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1.) SELECTIVE DETECTION OF BISPHENOL A AT LOW PICOGRAM LEVELS
WITH TID-1 SURFACE IONIZATION,

Bisphennol A (BPA) is a chemical compound {hat has
received m uch attention recently In both p ublic and
scientific media (eq., Chamical and Enginesring New's,
April 28, 2008, page 11). This toxic compound is a
Ubiguitous contaminant found in baby bettles and other
drink bottles made from polycarbonate material
Although there remains uncertainty regarding whether
the level of BPA found poses a threat ta human haalth,
bottle manufacturers, vendars, and government
officials are all taking steps to redlce public exposure
ta this compaund

FPast experience with TID-1 thermionic surface
lonization has demonstrated that Fhenols are & class
of Oxygenated compounds that are especilly well
detectied with excellent seleclivily versus
Hydrocarbons. Accordingly. BFA is a good candidate
for TID-1 detection because it containg two Phenaol
furictional groups This method of GC detection i3
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Figure 1. Moilacular structure of Bisphenol A.
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relathvely simple, |t uses NPD-like detectar equipment,
and fealures g low work functlon ceramic ianizing
surface operated In a detector gas environment of
Nifrogen, Incoming samplesimpactthe heated ionizing
surface; negstive ions are formed by extraciion of
electrons from the surface; and a prevailing
polerization voltage maoves the lons through the gas
phase to a surrounding collector eleclrade. Unlike an

BISFHERNOCL A (BEFA)
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Figure 2. Comparison of F|C and TID-1 chromatograms for
a sample mixture containing 28 ng Phanal and 2.7 ng BPA
in a Methang! solvant
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WPD which detects all organicaelly bound M or P
compaounds with similar signal magnitudes, TID-1
detection often exhibits large differences In response
depending an the detalled molecular structure of the
analyle molecule.

Figure 2 shows a comparison of FID and TID-1
chromatograms for a mixture containing Phenal and
BPA in 3 Methano| solvent, with tha BFA concentration
being approximately 10 times less than that of Phenal
At fhe sensitivity displayed, the FID provided a large
Phenol peak. bul only a barely visible signal for the
BPA In contrast, the T 1D-1 d etector provided | arge
peaks for both the Phenol and BPA constiluenis

The data In Figure 2 wers genarated using an Agllant
6830 GC. Chromatographic conditions ware as follows:
30m £ 0.32mm x 0.25um HP-5ms column; He carrier
= 3 mbl/min; program = B0°C - 1 min, 60 - 110°C at
7°Cimin, 110 - 250°C at 13°Cimin; 250°C -1 min,
Injector = 250°C, and detector = 280°C. For the TID-
data, the Agilent BBE0 NPD structure was usad with a
TIiD-1 ceramic ion saurce and with deleclor gas flows
of Nifrogen makeup = 55 mLimin, and Air =5 mLimin
The ion source was heated with a stand-alone DET
Current Supply providing & constant heating currant of
2450 A, and s polarization voltage of - 45 V. Signals
wera measured with the 8820 NFD electrometer

As shown in Figure 2, the TID-1 response to BPA was
exceptionally large. The noise level of this mode of
detection was comparable to just the noize of the 5890

TID-1-Nitrogen
B pA full scale

| 10 pg
BPA

\

Figure 3. Sami column and carrar as Figure 2.
150 - 250%C at B2°Cimin
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NPD electrometer, and tha 2.7 ng peak for BPA had &
signal to noise ratio of 13000:1, This translates into &
BPA detectivity in the sub- picogram range. Figure 3
shows TID-1 deteclion of 10 pg of BPA. In this
lustratian, mpurities in the Methanol solvent
constituted the detectivity imitation rather than noise n
ne syslam

For the data in Figures 2 and 3, & stand-alone DET
Current Sugply module was used to power tha |on
source rather than the 6820 NPD Baad \Voltage supply
on the GC. This was bacause the DET module couid
perwvide A selaction of a higher polarization of -45'Y
versus the fixed -4 V' avallable from the 6890 supply
Whereas the lower polarization is optimum foran NPD,
the higher polarization produces much larger signal
magnitudes for the TID-1 mode of detection. For
comparison  with Figure 2, Figure 4 shows
chramatograms of that same sample generated using
the 5820 NPD Bead Vollege Instead of the DET
supply Signal to noise for the 2.680 V' BPA data in
Figure 4 was 940:1, which was 14 times lowsr than the
Figure 2 data thal were generated wilh the higher
polarizalion.

TID-1-Nitrogen powered by Agilent Bead Voltage

source heat = 280 W source naat= 2,800 ¥

12 p& full scale 64 pa lull scale
| Phenal BPA BPA
An &7 n 17 mg
J ! Phanol
24 ng

noise at

noise at
,.-"""- 1 ph full scale /’ 4 pé full scale

Figura 4. Same sample and chrematographic conditions as
Flgure 2 excapt the Agilent 5850 NPD Bead Valtage supply
was used to heat and polarize the TID-1 ion source at -4 V
rathiar than tha - 45 W polarization avallable from the DET
Current Supply used for Figure 2..
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Another means of increasing the absolute magnilude
of TID-1 signals Is o increase the temperature of the
lor spurce by applying higher heating power Figure 4
compares signals and noise for 6890 Bead Voltages of
2.B80 Y and 2.800%. Il is clear from this comparison
that the higher healing power also increases the
deteclor noise, so tha!l there Is na nel galn in signal o
noise {i.e.. signal 1o neise for 2.600 Y was only 4601

compared to 8401 for 2,880 V). In our experience with
TIO-1detection, optimum detectivity and selactivity is
usually achieved with the lon source heaied |usi
enough o produce a delector noise level comparable
tothat of the signal messuring electrometer (e.g., G290
NPD electrometer noise displayed with the 2,680 V
chromalogram of Figure £). This correspands 1o 3
detector background signal of 10 pA or less

2.) UNIQUE CONSTRUCTION OF DET CERAMIC ION SOURCES FOR NPD
AND OTHER MODES OF THERMIONIC DETECTION

Fabrication of a TID-1 lon source like that of the
preceding sectlon |s possible bacause of the unigue
construction of DET ceramic sources. DET jon sources
criginated years ago when [t was recognizad that the
operating mechanism of NP detectors was a surface
process, and that NP detection was just ane possible
member of an entire family of selectiva detectors
pperating according lo surface ianization principles

For NP detection, a necessary condition is that the ion
saurce must be heated to a temperature in the range
of 800 - BOO°C in order to ignite a chemcally reactive
Hydrogen-Alr boundary layer aboutthe Rotsource. Far
MPDs where the lon source consisted of 3 glass type
bead formed onto a bare Platinum wire, the reguired
Ignition temparature was close (o the softening point of
the giass. and this was & significant limitation an the
operaling parametears for these beads. To overcome
this limitation, DET chose to develop MNP and other [on
sources out of higher temperature ceramic materials
which wera more robust and could withstand a much
wider range of opergting conditions, |n addition fo the
MNFD operating temperature consideration. ceramicion
sources have proven 1o be more reliable to
manufacture because coatings are formed from room
termperature siurries rather than having 19 oo thraugh
& mellsn stage

Figure & llusirates the multiayerad structure of DET
toit sources, As with all NP ion sources, DET sources
have a wire core that allows ihe jonizing surface to be
electrically heated to temperatures considerably higher
than the surounding detsctar struclire. & dnigue
fealure of DET lon sources (= {hat the wire core |s
completely covered by a sub-layer ceramic coating In
order 1o eliminate any extranecus onization from
exposed wire material, and fo protect the wire from
corrosion from additives In the active surface coating
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ceramic surface coating
determines ionization activity

rigidd ceramic subcoating
protects wire core

stainless steel
mounting fange

DET lon Source Construction
(fits Agilent & DET structures)

Figure 5. lllustration of the construction of DET lon sources
fhat it Agllent §850/TRED WPO equipmant and all DET
detector structures. Stainless stesl mounting flange that is
depicted is a 3/4 inch hexagonal design. Other available
maunting fiange designs are a 114 inch diameter tuba which
ls used In NFD squipment  mantfactured by Thermo
Scientitic and SR Instruments, and a round flangs design
that fits :an older modal FinnlganTremetnes 9001 NFD
structure,

or from complex sample matnces. The sub-layer
coating also provides a ngid structural basis for
subsequently applylng surface coatings of ceramic
with widely varylng additve formulations. DET ion
sources can withsiand opergtion in either verlical or
horizontal orientations withoul concern far sagging
support wires as can occur with glass bead/Ft wire
type jon sources. Also, DET lon sources have
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sufficient therma!l mass to resist surface temperature
fuctuations d ue to minute changes In & etector g as
Ficrows,

Whereas the sublayer ceramic struciure s the same
for all DET |jon sources, ceramic coatings spplled over
this sublavyer can have a wide range of additives which
define the jonizing endior catalytic activity of the
surface. For NP detection, two surface coating
farmuiations have been developed. One Is 2 Black
Cerarmic (TID-2 type) which was designed specifically
to minimize Phospharus compound peak tailing which
had been a characterishic of many past NFD detectors.
For applications where there never is cancern for P
peak shape (i.e., analyses of only M compounds), DET
developed a White Ceramic surface (TID-£ type) that
produces the largest possibie N responses, The TID-1
typa ion source which has already been discussed,
produces selectivily far many Oxygenales, and
exceptional detectivity for Nitro compounds |lke TNT
2 4<0initratoluene,  Methy!  Parathion, ang 4.
Milraphanal. Whereas, the NPD TID-2 and TID-4 ion
sources are designed to operate with Hydrogen and Air
2s the detector gases, TID-1 [s designea {0 operate in
gither Mitregen or Air. Other DET ion sources thatnave
baan identifiad Include the fallowing:

TID-3 type for operation In Nitrogen ar Air 1o provide
non-tailing peaks for Volatile Halogenates such as
Trinalomethanes;

TID-5 type for opergtion in a sloichiometric mix of
Hydrogen and Air to provide selectivity for Br and |
compounds versus other Halogenates,

TID-6 for operation in a pre-mided high low af H. Al
and a detector tower structure identified by PTID
nomenclature (Phosphorus  Thermionic  lonization
Detector) to provide selectivity and very high ionization
efficiency for Phosphorus

CFID for operation in the maoislure saturated
downstream effluent of 2 self-sustained flame and with
g detector configuration described by Remote FID
namenclaiure to provide selectvity ta P, Sn, P, or 3
Compounds,

Figures 6 - 11 demonstrate the versatillty of ceramic

lon sources by showing different coaling formulations
operatad In various datector gas environmenis
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Ethanol
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Gasoline

(6890 GC)
FID

J

- Ethanol

2 rn-in.

oxygenate selective
TID-1 detector

(nitrogen carrler & detector gas)

|

Figure 6. This s & signature chromatogram tha
demonsirates how a selective detector can greatly simplify
& chemical analysis. Detection of Ethanol in gasoline
requires just 3 single Nitrogen supply for camier and
datectar gases, and the analysis can be donre in & shon
time becausa there |8 no need o chromatographically
resoive the many Hydrocarbon components

WATER SOLUTION
FID M=Methanol
ol oale  2500ng
B=Benzene
47 ng
) T=Toluane
Al et
e
Trihalomethanes
TIEB:I;'_‘KNR = 0.84 ng each
ull scale
o 1=CHCI;
- 2=CHCIL.Br
4 3nCHGrBf‘-
_ L L — 4=cHBr,

Figure 7, TID-3 fon source in & Mitrogen detector gas
SnVIronment,
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Figure 8. TID-3 and TID-5 sources in Agilent B300 NED
hardware and powered with DET Current Supply, Detector
gas for TID-3 was 55 mLimin Alr. Detector gases for TID-5
ware H.=5, Alr=12.5, N_=30 mLimin,

MNP poaticides 480 pg cosaoh
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Figure 9. Mayvinphaos (1), Trfluralin {2), Simazing 13}, and
Mathy| Parathion (4), DET PTID deteclor mounted an
Agilent 8800 FID base. DET Current Supply and Keithigy
Electrometer used for detector electonics PTID: TI0-6
ion source heal = 3.20 A, polarzation = - 45 v, H=30,
Air=300 miL'min, NPD: TID-Z source nest=335 A
polanzation = - 8%, Ho=4, AI=T0 mLimin
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Sn SPIKE IN GASOLINE

FID
13000 pA Lé

REMOTE 0 sn
160 pa s,
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Figure 10. Gasaline spiked with 12 ppm Tetrabutyin, CET
Reamote FID tower moonted on Agilent 8880 FID base with
DET Currert Supply and Keithley Elecirometar electronics
Remals FID tower positions a CRID type source and
callectar electrode several centimeters downstream of a
flame. Long lived Sn|ons survive Lo reach Lhe callactor
while Hydrocarbon igns dissipate by gas  phase
recombination, Flame gases were H;=20, OH; through
makaup gas fine = 5.5, and Alir=170 mLmin
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Figure 11, Same Ramote FID tower 22 Figure 10 but with
& TID-2 lon source nommally used in the NPD now operating
in the moist downstream aeffiuent of & flame. Flame gases
wane 20 mL/min of a Hydrogen-20% Methane gas mixdure,
and 200 mbL'min Alr. Agilent AED test sample #28 1=i-Cy
solvent; 2=4 04% n-C, 3=0.07% 4-fluoroaniscie;

4=0 07% 1-bromahexans; 5=0,05% tetraethyiohosilicate,
o=0.05% n—decans (perdeuterated);

7= 0.07% nitropenzens; 8=0.06% triethy| chospnaie;
B=0,05%: tart-butyl disulfine,

10=0.08% 1,2 d-trichlorobenzene, 11=43% n-C.,|
12=043% n-C.; 13=013% nC; FTID-2 seleclively
detects just thae Halogenated components
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formiulation. For the TSD data, Varian's recommended
flows of Hydrogen = 4 and Air = 175 mbl/min were
used, while the TID.2 data wers generatad with
Hydrogen = 3 and Air = B0 mL/min

The price difference between lon sources s 31083 ol
Varlan's TSD bead versus 3310 for DET's TID-2
source. Hence, the initizl cost of converting from
Varan's TS0 iower siructure io DET s tower (part 010-
B880-240, price §1550) can soon be recovered by

savings in the cost of replacemant sources

DET's tower for Varian GC models 15 gbout half the
siza of Varan's TSD tower, and the mounting sllows
rotation of the lower body sothe signal probe arm can
be positionsd to avold adjacent structures. The DET
hardware also includes 8 ceramic lined &t that seals
ntoVarlan's detectar base with a stainless steel ferrule
insigad of the crushable Graphite or Vesoal ferrule
Luseq with Varan |ets

3.) TANDEM THERMIONIC DETECTION ON AN SRI 8610 GC
1 GC COLUMN EFFLUENT - 2 SIMULTANEOUS DETECTOR SIGNALS
(TID-1/NPD, NPD/TID-1, AND OTHER COMBINATIONS).

Tandam TID detection refers to a series combination
of two different types of thermionic detectors such that
a single column efflueni passes through both and
produces 2 simultensous signals Figure & shows a
sghematic illustration of landem equipment as | was
recently fit onta an SRI 8610 GC. Each detection
stage is an optimum concentric cylinder configuration,
and each has an independent ion source, ion soUrce
power supply, end electromater amplifier. As shown in
Figure B, Ihere are provisions for adding 3 different
detector gases so the gas snviranments In the 2
stages can also be different

The SRI GC eguipment used In this work was
equipped with an on-column mector, 2 FID detector
bases, 2 electrometer amplifiers, and multichanne|

= AOURCE FOWER ¥
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1% BEAACE 1, I
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Figure 8, Schemalic of Tandermn TID equlpment
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daia acquisition, Connection 10 8 laptop computer
provided columm temperalure and carrier gas pressure
programming capability, as well as dala systam
processing of the signals. The SRl equipment included
a bullt-In Alr sompressor thal was used to provide
detector Alr flow where that was reguired. Far
improved [njector to column and column o delector
seals, we replaced SRi's filtings with Agilent parts
G1532-80540 (TCD capilary column adaptor), 5181-
8830 (column nut), and S0BO-BT73 { 1.0 mm |D
Graphite ferrule for 0.53 mim column). The Hydrogen
lire io one of the detecior bases Included restrictor
tubing normally used lo provide low flows for an NPD,

TAMNMDEM TID on SR 8610 GC
1 sample, I simultanecus aignale

Mitro Explosives

THT
D.56 g
TiD-1
1Tt sStaga)
l’ & MNitrotoluenes HFK
]
= NPD . —
| (2ol sfiage) RO
| 1Z. ng
H i a4 Mitrotoluono
| S8. ng
|
1
5 | THT |
— +

Figure 9, 6m x 0.533mm = 1.5um R-TNT, S0-200°C al
10°C/min, He carrier program 3-6psi at 0. 2pslmin,

Eas 1=H,; (Bpsi), Gas 2 & 3=Air (Zpsi). TID-1 heat=2.554,
palar= - 45V; NPD (TID-4) heat=3.05A, polar.= - 5V
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MPD TRAMSDUCER FOR SAMPLES IN AIR
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Flgura 16. Themionic transducer preceded by a heated infet
reactor, Sampla pump pulls amblant Air tnrough transducar
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tube. and tube then nserted nic hot reacior pred ﬁdzn &
trensducer, Ambient Air pulled through semple and
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4.) RECYCLE USED CERAMIC ION SOURCES FROM THE
AGILENT 6890/7890 NPD.

As long term users of NP lon sources, we are very
much awsare that depleted guantties of this
consumable component evantually gscumulate in the
laboratory Instead of discarding these parts into
caommercial trash, an allernative is to raturn them to
DET for salveging of materials used in their
manufacture. This recycling program applies to
ceramic ion sources used In the Agilent 6 B20/TBE0
NPD or in DET NPDITID detector structures, and
includes on sources originally marufaciured by elther
Agilent or DET. Amoeng the componenl pieces of
returned ian sources, we are abla o re-Use the Twinex
elgctrical connector and machined Aluminum collectar
holder. These 2 parts can be attached to an oflherwise
new source wiring, mounting flange, and ceramic
lonization surface, and the resulting recycled assembly
is available at a reduced price of 5280 versus 5310 for
an entirely mew lon source Recycled jon sources are
available with any of the d ifferant c sramic coatings
developed by DET, irespective of what the original
goating was an the depleted source returned to DET,

Amaostimportant senefit of DET's recycling program is
1hat we have been able o examine thousands ul ion
soulces to determine how they hold up afler exiensive
use by many different types of customers, and in many
diffarent types of applications. This infarmation has
been an invaluable aid to determining ways to Improve
the quality of DET manufactured ion sources, as well
as & guide to Identifying betler ceramic coating
formulations

One of lhe most interesting findings 15 that end users

have a8 wide range of criteria for determining when o
replace an NPD ion source. A broken source ceramic

E00 femtograms MNicotine
TID-4 in 68920 NPD
2 pa fos.

- Nicotine

J
1
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ar bumed out wire core, ar ionizing surface covered by
Sllicon Dioxide or other material from & complex
sample matrix or derivatizing reagenl are obvious
feasans 10 reglace the lon source However, the
majority of returned sources still are capable providing
good NP selectivity with reasonably good signal-io-
noise, altnough the absolute magnitudes of signal,
background, and nolse may be as much as 10 limes
less than when the lon source was new. Figure 20
shows data froma T|D-4 lon source that was returned
after extensive use. The signal to noise with this TID-4
source was 5till good enough o provide femtogram
detactivity for Nicotine:

As @ ceram|c ion source ages and its sample response
tends lo decresse, one way of recavering lost
fespanse is to ipcrease the surface temperatura by
Increasing lhe heating power to lhe source, However,
this can often be counterproductive because L caUses
the response to decay st an evan faster rate. |n the
case of MP lon sources, an additional means of
ncreasing sample responsais to ingrease the flow rate
of Hydrogen supplied to the detector, Figure 21 shows
UJala from a TID-2 lon source that hed been oporated
for 1800 hours In the Agilent 8690 NPD By ncreasing
the Hydrogen flow from 3 to 4 mbimin, and by
moreasing the heating power above that minimum
headad 1o lgnite the M, - Alr chamisiry, || was possible
to still abtain good selectivity, low picogram detectivily,
and sharp peaks from thiz well used ion source.

TID-Z lon Source
(Black Cerarmic)

==

1500 hours =
prior use az
in G890 MNPD (L=
P
185

2 paT.s.

16 p

Figure 21. M = gzobenzene, C =n-heptadecans (32 ng)
MNP = mathyl parathion, P = malathion.
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