 213 → m/z 124 

(SRM2) for 4,6DNG



SRM1 / SRM2 ratios obtained by using LCSRM1 / SRM2 ratios obtained by using LC--MS/MS elution method IMS/MS elution method I**

SRM1 / SRM2 ratio

Analytes
Standard 

23/12/10 

PM10 

Identified 

(by SRM1 

Rt match 

(std vs. y
(± SD; n=3)

( y

/ SRM2)

(

sample)

4NG 59.4 (± 1.5) 50.0 Yes Yes

5NG 68.3 (± 4.8) not 

detected

No No

6NG 7 4 (± 0 1) 88 7 No Yes ?6NG 7.4 (± 0.1) 88.7 No Yes ?

4,6DNG 33.6 (± 0.9) 33.1 Yes Yes

Elution order: Elution order: 6NG→5NG→4NG 6NG→5NG→4NG 
*(methanol/THF/water (30/15/55, v/v/v) mixture with 5 mM amm. formate buffer pH 3)



SRM1 / SRM2 ratios obtained by using the LC/MS/MS elution method IISRM1 / SRM2 ratios obtained by using the LC/MS/MS elution method II**

SRM1 / SRM2 ratio

Analytes
Standard 

(± SD; n=3)

23/12/10 

PM10 

sample

Identified 

(by SRM1 / 

SRM2)

Rt match 

(std vs. 

sample)p ) p )

4NG 61.1 (± 0.9) 58.7 Yes Yes

5NG 68.8 (± 3.8) not detected No No

6NG 7.2 (± 0.1) not detected No No

4,6DNG 28.0 (± 0.6) 32.9 Yes Yes

P k R 6 84 / 89 2Peak at Rt = 6.84 

min

/ 89.2

Elution order:Elution order: 5NG→4NG→6NG5NG→4NG→6NG

*(ACN/THF/water (30/4/66, v/v/v) mixture of 5 mM amm. formate buffer pH 3)

Elution order: Elution order: 5NG 4NG 6NG 5NG 4NG 6NG 



IIdentification of guaiacoldentification of guaiacol SOASOA compounds incompounds inIIdentification of guaiacoldentification of guaiacol SOA SOA compounds in compounds in 
atmospheric aerosolsatmospheric aerosols

 Column: Atlantis T3 (150 x 2.1 mm I'd., 3 μm)
 Mobile phase: ACN/THF/aqueous amm. formate

pH 3 = 30/4/66 (v/v/v), 5 mM buffer conc.
 Flow rate: 0.2 mL min-1; Injection volume: 10 μL
 Column temperature: 30 °C

HPLC-(–)ESI/SRM-MS chromatograms of 
PM10 winter sample from Ljubljana (SRM 
transitions for 4,6DNG and NGs, only)transitions for 4,6DNG and NGs, only)
4,6DNG4,6DNG and 4NG4NG detected, 6NG 6NG ––
not detectednot detected!!

Z. KitanovskiZ. Kitanovski, A.Čusak, I. Grgić, M.Claeys: , A.Čusak, I. Grgić, M.Claeys: Atmos. Meas. Tech. Atmos. Meas. Tech. 
Discuss. 7, 3993Discuss. 7, 3993––4032, 20144032, 2014, doi:10.5194/amtd, doi:10.5194/amtd--77--39933993--20142014



Aqueous phase photonitration of guaiacol on longer scale Aqueous phase photonitration of guaiacol on longer scale 
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Exper conditions: 0 1 mM guaiacol 1 0 mM H O and 1 0Exper. conditions: 0.1 mM guaiacol, 1.0 mM H2O2 and 1.0 
mM NaNO2 under UV/Vis irradiation, T = 25C, pH = 4.5. 





ConclusionsConclusions

The aqueous-phase photonitration of guaiacol as a source of SOA in 
the atmosphere was studied.
Off-line semi-prep RP-HPLC-DAD-SPE-NMR-MS was successfullyOff line semi prep. RP HPLC DAD SPE NMR MS was successfully 
used for SOA product purification, isolation and structure elucidation.
The main low-volatility SOA products of photonitration of guaiacol in 

h 6NG 4NG d 4 6DNG6NG 4NG d 4 6DNGaqueous phase were: 6NG, 4NG and 4,6DNG6NG, 4NG and 4,6DNG..
4,6DNG and 4NG were identified in winter PM10 using HPLC/(–)ESI-
MS/MS.
The absence of 6absence of 6NG NG in PM10 was explained with the help of long-
term reaction monitoring. 
M i f t Z140t Z140 (EGU2014 11201) b A K flič & I G ićMore info: poster Z140 poster Z140 (EGU2014-11201) by Ana Kroflič & I.Grgić.
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