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Introduc tion Novel Long -Lifetime lon Detector Detector Lifetime Linear Dynamic Range
lon detection efficiency and fast response times are critical aspects of the ion A novel ion dete ctor was developed for the Pegasus BTXGC-TOFMS and GCxGC-TORMS to To test the tota | charge accumul ation the detector can accept before reaching the The linear dynamic range of the Pegasus BTX GC-TOFMS with novel ion detector was
detectors used Iin time-of-fight mass spectrometry (TOFRMS). With modermn ma ximize sensitivity, linear dynamic range, resolving pow er, and detector lifetime. The ions ma ximum bia s pote ntial rating of the PMT, the followin g acqu isition sequence was demons trated with injections of OFRN on column ranging from 5 fg to 500 pg (5 orders of
advancements In ionization, ion optics, and ion transfer efficiency, TOAMS syste ms are exiting the flight tube are acce lerated up to 8.1 keV and strike the convertor plate. A large repeated over the course of several months on a Pegasus BTXGC-TORMSwith the novel ma gnitude) for GC-TORMS runs and with injections of OFN on column ranging from 2 fg
capable of generating high ion flux onto the ion dete ctors. Having an ion detector numb er of seconda ry electrons are released and transferred isochronally onto the surface of a lon detector to 50 pg (4+ orde rsof magnitude) for GCxG C-TOFMSruns.
that is ca pa ble of maintaining optimal performance over a long period of time while fast response-time scintillator, resulting in the release of photons which are guided through a 1. Detector Gain Optim ization to set the PMTbia s pote ntial and record it
gcceptl ng h_|gh amou nts of ion f_qu ISa Sig nlflc_:ant phal_le'ng_e In dgvelopment of TORAMS Ilgh_t. gwde'onto a photomul tiplie r tube (I_DMT) for signal amplif |c§1t_|c_>n. The sgna | from the PMT IS 2. 24 hour acqui sition of continu ous infusion of PFTBA
iInstrume ntation. Improv ements in det ector life will minimize maintenance costs and digitized with the LECO dev eloped 15-bit, 500 MHz data acquistion system, and the resulting (b)
Improve TOFMSuser experien ce. A novel long -lifetime ion detector wasdeveloped in gpectra istransferred to the instrument PC after correspondi ng summa tion. 3. Repeat 1-2.
pa rtnership with EIMul Technol ogies for use in LECO’s Pegasus® BTXGC and GCxG C- The total charge accumula tion on the novel ion detector was calculated by LECO’s
TORMS. The system wa s thoroughly evaluated for sensitivity and robustness, including Chroma TOF® instrume nt controlling software, and an estimate of the detector lifetime
longe vity of the detector . wa s extrapola ted from the se data using a linear fit of the data plot in Fgure 4. Assuming m
the detector ages in a linear fashion, the total maximum charge accumul ation is
Vacuum Flange Scintilator  Magnetic System estimated to be ~3200 C until the PMTbias po tential reaches the maximum of -1000V. At
MethOdS Ej Front Grid } the observed accumulation rate would correspond to dete ctor life-time of 4-5 years of
The mass spe ctrometer acqu isiton was set at 32 kHz extraction freque ncy from the normal use at high sensitivity analysismode .
direct extraction ion source held at 250°C and at 70 eV electron energy, and 1 mA PMT
flament emisson current. GC-TORMS experiments used a 10 spectra/seco nd Convertor J 600
acqui stion rate, and GCxGC-TOFMS experiments used a 200 spectra/second Enclosure 500 e T I . e
acqui stion rate. = _ —
=T Contact Spring > £ 6 ] _ _ _ _ L ~
_ =L o 400 igure 6. (a) GC-TOFMSlinear dyna mic rang e calibr atlon. curve for |nject|qn S of.5 fg—500 pg OFN
The octafluorona pht halene (OFN) standa rds were purchased from Ultra Scientific and _ S y = 0.1706x + 443.05 on colu mn. (b) GCxGC- TOFMSlinear dynamic range calibrati on curve for injec tions of 21g-50 pg
used to determi ne the detecti on limit and linearity of the dynamic range . P Sl QU . _ 300 OFNon column.
I 8
GC-TORMS and GCxGC-TORMS runs were acquired with the same GC column R § 200 SyStem RObUStneSS
configuration: the primary column was 30 m x 0.25 mm x 0.25 uym Rxt5MS connec ted 100 To evaluate stability and robustness of the Pegasus BTXGC-TORMS with a novel ion
with a Siltte ferrule to a 2 m x 0.25 mm x 0.25 um Rxt17SiIMSseconda ry column, with 0.1 detector, the system’s basic performances were tested before and after 900 injections
m of column positioned inthe LECO QuadJet Modulator and 0.3 m in the second ary 0 of a hemp extract sample. The pea k area for 10 fg and 100 fg OFN on column aswellas
oven. | L -shape Light Guide S 0 100 200 300 400 500 the bias pote ntial on the detector were monitored and reported below. The
Total Charge A ccumulated  (C) demons trate_d _robustness IS not on!@y_due to the nov el dete ctor prope rties, but also due
In GC-TOFMS exp eriments, the OFN solution of 1 uL wasinjected at 200:1 split. Constant _ L . . to cha racteri stics of the StayClean ® ion source .
helium flow was set at 1.4 mL/min and the oven wasramped at 20 °C/min from 50 9C Figure 2. Novel Long-Lifetime lon Detector. Figure 4. Plot of the detector bias voltage vs the total accumulated charge of the detector.
(0.5 min hold) to 160 °C(2.5 min hold). The second ary oven used a 5 °C offset relative to Detection Limits 350000
the main GC oven, and the modula tor used a 15 °C offset relative to the seconda ry Gain Optimization | o | _ _ 100 fg OFN %RSD= 3.82%
oven. The dete ction limit of the Pegasus BTXwith the novel ion dete ctor is de monstrated by 300000
The Pegasus BTXGC-TORMS utilizes a statistica | calculation from PFIBA infusion data to deter mine calculating the instrume nt dete ction limit (IDL) for OFN in both GC-TOAMS and GCXxGC- 250000
. . _ how many area counts a shgle ion strike produces. Then, the detector biasis adjusted up or TORMS modes of ope ration. Eight replic ate injections of OFN were acquired in each ©
In GCXGC'TOFMS runs, the OFN solution of 1 uL wasinjected at 500:1_ split. Constant down to hit the approp riate target area per ion (API) for the detector. To determin e what the mode, and the IDLsF\)/vere ca Iculgted blzl the follciwing formul a: ’ :%200000
he_Ilum flow wasset at 1.4 rr_1|/m inand the oven wa srampe d at 60 °C/min from 50_0C (1 prop er target APl isfor the novel ion detector, PFIBA data wascollected at API settings from 60 ¢ . 10fa OEN
min hOI.d) to 160 °C (2.5 min hold). The seconda Ty oven us_ed a 5 °C offset relative to to 110 in 10 API incre ments, and the resulting data was analyzed by plottin g the calculated IDL = (%RSD/100) x t (99% confidence) x amount on column g 150000 ¥
the main GC oven, the _modul ator used a 15 °C offset relative to the seconda ry oven, iIsotop e fide lity value (Isotope Fidelity = Measured Isotope Ratio/Theor etical Isotope Ratio)of the studen t . 100000 100tg OFN
and the modul ation period was?2s. C.F,,N* fragment (m/ z376) of PFTBA
814 Table 1. IDLs for OFNin GC-TOFMS and GCx GC-TORMS calculated from eight replicat e 50000 ., ... cevevtees® 10 fq OEN %RSD= 10 33%
The hemp extract samples were QuEChERS extra cts witho ut further cleanup. The GC- sotope Fide lity C4F;,N* (m/ z 376) injections of 5fg for GC-TOFMSand 2 fg for GCxGC-TOFMS. 0 9 0 9970
TORMSinjections were done at 100:1 split into a_spllt/splll_tl essinlet (Agilent 8890 GC). A5 12 Amount On Average 0 10 20 30 40
m X 0.10 mm guard column was conn ected with a Silite ferrule to a 9.5 m x 0.25 mm Mod Col tS/N ZRSD IDL iniection Number
guard column—no analytical sepa ration was empl oyed Iin these hemp injectio ns to . ¢ ’ ode olumn Quant §/ ° J
increase the throughput of the experiment. The GC oven tem pera ture wasrampe d at 1 * GC-TOFMS 5fg 17.3 7.02% 1.05 fg Figure 7. Peak area of replicate injections of OFN acquire d before (left-side groupi ng of data
20 °C/min from 150 °C to 320 °C. . points) and after (right-side grouping of data points) 900 injections of a hemp extract. The
208 GCxGC-TOFMS 2 fg 14.1 /.44% 0.45 fg detector gain was optimized before both sets of OFN injection s, and the detecto r bias remaine d
D consta nt at -481V over the entire experime nt while total accumulated charg e was estimated as
E ° Peak True - sample ".002pg:5", OFN, at 207.005 s, 0.450 s, Area (Counts) 11.4 C.
o 0.6 07 271,98
5 " @ " ) Conclusion s
50'4 o The Pegasus BTXGC(GCxGC)-TORMS with a novel Long-Lifetime lon Detector has
60 - N demons trated the following pe rformanc e cha racteri stics:
0.2 . Sub-2fg IDL for GC-TOFMSand Sub-fg IDL for GCxG C-TOFMS
| . g e Linear dynamic range of 5 orders of magnitude in GC-TOFMS and 4 orde rs of
0 - I ma gnitude in GCxG C-TOFMS
20 60 70 80 90 100 110 120 ] 07 * Robust ope ration: the detector bias remains consistent and BTX pea k inte nsity
Area Per lon 0 - rema ins consistent over long periods of time, even with large numbe rs of samples
Figure 3. Isotope fidelity of the CgF 4N fragmen t of PFTBAas a function of Area Per lon, which is a 00 - 207 acquired and significant amounts of charge accumul ation on the detector .
statistical measurem ent of detector gain.
e e s oo o s i s s s ¢ — L Acknowledgement s
The prop er target API for the novel ion detector was chosen to be 90 as that results in a e _ _ _
detector gain setting after the isotope fide lity curve isgrea ter than 1, but it isnot too high gain Figure 5. (a) Extracted lon Chromatogram  of a GCXGC-TOFMS run of 21g OFN injected on column. The authors would like to ack nowle dge Samantha Norlock for her assstance in
that the detector isaged unnecessarily . (b) Target Analyte Find Peak True mass spectrum of the 2 f{g OFN peak. acqui ring the hemp extract robustnessdata.

Figure 1. Pegasus BTXGCxGC- TOFMS



