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Nitrogen Neutral Loss Formulae and  3D PCA Grouping

Identification of Nitrogen Containing Neutral Losses

- Non-targeted analysis targeting 

functional groups in biomass burning 

aerosol led to insights into functional 

group changes due to oxidation.

- In particular, nitrate radical treated 

samples demonstrated an increased, 

reproducible observation of large 

nitrogen containing functional groups 

not seen in other treatment types.. 

- Molecular formulas demonstrating 

nitrogen containing functional groups 

can be grouped using PCA  into different 

types.

- Nitrate radical treatment leads to 

decrease in carboxyl functional groups

Conclusions Potential Applications
Non-targeted functional group analysis can provide some 

structural analysis of complex organic matter such as aerosol.

Unique functional groups, such as the nitrogen containing ones 

described in this presentation may be useful as “markers“ for 

certain reaction mechanisms, which could in turn provide 

information about the sources of the aerosol
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Description of Experiment

Data Name Explanation

Explanation of 3 Letter Experiment Code

Letter 1: High (H, 70%) or Low (L, 30%) 

Relative Humidity

Letter 2: High (H) or Low (L) NOx 

concentration

Letter 3: Experiment Oxidant, OH radical 

(O), Nitrate radical (N), Photolysis (P)
• Smoke from the burning of Wheat, Birch, and Beech

• Treated and monitored in ACD-C chamber at TROPOS

(Fig. 1)

• Exposed to various atmospherically relevant RH and

concentration of oxidants and NOx

• Three samples collected for each experiment

- Before Smoke

- Starting Conditions (SC)

- After Reaction (Rxn)

Group # # Samp # Obs # Form C H N O S AImod OSc DBE H/C O/C
Group1 4 39 6 10.36 19.15 1 11.62 0.72 0 -0.49 2.28 1.85 1.14
Group2 48 369 25 7.16 5.12 1.61 5.68 0 0.79 -0.28 6.4 0.71 0.8
Group3 24 48 8 10.12 12.44 1.1 4.98 0.54 0.39 -1.07 5.46 1.22 0.51
Group4 4 65 12 9.03 17.34 1 9.45 0.77 0.03 -0.86 1.86 1.95 1.1
Group5 4 131 28 15.98 31.26 1 12.69 0.45 0.01 -0.84 1.85 1.97 0.86

Misc 18 46 12 9.72 15.57 1 7.48 0.15 0.11 -0.59 3.43 1.6 0.84

Fig. 3: Bar plots 

showing the 

observations of 

various nitrogen 

containing neutral 

losses for the 

experiments performed 

at SC (a) and Rxn (b)

Fig. 4: Heat Map 

showing the frequency 

of specific neutral 

losses in the 

experiments. These 

resutls highlight 

neutral losses with a 

mass of 73.99, 151.05, 

and 239.1

• Samples extracted and then analyzed with Orbitrap MS

a.

b.Fig. 1: Schematic of

ACD-C chamber and the

instrumentation used to

monitor the aerosol

during experiments.

Table. 1: Table demonstrating the masses and

likely molecular composition of common

nitrogen containing neutral losses (NL). The

highlighted rows are particularly common

neutral losses.

Fig. 5: 3-Dimensional PCA plots showing the

grouping of the various neutral losses. Panel a

shows the points colored by neutral loss mass and

Panel b shows the same data after visual grouping.

Table. 2: Table containing the observational numbers (#Samp, #Obs, #Form) and the average molecular

characteristics for formulas fitting in each group determined by visual evaluation of PCA. #Samp denotes how

many samples showed neutral losses in a group, #Obs denotes how many times those neutral losses were

observed, and # Form denotes how many unique formulas show those neutral losses.

Neutral Loss

Groups

Fig. 6: Van Krevelen plot

using the average O/C and H/C

values for each group

contained in Table 2. This

highlights the differences in

the formulas contained in

eacch group

• Biomass burning aerosol has an uncertain, but

significant impact on the climate and human

health

• Oxidation of primary smoke plumes can lead to

compositional changes of the aerosol1

• Improved characterization of the molecular

composition of such aerosol plumes is important

to constraining its impact

• Functional groups play significant role in how a

molecule interacts with its environment2,3

• Classic non-targeted mass spectrometry

analysis can provide information about the

molecular composition of an aerosol plume, but

not structure4

• Functional group information can be obtained using

data dependent fragmentation non-targeted mass

spectrometry analysis.

Introduction, continued

Common Neutral Losses

NL Neutral Loss Formula Group

165.03 C4H7NO6 1

193.06 C6H11NO6 1

209.05 C6H11NO7 1

237.08 C8H15NO7 1

17 H3N 2

45.99 NO2 2

47 HNO2 2

57.99 CNO2 2

73.99 CNO3 2

75.99 N2O3 2

87.99 CN2O3 2

103.99 CN2O4 2

61.02 CH3NO2 3

63 HNO3 3

75.03 C2H5NO2 3

105.01 C2H3NO4 3

117.98 C2NO5 3

107.02 C2H5NO4 4

135.05 C4H9NO4 4

151.05 C4H9NO5 5

195.07 C6H13NO6 5

219.1 C5H17NO8 5

239.1 C8H17NO7 5

89.01 C2H3NO3 Misc

131.02 C4H5NO4 Misc

149.03 C4H7NO5 Misc

179.08 C6H13NO5 Misc

199.12 C10H17NO3 Misc

a. b.

Component % of Variance
1 21.3
2 17.4
3 9.4

Total 48.1

Neutral Loss 62 Neutral Loss 88

Neutral Loss 30 Neutral Loss 58

Neutral Loss 18 Neutral Loss 44

+

Fig. 2: Bar plots showing the change in absolute occurance of 

specific neutral losses from starting conditions to post reaction. If 

value is positive, the neutral loss became more common after 

oxidation, if negative, it becan less common after oxidation. Structures 

represent the likely functional group associated with the neutral loss.
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