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Presentation Notes
Good Morning…

I want to begin by thanking Dr Roy for the opportunity to participate in this organized contributed session on “Current Status and Trends of Impurity/Degradant Analysis in Pharmaceuticals: Recent Advances and Applications”  
I also want to acknowledge my coauthor Michael Woodman whom assisted in optimizing the UHPLC separation conditions and also Carol Ball whom helped in reviewing the presentation.

As Mass Spectrometrists, we tend to want systems with higher and higher mass resolving power, and faster and faster chromatographic separations, But at what expense?  Is faster Always Better for the identification of trace level impurities?  
In past two year’s presentations, we discussed the importance of mass accuracy and of dynamic range; and then the importance of ionization efficiency (Comparing Electrospray to thermal gradient focusing electrospray….on the identification of low-level impurities in pharmaceutical products. 

With the debate now over on the use of higher pressure chromatography, having peaks widths approaching less than 1 second is not an obstacle for diode array detectors (infinite speed).  The same is not the case however for MS Detection..   
This Presentation is intended to investigate the impact ultra fast chromatography has on MS performance such as mass accuracy, dynmanic range, mass resolution, isotope fidelity on MS and MS/MS spectra…

For Impurity profiling going fast may not be the best solution.. Alternatively, the key benefit of UHPLC increase chromatographic separations using longer and longer columns.. High pressures.
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Just because you can go faster.. And faster doesn’t mean you should go faster and faster for some applications…

It all depends on the application, the information you are trying to determine and the complexity of the sample mixture.. And level of detection.. 

In Impurity Profiling it is the needle in the hay that in many cases causes the problem.. Not the high concentration components.. So.. Dynamic Range and accurate mass are critical..
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The Goal of Impurity Profiling as you all know if the identification of low-level impurities in presence of a complex mixture containing the API.  Mass spectrometry can provide elemental composition and in many cases possible chemical structures of the impurities.

The Challenge occurs with co-eluting compounds, then one must choose between using chromatography to separate the compounds (e.g. isobaric, isomeric, and chiral impurities), separating using high-resolution mass spectrometry (e.g. Orbi-Trap, FTMS and TOF) or separating using data-mining software programs.  The key question to ask is what impact each of these separations methods have on the ability to identify the unknown Impurity.. And what impact one method has on the other method.

GOAL: So how does the use of High Pressure Chromatography in Impurity Profiling impact on the ability of multistage mass spectrometers to accurately identify the low-level impurities in terms of sensitivity, mass accuracy and isotopic fidelity.
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The Impact of Going Faster .... In MS world

lonization Efficiency
— Electrospray lonization, Thermally Assisted Electrospray

— Produce Stable [M+H]*
— lon Transmission Efficiency

Faster Scanning Effect on Mass Spec Detection

— Scan Speed —10-20 Spectra/S MS and MSMS Modes (dead times)
— Dynamic Range (Detector Saturation)

— Mass Resolution — Time or Space

— Scan Speed vs Mass Accuracy

— Unknown Identification: Isotope Fidelity and Mass Accuracy

Do Narrower Peaks Result in Better Detection of Impurities
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Going Faster and Faster in LC/MS has several challenges, which are leading to new innovations source designs (increased ionization efficiency), new column technology (MS Friendly columns/buffers) and most importantly new innovations in MS detection technology are being developed with acquisition rates of 10-20 spectra/second, with sub-picogram detection limit, wide dynamic ranges to detect co-eluting compounds all with mass accuracy in both the MS and MSMS modes of 1ppm or better to determine elemental compositions.
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So What Does Higher Pressure Enable?

... Speed, Resolution, Sensitivity
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So what does higher pressure enable in liquid chromatography.  First one needs to make a choice does your application require faster analyses times of easily resolved compounds?  Then one would choose using a short 50 mm column and ultra fast flow rates of 2mL/min.  We have demonstrated the separation and detection of over 225 pesticides in under XXX minutes (using TOF). However,  if your application requires the separating complex mixtures that contain structural isomers, then high pressure chromatography enables one to use longer columns (250-500 mm) for peak capacity and high number of plates.  At ASMS, we presented the use of non-aqueous reverse phase chromatography with MTBE and Acetonitrile mobile phases to separate TAG’s using column lengths of 250 to 400 mm.  We had to over come several challenges including the poor ionization efficiency of the non-acqueous mobile phases.  
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Here is an example taken from the analysis of metabolites in Human Urine.  These two compounds Benzocaine and 3-methylxanthine at low flow rates coelute but at high flow rates they are baseline resolved.  The mass spectra data was obtained at an acquisition rate of 8 spectra/sec, producing mass errors of 0.19 and 0.11 ppm respectively and isotope abundance matches of greater than 98.9%.
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The MS/MS data shows the fragment ions with mass errors less than 1ppm.
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So chromatographically we have several choices on separating co-eluting compounds, the first is speed… this slide shows the EIC’s for the three coeluting compounds at 600 uL/min.  The mass difference between the two compounds is 14 mDaltons corresponding to resolving power of at least 15K to resolving the two peaks.
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Separation of Coeluting Compounds
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At higher flow rates of 1mL/min note besides having sharper the elution profile has changed where the benzocaine elutes before the 1-methyguanine.. So just going faster can’t assume the same elution time order takes place… for closely eluting compounds..


()

Separation of Coeluting Compounds 2.1 x 200 mm

x10 %
2
1.75-
1.5
1.25-
1
0.75-
0.5-
0.25-

+ESIEIC{166.0720) Scan Frag=100.0% Urine_200mm0001.d

5
623213

561

13559 27622

643
764

m/z 166.0720

682
9869

x10 F

0.8
0.6
0.4
0.2

|]_
x10 %
1.75-
1.5
1.25-
1_
0.75-
0.5-
0.25-

+ESIEIC{(166.0860) Scan Frag=100.0% Urine_200mm0001.d

o-

7
234pFa4
m/z 166.0860
736
8259
+ESI EIC(167.0565) Scan Frag=100.0% Urine_200mm0001_d
3;I 17
m/z 167.0565
C:GFiGI\L4C)2 152?01
683
45353
460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760

Counts vs_Acquisition Time {(scans)



Presenter
Presentation Notes
The second option instead of speed with high pressure is longer columns.. So using two 100 mm columns at flow rate of 500uLmin, the EIC shown here clearly show how distance versus speed can baseline resolve the various structural isomers of the C6H6N4O2 metabolite…

So going high pressure chromatography can enable narrow peak shapes and longer columns but what are the requirements for MS detection at high flow rates?


()
Requirements for Optimal MS Detection

Time-of-Flight Technology Ideal Match for UHPLC

e Efficient lonization — Stable Molecular lons

e Ultra fast detection rates

— 20 spectra per second in MS
— 10 spectra per second in MS/MS mode

 Mass resolution independent of Acquisition Rate
 Identification: Sub-ppm mass accuracy Isotopes

 Wide dynamic range

So How Can We Do IT?7?7?77?
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So this slide outlines the real requirements for Optimal MS Detection for high flow Rate LCMS Applications!!
Clearly we need the MS to generate ions, detection fast and have good mass accuracy and isotopic fidelity…

So how.. 
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Mass Resolution at What Cost?
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The How is really with the TOF technology…
Since in TOF Resolution is a function of time.. One gains resolution with longer and longer flight tubes or by using “multipass optiics..”  But these gains in resolution is at a cost of sensitivity…
At Agilent our new QTOF uses a combination of slightly longer flight tube ____ and ion optics to give double the resolution and sometimes larger.  A draw back of longer flight tubes is that the flight times are longer (90uS to 144us) which impacts the total number of transients one can collect per spectrum in a one second time.  The other impact of few transients is the level in which the detector can become saturated… about 1/3 less.. 
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on Beam Compression (IBC)* Technology

Drives Higher Resolution

Compressed and cooled ion beam ensures the best sensitivity
performance in high resolution mode

Exit from collision cell
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Narrowed beam slit enables mass resolution
of 40K

Up to 10-fold ion beam compression

* Patent pending

2010 Impurity Profiling Pittcon


Presenter
Presentation Notes
Besides the flight tube we use an ion beam compression technology to cool and focus the ion beam prior to entering the slide and the pulsar of the TOF.  So now that we have a fast scanning detection system.. We now need to focus on generating ions out of the high LC flow rates that are possible with the UHPLC systems.
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onization At High LC Flow Rates (> 1ImL/min)
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From the first coupling of Liquid chromatographs to Mass Spectrometers the challenge has been to develop ionization mechanisms that can tolerate the high LC flows and still have high sensitivity.  It was common place in the early days of electrospray, to split the to keep flows low into the Electrospray sources.  Later, new innovations such as multimode ionization source, the one here using quartz heaters for desolvation enable flow rates to ~ 1.2 mL/min.  Recently thermal assisted electrospray is being used to efficiently operating at flow rates up to 2.0 mL/min.
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Last year my talk focused on ion generated and the use of the Agilent Jet Stream technology to enhance stable molecular ion formation of various API products.  Here we show that for Prednisolone  Jet Stream produces about a 4X increase in signal over standard electrospray at 500 uL/min.  Beside the protonated molecular ion, we also see ions from the sequential loss of water, which can potentially complicate the identification just so loss impurities.
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As I previously stated the generation of fragment ions by in-source fragmentation or other mechanisms can inhibit the identification of unknown impurities.  Source designs and ion optics on MS systems can produce different levels of fragmentations.  For example, as part of our work for this talk we observed that the new QTOF produced significantly lower fragment ions (sequential water losses) over what has been observed on previous models of the QTOF.  More work is to be done this slide clearly shows that a lot fragmenter voltages, the loss of water from Prednisolone is nearly eliminated…
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Now what impact does resolution have in impurity profiling examples…
Here we show the difference between the analysis of that urine sample using the two different QTOFs’..both with the Jet Stream technology..at a flow rate of 1000uL/min
Note that at m/z the two ions now at m/z are clearly resolved which means that the isotope abundance of 166 can be accurately determined..
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So we have produced a mass spectrometer that has good resolving power.  So now what effect does going faster and faster chromatographically have on obtaining good mass accuracy?....
On the left side of this slide we show the extracted ion chromatograms obtained from benzocaine.. From 2 Hz to 8Hz.. On the right side are the corresponding mass spectra showing the mass accuracy and also the isotope abundance of the isotopes…  
The Circle shows how at high acquisition rate we can clearly resolve the two peaks at m/z 167.056 167.089.
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So can Fast UHPLC and fast MS be used to identify low level impurities in API and other pharmaceutial products.. The answer is yes.. 

The new compounds we choose to look at were Phytosterols that are dietary supplements in the headlines for lower cholesterol.. 
Mike Woodman previously worked out the chromatography for separately these simple sterol using isocratic C8 RP chromatography.. 

We have all the results but are not going to present them .. Mainly because we didn’t find many impurities in the samples.. They were usually a mixture of several sterols all around the same molecular weight and all the in ESI mode produced mainly [M+H-H2O]+ ions ..

So instead we relooked at the Prednisolone, Albuterol Sulfate and singular..products that were over 10 years old.. Sample preparation was only dilute and shoot…



Phytosterols Modification of Cholesterol

Stigmasterol
C29H480
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The Phytosterols are proposed to be able to lower cholesterol.  This slide shows the modifications of cholesterol to form the commonly found phytosterols in plants…


Phytosterols Commonly in Products

Name M.form
# C=C bonds Calc. Mwt

Cholesterol C,.H,O 1 386.366
ergosterol C,eH,,0 (3) 2 conj.1 isol. 396.350
Brassicasterol C,gH,O 2 398.366
campesterol C,gH,50 1 400.382
campestAnol C,gH:,O 402.398
Stigmasterol C,oH,50 2 412.382
delta-5-avenasterol C,oH,50 412.382
b-Sitosterol C,oH:,O 1 414.398
sitostAnol C,oH:,0 416.414
lanosterol C,H:,O 2 426.398
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cholesterol and lanosterol are not normally found in phytosterol mixtures.  As far as I know, only palm oil contains cholesterol, of all the seed oils.  Brassicasterol is normally found only in rapeseed, which is also known more commonly by its’ low-erucic acid version canola (CANadian Oil Low Acid)
Campesterol, stigmasterol and b-sitosterol are generally the most common.  beta-Sitosterol supplement preparations contain significant amount of the other two sterols and trace amounts of a variety of sterols, depending on the source and treatment.


Column Selectivity Comparison

3x100mmSBC8 3.5um 4%OC,31mI{min, 87/13 ACN/water

50mm Eclipse XDB-PhenylHexyl 1.8um 40C,;0.5ml/min, 70/30 ACN/water

|3x100mm SB-Phenyl 3.5um 40C, 1ml/min, 70/30 ACN/water

3x100mm SB-C18 3.5um 40C, 1mi/min, 10/90 IPA/ACN‘K
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Presenter
Presentation Notes
Mike Woodman previously determined that the phytosterols commonly found in these products could be separated isocratically using C8 column with 87/13% Acetonitrile and water ..   We utilized the method translator program to convert the LC conditions from 3.5 micron to 1.8 micron particles..


()
Cholestatin™ Sterol Separation 500 pL-1000 pL/min
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Presenter
Presentation Notes
This slide shows the base peak chromatograms obtained from Cholestatin from 500uL/min to 1.0mL/min using the isocratic conditions.  The analyses times are shortened from ~8 minutes to 3.5 minutes..



()

Characterization of Sterol Mix — Flow Rate/Column

x105 +ESIBPC(200.00000-600.00000 [-2]) Scan Frag=145.0% SterolMix100ngb00ul_d
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Presenter
Presentation Notes
This show shows that the separations obtained using high flow rate and longer columns were essentially the same as that obtained using a 100 mm column at 500 uL/min. … 


()
Degradation Products in Albuterol Sulfate

win 4 |CPd6:3.918; Methyl Albutercl; C14 H23 N O3, C1AH23NO0O3; C1A4H2Z3 N O3, 253 16779 254.1 750_
8.5
8 T .
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Hame RT b azz Height ol Formula (MFG]  Diff [MF
Dehydration of Oximesz | 2.829 2211417 A1605| 210293 C13H19MOZ2 -0.61
Albuteral| 2832 23915226 G146 B7R9467( CI13H21MWO3 -0.49
24 Hedrosylation | 2.832 27114202 BEZT 29014 CI13HZIMOA 018
Hydrowylation and Desaturation| 2833 2R3NTFT BT 196567 CI3H1IW 04 -1.43
A Hpdromylation | 2,835 28713705 2228 9253 C13IHAAM OB -0.56
b ethwl Albuteral 393 2B316773 1600 BE86 Cl4H23MW O3 0.03
Albuteral Aldebpde | 4.223 23713659 25835 107334 C13H19M O3 -0.42
Decarbonylation] 9113 211.15732 2136 a0 C12ZH2AA W02 -0.44
Hudrolyziz of Aromatic Mitrlez | 9.688 2A7 16272 3463 26146 CI13HZ3IMW D4 -0.05
Oxidative Deamination to Ketone | 10,739 23812072 12436 B3224 C13H18 04 -0.88
Hydrolysis of Mitrate Esters|  11.526 13416706 2437 bl alatal C13Hz220 0.05

Hydrolyziz of Mitrate Esters 13416706 11055 E4053 C1aH220
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Presenter
Presentation Notes
Since the Phytosterols produced very little if any impurities we decieded to reanalyzed the expired pharmaceutical products were looked at last year for this symposium.   The expired drugs were present in solutions of ~10mg/ml and were diluted serially in water without any further sample clean up.  The molecular weight and formula’s of the possible degradation products were determined using the Agilent biotransformation software program..  The data was analyzed using the “Find Compounds by Molecular Features, the Agilent data mining software tool, in which the propsoed list of compounds from the biotransformation software was used an inclusion list of compounds.
Note the excellent low mass accuracy in addition to the presence of water loses.. 




()
Albuterol Sulfate- Coeluting Impurities MW 225/255

%10 5 Cpd 10: 8.796; Oxidative Deaminationto Ketone; C13H1804;238.12051 239.12778: +ES|I ECC Scan Fra_
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Demethylation|  1.787 2201368 BE4E 8273 C12ZH19M 03 -1.28

Dehwdration of Owimez [ 1.937 22114161 B3d62| 201571 C13HI19MOZ 013

Albuteral|  1.942 23915236 AO4E22| 46892427 CI3HZTMNO3 -0.92

Albuterol Aldehyde [ 1.985 237137 1766 bEES| CI13H19M 03 215

Methul Albuterol |  2.898 2R3.16835 3436 T06| Cl14HZ3IW 03 2.2

Albuteral Aldehyde [ 2.089 23713685 B1144| 143761 C13HI19M O3 -1.49

Oxidative Deamination to Ketone|  8.736 23812051 1730 A735 C13H1804 0.0
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Presenter
Presentation Notes
In this slide we emphasize the ability of MFE to resolve and indentify the presence of two closely spaced compound (molelcular weights of 255 and 225)….



()
Prednisolone Impurities Function of Flow Rate
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Prednisclane ;/O19342) G043 W\HIEE C21 H28 05 07 Two Sequential water Losses| 5493 32417264 T 10397)  CHHM403 14
Three Sequential ' ater lozses 30616186 14969 82361 CAH2202 041 -
Hoahls Daryaion TR e R TTiET| ST T Prednisolone|  RA0R|  3R09372)  2A061 10873 CHAHZR0A 013
Twn Gequential water Losses 34075 5642]  dered CZ1 H24 03 011 Aloohols Debydration| 5503 34218324) 18650 BEEM|  C2THZE 04 03
dilcohol: Dehpdr ati 34218297 3465 43261 CaAH2ZEQ4 0.4 .
oo ey T Sequential water Losses| 5515 32417253 B33 134401 C2TH24 03 0.0
Prednisalone 360.19362 14575 73189 C21H2805 015
Tw Sequential water Losses 2417 £Ae3 24T 21 H24 03 013 Predrisclone| 5996 3R0.19352 A3 10863 CAHZA05 14
Predrnisolane 36019329 8653 060 L1 HB 05 108 Hydiowyrnethwlene Loss| 7464 33018308 18547 963 C2OH2E04 0.08
Dehpdrogenation and two Decar.. 00172 12865 140 C19H2403 058 m m m
Hydrowymethylene Loss 33018307 58546 328192 C20H26 04 01 1 :
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Presenter
Presentation Notes
This slide shows the effect that flow rate has on the identification of impurities ..


()

Prednisolone Dual ESI, 275 uL/min, 10X Dilution
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Presenter
Presentation Notes
The best identification of impurities was obatined using Dual ESI siwht low flow rate 275uL/min ..


> 30 Compounds Identified

Marne RT Mazs Height Wl Formula [DE] Diff (OB, Formula [MFG) - Diff (MFG, Score [MFG)
Desaturation|  B.838 jC1E 0 el 5538 57743 C21 H26 05 1.96 C21 H26 05 1.97 7298

Hpdrosglation| 6902 37E.1335 14214 200080 C21 H28 08 023 C21 H28 0k nz3 T2 2z

Demethylation and two Hpdrosplations| 7487 IFRIETEY 14283 117564 C20H26 OF 0.7e C20H26 07 0.7& 96.29
Hydration, Hpdrolpsiz (Intermal]|  7.588 37820396 26037 240117 C21H3008 074 C21 H20 08 074 99.1
Frednisolone|  8.015 360.19351 Siaiay 51783 C21H28 045 045 C21 H28 045 048 722

Alcohols Dehwdration| 8021 342183 5535 33681 C21H2604 03z C21 H26 04 naz2 T

Hydration, Hypdrolpsis [Intermal] | 8.0232 378.20407 28479 263551 C21 H20 06 0.45 C21 H20 06 0.45 92.09
Degaturation| 2112 L= s 9100 25698 C21 H2E 05 0.E5 C21 H26 05 0.EE 8389

Dehydration and D ecarboxylation 216 32816756 E14E 55938 C20H24 04 0.3 C20H24 04 0.3 a2 68
Twia Seguential Desaturations|  8.241 35616208 BR97 50521 C21 Hz24 05 0s C21 Hz24 05 0.1 8333
Hpdroxplation and Desaturation | 9.243 IF4TE2 8695 E2310 C21 H26 06 1.96 C21 H26 06 1.968 E2.87
Fredhigolone | 8.292 36019287 2968 49967 C21 H28 05 223 C21 H28 05 224 98.66

Hpdrosplation| 8486 7618311 16418 101100 C21H28 0k 1.26 C21 H28 0k 1.26 9249

Hpdrowplation|  8.488 37E.1895 FE23 47247 C21H28 06 02z C21 H28 06 023 91.88

Dezaturation|  9.569 /7T 224244 2198268 C21 H26 05 03z C21 H26 05 033 92.04

K.etone to Alcohol| 2641 3622092 11076 71245 C21 Hz20 05 03z C21 H20 05 033 9756

Alcohols Dehydration a3 21834 1182648 12286742 C21H2604 -0.88 C21 H26 04 -0.88 92 86
Prednisolone 8.91 36019373 1246456 36847328 C21H28 05 -0.33 C21 H28 05 032 95.02

Demethplation|  9.091 34E.17806 E3105 587269 C20H26 05 -0.11 C20H26 05 011 979

Dehydration and Decarbosglation| 9129 3281675 22639 231548 C20H24 04 012 C20H24 04 012 937
Drehydrogenation and two Decarboxyl..]  9.141 30017265 285211 2F70ERR C19H24 03 -0.36 C19H24 03 -0.35 94 52
Dehydration and Decarbosplation| 9178 32816708 9643 48734 C20H24 04 1.15 C20H24 04 1.14 g2.3
Hpdrowplation and Desaturation | 9.282 7417295 16782 144924 C21 H2E OB -0.02 C21 H26 0B -0.02 93.62
Three Segquential “Water lozzes|  9.547 306, 16246 5325 41830 C21H2202 -1.55 C21 H22 02 -1.55 E3.44
Hydrosymethylene Lozz| 9729 33018326 286150 9555204 C20H26 04 -0.45 C20H26 04 -0.45 9348
Dehydration and Decarbosplation| 9733 32816753 5234 BE322 C20H24 04 -0.39 C20H24 04 0.4 75.99
Three Segquential “Water lozses|  9.799 30616204 12012 157330 C21H2202 -0.19 C21 H2202 019 i7E
Two Sequential water Losses  9.842 32417261 F707E h32528 C21H24 03 0.1 C21 H24 03 0.2 9322
Alcohaols Dehydration| 9845 34218336 203055 2448470 C21 H2604 -0.72 C21 H26 04 0.72 q0.07
Hydrosymethylens Loss|  9.948 33018275 8602 53320 C20H26 04 1.08 C20H26 04 1.08 8268
Hydrowymethylene Logs| 100133 F30.182831 21197 17E8ES C20H2E 04 ns C20H26 04 0.3 g4 54

Three Sequential “Water lozses | 10.481 30616203 2B378 164696 C21H2202 -0.15 C21 Hz2202 015 8513
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Is Going Faster and Faster Applicable to Impurity

Profiling..
>  Balance Choice between Speed and Resolution
» lonization Compatible with High Flow Rates (Jet Stream)
» Resolution > 30,000 enables baseline separation
»  Fast Scanning QTOF 4 to 10 Spectra/sec
»  Mass Accuracy Independent of Scan Speed (< 0.50 ppm)
» |Isotopic Fidelity key to confirm elemental compositions
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