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Detector Lifetime
To test the  tota l c harge accumul a tion  the  dete ct or ca n ac c ept  be fore  reac hing the 
ma ximum  bia s pote ntia l rating  of the  PMT, the  followin g  acqu isition sequence  wa s 
repeated  over the c ou rse of  sev era l months on a  Pegasu s BTX GC-TOFMS with  the no vel 
ion detector :
1. Detector  Gai n Optim ization  to set  the  PMT bia s pote ntia l and  record  it
2. 24 hou r acqui sition  of  c ontinu ou s infusion of  PFTBA
3. Repea t 1-2.
The tota l c ha rge accumula tio n on the  nov el ion dete c tor  wa s ca lc ula te d  by  LECO’s 
Chroma TOF® instrume nt  c ontrollin g  softwa re, and  an estim a te of the  dete c tor  lifetim e 
wa s extrapola te d from  the se da ta  using  a  linea r fit of  the  da ta  plot  in Figure 4. Assuming 
the  dete ct or ages in a  linea r fashion, the tota l ma ximum c harge accumul a tion is 
estima ted  to be ~3200 C unt il the  PMT b ias po te ntia l rea c hes the ma ximum  of  -1000V. At 
the  observed ac c umul a tion  rate  woul d  c orrespond  to dete ct or life-time  of  4-5 yea rs of  
normal  use a t high sensitivity ana lysis mode .

Conclusion s
The Pegasu s BTX GC(GCx GC)-TOFMS with  a  nov el Long -Lifetime  Ion Detector  has 
demons tra ted  the  following  pe rformanc e cha racteri stics:
• Sub-2 fg IDL for GC-TOFMS and  Sub-fg IDL for GCxG C-TOFMS
• Linea r dy namic  range  of  5 orde rs of  ma gni tude  in GC-TOFMS and  4 orde rs of 

ma gni tude  in GCxG C-TOFMS
• Robu st ope ration:  the  dete c tor  bia s rema ins consi stent  and  BTX pea k inte nsity 

rema ins c onsiste nt  ov er long  pe riods of time,  even  with  la rge  numbe rs of samples 
acqui red  and  significant  amounts  of  c ha rge  accumul a tion  on the  detector .

Linear Dynamic Range
The linea r dy namic  range  of  the  Pega sus BTX GC-TOFMS with  nov el ion dete c tor  wa s 
demons tra te d  with  injec tions of  OFN on c olumn  ranging from  5 fg to 500 pg (5 orders of  
ma gni tude)  for GC-TOFMS runs and  with  injec tions of OFN on c olumn ranging from 2 fg  
to 50 pg (4+ orde rs of  ma gni tude)  for GCxG C-TOFMS runs.
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Novel Long -Lifetim e Ion Detector
A nov el ion  dete ct or wa s dev elope d  for the  Pega sus BTX GC-TOFMS and  GCxGC-TOFMS to  
ma ximize sensitivity, linea r dy namic  range , resolvin g  pow er, and det ect or lifetime . The ions 
exiting  the  flight  tube  a re acce lerate d  up  to 8.1 keV  and strike the c onv ertor pla te . A la rge  
numb er of  seconda ry electrons  a re released  and transferred isochrona lly onto  the  surfac e of  a  
fast respons e-time  sc intilla tor,  resulting  in the  relea se of  ph oto ns which a re gui ded throu gh a  
light  guide onto  a  photomul tiplie r tube  (PMT) for signa l amplif ic a tio n. The signa l from  the  PMT is 
digitized  with  the LECO dev eloped 15-bi t, 500 MHz da ta  ac qui sition system,  and the  resulting  
spectra  is tra nsferred  to the  instrument  PC a fter  c orrespondi ng summa tion . 

Figure 1. Pegasus BTX GCxGC- TOFMS

Table  1. IDLs for OFN in GC-TOFMS an d GCx GC-TOFMS calculated  from eight  replicat e 
injections of 5 fg for GC-TOFMS and  2 fg for GCx GC-TOFMS. 

Figure 4. Plot of the detector bias voltage vs the total accumulated charge of the detector. 

Figure 6. (a) GC-TOFMS linear  dyna mic  rang e calibr ation  curve for injection s of 5 fg–500 pg OFN 
on colu mn . (b)  GCxGC- TOFMS linear  dynamic range cal ibrati on  curve  for injec tion s of 2 fg–50 pg  
OFN on column.

Figure 5. (a) Extracted Ion Chromatogram  of a GCxGC-TOFMS run of 2 fg OFN injected on column. 
(b) Target Analyte Find Peak True mass spectrum  of the 2 fg OFN peak.

(a) (b)

Figure 2. Novel Long-Lifetime Ion Detector.

Detection Limits
The dete cti on limit of  the Pegasu s BTX with  the no vel ion dete ct or is de mons tra ted  by  
c a lcul a ting  the  instrume nt  dete cti on limit (IDL) for OFN in both  GC-TOFMS and  GCxGC-
TOFMS modes of ope ration.  Eight  replic a te injec tio ns of OFN were acq uired  in eac h 
mode,  and  the  IDLs were  ca lcul a ted  by  the  following  formul a :

IDL = (%RSD/100) x tstuden t(99% confidence) x amount on column
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Methods
The mass spe ctr om eter  acqu isition was set  a t 32 kHz extrac tion freque nc y from  the 
di rect  extrac tion ion source held  a t 250 oC and  a t 70 eV electron  energy, and  1 mA 
filament  emission c urrent.  GC-TOFMS expe riments used  a  10 spe ctr a / seco nd  
acqui sition rate,  and GCxGC-TOFMS expe riments  used  a  200 spe c tra / second  
acqui sition  rate .

The oc ta fluorona pht halene  (OFN) sta nda rds were  pur c hased from  Ultra  Scientif ic  and  
used  to determi ne  the  detecti on  limit and  linearity  of  the  dy na mic  range .

GC-TOFMS and  GCxGC-TOFMS runs wer e ac qu ired  with  the  same GC c olumn 
c onfigu ratio n: the primary c olumn  wa s 30 m x 0.25 mm  x 0.25 µm Rxi-5MS connec ted  
with  a  Siltite  ferrule to a  2 m x 0.25 mm  x 0.25 µm Rxi-17SilMS sec onda ry c olumn, with  0.1 
m of  c olumn  po sitioned  in the LECO Qua dJet  Mo du la tor  and 0.3 m in the second ary 
ov en . 

In GC-TOFMS exp eriments, the OFN solution of  1 uL wa s injec ted  a t 200:1 split. Cons ta nt  
helium  flow  wa s set  a t 1.4 mL/m in and  the  ove n wa s ramp ed  a t 20 oC/min  from  50 oC 
(0.5 min hold)  to 160 oC(2.5 min hold) . The second ary ov en used a  5 oC offset relative to  
the  ma in GC oven, and  the  modula tor used  a  15 oC offset relative to the  seconda ry 
ov en .

In GCxG C-TOFMS runs, the  OFN solution  of  1 uL wa s injec te d  a t 500:1 split. Consta nt 
helium  flow wa s set  a t 1.4 ml/m in and the ov en wa s rampe d  a t 60 oC/min  from  50 oC (1 
min hold)  to 160 oC (2.5 min  hold) . The seconda ry ov en used  a  5 oC of fset  relative to 
the  ma in GC oven, the modul a tor  used  a  15 oC offset relative to the  seconda ry ov en, 
and  the  modul a tion  pe riod  wa s 2 s.

The hemp  extra ct  sampl es were Qu EChERS extra cts witho ut furthe r clea nup . The GC-
TOFMS injec tions were  done  a t 100:1 split into  a  split/ splitless inlet  (Ag ilent  8890 GC). A 5 
m x 0.10 mm gu ard c olumn wa s conn ec ted  with a  Siltite ferrule to a  9.5 m x 0.25 mm  
gua rd  c olumn —no ana lytic a l sepa ration was empl oyed  in these hemp injectio ns to  
inc rease the throughp ut of  the expe riment . The GC oven  tem pera ture  wa s rampe d  a t 
20 oC/min  from  150 oC to 320 oC. 

Introduc tion
Ion dete cti on effic ienc y and  fast response times a re cri tic a l aspe cts of  the ion 
dete c tors used  in time -of -flight mass spe ctr om etry (TOFMS). With modern 
advancements in ioniza tion,  ion opti cs, and ion tra nsfer effic ienc y, TOFMS syste ms a re 
c apa ble of  generating  high ion flux onto the ion dete ct ors. Having  an ion det ect or 
tha t is ca pa ble of  main ta ining  opti ma l pe rformanc e ov er a  lon g pe riod  of time  while  
accepti ng  high amou nts of  ion flux is a  significant  c ha llenge  in development  of  TOFMS 
instrume nta tion.  Improv ements  in det ect or life will minimize mai ntena nce  c osts and 
impro ve TOFMS user experien c e. A nov el long -lifetime  ion det ect or wa s dev elope d  in 
pa rtnership  with  El Mul Technol ogies for use in LECO’s Pegasus® BTX GC and  GCxG C-
TOFMS. The system  wa s thor ou ghly ev a lua te d  for sensitivity and  rob ustness, includi ng 
longe vity of  the  detector .

Figure 7. Peak area of repl icate injec tion s of OFN acquire d be fore (left -side groupi ng of data 
points)  and  afte r (right -side  grouping  of da ta  point s) 900 inje ction s of a hemp extrac t. The 
detector  gain wa s optimized  be fore  both sets of OFN inje ction s, an d the  detecto r bias remaine d 
consta nt at -481V over  the  entire  experime nt while total accumulated  charg e wa s estima ted as 
11.4 C.
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System Robustness
To eva lua te stability  and robus tness of  the  Pegasus BTX GC-TOFMS with  a  nov el ion 
dete c tor,  the  system ’s basic  perf orma nc es we re teste d before  and a fter  900 injec tions 
of  a  hemp  extra ct  sampl e. The pea k a rea  for 10 fg  and 100 fg  OFN on c olumn as we ll as 
the  bia s pote ntia l on the det ect or were  monitored  and  reporte d  be low.  The 
demons tra te d  robustness is not  only du e to the nov el dete ct or pro pe rties, but  a lso due  
to cha racteri stics of  the  StayC lean ® ion source .
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Gain Optimization
The Pegasu s BTX GC-TOFMS utilizes a  sta tistica l c a lcul a tion  from  PFTBA infusion da ta  to deter mine 
how  ma ny a rea  c ounts a  single ion strike pro du c es. Then, the det ect or bias is ad justed  up  or 
dow n to hit the  approp ria te  ta rget  a rea  per  ion (API) for the dete c tor . To determin e wha t the 
prop er ta rget  API is for the  nov el ion dete c tor , PFTBA da ta  wa s c olle c ted  a t API settings from  60 
to 110 in 10 API incre me nts, and  the  resulting  da ta  wa s ana lyzed by  plottin g  the  c a lcul a ted  
isotop e fide lity value  (Isotope  Fideli ty  = Measured  Isotope Ratio/Theor et ic al Isotope Ratio )of  the  
C 8F14N+ fragment  (m/ z 376) of  PFTBA.

Figure 3. Isotope  fidelit y of the C8F14N fragmen t of PFTBA as a func tion  of Are a Per Ion , which  is a 
statistical measurem ent of detector gain. 

The prop er ta rget  API for the no vel ion dete ct or wa s chose n to be  90 as tha t results in a  
dete c tor  gain  setting a fter  the isoto pe  fide lity c urve is grea ter  tha n 1, but  it is not  too high ga in 
tha t the  detector  is aged  unnecessarily .
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