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Abstract 
The study focused on the application of high-resolution mass spectrometry 
for the identification of impurities in pharmaceutical small molecules. A 
high-performance liquid chromatography (HPLC) coupled high resolution 
mass spectrometer (HRMS) was used for identification of oxidative degrada-
tion impurities (DIs) of lansoprazole. The utilization of HRMS facilitates to 
determine the accurate mass of impurities and their fragment/product ions. A 
fast mass spectrometer (MS) compatible reverse phase chromatography me-
thod was used to investigate the oxidative stressed impurities. HPLC column; 
C18 (50 × 4.6 mm, 3.5 µm) was used with gradient elution. Spectral data ac-
quired using information dependent acquisition (IDA) with real time dynam-
ic background subtraction algorithm (DBS). Three oxidative impurities: DI-I 
(m/z 386.0781), DI-II (m/z 402.0734) and DI-III (m/z 386.0785), was observed 
during this study; interpretation of high resolution spectral data of all three 
impurities was carried out; elemental composition and molecular structure 
was proposed for major fragments. In this study mass error was found ≤7.7 
parts per million (ppm). 
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1. Introduction 

Structural analysis of degradation impurities is one of the essential studies in 
pharmaceutical analysis, particularly during the product development process 
[1]. The safety of any drug product is not only depending on the toxicological 
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properties of the active drug substance, but also on the impurities present in it; 
monitoring and the control of degradation impurities in pharmaceuticals is a 
key element of the guidelines issued by the International Council for Harmoni-
zation of Technical Requirements for Pharmaceuticals for Human Use (ICH) [2] 
[3] [4].  

There are many analytical techniques which are commonly being used for 
impurity profiling, high pressure liquid chromatography (HPLC) coupled with 
ultraviolet (UV) or photo diode array (PDA) detector is one of the most com-
mon analytical techniques to estimate the degradation impurities. But the identi-
fication and structural confirmation of the degradation products is done by us-
ing MS detectors i.e. Triple quadrupole, ion trap, and high resolution mass spec-
trometers (time of flight and orbitrap) [5] [6] [7]. For this study time of flight 
high-resolution mass analyzer selected; use of high resolution mass spectrometer 
facilitates accurate measurement of m/z values, which supports to propose the 
exact elemental compositions and to predict the structure of parent and product 
ions [8] [9] [10] [11]. Oxidation sensitive drug molecule lansoprazole was se-
lected for this study. Lansoprazole [12] [13] [14] belongs to a group of drugs 
called proton pump inhibitors, which inhibits the stomach’s production of gas-
tric acids. Physically, it is a white to brownish-white odorless crystalline powder 
and chemically known as 
2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2pyridyl]-methyl-]sulfinyl]benzimidazol
e. Its empirical formula is C16H14F3N3O2S with a molecular mass of 369.363 
g/mol and its monoisotopic molecular weight is 369.0759. Molecular structure 
and exact mass of lansoprazole molecule is presented in Figure 1. 

The goal of present study was identification of the oxidative degradation im-
purities of lansoprazole using high-resolution MS and MS/MS analysis, two oxi-
dation impurities (USP impurities-“N-Oxide” and “related compound A”) of 
lansoprazole are specified impurity in US pharmacopeia [15] and other impuri-
ties discussed in several other research publications [16] [17] [18]; during this 
study one unspecified oxidative impurity (di-oxidized) with m/z 402.0734 was 
observed; high-resolution mass spectral data of lansoprazole and its oxidative  
 

 
Figure 1. Molecular structure and exact mass of lansoprazole 
molecules. 
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impurities generated using electrospray ionization and collision induced dissoc-
iation. Followed by interpretation of spectral data using basic interpretation 
rules and workflow [19] [20]; elemental composition, molecular structures pro-
posed and mass error calculated for major m/z values. 

2. Experiment 
2.1. Material 

The ultrapure water (18.2 MΩ) was obtained using MilliQ apparatus; manufac-
tured by Millipore, USA. Mass spectrometry grade solvents methanol and aceto-
nitrile; manufactured by J.T. Baker, USA. meta-chloroperbenzoic acid (m- 
CPBA); manufactured by Sigma-Aldrich, USA. Ammonium acetate and sodium 
hydroxide; manufactured by Merck, India. The lansoprazole was extracted from 
commercially available generic dosage form; manufactured by Intas Pharma-
ceutical, India. Powdered and finally extracted in diluent acetonitrile, methanol 
and 0.1 N sodium hydroxide, (5:2:3). The solution was centrifuged and superna-
tant was subjected to degradation study. 

2.2. Instruments and Conditions 

Prominence 20AD HPLC (from Shimadzu corporation, Kyoto, Japan) with UV 
detector was connected with the AB SCIEX Triple TOFTM 5600 (form AB SCIEX, 
Concord, ON) high resolution mass spectrometer used, for the identification of 
the drug and its degradation impurities.  

Elution of the degradation impurities was achieved on Gemini-NX C18 (50 × 
4.6 mm, 3.5 µm) column (from Phenomenex, USA) at the flow rate of 1.0 
mL/min. The sample tray temperature was 15°C and column oven temperature 
was 45˚C. The chromatographic gradient elution conditions were used; 5 mM 
ammonium acetate and methanol in ratio of 95:5 (mobile phase A) and acetoni-
trile and methanol in a ratio of 1:1 (mobile phase B). The mobile phase gradient 
was started at 0 min 20% (B pump concentration) and end at 9 min/70% (B 
pump concentration) gradient program reproduced from [16]; UV detector was 
set to 285 nm. Injection volume was kept 5 µL. Total run time was set to 11 min. 
The flow rate was splited after the HPLC column in the ratio of 1/10, producing 
an inlet flow into the mass spectrometer was about 0.10 mL/min.  

Oxidative stress of lansoprazole was carried out using about 1mg/mL w/v so-
lution of oxidant m-CPBA in acetonitrile for 20 minutes. After stressed exposure 
sample was reconstituted with diluent and final concentration of lansoprazole in 
sample solution was about 400 µg/mL. Injected to the mass spectrometry using 
liquid chromatography system. All the data acquisition was performed with a 
Triple TOFTM 5600 System (AB SCIEX, Concord, ON) coupled with dual ioniza-
tion source (AB SCIEX, Concord, ON) which has electrospray and atmospheric 
pressure chemical ionization (APCI) probe (from AB SCIEX, Concord, ON) for 
analysis. All the experiments were carried out in electrospray positive ionization 
mode in mass spectrometer. Data was acquired using optimized mass spectro-
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meter parameters; an ion spray voltage of +5.5 kV, curtain gas of 25 PSI, nebu-
lizer gas of 50 PSI, and an interface heater temperature of 600˚C with drying gas 
(GS2) 50 PSI. Collision energy (CE) setting of 30 V with a spread of ±10V was 
applied to all parent ions for collisional induced dissociation (CID). Real time 
dynamic background subtraction algorithm was switched on during the IDA 
acquisition to eliminate the background noise [21]. Acquired data were pro- 
cessed using Analyst TF® 1.5, PeakView® 1.1.1. (from AB SCIEX, Concord, ON).  

3. Result and Discussion 

Three oxidative degradation products/impurities of lansoprazole (DS) was iden-
tified using HRMS. Simultaneous acquisition of MS and MS/MS data was de-
veloped using non-targeted generic (IDA) method with real time background 
subtraction. All three degradation impurities of oxidative stressed condition 
were identified using full scan mass spectra and their product ion data at chro-
matography scale, lansoprazole (DS) peak was observed at 5.5 min; m/z 370.0836 
and degradation impurities were observed at retention time 4.3 min; m/z 
386.0781 (DI-I), at 4.4 min in the tailing of DI-I peak; m/z 402.0734 (DI-II) and 
third degradation product DI-III; m/z 386.0785 was observed at 5.40 min in the 
fronting of lansoprazole (DS) peak. LC-UV chromatograms of (as such extracted 
DS), m-CPBA blank and oxidative stressed sample presented in Figures 
2(a)-(e).  

The full scan MS spectra of lansoprazole (DS), DI-I, DI-II and DI-III as pre-
sented in Figure 3, extracted ion chromatogram (XIC) of DI-I, DI-II and DI-III 
presented in Figure 4. Product ion spectra (HR-MS/MS) of lansoprazole, DI-I, 
DI-II and DI-III were obtained from information dependent information (IDA) 
experiments as presented in Figures 5-8 respectively. Interpretation was carried 
out by utilizing workflow [19] and basic interpretation rules.  

Structure confirmation and comparison with the spectral data of lansoprazole 
(DS) was carried out for all three impurities, accurate m/z values helped to pre-
dict the molecular structures of impurities, elemental compositions and molecu-
lar structure of product ions. Interpretation data summarized in Figures 5-9 and 
Tables 1-5. 

The mass spectral data interpretation summarized as follows; experimental 
m/z value for lansoprazole molecular ion peak was 370.0836 [M+H]+. The TOF 
MS/MS spectrum of lansoprazole also exhibited molecular ion m/z 370.0842 as 
[M+H]+ (calculated formula C16H15F3N3O2S+, exact mass 370.0832, mass error 
2.7 ppm). Molecular ion further fragmented into nine major fragments; m/z 
352.0731, 252.0304, 235.0274, 234.0198, 205.0713, 204.0634, 190.0472, 136.0761, 
and 119.0609.  

The interpretation of fragments or product ions summarized in Table 2 and 
Figure 5; fragment ion 352.0731 (calculated formula C16H13F3N3OS+

, exact mass 
352.0726, mass error 1.4 ppm), fragment ion 252.0304 (calculated formula 
C9H9F3NO2S+, exact mass 252.07301, mass error 1.2 ppm), fragment ion  
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Figure 2. (a) Unstressed UV chromatogram of lansoprazole, b: m-CPBA blank (1 and 4 
min retention time peaks from m-CPBA); (c) Oxidative stress LC-UV chromagram (d) 
zoom LC-UV chromatogram showing DI-II:4.3 min and DI-II 4.4 retention time); (e) 
zoom LC-UV chromatogram showing DI-III : 5.4 min and DS 5.5 retention time. 
 
Table 1. MS spectral analysis of lansoprazole (DS), DI-I, DI-II and DI-III. 

ID 
MS 

tR (min) 
m/z value 

(MS) 
Ion type 

∆ 𝐃𝐃𝐃𝐃 
with DS 

m/z 

Calculated  
Elemental 

composition 

Calculated 
Mass (m/z) 

Error* 
ppm 

Lansoprazole 
(DS) 

5.5 370.0836 [M+H]+ N/A C16H15F3N3O2S+ 370.0832 1.1 

DI-I 4.3 386.0781 [M+H]+ 15.9945 C16H15F3N3O3S+ 386.0781 0.0 

DI-II 4.4 402.0734 [M+H]+ 31.9898 C16H15F3N3O4S+ 402.0730 1.0 

DI-III 5.4 386.0785 [M+H]+ 15.9949 C16H15F3N3O3S+ 386.0781 1.0 

*Mass error = difference between measured accurate mass and calculated accurate mass/calculated accurate 
mass ×106. N/A: not applicable. 

 
235.0274 (calculated formula C9H8F3NOS•+, exact mass 235.0273, mass error 0.4 
ppm), fragment ion 234.0198 (calculated formula C9H7F3NOS•+, exact mass 
234.0195, mass error 1.3 ppm) fragment ion 205.0713 (calculated formula 
C9H10F3NO•+, exact mass 205.0709, mass error 2.0 ppm), fragment ion 204.0634  
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Figure 3. Parent ion (HR-MS) spectra of lansoprazole (DS), degradation impurity-I (DI- 
I), degradation impurity-II (DI-II) and degradation impurity-III (DI-III). 
 

 
Figure 4. (a) Extracted ion chromatogram of m/z 370.0836(lansoprazole-DS); (b) m/z 
386.0780 (DI-I 4.3 min, DI-III 5.4 min retention time); (c) 402.07 (DI-II: 4.4 min 
retention time). 
 
(calculated formula C9H9F3NO+, exact mass 204.0631, mass error 1.5 ppm), 
fragment ion 190.0472, (calculated formula C8H7F3NO+, exact mass 190.0474, 
mass error −1.1 ppm), fragment ion 136.0761 (calculated formula C8H10NO+, ex-  
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Table 2. MS/MS spectral analysis of lansoprazole (DS). 

Measured 
Mass (m/z) 

Nitrogen 
Rule 

No. of  
Nitrogen(s)* 

Proposed  
Formula 

Electron 
Paring 

Calculated 
Mass (m/z) 

Error** 
(ppm) 

370.0842 ON 3 C16H15F3N3O2S+ [M+H]+ 370.0832 2.7 

352.0731 ON 3 C16H13F3N3OS+ EE 352.0726 1.4 

252.0304 ON 1 C9H9F3NO2S+ EE 252.0301 1.2 

235.0274 ON 1 C9H8F3NOS•+ OE 235.0273 0.4 

234.0198 ON 1 C9H7F3NOS•+ OE 234.0195 1.3 

205.0713 ON 1 C9H10F3NO•+ OE 205.0709 2.0 

204.0634 ON 1 C9H9F3NO+ EE 204.0631 1.5 

190.0472 ON 1 C8H7F3NO+ EE 190.0474 −1.1 

136.0761 ON 1 C8H10NO+ EE 136.0757 2.9 

119.0609 EN 2 C7H7N2
+ EE 119.0604 4.2 

EE: even electron; OE: Odd electron; ON: odd nitrogen; EN: even nitrogen. *Number of nitrogen prediction, 
is based on the structure of parent/lansoprazole (DS), nitrogen rule and electron paring. **Mass error = 
difference between measured accurate mass and calculated accurate mass/calculated accurate mass ×106. 

 

 
Figure 5. MS/MS spectrum of lansoprazole, molecular structue of fragment ions along 
with elemental composition and exact mass. 
 
act mass 136.0757, mass error 2.9 ppm) and 119.0609 (calculated formula 
C7H7N2

+, exact mass 119.0604, mass error 4.2 ppm) 
In the Full scan spectrum of DI-I molecular ion peak was 386.0781 [M+H]+. 

The TOF MS/MS spectrum of DI-I also exhibited molecular ion m/z 386.0781 
Da as [M+H]+ (calculated formula C16H15F3N3O3S+, exact mass 386.0781, mass 
error 0 ppm), molecular ion further fragmented into seven major fragments, the 
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m/z 268.0256, 250.0148, 220.0581, 204.0636, 190.0472, 152.0704 and 119.0605. 
The proposed interpretation of fragments summarized in Table 3 and Figure 6; 
fragment ion 268.0256 (calculated formula C9H9F3NO3S+, exact mass  

 
Table 3. MS/MS spectral analysis of DI-I. 

Measured  
Mass (m/z) 

Nitrogen 
Rule 

No. of  
Nitrogen(s)* 

Proposed 
Formula 

Electron 
Paring 

Calculated Mass 
(m/z) 

Error** 
(ppm) 

386.0781 ON 3 C16H15F3N3O3S+ [M+H]+ 386.0781 0.0 

268.0256 ON 1 C9H9F3NO3S+ EE 268.0250 2.2 

250.0148 ON 1 C9H7F3NO2S+ EE 250.0144 1.6 

220.0581 ON 1 C9H9F3NO2
+ EE 220.0580 0.5 

204.0636 ON 1 C9H9F3NO+ EE 204.0631 2.5 

190.0472 ON 1 C8H7F3NO+ EE 190.0474 −1.1 

152.0704 ON 1 C8H10NO2+ EE 152.0706 −1.3 

119.0605 EN 2 C7H7N2
+ EE 119.0604 0.8 

EE: even electron; ON: odd nitrogen; EN: even nitrogen. *Number of nitrogen prediction, is based on the 
structure of parent/lansoprazole (DS), nitrogen rule and electron paring. **Mass error = difference between 
measured accurate mass and calculated accurate mass/calculated accurate mass ×106. 

 
Table 4. MS/MS spectral analysis of DI-II. 

Measured 
Mass (m/z) 

Nitrogen 
Rule 

No. of  
Nitrogen(s)* 

Proposed  
Formula 

Electron 
Paring 

Calculated 
Mass (m/z) 

Error** 
(ppm) 

402.0739 ON 3 C16H15F3N3O4S+ [M+H]+ 402.0730 2.2 

284.0204 ON 1 C9H9F3NO4S+ EE 284.0199 1.8 

220.0582 ON 1 C9H9F3NO2
+ EE 220.0580 0.9 

190.0477 ON 1 C8H7F3NO+ EE 190.0474 1.6 

119.0610 EN 2 C7H7N2
+ EE 119.0604 5.0 

EE: even electron; ON: odd nitrogen; EN: even nitrogen. *Number of nitrogen prediction, is based on the 
structure of parent, lansoprazole (DS), nitrogen rule and electron paring. **Mass error = difference between 
measured accurate mass and calculated accurate mass/calculated accurate mass ×106. 

 
Table 5. MS/MS spectral analysis of DI-III. 

Measured 
Mass (m/z) 

Nitrogen 
Rule 

No. of  
Nitrogen(s)* 

Proposed  
Formula 

Electron 
Paring 

Calculated Mass 
(m/z) 

Error** 
(ppm) 

386.0783 ON 3 C16H15F3N3O3S+ [M+H]+ 386.0781 0.5 

322.1168 ON 3 C16H15F3N3O+ EE 322.1162 1.9 

268.0260 ON 1 C9H9F3NO3S+ EE 268.0250 3.7 

222.0753 ON 1 C9H11F3NO2+ EE 222.0736 7.7 

220.0585 ON 1 C9H9F3NO2+ EE 220.0580 2.3 

205.0715 ON 1 C9H10F3NO•+ OE 205.0709 2.9 

204.0635 ON 1 C9H9F3NO+ EE 204.0631 2.0 

190.0475 ON 1 C8H7F3NO+ EE 190.0474 0.5 

136.0759 ON 1 C8H10NO+ EE 136.0757 1.5 

119.0605 EN 2 C7H7N2
+ EE 119.0604 0.8 

EE: even electron; OE: Odd electron; ON: odd nitrogen; EN: even nitrogen. *Number of nitrogen predic-
tion, is based on the structure of parent, lansoprazole (DS), nitrogen rule and electron paring. **Mass error 
= difference between measured accurate mass and calculated accurate mass/calculated accurate mass \106. 
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268.0250, mass error 2.2 ppm), fragment ion 250.0148 (calculated formula 
C9H7F3NO2S+, exact mass 250.0144, mass error 1.6 ppm), fragment ion 220.0581 
(calculated formula C9H9F3NO2S+, exact mass 220.580, mass error 0.5 ppm), 
fragment ion 204.0636 (calculated formula C9H9F3NO+, exact mass 204.0631, 
mass error 2.5 ppm), fragment ion 190.0472, (calculated formula C8H7F3NO+, 
exact mass 190.0474, mass error −1.1 ppm), fragment ion 152.0704 (calculated 
formula 8 10 2C H NO+ , exact mass 152.0706, mass error −1.3 ppm) and 119.0605 
(calculated formula C7H7N2

+, exact mass 119.0604, mass error 0.8 ppm). The 
presence of m/z 152.0704 in product ion spectra (refer Table 3 and Figure 6) 
further confirms DI-I as USP N-oxide impurity; refer Figure 9. 

In full scan spectrum of DI-II, molecular ion peak was found as 402.0734 
[M+H]+ (refer Figure 3). The TOF MS/MS spectrum of DI-II also exhibit the 
molecular ion m/z 402.0739 as [M+H]+ (calculated formula C16H15F3N3O4S+, ex-
act mass 402.0730, mass error 2.2 ppm), molecular ion further fragmented into 
four major fragments, the m/z 284.0204, 220.0582, 190.0477 and 119.0610. 

The interpretation of fragments summarized in Table 4 and Figure 7; frag-
ment ion 284.0204 (calculated formula C9H9F3NO4S+, exact mass 284.0199, mass 
error 1.8 ppm), fragment ion 220.0582 (calculated formula 9 9 3 2C H F NO+ , exact 
mass 220.0580, mass error 0.9 ppm), fragment ion 190.0477, (calculated formula 
C8H7F3NO+, exact mass 190.0474, mass error 1.6 ppm), and 119.0610 (calculated 
formula 7 7 2C H N+  exact mass 119.0604, mass error 5.0 ppm). Fragment ion 
284.0204 is a unique fragment when compared with lansoprazole, DI-I and 
DI-III; its elemental composition and molecular structure (refer Table 4 and 
Figure 7) strongly support to the proposed molecular structure of unknown 
impurity (DI-II); refer Figure 9. 
 

 
Figure 6. MS/MS spectrum of DI-I, molecular structue of fragment ions along with 
elemental composition and exact mass. 
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Figure 7. MS/MS spectrum of DI-II, molecular structue of fragment ions along with 
elemental composition and exact mass. 
 

 
Figure 8. MS/MS spectrum of DI-III, molecular structue of fragment ions along with 
elemental composition and exact mass. 
 

Full scan spectrum of DI-III exhibit the molecular ion peak as m/z 386.0785 
[M+H]+. The TOF MS/MS spectrum of DI-III also exhibited molecular ion m/z 
386.0783 as [M+H]+ (calculated formula C16H15F3N3O3S+, exact mass 386.0781, 
mass error 0.5 ppm), molecular ion further fragmented into nine major frag-
ments, the m/z 322.1168, 268.0260, 222.0753, 220.0585, 205.0715, 204.0635, 
165.0119, 136.0759 and 119.0605. The proposed interpretation of fragments 
summarized in Table 5 and Figure 8; fragment ion 322.1168 (calculated formula  
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Figure 9. Molecular structure and exact mass of DI-I, DI-II and DI-III. 
 
C16H15F3N3O+, exact mass 322.1162, mass error 1.9 ppm), fragment ion 268.0260 
(calculated formula C9H9F3NO3S+, exact mass 268.0250, mass error 3.7 ppm), 
fragment ion 222.0753 (calculated formula 9 11 3 2C H F NO+ , exact mass 222.0736, 
mass error 7.7 ppm), fragment ion 220.0585 (calculated for 9 3 29C H F NO+ , exact 
mass 220.0580, mass error 2.3 ppm), fragment ion 205.0715, (calculated formula 
C9H10F3NO•+, exact mass 205.0709, mass error 2.9 ppm), fragment ion 204.0635 
(calculated formula C9H9F3NO+, exact mass 204.0631, mass error 2.0 ppm), 
190.0475, (calculated formula C8H7F3NO+, exact mass 190.0474, mass error 0.5 
ppm) and 119.0605 (calculated formula 7 7 2C H N+ , exact mass 119.0604, mass 
error 0.8 ppm). Fragment ion 268.0260 is common in DI-I and DI-III but the 
presence of 322.1168 and absence 152.0704 confirms DI-III as USP related 
compound A. 

Molecular structure and exact mass of DI, DI-II and DI-III presented in Fig-
ure 9. 

4. Conclusion 

In this study, generic IDA method developed using high-resolution mass spec-
trometry system to identify and confirm the lansoprazole degradation impurities 
under oxidative stressed condition. Generic information dependent acquisition 
(IDA) method with unique dynamic background subtraction (DBS) shown the 
capabilities to identify and offer high number of relevant fragment ions or m/z 
values, for the degradation impurities masses at chromatography run; even for 
the less resolved peaks. Three oxidative degradation impurities m/z 386.0781 
(DI-I), 402.0734 (DI-II) and 386.0785 (DI-III) were identified and confirmed by 
rational interpretation of HR-MS and HR-MS/MS spectral data. All proposed 
molecular structures were strongly supported by accurate mass, elemental com-
position and low mass error. The workflow [19] applied for mass spectral data 
interpretation, was found efficient and can be applied for identification of un-
known impurities and impurities structure verification studies of other small 
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organic molecules. 
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